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Abstract

Niosomes are a novel class of creative vesicular structures. They are made of biodegradable and essentially 
harmless non-ionic surfactants. They were created as more affordable and reliable alternatives to liposomes. 
Their function has expanded to include various application areas since they were first introduced to the cosmetics 
sector. They are currently being investigated as prospective medication delivery systems for focused and sustained 
delivery. They can be administered through ocular, transdermal, vaginal, and inhalation in addition to traditional, 
oral, and parenteral methods. Niosome delivery of biotechnological goods, like vaccines, is another fascinating 
and promising study topic. These systems have become even more relevant in developing a particular strategy 
in the form of proteasomes. Further, focused research efforts are still needed to fully exploit these innovative 
technologies. With a focus on their function in drug targeting, this review examines the current state and promise 
of niosomes in drug delivery. Their preparation techniques, formulation features, benefits, drawbacks, and 
applications are also described.
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INTRODUCTION

An “ideal system” would target the active 
ingredient at the site and supply the 
medication at a pace determined by the 

body’s demands during treatment in motion. 
Strategies are modified to accomplish this by 
carefully considering medication delivery. 
It is managed by including it in formulation 
via changing the active pharmaceutical 
ingredients (API) composition using molecular 
mechanisms, or by operating the contribution 
of the medication into the biosphere to certify 
a suitable distribution. According to previous 
years, a tonne of research has been done on 
this topic and drug delivery. Researchers 
are working non-stop to create innovative 
systems that can overcome the restrictions 
and drawbacks of traditional therapy. Victory 
in possibly addressing some or all of these 
difficulties would increase effectiveness and 
patient compliance and limit negative effects.[1,2]

Until now, research has focused heavily on 
vesicular system evaluation for improving 
medication performance.[3,4] Including liposomal 

carriers, niosomal carriers, transpersonal carriers, pyrosomes, 
and autosomal carriers are the main components of vesicular 
systems. Vesicular systems have several benefits, including 
incorporating hydrophilic and lipophilic API, sustained 
delivery, the improved oral bioavailability of biopharmaceutical 
classification system Class II drugs, postponed API excretion 
of quickly metabolized APIs, and improved biopharmaceutical 
issues of the APIs. In addition, the systemic phagocytic 
absorption of a drug-loaded vesicular delivery system provides 
an attractive route to administer the API directly into the site of 
infection, decreasing API side effects.[5,6]

Mostly, the vesicle-based formulations being researched 
for API administration are liposomal[7-11] and niosomal 
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formulations.[12] The simple tiny vesicles called liposomes 
have an aqueous compartment and a core of lipid 
bilayers.[13] Liposomes are favorable when it comes to 
medication protection, controlled delivery of the API 
component combined with the site of administration, 
and endocytosis-based drug uptake. Nevertheless, there 
are still a lot of issues with using liposomes in general 
for medication delivery. Leaching of pharmaceuticals, 
sedimentation, destruction by oxidation or hydrolysis, 
and fusion of liposomal carriers throughout storage are a 
few of their main drawbacks.[14-16] Sterilization challenges 
and manufacturing at large scale offer formulations with 
good pharmaceutical stability are issues with therapeutic 
applications of liposomes.[17] Other limiting considerations 
are phospholipids’ price and fluctuating purity.[18] They are 
suitable for parenteral administration but cannot be given 
orally due to liposomes’ inability to withstand bile salts and 
phospholipase action. Liposomes are challenging to handle in 
a cold environment, which has led to the usage of surfactant 
(non-ionic) vesicles, that is, niosomal carriers.

