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Niosomes represent an innovative drug delivery mechanism where the therapeutic agent
is enclosed within a vesicle. In terms of structure, niosomes mirror liposomes, both
featuring a bilayer composition. However, niosomes diverge from liposomes in that
their bilayer is constructed from non-ionic surfactants, as opposed to the phospholipids
typical of liposomes. While most surfactants form micellar patterns in water, certain
ones can form bilayer vesicles, termed niosomes. In the continually advancing domain
of drug delivery, nanoniosomes have marked a notable progression beyond conventional
niosomes. This analytical piece highlights the swift rise of nanoniosomes, underscoring
their enhanced characteristics, propelling them to the forefront of contemporary
therapeutic innovations. While traditional niosomes are lauded for their encapsulation
potential and biocompatibility, their nano-sized counterparts, nanoniosomes, promise
increased absorption, superior bioavailability, and precision targeting. Their adeptness
in encapsulating a broad spectrum of drugs, be it water-soluble or lipid-based, positions
nanoniosomes as a pivotal instrument in the realm of tailored medical treatments.
Through an in-depth examination of their merits and practical applications, this analysis
clarifies the potential of nanoniosomes to eclipse niosomes in the modern drug delivery
landscape. As the demand for more effective drug delivery systems grows, nano-
niosomes stand out for their potential to provide safer, more effective, and more patient-
friendly therapies, signifying a major leap forward in personalized medicine and
sustained drug delivery. The ongoing advancements in nanofabrication techniques are
expected to further bolster the scalability and commercial viability of nano-niosomes,
pavina the wav for their widespread adontion in clinical anplications.

INTRODUCTION

Niosomes represent vesicular systems designed
for the prolonged, regulated, and directed release
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of therapeutic agents. Although liposomes were
the pioneering vesicular delivery mechanisms,
they presented challenges such as potential
toxicity, higher costs, and instability across diverse
pH levels. These drawbacks led researchers to turn
their attention to niosomes. Depending on their
layer composition, niosomes can be singular-
layered, few-layered, or multiple-layered.
Comprising non-ionic surfactants, niosomes are
aptly named and are deemed safe due to these non-
toxic surfactants. Beyond non-ionic surfactants,
niosomes might also encompass cholesterol or its
variants and molecules carrying a charge. While
cholesterol lends firmness to the structure, charged
entities ensure the formulation's stability.
Niosomes materialize when these non-ionic
surfactant agents self-organize. Their unique
structure allows them to be harnessed for the
encapsulation and transport of both water-
attracting and water-repelling drugs. Essentially,
niosomes are vesicles crafted from non-ionic
surfactants that envelop a water-based solution
within a bilayer construct. They bear resemblance
to liposomes, but with a distinction: they arise
from non-ionic surfactants as opposed to
phospholipids[1]

HISTORY OF NIOSOME:-

In 1909, Paul Ehrlich paved the way for targeted
drug delivery, envisioning a mechanism that
would specifically direct drugs to affected cells.
Drug targeting can be described as the capability
of channeling a medicinal agent precisely to the
intended site of action, ensuring minimal
interaction with off-target tissues[2]. The
pioneering niosome formulations emerged and
were patented by L’Oreal in 1975[3]. Niosomes
first made their mark in the delivery of anticancer
medications[4][5]. These crafted niosome
formulations were adept at modifying the

pharmacokinetic attributes, organ distribution, and
metabolism of methotrexate in rodents. Owing to
their

adaptability in structure, form, and
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dimension, niosomes can encapsulate water-
attracting drugs in their aqueous sections or lipid-
loving drugs by allowing these compounds to
integrate into the bilayer region. They can be
designed as singular-layered, few-layered, or
multiple-layered vesicles. Among their other
virtues, niosomes offer commendable physical
stability, are economically efficient, and their
production, both routine and on a larger scale, is
relatively uncomplicated[6] [7] [8]

STRUCTURE OF NIOSOME AS
COMPARED TO LIPOSOMES:-

Hydrophobic drug r }*)k-‘/(-)
Phospholipid bilayer N” -2 )
(hydrophilic _head A\
and lipophilicm \\%\q\ &\ \.f‘
J§ o2
Hydrophilic drug %\\\ é’/Ll \
:\ *‘ b Single chain surfactant

molecule (nonionic)
NIOSOME
vesicles made up of surfactants with/without
incorporation of cholesterol;
- size ranges from 0.01-0.1 um;
inexpensive;
no such special requirement.

LIPOSOME
vesicles made up of concentric bilayer of
phospholipids;
- size ranges from 0.01-1.00 um;
expensive;
- special storage condition are required.

Figno 1 Structure of Niosome as Compared to
Liposomes

NIOSOME AS COMPARED TO
LIPOSOME:-

Both liposomes and niosomes exhibit similarities
in their nature. While the phospholipids in
liposomes demonstrate instability, niosomes,
composed of non-ionic surfactants, offer greater
stability. Niosomes are crafted using a singular
chain of non-ionic surfactant, in contrast to
liposomes that are derived from dual-chain
phospholipids. Niosomes typically range in size
from 10-100nm, whereas liposomes span between
10-300nm. Economically, niosomes present a
more cost-effective option than liposomes[9].
Both niosomes and liposomes feature a bilayered
composition. However, the constituents employed
in the formulation of niosomes grant them
enhanced stability[10]. Niosomes are synthesized
from neutral, singular chain surfactants and
cholesterol, while liposomes emerge from neutral
or charged dual-chain phospholipids. Liposomes

543 |Page



Sharayu S.Kumbhar , Int. J. of Pharm. Sci., 2024, Vol 2, Issue 5, 542-556 |Review

have a higher cholesterol content than niosomes,
leading to reduced drug entrapment efficiency in
liposomes compared to niosomes. For industrial
production, niosomes are more cost-friendly and
don't necessitate specialized storage prerequisites,
unlike the specific conditions demanded for
liposome production. The production cost of
liposomes is escalated due to their volatile
ingredients (phospholipids) that are prone to
oxidative  deterioration.  Thus,  liposomes
necessitate specialized handling techniques[11]. In
terms of longevity, niosomes outlast liposomes.
They enhance the circulation duration of the
encapsulated therapeutics and amplify metabolic
stability in an emulsified state. Conversely,
liposomes have a restricted lifespan owing to the
rancidity of their lipid constituents[12].
COMPOSITION OF NIOSOME:-

