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Abstract

The development of advanced vesicular drug
delivery systems has significantly improved the
therapeutic performance of many pharmaceutical
agents by overcoming the limitations associated
with conventional dosage forms. Among these
systems, niosomes and proniosomes have gained
considerable attention due to their ability to enhance
drug stability, bioavailability, permeation, and
controlled release. Niosomes are non-ionic
surfactant-based vesicles capable of encapsulating
both hydrophilic and lipophilic drugs, thereby
facilitating targeted and sustained drug delivery.
However, their clinical application is often limited
by physical instability, vesicle aggregation, fusion,
and drug leakage during storage. To address these
challenges, proniosomes were developed as dry,
free-flowing provesicular systems that readily
convert into niosomes upon hydration. Proniosomes
offer several advantages, including improved
physical and chemical stability, enhanced drug
entrapment efficiency, prolonged shelf life, ease of
transportation, and better patient compliance. This
review comprehensively discusses the evolution,
composition, structure, preparation methods,
mechanism of action, characterization parameters,
applications, recent advances, and future prospects
of both niosomes and proniosomes. Furthermore, a
comparative evaluation highlights the superior
stability and industrial feasibility of proniosomes
while acknowledging the established therapeutic
potential of niosomes. Overall, these vesicular
carriers represent promising platforms for targeted,
controlled, and efficient drug delivery across topical,
transdermal, oral, ocular, pulmonary, and anticancer
applications. Continued research and large-scale
translational studies are expected to further expand
their clinical and commercial potential in modern
pharmaceutical sciences.

Keywords: Niosomes; Proniosomes; Vesicular
Drug Delivery System; Non-lonic Surfactants;
Targeted Drug Delivery; Controlled Release;
Transdermal Drug Delivery; Drug Encapsulation;
Nanocarriers; Bioavailability Enhancement; Drug
Permeation; Novel Drug Delivery System.

I. Introduction
1. Background -

The concept of targeted drug delivery was
first proposed by Paul Ehrlich in 1909 as “magic
bullets,” aiming to direct therapeutic agents
specifically to diseased sites while minimizing
effects on  healthy tissues.  Conventional
administration routes often suffer from drawbacks
such as hepatic first-pass metabolism, systemic
toxicity,  gastric  irritation, and  reduced
bioavailability, which limit therapeutic efficiency. In
contrast, transdermal drug delivery offers a non-
invasive and attractive alternative by bypassing
hepatic metabolism, reducing dose frequency,
maintaining steady plasma concentrations, and
improving patient compliance.

However, the stratum corneum, the outer
lipid barrier of the skin, poses a major obstacle to
drug permeation. To overcome this, nanotechnology
has introduced advanced vesicular carriers such as
liposomes, niosomes, proniosomes, ethosomes, and
electrosomes. Among these, niosomes and
proniosomes are particularly advantageous because
they act as drug reservoirs, enhance skin
permeation, and improve therapeutic response.
Unlike liposomes, which are chemically unstable
due to phospholipid degradation, niosomes and
proniosomes offer greater stability.

Niosomes are bilayered vesicles formed
from nonionic surfactants and cholesterol in an
aqueous phase. They are biocompatible,
biodegradable, and capable of improving
bioavailability and sustained release. Nevertheless,
their major drawback is physical instability during
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storage, leading to aggregation, fusion, and drug
leakage. To address this, proniosomes were
developed as a “provesicular” system. These are dry,
free-flowing  carrier particles coated with
surfactants, which on hydration readily convert into
niosomes. Proniosomes combine the benefits of
niosomes with superior physical and chemical
stability, enhanced permeation through the stratum
corneum, prolonged drug release, improved
bioavailability, and reduced side effects(1).

An ideal novel drug delivery system
(NDDS) is expected to satisfy two major
requirements: firstly, it should release the drug at a
rate consistent with the therapeutic needs of the
body throughout the treatment period, and secondly,
it should effectively direct the active moiety to the
intended site of action. Traditionally, alternative
administration routes, such as topical delivery, have
been explored to achieve these objectives. Many
drugs developed through advanced delivery systems
are hydrophobic, necessitating their formulation in
modified carriers to enhance bioavailability. Among
such carriers, niosomes and proniosomes have
demonstrated the ability to improve the
bioavailability of encapsulated drugs while ensuring
controlled and sustained release.

Niosomes are novel, surfactant-based
vesicles, generally ranging between 10-1000 nm,
formed by the hydration of non-ionic surfactants
(such as alkyl or dialkylpolyglycerol ethers) in
combination with cholesterol. Their characteristics
can be tuned by incorporating additional
components into the vesicular bilayer. For instance,
cholesterol contributes rigidity and structural order,
producing stable, less leaky vesicles, while charge-
inducing  agents like  dicetyl  phosphate,
stearylamine, or diacylglycerol impart electrostatic
stabilization and enhance entrapment efficiency.

Similarly,  proniosomes, which are
amphiphilic vesicles, offer the dual advantage of
encapsulating hydrophilic drugs within their
aqueous core and hydrophobic drugs within the lipid
bilayer. Acting as depot systems, they release the
drug in a controlled fashion, thereby prolonging
therapeutic action. Moreover, they can protect drug
molecules from degradation, delay systemic
clearance, and facilitate targeted delivery, leading to
higher drug concentration at the site of action with
minimized side effects. Their release mechanism is
primarily diffusion-controlled, making them a
promising platform for oral, parenteral, and topical
applications.

The idea of targeted drug delivery was
pioneered by Paul Ehrlich in 1909, describing it as

“magic bullets” designed to transport therapeutic
agents directly to the diseased site while avoiding
non-target  tissues  (2).  Traditional  drug
administration routes, such as oral delivery, are
often restricted by hepatic first-pass metabolism,
gastric irritation, poor bioavailability, systemic
toxicity, and fluctuating plasma drug levels(3).
These limitations reduce therapeutic efficiency and
lead to undesirable side effects. In this context,
transdermal drug delivery has gained attention as a
patient-friendly, non-invasive  approach that
provides sustained and controlled drug release,
reduces dosing frequency, improves therapeutic
outcomes, and enhances patient compliance (4,5).

