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ABSTRACT

Nanotechnology has brought revolutionary changes and helps in preparing newer formulations, which is
proniosomes. Proniosomes are water soluble carrier particles that are coated with surfactant and can undergo
hydration to form niosomes. Proniosomes can overcome the problems involved with niosomal and liposomal
drug delivery systems by reducing niosomes physical stability such as fusion, aggregation, leaking and
provide additional convenience in transportation, distribution, storage and dosing. Proniosomes-derived
niosomes show better results than conventional niosomes. The aim of this review is to focus on different
aspects of proniosomes such as classification, method of preparation, evaluation, in-vitro drug release, in-
vitro permeation studies, stability studies and different formulations of proniosomes.
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INTRODUCTION

Proniosomes are dry solid colloidal carrier particles
that are surfactant-coated, which can be measured
out and dehydrated to form niosomal dispersion
right before use on brief agitation in hot water
within  minutes [1-2]. Proniosomes minimize
problems of nonionic surfactant vesicles i.e.,
niosomes physical stability such as leaking, fusion,
aggregation and provided additional convenience in
dosing, storage, distribution and transportation.[3]
Proniosome-derived niosomes are superior to
conventional niosomes in ease of storage, transport
and dosing. These carriers can act as drug reservoirs
and can control the rate of drug release by
modifying their composition. These carriers are
able to entrap both hydrophilic and lipophilic drugs
and so they are known as drug reservoir. Ease of
measuring, transfer, distribution, and storage make
proniosomes a good delivery system with potential
for use in drug delivery applications due to their
capability to carry a variety of drugs [4], drug
targeting [5], controlled release [6] and permeation
enhancement of drugs [7]. The current review deals
with the trends, different aspects and the future
perspective in the development of proniosomal drug
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delivery systems. In the stability point of view, the
stability of dry proniosomes is supposed to be more
stable than a pre-manufactured niosomal
formulation. In release studies, proniosomes appear
to be same to conventional niosomes. Size
distributions of proniosome-derived niosomes are
much greater than conventional niosomes, so the
release performance is also better. Proniosomes are
dry powder which provides excellent flexibility,
unit dosing, easy processing and packaging, thus
the proniosome powder could be dispensed in
capsule form [11]. A type of proniosome based on
maltodextrin was recently developed that has
potential to be used in delivery amphiphilic and
hydrophobic drugs. These proniosomes used a
hollow particle with extraordinary high surface area.
The main advantage of this formulation was high
mass ratios of surfactant to carrier proniosomes can
be perpared and was easy to adjust the amount of
carrier required to support the surfactant. We can
study the hydration of surfactant from proniosomes
due to the ease of production of proniosomes using
the maltodextrin, which is by slurry method [8 —
10].

CLASSIFICATION OF PRONIOSOMES

Dry granular proniosomes:

Dry granular type of proniosomes involves the
coating of water-soluble carrier such as sorbitol and
maltodextrin with surfactant. The result is a dry
formulation in which thin film of surfactant covers
each water-soluble particle. It is necessary to
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prepare vesicles at a temperature above the
transition temperature of the non-ionic surfactant
which is used in the formulation. These are further
categorized as follows:

Sorbitol based proniosomes:

Sorbital base proniosomes are dry formulation
which consist sorbitol as carrier, then further coated
with non-ionic surfactant and are used as niosomes
within a minute by adding hot water and agitation.
These are usually made by spraying the surfactant
mixture prepared in organic solvent on to the
sorbitol powder then evaporate the solvent. The
process must be repeated until the desired surfactant
coating is achieved since the sorbitol carrier is
soluble in organic solvent. In sorbitol based
proniosomes size distribution is uniform. It is useful
in case where the active ingredient is susceptible to
hydrolysis. Thin layer of surfactant is coated on the
carrier and undergoes hydration. This allows
multilamellar vesicles to form when the carrier
dissolves. The residual sorbitol decreases
entrappment efficiency to less than one half of that
observed with sorbitol. This necessiate reduction in
proportion of carrier in final niosome suspension.
The difficulty lies in testing of sorbitol particles
because sorbitol is soluable in chloroform and other
organic solvent. Its prepared by slow spraying
method [12][14-16].

