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Abstract

Background: Hepatic first-pass metabolism and poor therapeutic efficiency at targeted region are the endemic problems
of new drug molecules. Thus, comprehensive research has been carried out on the novel vesicular drug delivery systems in
nanotechnology from the last few years. These nano-carrier systems have developed to overcome the limitations that are
associated with hepatic first-pass metabolism in conventional oral dosage forms and the barrier properties of the lipid bilayer
in stratum corneum via transdermal drug delivery for improving the bioavailability of various drugs.

Main body: In recent years, several targeted vesicular drug delivery carriers are developing like liposomes, niosomes,
proniosomes, transferosomes, ethosomes, and electrosomes. Among them, niosomes and proniosomes are to be better
carriers to increase therapeutic efficiency and bicavailability by reducing the side effects and acting as a promising approach
for transdermal drug delivery. Both are non-ionic surfactant-based vesicles and are amphiphilic. This article concisely reviews
the possible mechanisms within niosomes and pronisomes to enhance transdermal drug delivery, types, composition,
preparation techniques, characterizations, and its applications.

Conclusion: As per the researches done in the formulation of various nano-carrier systems through transdermal approach
for the enhancement of bioavailability, it can be stated that the hepatic first pass metabolism can be reduced as well as
therapeutic efficiency can be increased by many folds compared to their oral marketed formulations.

Keywords: Niosomes, Proniosomes, Possible mechanisms of skin penetration, Methods of preparation, Characterization

and its applications

Background

The phenomenon of targeting drug delivery systems is
to deliver the drug in the body in such a manner that it
should show its action to the targeted desired site to
achieve the therapeutic response, i.e., where its action
should be needed by limiting undesirable interaction to
non-targeted tissues. Paul Ehrlich introduced this idea in
1909, and he called this strategy “magic bullets” [1, 2].
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In the drug delivery system, although the oral adminis-
tration route is beneficial but limited due to the hepatic
first-pass metabolism that increases undesirable side ef-
fects, it reduces the therapeutic efficiency and bioavail-
ability of many drugs in various treatments of diseases
[3, 4]. Thereby, transdermal drug delivery system offers
an attractive, a non-invasive, and better alternative
method to reduce the number of doses, frequency of ad-
ministration, systemic toxicity, hepatic first-pass metab-
olism, gastric irritation, unwanted side effects associated
with oral, control drug level in plasma for a sustained
period for locally and systematically that result enhan-
cing bioavailability, and better patient compliance [5, 6].
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Nevertheless, the lipid bilayer of skin that is stratum cor-
neum acts as a very tough diffusion barrier, limiting the
permeation of active drug moieties. Novel approaches
like nanotechnology have developed in the field of sci-
ence, which has introduced various targeted novel ves-
icular drug carrier systems like liposomes, niosomes,
proniosomes, ethosomes, and electrosomes. Among
these, niosomes and proniosomes have distinct advan-
tages over the other vesicles by acting as drug-
containing reservoirs [7, 8]. Liposomes were not pre-
ferred as these were composed of concentric phospho-
lipids that make chemically unstable vesicles due to
oxidative degradation and rancidification [9].

Main text
Niosomes are the microscopic lamellar structures in
an emerging drug delivery system, composed of non-
ionic alkyl or polyglycerol etheric surfactant and
cholesterol in an aqueous medium. Handjani-vila
et al. introduced the class of niosomes [10]. These are
amphiphilic, biocompatible, biodegradable, non-toxic
materials to encapsulate the medication in vesicles
that improve the bioavailability of the drug, thera-
peutic efficiency, drug penetration through the skin,
releases the drug in a sustained and controlled man-
ner, and used to target the desired site by adjusting
the composition that helps to reduce the side effects.
However, the major drawback is physical instability
during storage that causes aggregation, fusion, sedi-
mentation, and leakage of the entrapped drug. This
lead to the development of a revolutionary technique
of provesicular system called “proniosomes” [11, 12].
Proniosomes are the niosome hybrid of liquid crystalline
compact or dry formulated carrier particles coated with
non-ionic surface-active agents, converted to niosomal dis-
persion immediately by hydrating with hot water on gentle
agitation before use. These versatile vesicular carriers ex-
hibit a more potential promising approach for transdermal
drug delivery and act as vehicles or permeation en-
hancers via stratum corneum. These are preferred
and well documented than other vesicles as it shows
more excellent physical and chemical stability, non-
toxic, biodegradable, biocompatible, skin permeation
ability, prolonged drug release, enhanced bioavailabil-
ity, and reducing side effects and high reflux. Most of
the research innovators agreed that effective drug de-
livery is achieved through direct contact of these vesi-
cles to the skin [13, 14].