Despite its  advantages, transdermal
delivery faces a major hurdle due to the stratum
corneum, a lipid-rich barrier that limits the passage
of most drug molecules (6). To overcome this,
advances in nanotechnology have led to the
development of novel vesicular carrier systems such
as liposomes, niosomes, proniosomes, ethosomes,
and transferosomes(7,8). These vesicular systems
enhance drug permeation by altering stratum
corneum structure, solubilizing lipids, or providing
drug reservoirs that allow for controlled release.
Among them, niosomes and proniosomes stand out
as promising carriers because they are capable of
encapsulating both hydrophilic and lipophilic drugs,
improving bioavailability, and ensuring sustained
drug action (9,10). Unlike liposomes, which suffer
from oxidative degradation and chemical instability,
niosomes are composed of non-ionic surfactants and
cholesterol, making  them  biocompatible,
biodegradable, non-toxic, and relatively stable
(10,11).

However, the clinical utility of niosomes is
limited by issues such as physical instability during
long-term storage, aggregation, vesicle fusion, and
drug leakage (12). To address these limitations,
proniosomes were introduced as a provesicular
system that exists in dry, free-flowing powder or
compact form. Upon hydration with warm water,
proniosomes readily convert into stable niosomal
dispersions (7,13). This system offers several
advantages, including higher physical and chemical
stability, enhanced skin permeation, reduced
systemic side effects, controlled release of drugs,
improved bioavailability, and Dbetter patient
acceptability(8,14,15). Due to these properties,
proniosomes are considered superior to conventional
niosomes and are widely studied as a promising
platform for effective and safe transdermal drug
delivery (16,17).
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Niosomes and proniosomes have emerged
as promising nanocarrier systems in modern drug
delivery because of their ability to overcome the
limitations of conventional dosage forms. Niosomes,
composed of non-ionic surfactants and cholesterol,
can encapsulate both hydrophilic and lipophilic
drugs, thereby improving solubility, enhancing
penetration across biological membranes, and
ensuring sustained release(13,14). Their
biocompatibility, biodegradability, and relatively
low toxicity make them attractive alternatives to
liposomes, which often suffer from oxidative
degradation and instability(3). Moreover, niosomes
have been shown to improve therapeutic efficacy,
bioavailability, and patient compliance by reducing
dosing frequency and systemic side effects.

Despite these advantages, niosomes face
challenges such as vesicle aggregation, drug
leakage, and poor long-term stability during storage.
To overcome these drawbacks, proniosomes were
introduced as a provesicular system, existing in dry,
free-flowing powder or compact form that can be
easily  reconstituted into  niosomes  upon
hydration(13). Proniosomes provide enhanced
physical and chemical stability, improved
encapsulation efficiency, and better reproducibility
compared to conventional niosomes(7,8). In
addition, they show superior skin permeation ability,
prolonged drug release, and reduced systemic
toxicity, making them highly suitable for
transdermal and topical drug delivery(10,14).

Overall, both niosomes and proniosomes
represent valuable platforms for targeted, sustained,
and patient-friendly drug delivery. However,
proniosomes are often considered superior due to
their higher stability, easier handling, and scalability,
which make them more suitable for industrial
applications and clinical translation (18)

II. Evolution of Niosomes and Proniosomes
Niosomes were introduced as an alternative
to liposomes to overcome issues such as oxidative
degradation, high cost, and limited stability. These
vesicular carriers are formed from nonionic
surfactants and cholesterol, allowing them to
encapsulate both hydrophilic and lipophilic drugs
while improving permeability, controlled release,
and therapeutic efficiency compared with
conventional formulations(2). Since  their
introduction, niosomes have been widely
investigated across the 1990s and 2000s due to their
favorable characteristics, including biocompatibility,
biodegradability, and reduced chemical instability
compared with phospholipid-based systems(2,13).

However, despite their potential, niosomes
suffer from significant drawbacks such as physical
instability during storage, leading to vesicle
aggregation, fusion, sedimentation, and leakage of
entrapped drugs. To address these limitations,
researchers developed proniosomes, a provesicular
system consisting of dry, free-flowing powders or
compact formulations coated with nonionic
surfactants. Upon hydration with warm water,
proniosomes readily transform into stable niosomal
dispersions(3,7). This innovation retained the
benefits of niosomes while providing improved
stability, ease of handling, extended shelf life, and
better suitability for large-scale manufacturing (13).

Over time, several preparation methods
have been optimized to produce both niosomes and
proniosomes. Techniques such as thin-film
hydration, ether injection, and reverse-phase
evaporation were applied for niosomes, whereas
slurry, coacervation-phase separation, and spray-
coating methods were introduced for proniosomes.
These advancements allowed for greater control
over vesicle size, entrapment efficiency, and
reproducibility of formulations(11) More recently,
hybrid systems such as proniosomal gels and
transdermal patches have been developed to further
enhance drug delivery across the skin barrier(8).

In the last decade, two parallel trends have
emerged: one focusing on improving niosomal
formulations through chemical modifications and
targeting strategies, and the other emphasizing the
development of proniosomes as more stable and
industrially scalable systems. Collectively, these
advancements have established proniosomes as a
logical progression in vesicular drug delivery, while
continued innovation in niosome research provides
the mechanistic foundation for the improved
performance of proniosomal platforms (16).

III.  Niosomes

a. Definition and Composition

Niosomes are non-ionic surfactant-based
vesicular drug delivery systems composed primarily
of non-ionic surfactants, cholesterol, and other
suitable excipients. These components self-assemble
into Dbilayer vesicular structures capable of
encapsulating both hydrophilic and lipophilic drugs.
Hydrophilic drugs are entrapped within the aqueous
core, whereas lipophilic drugs are incorporated into
the lipid bilayer. Commonly used non-ionic
surfactants include Span 60 and Tween 80, which,
in combination with cholesterol, enhance vesicle
stability, drug entrapment efficiency, and controlled
drug release. Owing to their biocompatibility,
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biodegradability, and ability to improve drug
targeting and bioavailability, niosomes have
emerged as promising carriers for various
pharmaceutical applications. (19).

b. Types

Niosomes can be categorized based on their size and
the number of bilayers:

Small Unilamellar Vesicles (SUVs): These vesicles
have a single bilayer and a size range of
approximately 0.025 to 0.05 pm. They are suitable
for encapsulating hydrophilic drugs and for targeted
delivery(20).