Niosomes have different advantages over liposomes despite 
behaving similarly to them in vivo.[19] They are less prone to 
instability and lack the disadvantages of liposomes, such as 
the requirement for inert processing conditions and variable 
purity of phospholipids. Niosomes, or vesicular nanocarriers, 
have garnered a lot of attention as potential drug delivery 
vehicles during the past 30 years due to their unique 
advantages. They are contained in an aquatic compartment 
and have lamellar (bilayer) structures based on amphiphilic 
molecules. Amphiphilic molecules, such as surfactants, can 
self-assemble into a variety of shapes, including micelles 
and planar lamellar bilayers.[20] Drug delivery strategies 
that might be employed include sorbitan esters, sugar, 
polyoxymethylene, polyglycerol, and membrane lipids like 
cholesterol or its derivatives. Non-ionic surfactants are 
preferred over cationic surfactants due to the latter’s greater 
propensity to irritate skin.[21]

Niosomes are vesicular systems with specialized features that 
encapsulate hydrophilic and lipophilic molecules. Lipophilic 
compounds are trapped within the lipophilic part of the 
phospholipid’s bilayers via a partition mechanism, whereas 
hydrophilic medicines are often enclosed in the aqueous 
core. All the experimental procedure analyses involve 
hydrating a mixture of amphiphiles above the gel to the 
system liquid transition phase temperature. Following this an 
optional size reduction step produces a colloidal dispersion, 
as the development of vesicular formulations needs the 
participation of energy.[22] Colloidal vesicles were exploited 
as nanocarriers to enable drug targets, controlled delivery, 
and permeability enrichment due to their potential capacity 
to transport various treatments.[4] In fact, by modifying 
the content, concentration, and charges of the developed 
vesicle and membrane components, niosomes formulations 
could operate as therapeutic nanocarriers for the regulated 
distribution of an API to increase bioavailability and obtain 

a therapeutic impact over a longer time.[23] In addition, 
it has been discovered that drug ionization modifies the 
physicochemical characteristics of the niosomes and their 
transdermal penetration patterns since it can readily be 
derivatized to increase vesicle flexibility to enhance the 
attraction for the site of the region.[24]

Basic properties of Niosomal carrier

•	 The basic properties of niosomes are discussed below:
•	 They are stable on their own and osmotically active. It 

strengthens the stability of trapped as well as on one’s 
drugs.[25]

•	 Niosomes can accommodate hydrophobic and 
hydrophilic enhance the oral therapeutic bioavailability 
of API.

•	 Structural characteristics of niosomal formulations, for 
instance, their formulations composition, vesicle size, 
entrapped volume, and surface charge are flexible.

•	 Niosomes allow hydrophilic moieties to adhere to their 
surface in a bilayer, changing the way they behave 
in vivo. Positive, neutral, or negative charges can bind or 
anchor these moieties to the polar groups of amphiphilic 
monomers. Niosomes charge type and density impact 
their permeability and stability.

•	 Niosomal amphiphiles show biocompatibility, non-
immunogenicity, and degradable. They are mainly 
harmless since they are non-ionic.

•	 Niosomes may entrap small to large DNA substances 
with various molecular weights.

•	 Niosomal vesicles through intravenous route are 
sent to RES. When RES is incorporated, this passive 
targeting aspect can be effectively used, for instance, 
hepatotoxicity, metal poisoning in the hepatic cells, 
inflammatory diseases, and leishmaniasis.[26]

Advantages and disadvantages of niosomal carrier

•	 No undesirable solvents are utilized in the procedure 
employed to produce niosomes on a regular and 
enormous scale.

•	 Niosomes handling and storage do not require any 
specific circumstances because physic-chemical issues 
of their structural makeup.

•	 By modifying their structural makeup and manufacturing 
process, niosomes physicochemical characteristics could 
be changed.

•	 Niosomes can pack a lot of information into a small 
vesicular volume.

•	 Niosomes can be employed to deliver labile and sensitive 
medications since their structure shields therapeutic 
ingredients from diverse influences both within and 
outside the body.

•	 By confining effects to specific cells and delayed 
clearance through circulation, niosomes enhance the 
therapeutic effectiveness of drug compounds.
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•	 Niosomes can be used to administer medications through 
various routes and in various drug delivery carriers. This 
increases the efficacy and permeation of APIs through 
the skin.

•	 Niosomes exhibit more effectiveness than traditional 
oily formulations and increase patient adherence and 
satisfaction.[27]

In Figure 1 there are various Methods of preparation of 
niosomal carriers are mention.