Possible Mechanisms of action of niosomes and
proniosomes for transdermal drug delivery

An important requirement for transdermal delivery is
that the drug carried by a vehicle should be able to reach
the skin surface at an adequate rate and in sufficient
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amounts. A wide range of applications and several
mechanisms have been reported because of their ability
to enhance the percutaneous drug delivery to the deeper
layer of skin. In general, a permeant applied to the skin
has three possible routes across the epidermis. The
transcellular route, a lipid domain associated with the
proteins inside corneocytes, the intercellular route, and
the appendageal route, through hair follicles, via associ-
ated sebaceous glands, and sweat ducts. Based on the
drug nature, the mechanism of drug transport may be
varied [7, 15, 16].

Mechanisms for transdermal enhancement of hydro-
philic drugs include (i) increasing drug thermodynamic
activity—the encapsulated drug vesicles get adsorbed
and fused on to the surface of the skin. Then, a thermo-
dynamic activity gradient is developed, which enhances
the diffusion pressure for drug permeation at the surface
that acts as a driving force for drug penetration across
stratum corneum (sc) [17-19]; (ii) modification of sur-
face electrical charge of ionic drugs; (iii) solubilizing of
sebum by vesicles to facilitate follicular delivery; and (iv)
pore pathway of large water-soluble molecules loaded in
niosomes.

Mechanisms for transdermal enhancement of hydro-
phobic drugs include (i) disruption of lipid bilayer of the
stratum corneum (SC)—structural modification of
stratum corneum, i.e., the densely packed lipid bilayer,
helps to fill up the extracellular spaces by a disruption to
enhance the permeation rate; (ii) enhancement of
transdermal permeation through nano-sizing; (iii)
changing drug partition into skin layers; (iv) hydrating
skin and the dilation of the SC intercellular chan-
nels—niosomes cause an alteration in the barrier
property of stratum corneum, which enhances sc
hydration by reducing trans-epidermal water loss,
leading to loosening the tightly packed structure and
lyses of the membrane by lysozyme and releasing the
entrapped drug into the system [20-26]; and (v)
changing the permeation pathway of lipophilic per-
meants to follicular delivery [27]. The non-ionic sur-
factants play a crucial role as a penetration enhancer
that enters into the intercellular lipids through endo-
cytosis [28, 29]. The possible mechanisms of action to
enhance skin penetration are as shown in Fig. 1.

Structure of niosome

It is a bilayered spherical structure composed of non-
ionic surfactant and cholesterol, i.e., as shown in Fig. 2.
In this, the non-ionic surfactant is present in such a way
that hydrophobic end faces inwards (toward the lipo-
philic phase). In contrast, hydrophilic end faces outwards
(toward aqueous phase), resulting in the closed lipid bi-
layer that surrounds solutes in the aqueous phase, which
appears like the outer and inner surface of the
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Fig. 1 Possible mechanisms of action of niosomes and proniosomes for skin penetration in topical and transdermal drug delivery. a Release of
drug molecules by niosomes. b Niosomes adsorption and fusion with stratum corneum. ¢ Penetration of niosomes through intact sc. d
Components of niosomes act as penetration enhancer and increase absorption of drug. e Penetration of niosomes through hair follicles or

hydrophilic area, that sandwiched lipophilic area in be-
tween them [31, 32].

Composition of niosome
Two components are essential to form the vesicle of the
niosome.

A. Cholesterol
It is a steroid derivative that helps to form a proper
shape and rigid structure to niosome [33].

B. Non-ionic surfactant

The hydrophilic-lipophilic balance (HLB) value of a
surfactant is essential in the formation of niosomes. The

range of HLB should be between 4 and 8 [34, 35] to pro-
duce stable optimum vesicles with high drug compatibil-
ity. Various types of non-ionic surfactants with examples
are listed in Table 1. In addition to these, charge in-
ducers are also added because they cause repulsions on
the surface of vesicles that provide higher zeta potential.
Thus, it helps to prevent fusion and enhance vesicle sta-
bility [36, 37].

Types of niosomes

Niosomes are categorized into three groups, based upon
the size of a vesicle, i.e., as shown in Table 2 and repre-
sented in Fig. 3.

Fig. 2 Schematic representation of structure of niosome [30]
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Table 1 Types of non-ionic surfactants

Non-ionic surfactants

Examples [1]

Ethers

Esters

Fatty alcohols

Black copolymers

Brij, decylglucoside, octyl glucoside, lauryl
glucoside

Spans, glyceryl laurate, polysorbates

Cetyl alcohol, cetostearyl alcohol, stearyl

alcohol

Poloxamers

Advantages of niosomes

10.
11.

Niosomes have an amphiphilic infrastructure,
which provides a wide range of solubility for drug
molecules [2].

It is the dispersion containing water as a vehicle
that offers more patient compliance than oily
preparations [10].