Niosomes are spherical entities characterized by
microscopic layered (either singular-layered or

multiple-layered) formations. These layers arise
from nonionic surfactants, potentially combined
with cholesterol and a charge-generating agent.
Diverse surfactants, in varied combinations and
molar proportions, can be utilized to produce
niosomes. Surfactant examples encompass alkyl
ethers, alkyl glyceryl ethers, sorbitan derivatives
of fatty acids, and polyoxyethylene derivatives of
fatty acids. Introducing cholesterol bolsters the
bilayer's rigidity, leading to niosomes that are
more sealed. On the other hand, charge inducers
bestow a charge upon the vesicles, augmenting
their size and thereby enhancing the efficiency of
drug encapsulation. Agents that introduce a
negative charge, such as dicetyl phosphate,
dihexadecyl phosphate, and lipoamino acid, as
well as those that introduce a positive charge, like
stearylamine and cetylpyridinium chloride, offer
vesicle stabilization.
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Fig No 2 Structure Of Niosome

In niosomes, nonionic surfactants align themselves
such that the water-attracting end is oriented
outwards (adjacent to the water phase), while the
water-repelling end is oriented inwards, coming
together to create a sealed bilayer structure that
captures solutes in a water solution. Consequently,
this bilayer configuration has water-attracting
layers on both the inner and outer surfaces, with a
lipid-attracting zone sandwiched in the middle.
The formation of this sealed bilayer demands

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

energy inputs such as heat or physical disturbance.
Internal forces within these vesicles, like van der
Waals forces and repulsion forces among the
surfactant molecules, are crucial for preserving the
vesicular shape. Adjustments in the vesicle's
components (like their type, makeup, and amount),
size, surface charge, or volume can potentially
alter the attributes of the resulting niosomes.
Depending on their vesicle dimensions, niosomes
can be classified into three categories: small
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singular-layered vesicles (0.025-0.05 mm),
multiple-layered vesicles (>0.05 mm), and large
singular-layered vesicles (>0.10 mm) [13].
Bilayer structure:

Core:

The niosome's central segment is a water-based
section suitable for containing water-attracting
medications or substances.

Surfactant Dual-Layer:

This layer encircles the central water-based section
and is formed by non-ionic surfactants. The water-
attracting ends of the surfactant molecules are
oriented towards the central section and the
external surroundings, whereas the water-repellent
ends congregate in the middle of the dual-layer.
This configuration is apt for housing lipid-
attracting or water-repellent medications[14].
Cholesterol :

For enhancing the firmness and decreasing the
permeability of the dual-layer, cholesterol is
incorporated. The cholesterol entities situate
themselves amidst the surfactant entities,
minimizing gaps and organizing the dual-layer
more systematically[15].

Shape and size:

Niosomes might be singular-layered (having one
dual-layer) or multi-layered (numerous layered
rings). Their dimension can span from nanoscale
to microscale, contingent on the formulation
approach and constituents[16].

Surface charge:

Primarily, niosomes carry a neutral electrostatic
charge, a result of the non-ionic characteristic of
the surfactants. However, to adapt the electrostatic
charge for specific uses, charged entities can be
integrated[17].

Additives:

Water-Attracting Polymers: Compounds such as
polyethylene glycol (PEG) might be appended to
the niosome's surface to amplify stability and
duration in the circulatory system.

Preserving Agents:
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Certain compounds can be infused to conserve the
niosome formulation and extend its longevity[18].
Entrapment efficacy:

The proficiency of the niosome in capturing and
preserving the medication is termed its
encapsulation capacity. Factors like structure,
makeup, and formulation technique can sway this
capacity[19].

Bilayer fluidity:

The flexibility or solidity of the dual-layer can
dictate the dispensation rate of the contained drug.
It's steered by the category and ratio of surfactants
and cholesterol[20].

TYPES OF NIOSOMES:

Multilamellar Vesicles (MLV):

Often referred to as multilamellar vesicles, MLVs
are among the most prevalent forms of niosomes.
Typically, their diameter spans between 0.5-10
Um. Their formation process is straightforward,
and they demonstrate mechanical stability,
ensuring an extended shelf life. Characteristically,
they feature several bilayers enveloping an
aqueous lipid section independently. Due to their
structure, MLVs are particularly apt for carrying
lipophilic drugs.

Large Unilamellar Vesicles (LUV):

These niosomes, distinguished by a single
membrane, boast a significant aqueous to lipid
ratio. This characteristic allows them to
encapsulate a substantial volume of therapeutic
agents, optimizing the use of membrane lipids.
LUVs usually measure between 100-3000 nm in
diameter.

Small Unilamellar Vesicles (SUV):

SUVs are predominantly derived from MLVs,
primarily through the sonication technique.
Studies indicate that their diameter typically falls
between 10-100 nm[9,21,22].
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Fig no 3 Types of Niosome

ADVANTAGES OF NIOSOMES:-

1.

The conventional and extensive production of
niosomes doesn't necessitate the use of
harmful solvents.

Owing to their chemically stable composition,
niosomes don't demand specialized handling
or storage environments.

By adjusting their composition and
fabrication methods, the attributes of
niosomes like form, suppleness, and

magnitude can be finely tuned.

Niosomes have the capacity to house a
significant quantity of substance within a
limited vesicular space.

The niosomal architecture safeguards the drug
components against adverse external and
internal factors, paving the way for delivering
fragile and susceptible medications.
Niosomes enhance the drug's therapeutic
efficacy by prolonging its presence in the
bloodstream and directing its action to
specific cells.