PREPARATION TECHNOLOGIES OF 
NIOSOMAL CARRIERS

Thin film formation

This preparation technique is simple, economical, and 
extensively employed. In this procedure, 100 mL RBF 
containing an organic solvent is mixed with the formulation 
components such as amphiphiles, cholesterol, and positive or 
negative charged compounds.[28,29]

Injection method

The amphiphiles and additional components are combined 
with diethyl ether, dissolved, and then gradually injected 
using a syringe into an aqueous-based API solution that is 
maintained at a temperature that is consistently higher than 
the organic solution’s boiling point. The vesicles develop and 
take on characteristics during evaporation.[31,30]

Reverse phase evaporation

The niosomal components are mixed with the dissolved 
combination of ether-chloroform solution before being 

introduced to the drug-containing aqueous phase. The 
developed solution was ultrasonicated forming an 
emulsion. From this, the organic phase is evaporated. The 
organic solvent’s evaporation results in sizable unilamellar 
vesicles.[32-34]

Micro fluidization

The micro fluidization technique is based on the submerged 
jet concept. Using this method, the reaction chamber’s 
tiny; precisely defined microchannels saw very high speeds 
of interaction between the fluidized streams of drug and 
surfactant. The impact’s high speed and energy cause 
niosomes to form. This method yields unilamellar-based 
vesicles, homogeneity, and optimal size and shape in niosome 
creation.[35,36]

Heating method

The heating method was patented and developed earlier. 
Hydrating the amphiphiles and the cholesterol in the buffer 
solution independently. The prepared mixture is subjected to 
heat at 120°C to provide easy dissolution of cholesterol. After 
this, continued stirring is required to maintain the dissolution 
status of amphiphiles and cholesterol. At this point, niosomal 
formulations are formed, allowed to cool to 25°C, preserved 
at a lower temperature in the presence of nitrogen, and 
characterized.[37,38]

Bubble method

A glass flask with three necks that is loaded with buffer, 
additives, and surfactants is used in the bubble technique. 
The components of a niosome are distributed at 70°C and 
then mixed using a homogenizer. The contents of the flask 
are immediately immersed in a water bath as 70°C nitrogen 
gas bubbles. Propelling N2 gas through a homogenized 
amphiphile sample causes the formation of large unilamellar 
vesicles.[39]

PHYSICO-CHEMICAL AND FUNCTIONAL 
CHARACTERIZATION OF NIOSOMAL 

CARRIERS

Particle size

The methods most often employed to ascertain the sizes and 
forms of niosomes. Among its components are transmission 
electron microscopy, electron microscopy for freeze-fracture 
replication, electron microscopy for scanning, dynamic 
light scattering, and cryogenic transmission electron 
microscopy.[40,41] DLS provides useful information on the 
homogeneity of a solution and cumulative information 
regarding particle size at the same time. The PI is advantageous 
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Figure 1: Methods of preparation of niosomal carriers
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in this sense. In colloidal systems, a homogenous population is 
indicated by a value smaller than 0.3. Microscopic inspection 
is the most often used technique to study the morphology of 
niosomes.[42]

Bilayer characteristics

It is possible to evaluate the membrane stiffness of niosomal 
formulations by examining the fluorescent probe’s mobility 
in relation to temperature. The most popular fluorescent 
probe, 1,6 diphenyl1,3,5-hexatriene, which usually sits in 
the hydrophobic area of the bilayer membrane, is paired 
with niosomal formulations. Fluorescence polarization 
measures the microviscosity of the niosomal membrane; 
a high fluorescence polarization[43] suggests a significant 
microviscosity of the membrane. Energy-dispersive X-ray 
diffraction in situ, as well as the previously described.[44]

Percent entrapment efficiency (EE)

The percentage of an API that niosomal formulations are 
able to capture is known as EE%. Three methods can be 
used to extract the unencapsulated free medication from 
the niosomal fluid: Gel chromatography, dialysis bag, and 
centrifugation.[45] By rupturing the vesicles, the encapsulated 
drug was liberated from the niosomal carrier. Methanol 
or 0.1% Triton X-100 can be added to get niosome-free 
niosomal solution. Spectrophotometers or high-performance 
liquid chromatography (HPLC) can be used to determine the 
drug concentration in both the loaded and free states.[46]