It enhances the skin penetration of medicament and
improves the oral bioavailability of poorly soluble
drugs [39].

These can be taken via oral, parenteral, topical, and
transdermal routes of applications [40].

Niosomes are safe as they composed of
biocompatible, biodegradable, and non-toxic
materials [41].

These vesicle formulation characteristics are
variable and controllable by altering the
composition, dimension, lamellarity, surface load,
and concentration [42].

This vesicle can act as a depot, and drug release
from the closed bilayer structure may be controlled
to the target site [43].

Due to the chemical stability of their structural
composition, handling and storage conditions do
not require special conditions.

These are osmotically active and stable and have
longer shelf-life.

It protects the drug from enzymatic degradation [44].
Highly economical for large-scale production.

Disadvantages of niosomes

1.

Due to the dispersion form of niosomes, there may
be a chance to sediment, accumulate, fuse, or
leakage the entrapped drug during storage [45].

Table 2 Types of niosomes

S.no. Type Siz e[12]

a. Small unilamellar vesicle 0.025-0.05 um
b. Large unilamellar vesicle 20.05 um

C. Multi lamellar vesicle 20.10 um
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Some of the formulation techniques are time-
consuming and require special equipment.

During the process of hydration, there may be a
chance of incomplete hydration of surfactants [46].

Factors governing vesicle formation

(a) Drug

The physicochemical properties of encapsulated drugs
can influence the rigid bilayer structure, vesicle size, and
charge on the surface of noisome. By interacting with
the solute and surfactant head group, the entrapped
drug may enhance the charge and mutual repulsions
that result in the large size of the vesicle [47].

(b) Type of surfactant

il.

Generally, ether types of surfactants are more
favorable than ester forms, as these are quickly
degraded and became unstable in vivo. The
structure of the surfactant is as shown in Fig. 4.

Hydrophilic-lipophilic balance (HLB)

It indicates the solubility of the surfactant, which is
a dimensionless parameter [49]. The lower the HLB
value indicates the more lipophilic nature of
surfactant and vice-versa. It also influences the en-
trapment efficiency of the drug molecule in
niosomes.

Critical packing parameter

It influences the geometry of vesicles. Based on the
surfactant’s critical packing parameter (CPP) value,
it is possible to predict the shape of the
nanostructure [50, 51]. It depends upon the
symmetry of surfactant and can be calculated by
using the following equation:

CPP =v/Ic x a,

where v is the hydrophobic group volume, Ic is the
critical hydrophobic group length, and 4, is the
area of hydrophilic head group.

Based on the CPP value, the state and structure of
vesicles are varied and is as shown in Fig. 5.

(c) Membrane composition

Niosomes can be stabilized through the addition of
various additives to the mixture of surfactant and
drug. Additives like cholesterol influence the
permeability of vesicle [53]. If the membrane has
more cholesterol content that results in a more
rigid vesicle structure and helps to reduce the
leakage of the drug, it improves entrapment
efficiency.
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(d) Method of preparation
The size of the vesicle is varied depending on the
preparation method. Thus, it influences the
entrapment efficiency and release of drugs from the
vesicle.

(e) Temperature of hydration
It influences the shape and size of the niosome.
The temperature of the system should be above
the gel to liquid phase transitional temperature
for ideal conditions. Along with these, the time
of hydration and hydration medium volume are
also critical parameters because improper
hydration results in fragile niosomes or create
leakage of the drug [54].

(f) Resistance to osmotic stress
It influences the diameter of vesicles. The addition
of hypertonic salt solution results decreases in the
diameter of the vesicle, whereas hypotonic salt
solution causes slight swelling.

(g) Charge
The size, stability, and volume within niosomes are
altered by charge inducing agents. The interlamellar
distance between successive bilayer increases
because of the presence of a charge in a

multilamellar vesicle structure that contributes to
the higher total volume [55].

Preparation methods of niosomes

Preparation methods will affect the number of bilay-
ers, size distribution, dimensions, and entrapment effi-
ciency [56, 57].

General procedure

Handjani-Vila method

A mixed equivalent amount of cholesterol and surfactant
(lipid mixture) in an aqueous phase containing active
substance, agitated for a few minutes to get homoge-
neous lamella phase. Then, homogenize at a controlled
temperature by using ultra-centrifugation or employing
ultra-sonicator that resulted in the formation of noi-
somes [58]. Baillie AJ et al. [59] have reported the prep-
aration and properties of niosomes-non-ionic surfactant
vesicles by using this method.