Niosomes can be introduced through various
pathways like oral, intravenous, and dermal,
and in diverse forms like powders, liquids,
and gels. This boosts the solubility and uptake
of poorly soluble medications and also
augments drug permeation through the skin
upon topical application[23].

DISADVANTGES:-

1.
2.

s

v
g
\{\x 5%

Niosomes are physically unstable.
Unstability leads to aggregation.
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3. Sometimes fusion is occurred.

4. Leaking of entrapped drug.

5. Hydrolysis of encapsulated drugs which
limiting the shelf life of the dispersion.

6. Specialized equipment  required  for
manufacture.  The  preparations  costs
expensive.

7. Time consuming techniques required for
formulation.

8. The preparations costs expensive.[2,24]

NANO-NIOSOMES:-

INTRODUCTION

Within the progressive domain of drug

transportation,  vesicular  mechanisms  have

consistently garnered interest due to their
proficiency in augmenting bioavailability,

resilience, and therapeutic potency of diverse
medications. In this spectrum, niosomes—
spherical  structures formed through the
organization of non-ionic surfactants in water
solutions—have been acknowledged for their
potential since the latter part of the previous
century[25]. Nano-niosomes, by blending the
inherent  attributes  of  niosomes like
biocompatibility and the capacity to house both
water-loving and water-hating drugs, with the
distinct advantages of nanosized carriers such as
improved penetration, retention, and the
possibility for targeted transportation, have paved
new paths in drug transportation, signifying
enhanced therapeutic results across a broad array
of medical utilities[26]. This article elucidates

546 |Page



Sharayu S.Kumbhar , Int. J. of Pharm. Sci., 2024, Vol 2, Issue 5, 542-556 |Review

nanosized entities termed nanoniosomes, which
fall within the realms of nanochemistry and
nanomedicine. Nanochemistry, closely
intertwined with nanotechnology, spans a vast
territory deeply rooted in physics, engineering,
biotechnology, and, of course, chemistry. This
discourse provides a concise overview of
nanochemistry  through the lens of a
supramolecular chemist keen on crafting and
exploring chemical clusters at the nanoscale,
leading to the evolution of nanotechnological
structures termed niosomes[17]. Nanoparticles,
with dimensions spanning roughly 0.1 to 100 nm,
manifest unique physico-chemical properties
distinct from their larger counterparts, resulting in
innovative  features.  Historically, nanotech
materials were crafted using a "top-down"
approach, which revolved around fragmenting
materials employing methodologies established by
solid state physicists. Yet, an emergent
methodology, termed the "bottom-up™ technique,
stands as the bedrock of nanochemistry,
facilitating the birth of nanostructures and
nanomaterials via the incorporation  of
supramolecular and biomimetic entities. These
methodologies intersect with biology and
biomimetic chemistry, birthing the domain of
nanobiology[17]. Translating drug carriers into the
nanoscale offers myriad benefits, including:
enhanced drug kinetics and distribution due to an
amplified surface-to-volume ratio; reduced
toxicity via targeted drug accumulation; an
improved intracellular delivery and retention,
enhancing drug efficacy and longevity -either
intracellularly or in the bloodstream[27,28,17].

In the bottom-up paradigm, nanomaterials emerge
from smaller foundational units, typically
harnessing self-organization techniques to shape
highly structured two- and three-dimensional
nanoscale entities. In this mechanism, molecules
smaller than a nanometer organically birth
nanoscale formations like surfactant micelles or

‘\Q

N7
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bilayers, rooted in their inherent molecular
characteristics or influenced by a template, such as
another molecule or pre-organized structure.
Equilibrium between supramolecular interactions
and external dynamics dictate the connection and
orientation of potential foundational molecular
units for nanoscale designs. Molecules serve as
more apt foundational blocks compared to atoms,
given their reduced reactivity in comparison to
isolated atoms[17].

HISTORY OF NANO NIOSOMES:-

The tale of nano-niosomes has its roots in the
pioneering research on niosomes. In the late 1970s
and into the 1980s, niosomes, which are vesicles
formed from non-ionic surfactants, surfaced as
viable alternatives to the phospholipid-centric
liposomes[29]. These niosomes gained traction in
the realm of drug transportation, notably due to
their capability to house both water-attracting and
water-repelling medications. With the dawn of the
21st century, the allure of nanotechnology,
especially within the medical sector, began to
amplify[30]. Drug delivery mechanisms at the
nanoscale started drawing attention, owing to their
potential for optimized drug kinetics, precision
targeting, and augmented therapeutic outcomes.
Capitalizing on the foundational niosome research
and acknowledging the merits of nanoscale
interventions, scientists embarked on a journey to
unlock the capabilities of nanometric niosomes,
colloquially dubbed "nano-niosomes"[17]. These
minuscule vesicles harmonized the strengths of
both niosomes and nanotechnology. As the 1990s
transitioned to the 2000s, there was a marked
uptick in breakthroughs related to the crafting and
understanding of nano-niosomes[8]. The scientific
community delved into various techniques to
reliably concoct nano-niosomes, while also
probing their resilience, drug encapsulation
efficiency, and drug dispersion characteristics.
With a maturing comprehension of nano-
niosomes, their applications began to span diverse
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therapeutic domains, ranging from skin-level drug
transportation to precision oncology treatments
and further[26]

STRUCTURE OF NANO NIOSOME:-
Bilayer Membrane:

At the heart of a nano-niosome's structure is its
lipidic bilayer, formed upon the hydration of non-
ionic surfactants. These surfactants configure
themselves so that their water-attracting "heads"
are oriented towards the watery medium, both
internally and externally, while their water-
repelling "tails" cluster together at the core of the
bilayer.

Aqueous Core:

Nested inside the nano-niosome is a watery
chamber. This space serves as the repository for
water-soluble drugs or active agents.

Size:

Adhering to its "nano" descriptor, the nano-
niosome's dimension falls within the nanometer
spectrum. Typically, their diameter spans from 10
nm up to several hundred nm.