Maltodextrin based proniosomes:

It is prepared by fast slurry method. Time needed to
produce proniosomes is independent of the ratio of
surfactant solution. Proniosomes of high surface to
carrier ratio can be carried out. The method of
obtaining niosomes from such a proniosomes for
the drug delivery is very simple. The process with
sorbital gives a solid, sorbitol/surfactant cake.
Maltodextrin is a polysaccharide which easily
soluble in water and is used as a carrier. Since
maltodextrin morphology is preserved, hollow
blown maltodextrin particles show significant gain
in surface area. The higher surface area results in
thinner surface coating, which makes the
rehydration process much easier [8-10].

Liquid crystalline proniosomes:

When the surfactant molecule is contact with water,
there are three ways through which lipophilic
chains of surfactant can be changed into a
disordered liquid state, called lyotrpoic liquid
crystalline state(neat phase). The three ways are
addition of solvent which dissolve lipids, increasing

the Kraft temperature (Tc) and also using both
temperature and solvent. Neat phase also known as
lamellar phase contains bilayer arranged in a sheet
over one another within intervening aqueous layer.
This type of structure gives typical x-ray diffraction
and thread like bi-refrigerant structure under
polarized microscope. The lamellar crystalline
phase is converted into niosomes at higher
concentration. The liquid crystalline proniosomes
and proniosomal gel acts as reservoir for
transdermal drug delivery [13][17-21].

Liquid crystalline proniosomes shows few

advantages:

B  Asa penetration enhancer

B Stability

B High entrapment efficiency

B Easy to scale up as not involve in lengthy
process

B  Avoid using pharmaceutically unacceptable
additives.

METHOD OF
PRONIOSOMES

Proniosome preparation mainly consists of coating
carriers, non-ionic surfactants, and membrane
stabilizers. Proniosome may be prepared by few
methods.

Slurry method:

Proniosomes can be prepared by adding the carrier
and surfactant solution into a round bottomed flask
which is fitted to rotary flash evaporator. Vacuum is
aslo applied to form a dry and free flowing powder.
The proniosomal powder formed is collected and
sealed in containers and stored at 4°C. Proniosomes
are prepared by developed slurry method using
Maltodextrin as a carrier. The required volume of
surfactant and cholesterol stock solution per gram
of carrier and drug should be dissolved in the
solvent in 100 ml round bottom flask containing the
carrier (Maltodextrin, Sorbitol). Chloroform can be
added to form slurry if the surfactant loading is low.
The flask is attached to a rotary flash evaporator to
evaporate solvent at 45°C with the speed of 50-
60rpm and a reduced pressure of 600 mmHg. Lastly,
the formulation is stored in a tightly closed
container under refrigeration in light. This method
is advantageous due to uniform coating on carrier it
protects the active ingredients and surfactants from
hydrolysis and oxidation [22, 24].

PREPARATION OF
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Slow spray coating method:

Proniosomes can be prepared by spraying surfactant
onto the carrier and then evaporate the solvent. A
rotary flash evaporator is attached to a 100 ml
round bottom flask containing desired amount of
carrier. Cholesterol and surfactant are prepared and
inserted into round bottom flask by sequential spray
onto carrier’s surface. The evaporator must be
evacuated and rotating flask can be rotated in water
bath under vacuum for 15-20 minutes at 65-70°C.
This process is repeated until all of the surfactant
solution had been used. The evaporation must
continue until the powder becomes totally dry. This
method is advantageous because it can be used to
formulate hydrophobic drugs in a lipid suspension
with or without problem with instability of the
suspension or susceptibility of active ingredient to

Polar organic solvent

Proniosomes

Addition of surfactant, cholesterol, '
drug and other additives Aqueous phase addition
Heating at 60-70 °C Heating at 60-70 °C

Clear solution formed

hydrolysis [22, 24].