A. Preparation of small unilamellar vesicles
i. Sonication method

It is the conventional method to produce small
uniform size niosomes. This process includes

Fig. 4 Schematic representation of structure of surfactant [48]
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Fig. 5 Self-assembly structures formed in surfactant systems, and their relationship between the structure and three parameters, CPP, HLB and
interfacial curvature [52]

ii.

mixing an aliquot of drug solution with a lipid
mixture of surfactant and cholesterol and subjected
to sonication by using titanium probe at a
temperature of 60 °C for 3 min to get niosomes.
Pando D et al. [60] have successfully reported the
preparation and characterization of niosomes
containing resveratrol by using this method.

Micro fluidization method

This method involves the submerged jet principle
(Fig. 6). The two fluidized streams interact at
ultra-high velocities, in precisely defined
microchannels within the interaction chamber.
The impingement of thin liquid film along a
joint front is arranged; thereby, the energy sup-
plied to the system remains within the area of
formation of niosomes. That resulted in a
smaller uniform size, reproducible niosomes. It
is reported that Obeid MA et al. [61] success-
fully prepared non-ionic surfactant vesicles using
microfludics device NanoAssemble for the pur-
pose of delivering therapeutic siRNA into cancer
cells (Fig. 7).

B. Preparation of large unilamellar vesicles

ii.

Ether injection method

The initial step in this preparation is to dissolve
surfactant in diethyl ether and inject it into an
aqueous phase containing a drug, which was at 60
°C through 14 gauge needles. Subsequently, ether
was vaporized and resulted in single layer vesicles
with a diameter ranging from 50 to 1000 nm. Here,
the drawback is that it is difficult to remove the
small amount of ether, i.e,, still present in the
vesicle [62, 63]. Singh CH et al. [64] has
successfully formulated, characterized, and
performed in vitro evaluation of niosomes
containing nimesulide.

Reverse phase evaporation method

Weighed surfactant and cholesterol in a 1:1 ratio and
dissolved in chloroform and ether mixture (Fig. 8).
To this mixture, aqueous phase containing drug was
added and followed by sonication at a temperature of
4-5 °C; a small quantity of phosphate buffer saline
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Fig. 6 Schematic diagram of the preparation of niosomes via sonication method [36]

was added and continued to sonicate. Then the
organic solvent is removed by applying it to low
pressure at 40 °C after that remaining suspension is
diluted with phosphate buffer saline. The final
product of the niosomes was obtained by heating the
mixture at 60 °C for 10 min [65]. Zarei M et al. [66]
have successfully loaded niosomes with Paclitaxel via
this method.

C. Preparation of multilamellar vesicles

i.  Thin film hydration technique (hand shaking method)
In a round bottom flask, the mixture of cholesterol
and surfactant was dissolved in a volatile organic
solvent (diethyl ether, chloroform, or methanol)
(Fig. 9). Then, remove the solvent by using a
rotary evaporator at room temperature (20 °C)
that leaves a thin film of the solid mixture on
the flask’s walls. This dried film is rehydrated
with the aqueous phase by gentle agitation at 0—
60 °C resulting in the formation of niosomes
[68]. Chandraprakash et al. [69] entrapped
methotrexate in niosomes using lipophilic
surfactants like span 40, span 60 and span 80,

cholesterol, and di-cetyl phosphate in ratio of
47.5:47.5:5. 1t was reported that the tissue
distribution of methotrexate was improved after
entrapping into niosomes.

ii. Transmembrane pH gradient (inside acidic) cycle of
drug absorption (remote charge)

In a round bottom flask, the mixture of cholesterol
and surfactant was dissolved in chloroform (Fig. 10).
Then remove the organic solvent by using a rotary evap-
orator at room temperature (20 °C) that left a thin film
of the solid mixture on the walls of the flask, which re-
hydrates with 300 mM citric acid (pH 4.0). Further, sub-
jected to 3 successive freeze-thaw cycles and sonicated.
To this, adding the aqueous drug solution and vor-
texes increased the pH 7.0-7.2 by adding disodium
phosphate (1 M) and subjected to heating for 10 min
at 60 °C to obtain noisome [70]. Bartelds et al. [71]
studied the niosomes of varying composition and did
a comparative study of niosomes with liposomes. In
their study, they found that freeze and thaw cycle
shrinks the niosomes prepared using unsaturated sur-
factants. They also found that the entrapment effi-
ciency of niosomes was reduced.
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Fig. 7 Schematic diagram of the preparation of niosomes via micro fluidization method [2]
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D. Miscellaneous methods
i.  Multiple membrane extrusion method

It is a good method to produce small size niosomes
(Fig. 11). In this, the mixture of surfactant, choles-
terol, diacetyl phosphate, and chloroform is evapo-
rated, leaving a thin film and rehydrated with the
aqueous drug solution. The resultant dispersion ex-
truded through a polycarbonate membrane, then
placed in a series of up to 8 passages to obtain nio-
somes. Rogerson AC et al. [72] studied the distribu-
tion of doxorubicin in mice following administration
in niosomes.

ii. Lipid injection method
The mixture of surfactant and lipids melted and
injected into a hot aqueous drug solution to get
niosomes (Fig. 12). The inclusion of drugs in lipids
by melting is an alternative method. Kremer | et al.