Cholesterol and Other Lipids

The bilayer often integrates cholesterol or other
fatty molecules. Cholesterol can toggle the
membrane's fluid dynamics, rendering it either
more supple or stiffer based on the envisaged
attributes. It also plays a role in dictating vesicle
permeability and overall robustness.

Charge modifiers:

Some nano-niosomes might incorporate agents
that instill a specific electrical charge, affecting
how they engage with biological entities. For
example, the inclusion of dicetyl phosphate could
bestow a negative charge onto the nano-niosome.
Surface Modifications:

In scenarios of targeted medicinal transport, the
nano-niosome's exterior can undergo alterations.
Elements such as ligands, antibodies, or specific
peptides can be tethered to the outer layer of the
nano-niosome, directing it towards designated
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cells or bodily regions, ensuring the sequestered
medication hits its precise destination.

Additional components:

Tailored to specific uses, nano-niosomes might
encompass other elements, like polyethylene
glycol (PEG) strands, which prolong their
presence in the bloodstream, or distinct stabilizing
agents to amplify their longevity on the
shelf[31,32].

TYPES OF NANO NIOSOMES:-

Based on Lamellarity:

Unilamellar Vesicles (ULVs):

These nano-niosomes consist of a single bilayer
membrane.

Small Unilamellar Vesicles (SUVs):

They are less than 50 nm in diameter.

Large Unilamellar Vesicles (LUVSs):

These vesicles are larger, usually over 100 nm in
diameter.

Multilamellar Vesicles (MLVs):

Comprising multiple concentric bilayers[3,17].
Based on Surface Modifications:
Conventional Nano-Niosomes:

Basic  vesicles  without specific
modifications.

PEGylated Nano-Niosomes:

These vesicles have polyethylene glycol (PEG)
chains attached to their surface.

Targeted Nano-Niosomes:

The surface of these vesicles is modified with
specific ligands or antibodies for targeted drug
delivery[26,32].

Based on Charge:

Neutral Nano-Niosomes:

These vesicles don't carry any net charge.
Cationic Nano-Niosomes:

Positively charged vesicles, beneficial for certain
applications like gene delivery.

Anionic Nano-Niosomes:

Negatively charged vesicles[33,34].

Based on Application:

Cosmetic Nano-Niosomes:

surface
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Specifically designed for cosmetic applications.
Therapeutic Nano-Niosomes:

Designed for drug delivery in therapeutic areas.
Diagnostic Nano-Niosomes:

Modified to carry imaging agents for diagnostic
purposes[25,35]

Based on Composition:

Elastic or Flexible Nano-Niosomes:

These are formulated with edge activators to
provide flexibility.

Vesicles with Special Additives:

Nano-niosomes with specific additives or co-
surfactants[36,37,38].

METHOD OF PREPARATION OF NANO
NIOSOMES:-

Thin film hydration method-

The combination of vesicle-forming components,
including surfactants and cholesterol, were
dissolved in a blend of volatile organic solvents:
chloroform and ethanol in a 1:2 ratio within a
round-bottomed flask. Using a rotary evaporator
and maintaining a temperature above the lipid
transition point, the organic solvent was
evaporated, resulting in a thin film of the mixture
adhering to the flask's inner surface. Subsequently,
this dried film of surfactant was rehydrated with
10 mL of an aqueous solution (pH 7.4 buffer) at
temperatures ranging from 0-60 °C, accompanied
by mild stirring. This procedure led to the
formation  of  characteristic ~ multilamellar
niosomes[39].

Micro fluidization method-

Microfluidization is a contemporary technique
employed to produce unilamellar vesicles with a
specific size distribution. This approach operates
on the submerged jet concept where two fluid
streams collide at extremely high speeds within
meticulously defined micro-channels inside the
interaction chamber. The collision of these thin
liquid sheets is orchestrated to ensure that the
energy provided is confined to the niosome
generation zone. Consequently, the niosomes

smaller
enhanced

uniform, of
exhibit

produced are more
dimensions, and
consistency[40].

High Pressure Homogenization Method-

An initial niosome suspension is created using
conventional techniques, such as the thin-film
hydration method. This mixture is then subjected
to a high-pressure homogenizer, where it's
propelled through a constricted space under
extremely high pressures. To attain the preferred
particle size reduction, several iterations through
the homogenizer might be necessary[41].
APPLICATONS OF NANO NIOSOMES AS
COMAPRING TO TRADITIONAL
NIOSOMES:-

For ANTICANCER DRUG DELIVERY
SYSTEM-

Size and Enhanced Cellular Uptake:

Nano niosomes:- due to their nanoscale size
(typically ranging from 10 nm to a few hundred
nm), can be more efficiently taken up by cells,
including cancer cells. This enhanced cellular
uptake can lead to higher intracellular drug
concentrations, potentially improving therapeutic
efficacy[42].

Example for Nano-niosomes:

Paclitaxel-loaded nano-niosomes demonstrated
improved cellular uptake and cytotoxicity against
cancer cells compared to larger niosomes[42].
Niosomes:

Larger in size, their cellular uptake might be less
efficient compared to nano-niosomes, potentially
leading to reduced intracellular drug delivery.
Example for Niosomes:

Doxorubicin-loaded niosomes showed enhanced
cellular uptake, but the efficiency might be
influenced by the vesicle size[8].

Enhanced Tumor Penetration:

Nano-niosomes:

Their nanoscale size allows for better penetration
into solid tumors, reaching even the innermost
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regions, which can be less accessible to larger
vesicles.

Example for Nano-niosomes:

Curcumin-loaded nano-niosomes demonstrated
deeper tumor penetration and improved
therapeutic efficacy in breast cancer models[43].
Niosomes:

Due to their larger size, the penetration into solid
tumors might be limited, potentially reducing drug
delivery to inner tumor regions.

Example for Niosomes:

Niosomes encapsulating doxorubicin showed
limited penetration in solid tumors, leading to
suboptimal drug delivery to the tumor's core
regions.