Stability studies

The stability of niosomes may be evaluated by calculating 
the average niosomal carrier size and percent entrapment 
effectiveness in comparison to many storage times at different 
temperatures. Throughout storage, niosomes are routinely 
evaluated to ascertain the amount of medicine retained in 
the niosomes, which is then ascertained through the use of 
ultraviolet spectroscopic or HPLC techniques.[47,48]

Dissolution studies

One approach that is frequently used to study API dissolution 
is based on the use of a dialysis membrane. A dialysis 
membrane is cleaned and given a freshly prepared aqueous 
solution to soak in. The API-encapsulated niosomal 
dispersion was loaded into a freshly prepared dialysis bag. 
The vesicle-loaded bag was submerged in a buffer media 
and vigorously shaken at a temperature of 25°C or 37°C. 
Samples were taken out from the dissolution media at a 
scheduled interval and replenished with the same media. 
Using the proper test method, the samples are examined for 
the presence of drugs.[49]

In Figure 2 various Therapeutic applications of niosomal 
carrier are involved.

THERAPEUTIC APPLICATIONS OF 
NIOSOMAL CARRIER

For lung administration

In-depth research on lung cancer and other malignant diseases 
has been done on all-trans-retinoic acid (ATRA).[50] Chronic 
administration of retinoids in patients is linked to adverse 
consequences, like many other anticancer medications.[51] 
According to Desai and Finlay (2002), niosomal ATRA was 
released to the lungs at higher doses through aerosolization 
with no discernible adverse effects. To accomplish the best 
encapsulation efficiencies, a variety of non-ionic surfactants 
were utilized. The niosomal formulations were produced using 
the association of span and tweens with an ATRA (1 mg/mL). 
Following this, the aerosol created with the chosen niosomal 
formulations was examined to determine the vesicle size and 
EE on separate phases of an Anderson cascade impactor. It 
prevented false sizing brought on by droplet evaporation. The 
optimized formulations produced mass median aerodynamic 
diameters of ~ 3.7 0.3 and ~ 3.58 0.03 m, geometric standard 
deviation values of ~ 1.59 0.17 and ~ 1.51 0.01, and 
entrapment efficiencies considerably >50%. The positive 
outcomes provided a different method for delivering ATRA 
via aerosolization to the respiratory system.[52] Conventional 
niosomal formulations were first created using the reverse 
phase evaporation method. Proniosomes were hydrated with 
0.9% saline at 50°C and mixed for about 2 min to produce 
proteasome-derived niosomes. When proniosomes were 
prepared by covering the niosomal carrier surface with the 
amphiphile-phospholipids mixture, resulting vesicles had a 
high drug EE. The proteasome-derived niosomes successfully 
retarded the drug release rate compared to a typical drug 
solution, with the t50% value of the release pattern. They 
also obtained good physical stability and a high nebulization 
efficiency percentage. Their research suggested that prolonged-
release p-derived niosomes might be produced as suitable API 
nanocarriers for the nebulized delivery of cromolyn sodium.[53]
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Figure 2: Therapeutic applications of niosomal carrier
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For ocular administration

The niosomal formulations aid in extending and regulating 
the effect at the surface of the cornea and halting the drug 
biotransformation through the enzymatic system found at the 
corneal surface. The medicine is more able to divide and go 
through the cornea thanks to the vesicles’ encapsulated drug. 
Niosomes also present a viable path to meet the demand for 
an ocular drug delivery technology that is as convenient as 
a conventional formulation, however, it could localize and 
preserve API efficacy at the ocular site.[54]