Large Unilamellar Vesicles (LUVs): Comprising a
single bilayer, these vesicles are larger, typically
greater than 0.10 um, allowing larger drug payloads
and sustained release (21).

Multilamellar Vesicles (MLVs): These consist of
multiple bilayers and have a size range of 0.5 to 10
pum. MLVs provide higher encapsulation capacity
for prolonged drug release (24).The choice of
vesicle type influences encapsulation efficiency,
release profile, and stability .(19)

c. Structure

The structure of niosomes is characterized by a
bilayer arrangement of surfactant molecules, with
hydrophilic heads facing outward and hydrophobic
tails facing inward. This configuration allows for
encapsulation of both hydrophilic and lipophilic
substances, while the bilayer structure provides
stability and enables controlled drug release (19).

\ SURFACTANT

LIPID BILAYER S—— AQUEOUS CORE

IV.  Proniosomes

a. Definition and Composition

Proniosomes are dry, free-flowing formulations
consisting of water-soluble carriers coated with
surfactants. Upon hydration, they form niosomal
dispersions, offering enhanced stability and ease of
handling compared to traditional niosomes. Their
primary components include non-ionic surfactants,
cholesterol, carrier materials like sorbitol or
mannitol, and hydrating agents. These components

form a stable dry powder that converts into
niosomal dispersions upon hydration(21).

b. Types

Proniosomes can be classified based on their
physical form and preparation method:

Dry Granular Form: These consist of water-
soluble carrier particles, such as maltodextrin,
sorbitol, or mannitol, coated with nonionic
surfactants. Upon hydration, they form niosomal
dispersions(21).

Liquid Crystalline or Gel Form: These possess a
highly organized liquid crystalline structure,
enhancing drug permeation through biological
membranes. They are prepared by mixing
surfactants with gel-forming agents and water,
followed by drying to obtain a gel-like structure.

¢. Structure

Proniosomes are characterized by their dry, free-
flowing powder or compact form. Upon hydration,
they convert into stable niosomal dispersions. Their
structure involves lamellar, cubic, and hexagonal
liquid crystal phases, contributing to semisolid gel
formation and microscopic lamellar arrangements,
which enhance stability and drug release (22)

AQUEOUS CORE

V.  Composition
a. Composition of niosomes
The primary components of niosomes include:
Non-Ionic Surfactants: These surfactants, such as
Span 60, Span 80, and Tween 80, form the bilayer
membrane of the niosomes. The choice of surfactant
influences the stability, size, and drug encapsulation
efficiency of the niosomes.
Cholesterol: Incorporated to enhance membrane
stability and reduce permeability, cholesterol helps
in maintaining the structural integrity of the
niosomes.
Charge Inducers: Agents like dicetyl phosphate or
stearylamine can be added to impart charge to the
vesicle surface, improving stability and interaction
with biological membranes.
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Hydrating Medium: Typically water or buffer
solutions used during the preparation process. The
pH and ionic strength of the medium can affect the
formation and stability of niosomes .

VI.  Composition
a. Composition of proniosomes
The primary components of proniosomes include:
Non-Ionic Surfactants: Similar to niosomes,
surfactants like Span 60 and Tween 80 are used to
form the bilayer membrane upon hydration.
Cholesterol: Included to enhance the stability and
rigidity of the vesicle membrane.
Carrier Materials: Water-soluble materials such as
sorbitol or mannitol are used to form the dry
powder. These carriers facilitate the conversion of
the dry proniosomes into niosomal dispersions upon
hydration.
Hydrating Agents: Upon hydration, these
components form a gel or vesicular dispersion. The
choice of hydrating agent can influence the
rehydration efficiency and the characteristics of the
resulting niosomal dispersion .

VII. Methods of Preparation of Niosomes
Several methods have been developed for the
preparation of niosomes, depending on the desired
vesicle size, drug-loading capacity, and formulation
characteristics. The commonly used methods are
described below:

i. Ether Injection Method

In the ether injection method, a solution containing
surfactant and cholesterol dissolved in diethyl ether
is slowly injected through a fine needle into a
preheated aqueous phase containing the drug,
maintained at approximately 60°C. As the ether
rapidly vaporizes upon contact with the aqueous
medium, vesicles are formed spontaneously. This
method generally produces unilamellar vesicles with
sizes ranging from 50 to 1000 pm, depending on the
formulation composition and processing
conditions.(19)

ii. Hand shaking method: -

In this method, surfactant and cholesterol are
dissolved in an organic solvent such as chloroform,
ether, or benzene. The organic solvent is then
removed under reduced pressure using a rotary
evaporator, resulting in the formation of a thin lipid
film on the inner wall of a round-bottom flask. The
dried film is subsequently hydrated with an aqueous
drug solution under continuous shaking, causing the
lipid layers to swell and detach, thereby forming
multilamellar vesicles (MLVs). The volume of

aqueous phase entrapped within the vesicles is
generally low, ranging from 5-10%.(23).

iii. Sonication method: -

In the sonication method, a mixture of surfactant
and cholesterol is dispersed in an aqueous phase and
initially sonicated for approximately 10 minutes at
60°C, resulting in the formation of multilamellar
vesicles. The dispersion is then further subjected to
probe or bath sonication, which reduces the vesicle
size and converts the multilamellar vesicles into
smaller unilamellar vesicles with improved
uniformity.(23).

iv. Reverse phase evaporation method: -

In this technique, surfactant and cholesterol are
dissolved in a mixture of chloroform and ether (1:1
v/v). An aqueous drug solution is added to the
organic phase and sonicated at approximately 45°C
to form a water-in-oil emulsion. Further sonication
in the presence of phosphate-buffered saline (PBS)
results in gel formation. The gel is subsequently
heated in a water bath at 60°C with additional PBS,
leading to the formation of niosomal vesicles with
high drug entrapment efficiency.