[73] have prepared vesicles of variable diameter by a
modified injection method.

iii. Emulsion method

It forms niosomes by using oil in water emulsion,
which was prepared by adding an organic solution of
surfactant and cholesterol to the aqueous drug solu-
tion. Yoshioka et al. [74] formulated a range of
vesicle-in water-in-oil (v/w/0) emulsion from nio-
somes made from Spans (Span 20, Span 40, Span 60,
Span 80) dispersed in an oil (octane, hexadecane,
isopropyl myristate). They reported that the release
of carboxyfluorescein is slower than vesicle suspen-
sions and w/o emulsion; the release was affected by
the HLB value of the surfactant, nature of oil, and
temperature of dialysis media. This system has po-
tential for use in drug delivery or as a vaccine
vehicle.

Surfactant
+ Cholesterol [Drug]

L& &

Organic Aqueous . .
salvent i
i
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Fig. 9 Schematic diagram of the preparation of niosomes via reverse phase evaporation method [67]
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iv. The “bubble “method

It is a novel technology to get niosomes in one step
without adding an organic solvent (Fig. 13). This method
contains a “bubbling unit” having round-bottomed flask
with three necks, i.e., positioned in a water bath. Water-
cooled reflex, thermometer, and nitrogen gas suppliers
are positioned in first, second, and third necks, respect-
ively. In this, surfactant and cholesterol are mixed in the
buffer and then homogenized and “bubbled” at 70 °C in
a “bubbling unit” to obtain niosomes. Talsma H et al.
[75] have reported the one-step preparation of liposomes
and nonionic surfactant vesicles without the use of or-
ganic solvents.

Formulation of niosomes from proniosomes

Nowadays, these provesicular drug carrier systems are
more beneficial than conventional niosomes (Fig. 14).
These are converted into niosomes by naturally

hydrating it with the hot aqueous medium, before use or
by hydration of skin itself after application.

Types of proniosomes
This exits as two forms.

1. Dry granular proniosomes

These are dry powder in nature; based upon the car-
rier that is used in the preparation, and it again involves
sorbitol and maltodextrin-based proniosomes [32].

2. Liquid crystalline proniosomes

These are gel form of proniosomes that mainly used
for transdermal drug delivery systems [77] (Table 3).

Advantages of proniosomes

Surfactants and cholesterol
in organic solvents
under reduced

& pressure
Adjust to pH 7
N iosomal e
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Evaporation
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Fig. 11 Schematic diagram of the preparation of niosomes via Trans membrane pH gradient (inside acidic) drug uptake process (remote
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1. Avoid physical stability problems like fusion,
sedimentation, and drug leakage during storage.

2. Prevent the hydrolysis of embedded drugs that
inhibit the dispersion’s durability.

3. Proniosomes does not show any problems during
sterilization and shipping process.

4. Biocompatible, biodegradable, and non-
immunogenic.

5. Simple handling and storage conditions [78].

Methods of preparation of proniosomes
These are prepared by three methods, as shown in Fig. 15.

I Slurry method

Cholesterol and surfactant were mixed in a suitable
solvent and transferred into a round-bottomed flask con-
taining the drug and carrier mixture. Add an excess
amount of solvent if the surfactant is not loaded correctly,
then the solvent was evaporated at 600 mmHg pressure at
50-60 °C in a rotary evaporator under vacuum, resulting
in a free-flowing powder of proniosomes, mixed with a
suitable gelling agent to get the proniosomal gel [79-82].
Madni et al. [83] formulated the proniosomes by quick
slurry method using maltodextrin (carrier), Span 60 (non-
ionic surfactant), and cholesterol (stabilizer). They

reported that proniosomes have been shown to be promis-
ing candidates for topical delivery of pentazocine.

Advantages

a. It protects the drug and surfactant from oxidation
and hydrolysis.

b. Surfactant coating is thinner due to the high
surface area that makes the rehydration process
more efficient.

Disadvantages

a. As the preparation utilizes specialized equipment
using vacuum and nitrogen gas, that makes the
process time-consuming.