Niosomal carriers were mentioned by Guinedi et al. as 
a potential solution to the limited bioavailability and 
corneal penetration characteristics displayed by standard 
ophthalmic vehicles. Two techniques, that is, thin film 
hydration and reverse phase evaporation were used to create 
niosomal carriers using Spans and cholesterol in the molar 
ratios of ~ (7:4), ~ (7:6), and ~ (7:7). Ashot tonometer, the 
ability of acetazolamide niosomal formulations to reduce 
intraocular pressure (IOP) in rabbits was assessed. Their 
findings demonstrated that the API inclusion effectiveness 
and its dissolution rate from niosomal formulations were 
significantly impacted via surfactant type, cholesterol 
level, and manufacturing technique. Niosomal formulations 
(multilamellar) prepared from the components of (span 60 
and cholesterol at a 7:6 molar ratio) produced higher inclusion 
efficiency. As compared to the API and plain niosomal 
formulations, each of the evaluated acetazolamide niosomes 
made using either approach resulted in a considerable 
reduction in IOP. It was discovered that acetazolamide-
loaded niosomal formulations (containing span 60 and 
cholesterol in a 7:4 molar ratio) were the most efficient and 
demonstrated a sustained reduction in IOP. After 40 days of 
niosomal formulation instillation, histological analysis of 
corneal tissues revealed minor irritation to the eye.[55]

For transdermal administration

Proniosomes and niosomes have been extensively studied 
to improve different medicine penetrations. Following a 
topical administration, proniosomes transform into niosomal 
carriers because of the skin-assisted hydration mechanism. 
Proniosomal gel, unlike niosomes, may be made directly 
into a transdermal patch without the need for vesicles to be 
dispersed into a polymer matrix.[56,57]

For Immuno administration

Public health organizations are placing a high premium on 
non-invasive vaccine administration because traditional 
immunization methods are risky and have a lot of drawbacks. 
Skin administration of vaccinations has recently gained 
attention as a viable alternate route. Utilizing vesicular systems 
is one way to improve the bioactive ability to penetrate the 
skin. Vesicles, that is, transpersonal, niosomal, and liposomal 

formulations were used by Gupta et al. to examine their 
potential for non-invasive tetanus toxoid delivery (TT). After 
topical immunization, the serum anti-TT immunoglobulin G 
(IgG) titer was used to measure the immunoactivity of the 
above-mentioned vesicles. They compare the immunological 
response induced by topical immunization to that induced 
by intramuscular injection of the same amount of alum-
adsorbed TT. According to an in vivo investigation, applying 
TT-containing transferosomes topically after a secondary 
immunization can cause an immunological response (anti-TT-
IgG) comparable to that following an intramuscular injection 
of a TT-based vaccine. Niosomes and liposomes elicited a 
lesser immunological response than transferosomes.

A monoclonal antibody attached to CD44 (IM7) was coupled 
with niosomes made by Hood et al. through association 
between cyanuric chloride and polyoxyethylene group of 
the Tween 61. The niosomes were made of components (i.e., 
span 60, tween 61, cholesterol, and diacetyl phosphate). 
Compared to span 60 niosomes, an adequate quantity of 
tween 61 in the amphiphilic part of niosomal carrier was 
created using thin-film hydration methods. Synovial lining 
cells expressing CD44 were added to the immuno-niosomes 
for incubation. Niosome attachment was obvious and 
demonstrated selectivity and specificity, respectively. This 
study revealed that the resulting niosomal formulations would 
offer a valuable way to deliver drugs to specific targets.[58]

CONCLUSION AND FUTURE 
PERSPECTIVES

The current data provides a thorough overview of niosomes 
makeup, benefits, applications, function (as percutaneous 
permeation enhancer), and more updated uses as transdermal 
formulations. The percutaneous administration of hydrophilic 
and lipophilic medicines is a promising application for 
niosomes as controlled delivery systems. Utilizing new 
methods for niosome preparation, loading, and customization 
can increase their potential. These regions require additional 
investigation and study to create niosomal preparations that 
can be sold commercially. In consideration of its physical 
stability, potential for medicinal purposes, and skin toxicity, 
the amphiphiles category represents a viable parameter in the 
development of niosomal formulations. Researchers should 
be aware of the need for an appropriate selection of suitable 
surfactants for the preparation of niosomes.
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