v. Trans membrane pH gradient drug uptake
process (Remote Loading): -

This method is based on the establishment of a pH
gradient across the niosomal membrane, where the
internal aqueous phase possesses a lower pH than
the external medium. Unionized weakly basic drugs
can diffuse across the membrane into the acidic
interior, where they become ionized and are
subsequently trapped within the vesicles. This
technique significantly enhances drug entrapment
efficiency and retention by utilizing the acidic core
of the niosomes as an intravesicular drug
reservoir.(24)

vi. Micro fluidization method: -

The microfluidization technique employs two fluid
streams, one containing the drug solution and the
other containing surfactant and lipid components.
These streams collide at ultra-high velocity within
precisely designed microchannels of an interaction
chamber based on the submerged jet principle. The
intense mixing energy generated during this process
facilitates the formation of uniformly sized
niosomes with improved reproducibility, reduced
particle size, and narrow size distribution. (25) .

vii. Multiple membrane extrusion method: -

In this method, niosomal dispersions are repeatedly
passed through polycarbonate membrane filters of
defined pore sizes under pressure. This process
reduces vesicle size and improves size uniformity.
The technique is suitable for producing both
multilamellar vesicles and large unilamellar vesicles
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and is considered an effective method for
controlling niosome size distribution.(26).

viii. Ethanol injection method: -

In the ethanol injection method, surfactant and
cholesterol are dissolved in ethanol and rapidly
injected through a fine needle into an aqueous phase
under continuous stirring. Upon contact with the
aqueous medium, ethanol diffuses and evaporates,
resulting in the spontaneous formation of niosomal
vesicles. This method is widely employed for the
preparation of small unilamellar vesicles (SUVs)
and eliminates the need for extensive sonication.(27)

ix. Thin Film Hydration:
The thin film hydration method is one of the most
commonly used techniques for niosome preparation.

Surfactant, cholesterol, and drug are dissolved in a
chloroform—methanol mixture (2:1 v/v). The solvent
mixture is evaporated under reduced pressure using
a rotary evaporator at 40—60°C, producing a thin,
dry film on the wall of the flask. The resulting film
is hydrated with phosphate buffer or distilled water
at a temperature above the lipid transition
temperature, leading to the formation of
multilamellar vesicles. The vesicle size may be
further reduced by sonication or extrusion. This
method is simple, reproducible, and suitable for
encapsulating both hydrophilic and lipophilic drugs,
although complete removal of organic solvents
isessential to avoid toxicity.

Thin Film Hydration Method for Niosome Preparation

Dissolution of 9 Formation of Thin Removal of Residual Hydration of Thin o Formation of
Lipids Lipid Film Solvent Lipid Film Multilamellar Vesicles
- 53 — 2]
€ 7
\ “re
Surfactant € ! > N / \ 4 \
(Span/Tween) = \ 9 \. ; :
Cholesterol A I 3 ! 1
+ &N B U 4
Additives (optional) J e Ne - - ;

Solvent is removed by rotary
evaporation under reduced
pressure to form a thin
lipid film on the flask wall.

Lipids are dissolved in a
volatile organic solvent
(e.g., chloroform:methanol).

e Size Reduction

e Niosome Suspension
(Optional)

[} ) A \ (
P@" OD» = == , ‘
! () =d o . 0|
i\ e s Q@ @g

© »
<<'°<’>1
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The suspension can be sonicated or
extruded through polycarbonate
membranes to obtain unilamellar

niosomes of desired size.

Stable niosome suspension
is obtained for further
characterization and use.

\ J/

The flask is kept under vacuum
(or purged with inert gas) to
remove residual solvent

completely.

The thin film is hydrated with
aqueous phase (e.g., buffer,
drug solution) at a temperature
above the lipid transition
temperature with gentle agitation.

Swelling of the lipid film
leads to the formation of
multilamellar niosomes.

|

Typical Composition Niosome Structure
Non-ionic surfactant & ) 0) ) Hydrophilc
d head
(Span/Tween) K Yoo { 3
e oA 7, & a——— Hydrophobic
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Principle: Lipids are dissolved in an organic solvent and converted into a thin film. Upon hydration with aqueous phase, the

lipid film swells and self-assembles into niosomes.

VIII. METHOD OF PREPARATION OF
PRONIOSOMES

i. Slurry Method

Proniosomes can be prepared by the slurry method

using a stock solution of surfactant and cholesterol

dissolved in a suitable organic solvent. The required

quantities of surfactant, cholesterol, and drug are
dissolved in the solvent and added to a 100 mL
round-bottom flask containing the carrier material,
such as maltodextrin or lecithin. In cases of low
surfactant loading, additional chloroform may be
added to obtain a uniform slurry. The flask is then
attached to a rotary flash evaporator, and the solvent
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is removed under reduced pressure (600 mm Hg) at
a temperature of 45 = 2°C with continuous rotation
at 50—60 rpm. Evaporation is continued until a dry,
free-flowing powder is obtained. The prepared
proniosomes are subsequently stored in a tightly
closed container under refrigerated conditions and
protected from light.(28).

ii. Coacervation Phase Separation Method

The coacervation phase separation method is one of
the most commonly employed techniques for the
preparation of proniosomal gels. Accurately
weighed quantities of surfactant, lipid, and drug are
transferred into a clean, dry, wide-mouthed glass
vial (5 mL capacity). Alcohol (0.5 mL) is then
added, and the mixture is stirred thoroughly using a
glass rod. The vial is covered with a lid to minimize
solvent loss and heated in a water bath at 60—70°C
for approximately 5 minutes until all components
are completely dissolved. Subsequently, the aqueous
phase (phosphate buffer, pH 7.4) is added, and the

mixture is further warmed until a clear solution is
obtained. Upon cooling to room temperature, the
solution undergoes phase separation and transforms
into a proniosomal gel.(29) .

iii. Slow Spray-Coating Method

In the slow spray-coating method, proniosomes are
prepared by spraying a surfactant solution dissolved
in an organic solvent onto a suitable carrier material.
Following each spraying cycle, the solvent is
evaporated, leaving a thin layer of surfactant
deposited on the carrier surface. This process is
repeated until the desired surfactant loading is
achieved. Upon hydration, the surfactant-coated
carrier dissolves, resulting in the formation of
multilamellar niosomal vesicles. The niosomes
produced by this method exhibit characteristics
comparable to those prepared by conventional
techniques and generally possess a more uniform
size distribution.(30).