II. Slow spray coating method

Weighed the required quantity of carrier material into a
round bottom flask and kept it in a rotary evaporator.
Then surfactant and cholesterol are mixed and sprayed on
to the carrier and evacuate under 65-70 °C for 20 min in
a water bath. Continue the evaporation process till to get

organic solvent

i

Surfactant and cholesterol in

Aqueous drug solution O/W emulsion Niosomal suspension

Fig. 13 Schematic diagram of preparation of the niosomes via emulsion method [15]

Solvent
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Fig. 14 Schematic diagram of the preparation of niosomes via “bubble” method [31]

free-flowing proniosomal powder [84—88]. Ravaghi et al.
[89] have preparated and characterized the proniosomal
powder of natural canthaxanthin using this method.
Advantages
a. It is a simple method.
Disadvantages
a. If the coating to surfactant solution was applied too
quickly, that results in degradation and sample
would become slurry.

b. The encapsulation efficiency of a drug may be
affected by the carrier [67].

III. Coacervation phase separation method

In this, proniosomal gel is formed by mixing the

drug, and a small quantity of organic solvent in a full
mouth glass tube, subjected to heating at 60 °C for a few
minutes to dissolve surfactant completely. Close it with
a lid to prevent the loss of solvent. Then, hydrate it with
the aqueous phase and continue the heating for a few
minutes till it cleared to get a clear solution, and then it
is cooled to room temperature to get gel form. Niosomes
are formed by hydrating the gel with a little amount of
aqueous medium [74, 90-92]. Vora B et al. [93] have
prepared proniosome-based transdermal delivery of
levonorgestrel for effective contraception.

Advantages
a. Specialized equipment is not needed.
b. Easy process and time-saving method.
c. Adopted for the preparation of gel [38].
Characterization of vesicles

1. Bilayer formation and number of lamellae

X-cross formation is used to characterize the bilayer

weighed quantities of surfactant, cholesterol, lecithin, formation. Electron microscopy, small-angle X-ray
Table 3 Materials used for the preparation of proniosomes

S.no. Materials/ingredients Property

1. Non-ionic surfactants (spans, tweens) Emulsifier, wetting agent, solubilizer, permeation enhancer
2. Cholesterol Vesicle stabilizer

3. Lecithin Permeation enhancer

4. Carrier Increase flexibility

5. Organic solvents (ethanol, methanol) Effect vesicle size, solubilizer [76]
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scattering, and NMR spectroscopy are used to microscopy (TEM) and freeze-fracture techniques

characterize the number of lamellae [94].
2. Membrane rigidity and homogeneity

Probe fluorescence by wusing the function of
temperature used to determine the membrane rigidity.
Differential scanning calorimetric (DSC), P-NMR,
FTIR, and fluorescence resonance energy transfer
(FRET) are used to determine the membrane homo-
geneity [16, 95, 96].

3. Vesicle size and morphology

Light microscopy is used to determine the shape of
the vesicle and its size distribution, whereas the
coulter counter method determines the niosomal (less
than 1 um) distribution volume in dispersion. Differ-
ential light scattering techniques are used to know
the size of the vesicles of sub-micron [97]. Electron
microscopic analysis such as transmission electron

analyze the number of bilayers but is not used to de-
termine the size of niosomes. Scanning electron mi-
croscopy (SEM), atomic force microscopy, and cryo-
TEM are used to give information regarding the
shape and surface of niosomes like roundness,
smoothness, and aggregates [98]. Further, a photon
correlation spectroscopy or particle size distribution
analyzer is used to determine the mean size and poly-
dispersity index.

4. Vesicle charge

Zeta potential is used to determine the charge of nio-
somes. In general, charged niosomes are more stable
against aggregation, fusion than the uncharged [99]. Mi-
cro electrophoresis, dynamic light scattering, and pH-
sensitive fluorophores are the alternative methods to de-
termine the charge of the vesicle.

5. pH
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It determined by using the pH meter [32].
6. Rate of hydration (spontaneity)

Neubauer’s chamber is used to determine the number
of niosomes formed after hydrating the proniosomes for
15 min [2, 5, 11].

7. Angle of repose

For the dry powder form of proniosomes, the angle of
repose is determined by the funnel method. Fix the fun-
nel in a specific position such that the funnel’s 13-mm
outlet orifice should be 5 cm above from the bottom
surface. Pour the powder from the funnel to form a cone
shape, thereby determining the angle of repose by meas-
uring the base diameter and cone height [13].