Surface Modification and Targeted Drug
Delivery:

Nano-niosomes:-due to their higher surface-area-
to-volume ratio. They can be more effectively
surface-modified with ligands, antibodies, or
peptides for targeted drug delivery, leading to
increased drug accumulation in tumor tissues and
reduced off-target effects.

Example for Nano-niosomes:

Folate-modified nano-niosomes encapsulating
doxorubicin targeted cancer cells overexpressing
folate receptors, achieving enhanced therapeutic
effects[44].

Niosomes:

While they can also be surface-modified for
targeting, the efficiency and extent of modification
might differ due to their size and structural
characteristics.

Example for Niosomes ,

Transferrin-conjugated niosomes were developed
for brain tumor targeting[45].

Pharmacokinetics and Biodistribution:
Nano-niosomes:

They can alter the pharmacokinetics of anticancer
drugs, leading to prolonged circulation time,
reduced rapid clearance, and enhanced
accumulation at the tumor site.
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Example for Nano-niosomes:
Methotrexate-loaded  nano-niosomes  showed
prolonged drug circulation times, leading to
improved antitumor efficacy[46].

Niosomes:

Depending on their size and surface
characteristics, they might have different
pharmacokinetic profiles, potentially leading to
quicker  clearance and reduced tumor
accumulation.

Example for Niosomes:

Traditional niosomes encapsulating 5-fluorouracil
demonstrated altered pharmacokinetics, but the
specific benefits might vary based on their size and
composition[47]

FOR TRANSDERMAL DRUG DELIVERY
SYSTEM:-

Enhanced Skin Penetration

Nano-niosomes:

Their smaller size allows for deeper penetration
into the skin layers, facilitating the delivery of
encapsulated drugs to deeper skin tissues or
systemic circulation.

Example:

Nano-niosomes loaded with tretinoin
demonstrated improved penetration into the skin
and better therapeutic outcomes compared to a
conventional ge.

Niosomes:

While they can facilitate drug delivery across the
stratum corneum, their larger size may limit the
depth of skin penetration.

Example:

Niosomal gel containing diclofenac diethylamine
showed enhanced skin permeation compared to
conventional gels but might not reach as deep as
nano-niosomal formulations[48,49].

Sustained Drug Release:

Nano-niosomes:

Due to their structure, they can offer sustained
drug release, ensuring prolonged drug exposure.
Example:
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Acyclovir-loaded  nano-niosomes  provided
sustained drug release, leading to prolonged
antiviral activity.

Niosomes:

They can also offer sustained release, but the
release profile might vary based on their size and
composition.

Example:

Niosomes loaded with minoxidil showed sustained
drug release, enhancing its therapeutic
effects[50,51].

Improved Drug Stability:

Nano-niosomes:

They can protect encapsulated drugs from
degradation in the challenging skin environment.
Example:

Ketoconazole-loaded nano-niosomes
demonstrated enhanced stability and antifungal
activity when applied topically.

Niosomes:

They can also encapsulate and protect drugs, but
the extent of protection might vary based on their
formulation.

Example:

Niosomal encapsulation of quercetin enhanced its
stability against degradation[52,53].

FOR VACCINES AND MACROMOLECULE
Protection of Encapsulated Molecules:
Nano-niosomes:

They can efficiently  protect  sensitive
macromolecules from degradation, especially in
the challenging gastrointestinal environment when
taken orally.

Example:

Nano-niosomes have been investigated for the oral
delivery of insulin, where they protected the
hormone from degradation in the stomach and
enhanced its bioavailability.

Niosomes:

While they can also encapsulate and protect
macromolecules, the level of protection might
vary based on their formulation.
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Example:

Hepatitis B surface antigen loaded into niosomes
showed improved stability and elicited a stronger
immune response when compared to free
antigen[54,55].

Enhanced Cellular Uptake:

Nano-niosomes:

Their smaller size facilitates better cellular uptake,
which is especially crucial for vaccines and other
macromolecules targeting intracellular sites.
Example:

DNA vaccines encapsulated in nano-niosomes
demonstrated enhanced cellular uptake and
improved immunogenicity.

Niosomes:

They can also facilitate cellular uptake, but the
efficiency might differ due to their larger size.
Example:

Niosomal encapsulation of the tuberculosis
antigen Ag85B-ESAT-6 enhanced antigen uptake
by dendritic cells, leading to a potent immune
response[56,57].

Targeted Delivery:

Nano-niosomes:

They can be easily modified for targeted delivery,
allowing for the precise delivery of vaccines and
macromolecules to specific cells or tissues.
Example:

Nano-niosomes modified with mannose targeted
dendritic  cells,enhancing the delivery of
encapsulated antigens and improving immune
responses.

Niosomes:

They can be modified for targeting, but the
efficiency might vary based on their size and
structure.

Example:

Chitosan-coated niosomes were developed for
targeted nasal delivery of the influenza virus
antigen, leading to enhanced immune
responses[58,59].
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HOW NANO-NIOSOMES ARE BETTER
THAN NIOSOMES-

Size:

As the name suggests, these vesicles are in the
nanometer range, typically from 10 nm to a few
hundred nm in diameter.

Enhanced Permeation and Retention (EPR)
Effect:

Can exploit the EPR effect in tumor tissues more
effectively due to their nanoscale size, leading to
preferential accumulation in tumor sites.
Bioavailability:

Can enhance the solubility of poorly water-soluble
drugs more effectively, leading to improved
bioavailability.

Targeted Delivery :

Their  smaller size allows for
functionalization for targeted drug delivery.
Circulation Time:

Tend to have prolonged circulation time in the
bloodstream due to reduced clearance by the
reticuloendothelial system (RES).

Stability:

Often  exhibit
bloodstream.
Cellular Uptake:
Their nanometric scale facilitates enhanced
cellular uptake.

Versatility in Drug Encapsulation:

Highly versatile, capable of encapsulating both
hydrophilic and lipophilic drugs.