Co-acervation phase separation method:

In this method, surfactant, lipid and drug are placed
in a 5ml wide mouthed glass vial awith some
alcohol in it. A glass rod is used to mix the
ingredients and a glass lid is placed on top of the
open end of the glass bottle to prevent the loss of
solvent. The mixture is then warmed by water bath
for 5 minutes at 60-70°C until the mixture is
dissolved completely. Aqueous phase is then added
to the glass vial and warmed again until a clear
solution is formed. The mixture is then allowed to
cooled at room temperature till the dispersion
converts to a proniosome [22, 23]. They are
converted to uniformly sized niosomes after the
hydration of proniosomes. (Fig.1)

Keep the clear solution
Overnight at room temperature
Under Park

O O
il
S

Proniosomes

Figure-1: Coacervation phase separation method

EVALUATION OF PRONIOSOMES

Drug entrapment efficiency:

DEE of the proniosomes can be evaluated by
separating the unentrapped drug by centrifugation
[26], dialysis [25-26] or gel filtration [28, 27] while
the drug which entrapped in niosomes is determined
by vesicle disruption using 0.1% Triton X-100 or
50 % n-propanol. The resultant solution is analyzed
by suitable assay method for the drug [29, 30]. The
DEE can be calculated as follows:

DEE (%) = [Entrapped drug / Total drug] x 100

Angle of repose:

The angle of repose of dry proniosome powder is
measured by funnel method. The funnel is fixed at a
position so that the 13 mm outlet orifice of the
funnel is 10 cm above the black surface. The
powder is poured through the funnel to form a cone
on the surface. The angle of repose is then
calculated by measuring the height of the cone and
the diameter of its base.

Vesicle size and vesicle size distribution:

Drug permeability depends on vesicle size. To
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determine the average vesicle size and vesicle size
distribution, instruments used mainly are: a)
Malvern Mastersizer  [31]; b) Optical
microscopy[32]; c)Laser diffraction particle size
analyzer [33]; d) Coulter submicron size analyzer
[34].

Vesicle shape and surface characterization:

To determine wvesicle shape and surface
characterization, instruments used are: a) Optical
microscopy [32]; b) Transmission electron
microscopy (TEM) [31]; c) Scanning electron
microscopy (SEM) [35].

Rate of hydration:

To determine the rate of hydration, Neubaur’s
chamber is used [36].

Zeta potential:

Zeta potential value determination is necessary to
analyze the colloidal properties of proniosomal
formulations. It can be determined by Malvern
Zetasizer [31].

In-vitro Drug release:

Dialysis Tubing:

First, the proniosome is placed in prewashed
dialysis tubing which can be hermetically sealed. It
is then dialyzed through dialysis sac by using a
suitable dissolution medium at room temperature.
The samples are withdrawn from the medium at
suitable intervals, centrifuged and analyzed for drug
content using suitable analytical method. The study
requires a maintained sink condition [36].

Reverse Dialysis:

In this technique a number of small dialysis bags
containing 1 ml of dissolution medium are kept in
proniosomes. The proniosomes are then displaced
into the dissolution medium. The drug release can
be quantified with direct dilution of proniosome
[37].

Franz diffusion cell:

The in vitro diffusion studies are generally
performed by using Franz diffusion cell.
Proniosomes are placed in the donor chamber of a
Franz diffusion cell fitted with dialysis membrane
or biological membrane. The entrapped drugs get
permeated through the dialysis membrane from
donor chamber to receptor chamber containing a
suitable dissolution medium at room temperature.
The samples are withdrawn from the medium at
suitable intervals, and analyzed for drug content
using suitable analytical methods [38].

In-vitro permeation study:

The rate of permeation of drugs from proniosomes
can be determined by using Keshary Chien
diffusion cell, while the drug content can be
determined by suitable analytical method. The
interaction between skin and proniosomes plays an
important role to improve transdermal drug delivery.
One of the possible ways to improve the niosomal
permeability is by modifying the structure of
stratum corneum. Both non-ionic surfactants and
phospholipids are used in proniosomes as
penetration enhancers, which is to increase the
permeation of many other drugs. The permeation of
haloperidol from proniosome was determined by
flow through diffusion cell [54]. Adherence of
vesicles and direct contact with skin surface is
important for the drug to penetrate and partition
between the formulation and the stratum corneum.
In vitro drug release kinetics and mechanism:

In order to understand the kinetic and mechanism of
drug release, the result of in-vitro drug release study
were fitted with various kinetic equations like: zero
order, first order, Higuchi’s
Koresmeyer-Peppas Model.