Slow Spray Coating Method for Proniosome Preparation

o Carrier Preparation g Preparation of

Coating Solution

Inert carrier material
(mannitol, sorbitol,
lactose, etc.) is
sieved to obtain
uniform particle size
(typically 100-250 pm)
and dried.

Lipids (surfactant and
cholesterol) are dissolved
in a volatile organic
solvent to prepare the
coating solution.

—

Hot air inlet

Lipid layer consisting of \‘\‘. Iy

surfactant and cholesterol DS
Uy 81,

Nz,

Inert carrier core

o Slow Spray Coating o Drying e

a Spray nozzle

Hydration Step (Before Use)

Hydration with
aqueous medium
with gentle agitation

—

Proniosome powder

Proniosome
(Free-flowing Powder)

The coating solution is slowly
sprayed onto the fluidized or
agitated carrier bed.
Solvent evaporates, leaving a completely.
uniform lipid film on the
surface of the particles.

Coated granules are dried
to remove residual solvent

Lipid-coated carrier
particles (proniosomes)
are collected, sieved if
required, and stored in

air-tight container.

{ ¢«— Paddle
(Agitation)

-

Key Advantages

—
/' Uniform and reproducible coating
/ Better flow properties and stability

+/ Protection of lipids from oxidation
and hydrolysis

+/ Improved dispersibility and reconstitution
Niosomal suspension into niosomes

Principle: In slow spray coating, a lipid solution is sprayed at a controlled rate onto a carrier material under agitation and heat.
The solvent evaporates, depositing a uniform lipid film on the carrier surface. Upon hydration, the lipid layer self-assembles into niosomes.

IX.  Mechanism of Action of Niosomes and
Proniosomes

Niosomes and proniosomes are novel
vesicular drug delivery systems designed to enhance
drug targeting, stability, and controlled release of
both  hydrophilic and lipophilic therapeutic
agents(31). These systems are primarily composed
of non-ionic surfactants and cholesterol, forming

bilayered vesicles similar to liposomes but with
improved stability and cost-effectiveness(32).

In niosomes, the amphiphilic surfactant
molecules self-assemble in an aqueous environment
to form closed bilayer vesicles where the
hydrophilic heads face outward toward the aqueous
phase and the hydrophobic tails align inward. This
unique  bilayer  arrangement enables  the
encapsulation of hydrophilic drugs in the aqueous
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core and lipophilic drugs within the hydrophobic
bilayer. Drug release from niosomes occurs through
diffusion across the bilayer membrane, erosion of
the vesicle, or fusion with biological membranes,
allowing controlled and sustained release.

Niosomes enhance drug bioavailability by
promoting adhesion to the stratum corneum and
facilitating penetration through the skin or
biological membranes(33). The surfactant molecules
interact with the intercellular lipids, increasing the
fluidity of the stratum corneum and enhancing drug
permeation. Furthermore, niosomes can fuse with
cell membranes, releasing the drug directly into
cells, thereby improving intracellular drug delivery.

Proniosomes, on the other hand, are dry,
free-flowing systems that form niosomes upon
hydration(33). They consist of surfactant-coated
carriers such as maltodextrin or sorbitol that, when
hydrated, generate uniform niosomal
dispersions(34). The conversion of proniosomes to
niosomes occurs through hydration of the surfactant
layer, leading to self-assembly of surfactant
molecules into vesicular structures(35). This in situ
formation ensures fresh niosomal dispersions with
improved entrapment efficiency and minimal
aggregation.

Mechanistically, proniosomes offer several

advantages due to their provesicular nature. Their
dry form prevents premature hydrolysis of
surfactants and drug leakage during storage,
maintaining formulation stability(36). Upon topical
or transdermal application, the hydration of skin
moisture converts proniosomes into niosomes,
allowing gradual drug release and prolonged
therapeutic action'4. The presence of cholesterol in
both systems stabilizes the bilayer, reducing
permeability and preventing vesicle fusion(37).
Both niosomes and proniosomes facilitate sustained
and targeted delivery by localizing the drug at the
site of action and reducing systemic side effects(36).
Their mechanisms also involve modulation of drug
partitioning and diffusion across biological barriers.
Studies have shown that proniosomal gels, upon
conversion to mniosomes, provide superior skin
retention and controlled release profiles compared to
conventional ~ formulations.  This  dual-phase
conversion and penetration mechanism make
proniosomes an attractive system for transdermal
and topical applications(38).

In summary, niosomes act as efficient
carriers through vesicle-mediated encapsulation and
diffusion mechanisms, while proniosomes enhance
stability and control conversion to active niosomes
upon hydration. The combined physicochemical

properties of both systems contribute to improved
therapeutic efficacy, sustained release, and enhanced
patient compliance in various drug delivery
applications(39).

X.  Evaluation and Characterization of
Niosomes and Proniosomes

Evaluation and characterization are critical
aspects in determining the quality, stability, and
performance of niosomal and proniosomal
formulations. These assessments help confirm
vesicle formation, drug encapsulation efficiency,
size distribution, surface charge, and drug release
behavior, which together influence the therapeutic
potential of the vesicular systems(40).

i.Vesicle Size and Size Distribution:

Particle size plays a vital role in determining drug
release rate, stability, and skin penetration.
Niosomes generally range between 100 nm to
several micrometers, depending on the preparation
method and surfactant composition®. Techniques
such as dynamic light scattering (DLS), photon
correlation spectroscopy, and optical microscopy are
widely used for particle size analysis®. Proniosomes,
after hydration, yield uniform vesicles of smaller
and more consistent size than conventional
niosomes.

ii. Morphological Examination:

The surface morphology and vesicle shape are
characterized using optical microscopy, transmission
electron microscopy (TEM), and scanning electron
microscopy (SEM)°. Niosomes typically exhibit
spherical, unilamellar or multilamellar structures,
whereas proniosomes display smooth, granular, and
dry surfaces prior to hydration®. TEM studies
confirm the conversion of proniosomes into
spherical niosomes upon hydration.

iii. Zeta Potential (Surface Charge):

Zeta potential measurement provides information
about vesicle stability by determining the surface
charge on the niosomes. A high zeta potential value
(positive or negative) indicates strong electrostatic
repulsion,  preventing  vesicle  aggregation®.
Proniosomal-derived niosomes often exhibit
enhanced surface charge stability due to the
presence of stabilizing surfactants and cholesterol.
iv. Entrapment Efficiency:

Entrapment efficiency is determined by separating
the free drug from vesicle-entrapped drug through
ultracentrifugation or dialysis methods*®.
Proniosomes generally show higher entrapment
efficiency than niosomes because their dry form
minimizes drug leakage during storage.
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v. In-Vitro Drug Release Studies:

Drug release profiles are commonly assessed using
Franz diffusion cells or dialysis membrane
techniques. Proniosomal formulations typically
provide a sustained and controlled drug release
pattern compared to niosomal dispersions, owing to
their more rigid bilayer structure.

vi. Stability Studies:

Stability is evaluated by monitoring vesicle size,
drug content, and entrapment efficiency over time
under various temperature and humidity conditions.
Proniosomes show superior physical and chemical
stability since they exist in a dry provesicular state,
reducing hydrolysis and oxidation of components.
vii. Surface Morphology and Phase Behavior:
Differential scanning calorimetry (DSC) and Fourier
transform infrared spectroscopy (FTIR) are utilized
to study thermal transitions, molecular interactions,
and compatibility among formulation components.
These analyses confirm the absence of drug—
excipient incompatibility and the stability of the
bilayer matrix.

viii. Rheological and pH Evaluation (for Gels):
When formulated as topical gels, rheological
analysis determines viscosity and spreadability,
while pH measurement ensures compatibility with
the skin’s natural environment(41).

Collectively, these evaluation parameters ensure
that niosomes and proniosomes possess the
desired physicochemical and biopharmaceutical
attributes essential for effective, stable, and
reproducible drug delivery.

a.Physical Stability

Proniosomes demonstrate superior physical stability
compared to conventional niosomal formulations.
Niosomes, being aqueous dispersions of non-ionic
surfactant vesicles, are often prone to aggregation,
fusion, sedimentation, and drug leakage during
storage, which may lead to a reduction in drug
entrapment efficiency and formulation
performance.In contrast, proniosomes exist in a dry,
free-flowing, and easily hydratable form that
effectively minimizes these instability issues. The
absence of an aqueous phase in proniosomal
formulations significantly reduces vesicle fusion and
leakage, thereby improving their storage stability
and shelf life. Studies have shown that proniosomal
formulations maintain vesicle size and entrapment
efficiency more consistently than niosomes when
stored under ambient conditions, eliminating the
need for special storage requirements. Furthermore,
the solid provesicular nature of proniosomes
enhances their stability during transportation and

long-term storage, offering a practical advantage in
formulation handling.Therefore, the improved
physical stability of proniosomes makes them more
suitable for topical and transdermal drug delivery
applications compared to conventional niosomal
systems(42)

b. Drug Loading and Entrapment Efficiency
Drug loading and entrapment efficiency are key
parameters that determine the therapeutic potential
and performance of vesicular drug delivery systems.
In niosomal formulations, drug entrapment largely
depends on  surfactant type,  cholesterol
concentration, and the method of preparation.
However, conventional niosomes often exhibit
lower entrapment efficiency due to drug leakage
during storage and instability of the vesicle bilayers.
Proniosomes, on the other hand, exhibit
significantly higher drug entrapment efficiency as
compared to niosomes because they are formulated
as dry, pre-vesicular systems that prevent premature
leakage of the drug. Upon hydration, proniosomes
form niosomes with a uniform vesicular structure,
which contributes to higher encapsulation of both
hydrophilic and lipophilic drugs. The presence of
cholesterol in the proniosomal composition
stabilizes the bilayer membrane and enhances drug
retention within the vesicles’. Studies have
demonstrated that proniosomal formulations exhibit
greater loading capacity and entrapment efficiency
than niosomal suspensions prepared by thin film
hydration or sonication techniques. This
improvement is attributed to reduced drug diffusion
during preparation and storage. Furthermore, the
method of hydration, surfactant chain length, and
drug—excipient interactions also play crucial roles in
determining entrapment efficiency. Comparative
evaluations have reported that proniosomes maintain
higher entrapment efficiency even after long-term
storage under ambient conditions, whereas niosomes
tend to lose a considerable amount of drug over
time®. Hence, the proniosomal system offers a more
stable and efficient approach for maximizing drug
loading and minimizing wastage during formulation
and storage.

11. Applications of Niosomes and Proniosomes
Niosomes and proniosomes have emerged as
versatile nanocarrier systems capable of improving
the solubility, stability, and bioavailability of a wide
range of therapeutic agents. Due to their amphiphilic
nature, controlled  release  profile, and
biocompatibility, these systems are extensively
explored for topical, transdermal, oral, ocular,
pulmonary, and targeted drug delivery applications.
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i.Topical and Transdermal Drug Delivery
Niosomes and proniosomes enhance dermal
penetration by interacting with the stratum corneum
lipids, improving drug partitioning and deposition in
skin layers. They provide localized drug delivery
while minimizing systemic side effects.

Proniosomal gels are especially -effective for
nonsteroidal anti-inflammatory drugs (NSAIDs)
such as diclofenac, ketoprofen, celecoxib, and
etodolac, providing sustained release and improved
anti-inflammatory activity. Their conversion to
niosomes upon skin hydration ensures prolonged
drug release and enhanced therapeutic efficacy.

ii. Oral Drug Delivery

Niosomes improve the oral bioavailability of poorly
soluble drugs by protecting them from enzymatic
degradation and improving intestinal absorption.
They can enhance first-pass metabolism avoidance
and maintain sustained plasma drug concentrations.
Proniosomes, due to their dry nature, can be easily
encapsulated into capsules or tablets and
reconstituted in the gastrointestinal tract to form
niosomes. Drugs like acyclovir, nimesulide, and
ibuprofen have shown improved absorption and
prolonged effect when formulated as niosomes or
proniosomes.

iii. Ocular Drug Delivery

Both  systems offer potential for ocular
administration, where conventional eye drops suffer
from poor retention and rapid drainage. Niosomal
and proniosomal formulations can increase corneal
contact time, enhance drug absorption, and prolong
therapeutic  effect'®. Formulations of timolol
maleate, pilocarpine, and ciprofloxacin have shown
significant improvements in intraocular
bioavailability and reduced dosing frequency.