Safety and Side Effects:

Due to targeted delivery, they can reduce off-target
side effects.

Manufacturing and Scalability:

Might require more specialized techniques for
consistent size and reproducibility.

FUTURE PROSPECTIVE-

Nano-niosomes, due to their nanometric scale, are
poised to revolutionize drug delivery in the
coming years, overshadowing traditional
niosomes. Their smaller size offers enhanced

better

enhanced stability in the
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tissue penetration and bioavailability, making
them particularly effective for targeted drug
delivery, especially in cancer therapy.
Furthermore, they can be tailored for precise and
efficient delivery, essential for advancements like
gene therapy and personalized medicine. Nano-
niosomes also hold promise in transdermal
applications, diagnostic imaging, and vaccine
development. As technology matures, scalable
production methods will likely make nano-
niosomes more commercially viable, marking
them as the future cornerstone in vesicular drug
delivery systems.

CONCLUSION-

In summary, nano-niosomes have emerged as a
groundbreaking innovation in novel drug delivery
systems, offering a suite of advantages that
significantly surpass those of traditional niosomes.
The diminutive size of nano-niosomes facilitates
deeper tissue penetration and enhanced
bioavailability, making them exceptionally
effective for targeted therapies, particularly in
areas such as oncology, gene therapy, and
personalized medicine. These nanoscale vesicles

excel in encapsulating a diverse range of
therapeutic  agents, both hydrophilic and
lipophilic, ensuring a broad spectrum of

applicability. Their stability, reduced potential for
immunogenicity, and ability to provide controlled
and sustained release of drugs, position them as a
superior choice in drug delivery technology.
Furthermore, the adaptability of nano-niosomes to
be engineered for specific targeting, combined
with their potential in transdermal applications and
diagnostic imaging, amplifies their significance in
modern pharmaceutical research and
development. As we look to the future, the
ongoing advancements in the synthesis and scaling
of nano-niosome production are expected to
enhance their feasibility and cost-effectiveness.
This progression will likely establish nano-
niosomes as a cornerstone in the evolving
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landscape of drug delivery systems, heralding a
new era in efficient, safe, and targeted therapeutic
interventions.

REFERENCES-

1.

Bhardwaj P, Tripathi P, Gupta R, Pandey S.
Niosomes: A review on niosomal research in
the last decade. Journal of Drug Delivery
Science and Technology. 2020 Apr
1;56:101581.

Usman MR, Ghuge PR, Jain BV. Niosomes: a
novel trend of drug delivery. European
Journal of Biomedical and Pharmaceutical
Sciences. 2017;4(7):436-42.

Abdelkader H, Alani AW, Alany RG. Recent
advances in non-ionic surfactant vesicles
(niosomes):  self-assembly,  fabrication,
characterization, drug delivery applications
and limitations. Drug delivery. 2014 Mar
1;21(2):87-100.

Azmin MN, Florence AT, Handjani-Vila RM,
et al. (1985). The effect of non-ionic
surfactant vesicle (niosome) entrapment on
the absorption and distribution  of
methotrexate in mice. J Pharm Pharmacol
37:237-42.

Azmin MN, Florence AT, Handjani-Vila RM,
Stuart JF, Vanlerberghe G, Whittaker JS. The
effect of niosomes and polysorbate 80 on the
metabolism and excretion of methotrexate in
the mouse. Journal of microencapsulation.
1986 Jan 1;3(2):95-100.

Baillie AJ, Florence AT, Hume LR, Muirhead
GT, Rogerson A. The preparation and
properties of niosomes—non-ionic surfactant
vesicles. Journal of pharmacy and
pharmacology. 1985 Dec;37(12):863-8.
Uchegbu IF, Florence AT. Non-ionic
surfactant vesicles (niosomes): physical and
pharmaceutical chemistry. Advances in
colloid and interface science. 1995 Jun
27;58(1):1-55.

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

8.

10.

11.

12.

13.

14.

15.

16.

17.

Uchegbu IF, Vyas SP. Non-ionic surfactant
based vesicles (niosomes) in drug delivery.
International journal of pharmaceutics. 1998
Oct 15;172(1-2):33-70.

Kauslya A, Borawake PD, Shinde JV, Chavan
RS. Niosomes: a novel carrier drug delivery
system. Journal of Drug Delivery and
Therapeutics. 2021 Jan 15;11(1):162-70.
Diljyot K. Niosomes: a new approach to
targeted drug delivery. Int J Pharm
Phytopharm Res. 2012;2(1):53-9.

Kazi KM, Mandal AS, Biswas N, Guha A,
Chatterjee S, Behera M, Kuotsu K. Niosome:
a future of targeted drug delivery systems.
Journal of advanced pharmaceutical
technology & research. 2010 Oct;1(4):374.
Yeo PL, Lim CL, Chye SM, Ling AP, Koh
RY. Niosomes: a review of their structure,
properties, methods of preparation, and
medical applications. Asian Biomed. 2017
Aug 1;11(4):301-14.

Uchegbu IF, Florence AT. Non-ionic
surfactant vesicles (niosomes): physical and
pharmaceutical chemistry. Advances in
colloid and interface science. 1995 Jun
27;58(1):1-55.

Baillie AJ, Coombs GH, Dolan TF, Laurie J.
Non-ionic surfactant vesicles, niosomes, as a
delivery system for the anti-leishmanial drug,
sodium stibogluconate. Journal of pharmacy
and pharmacology. 1986 Jul;38(7):502-5.
Handjani-Vila RM, Ribier A, Rondot B,
Vanlerberghie G. Dispersions of lamellar
phases of non-ionic lipids in cosmetic
products. International journal of cosmetic
Science. 1979 Oct 1;1(5):303-14.
Moghassemi S, Hadjizadeh A. Nano-
niosomes as nanoscale drug delivery systems:
an illustrated review. Journal of controlled
release. 2014 Jul 10;185:22-36.

Yoshioka T, Sternberg B, Florence AT.
Preparation and properties of vesicles

553 | Page



18.