8. Drug content

It is determined by weighing the equivalent amount of
drugs from preparation, is added to the organic solvent,
and stirs it for a specific time. Then filter the solution
with suitable dilutions and measure the absorbance at a
specific wavelength by using UV-Spectroscopy [100].
Calculate the drug content from the following equation:

Drug content (%) = actualdrug content/theoretical drug content x 100

9. Entrapment efficiency and drug loading

The unentrapped drug in niosome formulation can be
separated by using either a dialysis method or gel filtra-
tion or centrifugation method. In the centrifugation
method, a specific amount of niosomal dispersion is sub-
jected to cold centrifuge (4 °C) at a specific speed (rpm)
for a particular time. Then remove the supernatant li-
quid from Eppendorf tubes. Resuspend the settled prod-
uct and again subjected to centrifuge, then remove the
unentrapped drug with no void volume by washing it
twice, and an assay of free drug determined by measur-
ing the absorbance at a specific wavelength by using
UV-spectroscopy [101]. Calculate the entrapment effi-
ciency and drug loading from the following equations:

Entrapment efficiency(%)
= Total entrapped drug — unentrapped drug/Total entrapped drug x 100

Drug loading(%)
= Amount of drug in niosomes/amount of niosomes recovered x 100

10. In vitro drug release
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It is characterized by the following two methods [102, 103].
a. Dialysis method

In this, the dialysis membrane or sac is soaked in the
hot aqueous medium before experimenting with opening
the pore of the membrane. Then the dialysis bag is filled
with dispersion of noisomes and tied both ends, then
placed on the beaker containing a specific volume of
buffer on a magnetic stirrer at a specific speed and 37 °C
temperature. Aliquots of niosomes containing drug sam-
ples were withdrawn at certain time intervals and re-
placed the same volume of fresh medium to maintain
the sink conditions. Check the absorbance at a specific
wavelength by using UV-spectroscopy.

b. Franz diffusion cell

It consists of a donor and receptor compartment. Nio-
somal dispersion is placed over the donor, and the re-
ceptor filled with buffer. In between these
compartments, a cellophane membrane is placed, and
this whole assembly is kept on a magnetic stirrer with a
certain speed (rpm) at 37 °C. Aliquots of drug samples
were withdrawn at certain time intervals and replaced
the same volume of fresh medium to maintain the sink
conditions. Check the absorbance at a specific wave-
length by using UV-Spectroscopy.

11. Drug release kinetics and drug analysis

In vitro, the drug release date is fitted into various kin-
etic equations to understand the mechanism of drug re-

lease by determining the correlation coefficient and “n
value.

a. Zero-order, as cumulative % drug release vs. time

b. First- order, as log cumulative % drug retained vs.
time

c. Higuchi’s model, as cumulative % drug release vs.
square root of time

d. Peppa’s model, as log cumulative % drug release vs.
log time and determine the “#” value from slope [52]

12. In vivo studies

It is carried out on male albino rats of weight 150-200
g. After the administration of niosomal preparation, ali-
quots of blood samples were withdrawn and subjected
to centrifuge, and HPLC or UV spectroscopy analyzes
drug content. El-Nabarawi MA et al. [104] have success-
fully prepared Natamycin niosomes as a promising
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Table 4 Summary of recent niosomal and proniosomal developed formulations for transdermal delivery

Topical/TDDS Drug Therapeutic category Reference

Niosomes Aceclofenac NSAID [107]
Salidroside Anti-depressant [108]
Capsaicin Pain reliever [114]

Niosomal gel Meloxicam NSAID [115]
Lopinavir Anti-retro viral drug [116]
Simvastatin Lipid lowering agent [117]

Proniosomes Nisoldipine Anti-hypertensive [118]
Nifedipine Anti-hypertensive [16]
Vinpocetine Cerebro-vascular and cerebral degenerative diseases [6]

Proniosomal gel Tenoxicam NSAID [119]
Fluboiprofen NSAID [120]
Vinpocetine Cerebro-vascular and cerebral degenerative diseases [6]

Proniosomal gel and patch Levonorgestrel Contraceptive agent [6]
Estradiol Female hormone [6]
Ketoloroc NSAID [6]
Frusemide Diuretic [6]
Captopril Antihypertensive

Chlorpheniramine maleate

Anti-histamine

ocular nanosized delivery system with ketorolac tro-
methamine for dual effects for treatment of candida
rabbit keratitis.

13. Stability studies

According to the ICH guidelines of accelerated stabil-
ity studies, the niosome dispersion placed at refrigerator
(4 £ 2 °C), room temperature (25° or 37 + 2 °C) and ele-
vated temperature (40 + 2 °C and 60 + 5% RH) for 3
months. Check the entrapment efficiency, in vitro drug
release, and morphological characters at 0, 1, 2, and 3
months intervals. Observe if there are any variation or
stability problems.

Applications of niosomes

These are potentially applicable to many pharmaco-
logical agents to show their actions against various dis-
eases [105-108].