iv. Pulmonary and Nasal Delivery

Niosomes and proniosomes are suitable for
pulmonary and nasal delivery, providing direct
access to systemic circulation and bypassing hepatic
metabolism. Their nanosize allows deep Ilung
deposition and enhanced mucosal adhesion.
Proniosomal powders can be aerosolized and
converted to niosomes upon contact with the
pulmonary or nasal mucosa, ensuring effective drug
absorption and extended retention. Applications
include antiasthmatic drugs, vaccines, and insulin
delivery via these routes.

v. Targeted Drug Delivery and Anticancer
Therapy

Niosomes can be surface-modified with ligands
such as antibodies or folic acid for site-specific
targeting, particularly in cancer therapy. They
enhance drug accumulation in tumor tissues through

the enhanced permeability and retention (EPR)
effect. Proniosomal formulations of doxorubicin,
methotrexate, and paclitaxel have demonstrated
reduced toxicity and improved therapeutic efficacy.
These vesicular systems thus act as biocompatible
nanocarriers  for  controlled and  targeted
delivery(43).

vi. Vaccine and Gene Delivery

Niosomes and proniosomes have also been explored
as vaccine adjuvants and gene delivery vectors due
to their immunogenic potential and ability to
encapsulate macromolecules. They improve antigen
stability and immune response by facilitating slow
antigen release at the site of injection. Their surface
charge and size can be optimized for efficient DNA
or RNA delivery, offering promise for genetic and
immunotherapy applications.

12. Recent advances

a. Niosomes as Drug Carriers

Niosomes have been extensively investigated as
effective drug delivery carriers for a wide range of
therapeutic and diagnostic agents. They have been
employed for the delivery of iobitridol, a contrast
agent used in X-ray imaging. Topical niosomes can
act as solubilizing matrices, local drug depots for
sustained release, penetration enhancers, and rate-
controlling barriers that modulate the systemic
absorption of drugs through the skin.

b. Drug Targeting

One of the most significant advantages of niosomes
is their ability to facilitate targeted drug delivery.
Niosomes are preferentially taken up by the
reticuloendothelial system (RES), particularly by the
liver and spleen. Their uptake is mediated by serum
proteins known as opsonins, which mark the
vesicles for clearance. This property can be utilized
to deliver therapeutic agents specifically to RES-
associated tissues, making them useful in the
treatment of hepatic tumors, splenic disorders, and
parasitic infections. Furthermore, surface
modification of niosomes with antibodies or other
targeting ligands enables site-specific delivery to
organs beyond the RES.

c.Antineoplastic Therapy

Many anticancer drugs produce severe systemic side
effects that limit their clinical utility. Niosomal
formulations can improve the therapeutic index of
these drugs by prolonging circulation time,
enhancing bioavailability, and modifying drug
distribution. Encapsulation of antineoplastic agents
within niosomes has been shown to reduce toxicity,
increase plasma drug concentrations, and slow
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tumor cell proliferation while improving therapeutic
efficacy.

d. Delivery of Peptide Drugs

Oral administration of peptide drugs is often limited
by enzymatic degradation within the gastrointestinal
tract. Niosomes have demonstrated the ability to
protect peptides from enzymatic breakdown, thereby
enhancing their stability and bioavailability. Studies
involving vasopressin derivatives encapsulated in
niosomes have shown significantly improved
peptide stability compared to free drug formulations.
e.Use in Studying Immune Response

Due to their low toxicity, enhanced stability, and
immunological selectivity, niosomes have been
widely investigated as immunological adjuvants.
They can effectively deliver antigens and stimulate
immune responses following parenteral
administration.  Niosomal formulations have
demonstrated the ability to enhance both humoral
and cellular immune responses against various
antigens and peptide-based vaccines.

f. Niosomes as Carriers for Hemoglobin
Niosomes can serve as carriers for hemoglobin
because their vesicular membranes are permeable to
oxygen. This property makes them potential
candidates for artificial oxygen carriers and blood
substitutes, particularly in the management of
anemia and other hematological disorders.

g. Leishmaniasis Treatment

Leishmaniasis is a parasitic disease caused by
protozoa of the genus Leishmania, which primarily
infect cells of the liver and spleen. Niosomes have
shown promise in delivering antileishmanial drugs
directly to infected RES organs. Encapsulation of
sodium stibogluconate and other antimonial drugs
within niosomes has been reported to improve
therapeutic efficacy while reducing the cardiotoxic,
hepatotoxic, and nephrotoxic effects associated with
conventional therapy.

h. Transdermal Drug Delivery

The transdermal route of administration is often
limited by the low permeability of the skin.
Niosomes can enhance drug penetration through the
stratum corneum and improve transdermal drug
delivery. Their ability to act as penetration
enhancers and controlled-release carriers makes
them valuable systems for topical and transdermal
applications.

i.Cosmetic Applications

Niosomes were initially developed for cosmetic
applications and were first introduced by L'Oréal
during the 1970s and 1980s. They improve the
stability of active ingredients, enhance skin

penetration, and increase the bioavailability of
poorly  absorbed compounds. Consequently,
niosomes have been widely incorporated into
skincare and cosmetic formulations for improved
efficacy.

j- Hormone Delivery

Niosomes have been explored as carriers for
hormone delivery, particularly for transdermal
administration of estradiol. Enhanced permeation of
hormones through the skin is achieved through the
combined effects of surfactant-mediated penetration
enhancement and the interaction of vesicular
structures with the stratum corneum, resulting in
improved drug absorption.

k. Neoplasia

Niosomal  formulations have  demonstrated
considerable  potential in  cancer therapy.
Encapsulation of doxorubicin within niosomes has
been shown to prolong circulation time, reduce
cardiotoxicity, and enhance antitumor activity in
experimental tumor models. Similarly, niosomal
methotrexate  formulations have resulted in
increased plasma concentrations, slower
elimination, and complete tumor regression in
certain animal studies.