19.

20.

21.

22,

23.

24,

25.

Sharayu S.Kumbhar , Int. J. of Pharm. Sci., 2024, Vol 2, Issue 5, 542-556 |Review

(niosomes) of sorbitan monoesters (Span 20,
40, 60 and 80) and a sorbitan triester (Span
85). International journal of pharmaceutics.
1994 Apr 25;105(1):1-6.

Bnyan R, Khan |, Ehtezazi T, Saleem I,
Gordon S, O'Neill F, Roberts M. Surfactant
effects on lipid-based vesicles properties.
Journal of pharmaceutical sciences. 2018 May
1;107(5):1237-46.

Manosroi A, Wongtrakul P, Manosroi J, Sakai
H, Sugawara F, Yuasa M, Abe M.
Characterization of vesicles prepared with
various non-ionic surfactants mixed with
cholesterol. Colloids and Surfaces B:
Biointerfaces. 2003 Jul 1;30(1-2):129-38.
Dwivedi C, Kumar B, Tiwari SP, Satapathy T,
Yadav R, Sahu G, Roy A. Niosomes: an
excellent tool for drug delivery. Int. J. of Res.
in Pharmacology and Pharmacotherapeutics.
2014;3(3):192-204.

Durak S, Esmaeili Rad M, Alp Yetisgin A,
Eda Sutova H, Kutlu O, Cetinel S, Zarrabi A.
Niosomal drug delivery systems for ocular
disease—Recent advances and future
prospects.  Nanomaterials. 2020  Jun
18;10(6):1191.

Kumar P, Kumar NR, Sadaf S, Sharma M.
Preparation, characterization, and evaluation
of niosomes for future targeted drug delivery
system. World J Pharm Res. 2017;6(3):459-
474,

Kaur D, Kumar S. Niosomes: present scenario
and future aspects. Journal of drug delivery
and therapeutics. 2018 Sep 6;8(5):35-43.
Handjani-Vila RM, Ribier A, Rondot B,
Vanlerberghie G. Dispersions of lamellar
phases of non-ionic lipids in cosmetic
products. International journal of cosmetic
Science. 1979 Oct 1;1(5):303-14.

Marianecci C, Di Marzio L, Rinaldi F, Celia
C, Paolino D, Alhaique F, Esposito S, Carafa
M. Niosomes from 80s to present: the state of

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

26.

27.

28.

29.

30.

31.

32.

33.

the art. Advances in colloid and interface
science. 2014 Mar 1;205:187-206.

Waddad AY, Abbad S, Yu F, Munyendo WL,
Wang J, Lv H, Zhou J. Formulation,
characterization and pharmacokinetics of
Morin hydrate niosomes prepared from
various non-ionic surfactants. International
journal of pharmaceutics. 2013 Nov
18;456(2):446-58.

Vyas SP, Singh RP, Jain S, Mishra V, Mahor
S, Singh P, Gupta PN, Rawat A, Dubey P.
Non-ionic  surfactant  based  vesicles
(niosomes) for non-invasive topical genetic
immunization against hepatitis B.
International journal of pharmaceutics. 2005
May 30;296(1-2):80-6.

Handjani-Vila RM, Ribier A, Rondot B,
Vanlerberghie G. Dispersions of lamellar
phases of non-ionic lipids in cosmetic
products. International journal of cosmetic
Science. 1979 Oct 1;1(5):303-14.

Ferrarit M.  Cancer  nanotechnology:
opportunities and challenges. Nature reviews
cancer. 2005 Mar 1;5(3):161-71.

Muzzalupo R, Tavano L. Niosomal drug
delivery for transdermal targeting: recent
advances. Research and reports in transdermal
drug delivery. 2015 Jul 29:23-33.

Ammar HO, Salama HA, Ghorab M,
Mahmoud AA. Nanoemulsion as a potential
ophthalmic delivery system for dorzolamide
hydrochloride. Aaps Pharmscitech. 2009
Sep;10:808-19.

Ammar HO, Salama HA, Ghorab M,
Mahmoud AA. Nanoemulsion as a potential
ophthalmic delivery system for dorzolamide
hydrochloride. Aaps Pharmscitech. 2009
Sep;10:808-19.

Patil Y, Panyam J. Polymeric nanoparticles
for siRNA delivery and gene silencing.
International journal of pharmaceutics. 2009
Feb 9;367(1-2):195-203.

554 | Page



34.

35.

36.

37.

38.

39.

40.

41.

Sharayu S.Kumbhar , Int. J. of Pharm. Sci., 2024, Vol 2, Issue 5, 542-556 |Review

Bnyan R, Khan |, Ehtezazi T, Saleem I,
Gordon S, O'Neill F, Roberts M. Surfactant
effects on lipid-based vesicles properties.
Journal of pharmaceutical sciences. 2018 May
1;107(5):1237-46.

Balakrishnan P, Shanmugam S, Lee WS, Lee
WM, Kim JO, Oh DH, Kim DD, Kim JS, Yoo
BK, Choi HG, Woo JS. Formulation and in
vitro assessment of minoxidil niosomes for
enhanced skin delivery. International journal
of pharmaceutics. 2009 Jul 30;377(1-2):1-8.
Manosroi A, Wongtrakul P, Manosroi J, Sakai
H, Sugawara F, Yuasa M, Abe M.
Characterization of vesicles prepared with
various non-ionic surfactants mixed with
cholesterol. Colloids and Surfaces B:
Biointerfaces. 2003 Jul 1;30(1-2):129-38.
Fang JY, Fang CL, Liu CH, Su YH. Lipid
nanoparticles as vehicles for topical psoralen
delivery: solid lipid nanoparticles (SLN)
versus nanostructured lipid carriers (NLC).
European Journal of Pharmaceutics and
Biopharmaceutics. 2008 Oct 1;70(2):633-40.
Ravalika V, Sailaja AK. Formulation and
evaluation of etoricoxib niosomes by thin film
hydration technique and ether injection
method. Nano Biomedicine and Engineering.
2017 Sep 30;9(3):242-8.