Table 5 Comparison of liposomes and niosomes/proniosomes

[42, 46, 47]
Liposomes Niosomes/ proniosomes Reference
1. More expensive 1. Less expensive [123]
2. Require special methods 2. Does not require any [123]
of storage and handling  special conditions
purpose
3. Phospholipids may be 3. Non-ionic surfactants are  [107]
neutral or charged, makes uncharged, makes the prep-
the preparation unstable  aration more stable
4. Less shelf-life 4. Long shelf-life [107]
5. Physical and chemical 5. Highly stable [107]

instability

A. Leishmaniasis

It is a type of parasitic disease to the liver and
spleen cells in which the infecting organism resides.
These are used for the treatment of diseases in the
organs of the reticuloendothelial system in which the
infecting organism resides. Pardakhty et al. [109] re-
ported that positively charged niosomes entrapped
with autoclaved Leishmania major against cutaneous
leishmaniasis has a moderate effect and it successfully
delayed the development of lesions in the BALB/c
mice.

B. Carrier for hemoglobin

Niosomes used as hemoglobin carriers. Dispersion of
niosomes reveals an overlapping visible spectrum of free
hemoglobin. Compared to non-encapsulated hemoglobin,
the dissociation curve can be modified as these vesicles
are permeable to oxygen and hemoglobin. Patil S et al.
[110] have studied the surface-modified mesoporous cer-
amics as delivery vehicle for hemoglobin.

C. Delivery of peptide drugs

The oral delivery of 9-desglycinamide and 8-arginine
vasopressin in an in vitro intestinal loop model was in-
vestigated, and stability of peptide significantly increased
was reported by Yoshida et al [111].

D. Immunological applications
The nature of the immune response caused by anti-

gens was studied using niosomes. Brewer and Alexander
[112] have reported niosomes as potent adjuvant in
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Table 6 Products available in market
Brand

Orlane-lipcolor and lipstick

Product name [2]

Lip gloss

Lancoéme Flash retouch brush on concealer

terms of immunological selectivity, low toxicity, and
stability.

E. Targeting to bioactive agents

i. To reticulo-endothelial system

The reticulo-endothelial system (RES) cells take the
vesicle ideally. The absorption of niosome by the cell is
also achieved through the circulating serum factors
known as opsonins, which makes them apparent. Never-
theless, this localized medicine build-up was used for the
treatment of tumors that are likely to metastases the
liver and spleen for a parasitic liver infection.

ii. To the organs other than RES

These carriers help to guide antibodies to specific lo-
cations in the body. Immunoglobulins seem to quickly
bind on the lipid surface, providing a natural means for
the drug carriers targeting. Most cells can identify and
bind different carbohydrate determinants, which can be
used in the framework of direct actions. Arora S et al.
[113] have studied the unique vesicular drug carriers.

F. Transdermal delivery of drugs through niosomes
and proniosomes

The major drawback of transdermal drug delivery is
the slow penetration through the skin. Transdermal
drug delivery system of niosomes and proniosomes
has led to increasing the penetration rate thereby en-
hancing therapeutic efficiency and bioavailability of
the drug (Table 4).

G. Other applications
i. Sustained release

Azmin et al. [121] suggested the role of liver as a
depot for methotrexate after niosomes are taken up by
the liver cells. The niosomes containing a substance with
low therapeutic indices and low water solubility can be
released continuously because those can be retained by
niosomal encapsulation in the circulation.

Page 15 of 18

ii. Localized drug action

It enhances the effectiveness of the drug’s ability and
reduces its toxic systemic effects. Conacher M and
Alexander ] [122] have studied the niosomes as im-
munological adjuvants. Its approach is to deliver local-
ized drug action through niosomes. These vesicles make
the drug confined at the site of administration because
of their size and low penetrability through the epithe-
lium and connective tissues.

Comparison of liposomes and niosomes /proniosomes
Table 5 shows the comparison of liposomes and nio-
somes /proniosomes.

Marketed products
Table 6 shows the products available in the market.

Conclusion

The transdermal drug delivery system was found to be
an effective way to overcome the problems associated
with conventional oral dosage forms such as poor bio-
availability, frequency of high dosing, and untargeted
drug action. But the stratum corneum acts as a tough
barrier that reduces the drug permeability followed by
the bioavailability of hydrophilic drugs and large mole-
cules. Further investigations in recent years have led to
the development of a new versatile non-ionic surfactant-
based vesicular approach for efficient drug delivery
through the skin such as niosomes and proniosomes.
These vesicles have explored with a wide range of appli-
cations in the delivery of anti-inflammatory (Ammonium
glycyrrhizinate [124]), anti-cancer (Vincristine [125]),
anti-viral (Tenofovir [126]), etc., by reducing side effects,
enhancing penetration of drugs through skin and bio-
availability. This review explains brief information re-
garding their structure, composition, advantages,
disadvantages, their role as percutaneous permeation en-
hancer, and their recent applications in transdermal drug
delivery. They have a promising approach to deliver the
drug in a controlled and sustained manner. These do
not require any special handling and storage conditions.
Further exploration and research need to be developed
on the niosomal and proniosomal preparations, which
help to be available the products commercially.
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