I. Vaccine Delivery

Niosomes are emerging as promising vaccine
delivery systems due to their ability to encapsulate
antigens and stimulate immune responses while
exhibiting low intrinsic immunogenicity. They have
been investigated for oral, parenteral, and topical
immunization  strategies. = Niosomal  vaccine
formulations have demonstrated enhanced antigen
stability, controlled antigen release, and immune
responses comparable to conventional injectable
vaccines, highlighting their potential in modern
vaccine development.

14. Future Perspectives

Over the past few decades, proniosome-derived
niosomal systems have emerged as a significant
advancement in pharmaceutical research and have
gained considerable attention for their ability to
target specific organs and tissues, thereby enhancing
therapeutic efficacy. Proniosomes represent a
promising and innovative drug delivery approach
that continues to open new avenues for research and
development in the pharmaceutical field.

Future investigations may focus on the exploration
of novel carrier materials that are biocompatible,
biodegradable, and suitable for the preparation of
stable proniosomal formulations. In addition to
conventional pharmaceuticals, proniosomes have
substantial ~ potential for the delivery of
nutraceuticals, herbal compounds, and cosmetic
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agents, which remains a relatively underexplored
area.

Proniosomal technology is particularly
advantageous for the delivery of peptides and
proteins, as these biomolecules are susceptible to
enzymatic degradation and acidic conditions
following oral administration. Encapsulation within

proniosomes can improve their stability,
bioavailability, and therapeutic performance.
Furthermore,  proniosomes  offer  promising

opportunities for vaccine and antigen delivery by
enhancing antigen presentation to immune cells and
improving immunological responses.

The application of proniosomes can also be
extended to drugs associated with significant
adverse effects, as targeted delivery may reduce
systemic toxicity while improving therapeutic
outcomes. Additionally, owing to their oxygen
permeability, proniosomal vesicles may serve as
potential carriers for hemoglobin delivery and could
be explored for the treatment of anemia and other
blood-related disorders.

feasibility of proniosomal systems. Pilot-scale
production, large-scale manufacturing, long-term
stability studies, regulatory considerations, and cost-
effectiveness assessments must be thoroughly
investigated. Addressing these challenges will help
validate the suitability of proniosomes as versatile
carriers for a wide range of therapeutic agents,
biological molecules, and natural products,
ultimately facilitating their successful translation
from  laboratory research to  commercial
pharmaceutical applications.(44)

15. Summary

Overall, niosomes and proniosomes provide
flexible, stable, and cost-effective platforms for
delivering diverse therapeutic agents. Proniosomes
offer improved storage stability and ease of
handling, whereas niosomes provide efficient
encapsulation and targeted delivery capabilities.
Their combined versatility supports their application
across pharmaceutical, cosmetic, and biomedical
fields, with ongoing research expanding their

Despite these promising prospects, extensive clinical potential.
research is still required to establish the industrial
Sr. No Features Niosome Proniosome
1. Defination Vesicular carriers formed by hydration of | Dry, powder formulations of
dry surfactant powders, forming bilayer | nonionic surfactants coated on
vesicles carriers, which form niosomes
upon hydration
2. Stability issues | Less stable during storage; prone to fusion, | Physically more stable during
leakage, and degradation, especially in | storage; can be stored as dry
aqueous form powders and hydrated just before
use, reducing stability issues
3. Preparation Hydration of surfactant and cholesterol | Coating of nonionic surfactants
mixture in aqueous media on a carrier followed by
hydration
4. Storage Requires careful storage conditions; | Stable at room temperature; easy
susceptible to physical instability transportation and storage as dry
powders
5. Drug Encapsulates hydrophilic and hydrophobic | Similar ~ drug  encapsulation
Encapsulation drugs, but stability issues can affect drug | ability; stability enhances drug
retention. retention and reduces leakage
6. Advantages Suitable for lipophilic and hydrophilic | Enhanced stability, ease of
drugs, but with stability challenges storage, transport, and handling,
suitable for large-scale
production
7. Applications Diverse routes including oral, topical, and | Widely used for transdermal,
ocular delivery oral, and mucosal routes with
improved stability and
permeability
8. Drawbacks Physical instability, leakage, fusion during | Needs  proper reconstitution
storage before use; formulation
optimization required
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9. Shelf Life Weeks to few months 1-2 years
10. Stability Low High
Conclusion will be essential to fully realize the therapeutic and

Niosomes and proniosomes have emerged as
promising vesicular drug delivery systems capable
of addressing many limitations associated with
conventional pharmaceutical formulations. Their
unique ability to encapsulate both hydrophilic and
lipophilic drugs, improve bioavailability, enhance
permeation across biological barriers, and provide
controlled and sustained drug release has established
them as valuable carriers in modern drug delivery
research. Niosomes offer advantages such as
biocompatibility, biodegradability, targeted delivery,
and enhanced therapeutic efficacy. However, their
susceptibility to aggregation, fusion, and drug
leakage during storage remains a significant
challenge.

Proniosomes were developed as an
advanced provesicular approach to overcome the
stability-related limitations of niosomes. Their dry,
free-flowing nature provides superior physical and
chemical stability, higher entrapment efficiency,
extended shelf life, ease of handling, and improved
scalability for industrial production. Upon
hydration, proniosomes readily convert into
niosomal vesicles while maintaining the therapeutic
benefits associated with conventional niosomes.
Comparative studies consistently demonstrate that
proniosomes exhibit Dbetter storage stability,
enhanced drug retention, improved skin permeation,
and more reproducible performance than niosomal
dispersions.

The extensive applications of niosomes and
proniosomes in topical, transdermal, oral, ocular,
pulmonary, vaccine, gene, and targeted anticancer
drug delivery highlight their versatility and clinical
significance. Recent advancements in formulation
strategies, surface modification techniques, and
hybrid vesicular systems have further strengthened
their potential for personalized and site-specific
therapy. Despite encouraging outcomes, challenges
related to large-scale manufacturing, regulatory
acceptance, long-term stability, and clinical
translation still require comprehensive investigation.

In conclusion, both niosomes and
proniosomes represent highly effective and
adaptable nanovesicular platforms for drug delivery.
Among them, proniosomes appear to offer a more
practical and commercially viable approach due to
their superior stability and handling characteristics.
Future research focusing on scale-up technologies,
clinical validation, and regulatory standardization

industrial potential of these advanced vesicular
systems.
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