Chandu VP, Arunachalam A, Jeganath S,
Yamini K, Tharangini K, Chaitanya G.
Niosomes: a novel drug delivery system.
International journal of novel trends in
pharmaceutical sciences. 2012 Feb;2(1):25-
31.

Li C, Deng Y. A novel method for the
preparation of liposomes: freeze drying of
monophase solutions. Journal of
pharmaceutical ~ sciences. 2004  Jun
1;93(6):1403-14.

Elsayed MM, Abdallah OY, Naggar VF,
Khalafallah NM. Lipid vesicles for skin
delivery of drugs: reviewing three decades of

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

42.

43.

44,

45,

46.

47.

48.

49.

50.

research. International journal of
pharmaceutics. 2007 Mar 6;332(1-2):1-6.
Pardakhty A, Moazeni E. Nano-niosomes in
drug, vaccine and gene delivery: a rapid
overview. Nanomedicine Journal. 2013 Oct
1;1(1):1-2.

Li J, Cai C, Li J, et al. Chitosan-Based
Nanomaterials for Drug Delivery. Molecules.
2018;23(10):2661.

Patlolla R. R., &Chougule M. (2010). Folate
decorated nano-niosomes for targeted
delivery of gemcitabine. Drug Delivery and
Translational Research, 1(3), 235-248.

Vanié¢ Z, Skalko-Basnet N.
Nanopharmaceuticals for improved topical
vaginal therapy: can they deliver?. European
Journal of Pharmaceutical Sciences. 2013 Sep
27;50(1):29-41.

Moammeri A, Chegeni MM, Sahrayi H, et al.
Current advances in niosomes applications for
drug delivery and cancer treatment. Mater
Today Bio. 2023;23:100837.

Anitha A, Sreeranganathan M, Chennazhi KP,
Lakshmanan VK, Jayakumar R. In vitro
combinatorial anticancer effects of 5-
fluorouracil and curcumin loaded N,O-
carboxymethyl chitosan nanoparticles toward
colon cancer and in vivo pharmacokinetic
studies. Eur J Pharm Biopharm. 2014;88.
doi:10.1016/j.ejpb.2014.04.017.

Manconi M, Sinico C, Valenti D, Loy G,
Fadda AM. Niosomes as carriers for tretinoin.
I. Preparation and properties. International
journal of pharmaceutics. 2002 Mar 2;234(1-
2):237-48.

Verma DD, Verma S, Blume G, Fahr A.
Particle size of liposomes influences dermal
delivery of substances into skin. International
journal of pharmaceutics. 2003 Jun 4;258(1-
2):141-51.

Abdelbary AA, AbouGhaly MH. Design and
optimization of topical methotrexate loaded

555 | Page



51.

52.

53.

54,

55.

Sharayu S.Kumbhar , Int. J. of Pharm. Sci., 2024, Vol 2, Issue 5, 542-556 |Review

niosomes for enhanced management of
psoriasis: application of Box—Behnken
design, in-vitro evaluation and in-vivo skin
deposition study. International journal of
pharmaceutics. 2015 May 15;485(1-2):235-
43.

Touitou E, Dayan N, Bergelson L, Godin B,
Eliaz M. Ethosomes—novel vesicular carriers
for enhanced delivery: characterization and
skin penetration properties. Journal of
controlled release. 2000 Apr 3;65(3):403-18.
El-Zaafarany GM, Soliman ME, Mansour S,
Awad GA. ldentifying lipidic emulsomes for
improved oxcarbazepine brain targeting: In
vitro and rat in vivo studies. International
journal of pharmaceutics. 2016 Apr 30;503(1-
2):127-40.

Muzzalupo R, Tavano L, Cassano R,
Trombino S, Ferrarelli T, Picci N. A new
approach for the evaluation of niosomes as
effective transdermal drug delivery systems.
European Journal of Pharmaceutics and
Biopharmaceutics. 2011 Sep 1;79(1):28-35.
Fadaei MR, Mohammadi M, Fadaei MS,
Jaafari MR. The crossroad of nanovesicles
and oral delivery of insulin. Expert Opinion
on Drug Delivery. 2023 Oct 3;20(10):1387-
413.

Jain AK, Goyal AK, Mishra N, Vaidya B,
Mangal S, Vyas SP. PEG-PLA-PEG block

56.

S7.

58.

59.

copolymeric  nanoparticles  for  oral
immunization against hepatitis B.
International journal of pharmaceutics. 2010
Mar 15;387(1-2):253-62.

Sun B, Xia T. Nanomaterial-Based Vaccine
Adjuvants. J Mater Chem B.
2016;4(33):5496-5509.

Yan Q, Cheng Z, Liu H, et al. Enhancement of
Ag85B DNA vaccine immunogenicity against
tuberculosis by dissolving microneedles in
mice. Vaccine. 2018;36(30):4471-4476.
Kammona O, Bourganis V, Karamanidou T,
Kiparissides C. Recent developments in
nanocarrier-aided  mucosal  vaccination.
Nanomedicine. 2017 May;12(9):1057-74.
Bruinsmann FA, Pigana S, Aguirre T, Dadalt
Souto G, Garrastazu Pereira G, Bianchera A,
Tiozzo Fasiolo L, Colombo G, Marques M,
Raffin Pohlmann A, et al. Chitosan-Coated
Nanoparticles: Effect of Chitosan Molecular
Weight on Nasal Transmucosal Delivery.
Pharmaceutics. 2019; 11(2):86.

HOW TO CITE: Sharayu S.Kumbhar, Radhika S.
Subhedar, Nilesh B. Chougule, A Review On Nano-
Advantage: Why Nano-Niosomes Are Gaining
Preference Over Traditional Niosomes, Int. J. of Pharm.
Sci.,, 2024, Vol 2, Issue 5,  542-556.
https://doi.org/10.5281/zenodo.11183492

556 |Page