Zero-order Kinetics: F = Ko t; where, F
represents the fraction of drug released in time t,
and Ko is the zero-order release constant.

First-order Kinetics: In (1-F) = - K1 t;
where, F represents the fraction of drug released in
time t, and K1 is the first-order release constant.

Higuch Model: F = KH t1/2; where, F
represents the fraction of drug released in time ft,
and KH is the Higuchi dissolution constant.

Koresmeyer-Peppas Model: F = Kp tn;
where, F represents the fraction of drug released in
time t, and Kp is the Koresmeyer-Peppas release
rate constant and n is the diffusion exponent.

The Korsmeyer-Peppas model was
employed to determine the mechanism of drug
release from the formulation. Type of diffusion can
be categorized on the basis of diffusion exponent
like: Fickian (non-steady) diffusional when n < 0.5
and a case-Il transport (zero-order) when n > 1.
And the in between 0.5 and 1 are indicative of non-
Fickian, ‘anomalous’ release [39-40].

Osmotic shock:

Osmotic shock study is important to monitor the
change in wvesicle size viewed under optical
microscope after incubation with isotonic or
hypotonic solutions for 3 hours [41].

Stability studies:

model and
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Stability studies of proniosomes were carried out by
keeping the formulations at various temperature
conditions like refrigeration temperature (2-8°C),
room temperature (25 + 0.5°C) and elevated
temperature (45 + 0.5°C) from one month to three
months. Variation in the average vesicle diameter
and drug content were monitored [42, 32, 36].

ICH guidelines suggests that stability studies for the
dry proniosome powders should include the studies
for accelerated stability at 40°C/75 % RH (relative

humidity) as per international climatic zones and
climatic conditions (WHO, 1996). According to
ICH guidelines, for long term stability studies the
temperature is 25°C/60 % RH for the countries in
zone | and Il and for the countries in zone 111 and
IV the temperature is 30°C/65 % RH. Product
should be evaluated for colour, assay, pH,
appearance, sterility, pyrogenicity, preservative
content and particulate matter.

Table-1: Different formulations of proniosomes

Drug Property of drug

Tenoxicam[43] Sparingly soluble

Piroxicam[44] Lipophilic

Flurbiprofe[45] Lipophilic

Ketorolac[46] Lipophilic

Frusemide[47]

Losartan Potassium[48] Hydrophilic

Captopril[49] Hydrophilic

Chlorphenir Amine Hydrophilic

Maleate[50]

Estradiol[51] Lipophilic
Lipophilic

Levonorgesterol[52]

Vinpocetine[53] Poorly water soluble

CONCLUSION

Proniosomes are representing a promising drug
delivery module for the future. Proniosomes are
found to be having greater physical, chemical
stability and potentially scalable for commercial
viability than niosomes. Proniosome is a better
way for delivering drug through transdermal
route, due to the advantages like non-toxicity,
penetration enhancing effect of surfactants and
effective  modification of drug release.
Proniosome is also more suitable for preparing
beads, tablets and capsules due to its dry
poweder form. Hence, proniosomes are widely
used as drug carriers due to all these advantages.

Many different types of drug deliveries are
possible by using proniosomes based niosomes
like ophthalmic, topical, targeting, parenteral

Application Therapeutic category
Proniosome gel NSAID
Proniosome gel, patch NSAID
Proniosome gel NSAID
Proniosome gel NSAID

Proniosome gel, patch Antihypertensive

Proniosome gel, patch Antihypertensive

Proniosome gel Antihypertensive

Proniosome gel Skin Disorder

Proniosome gel Hormone

Proniosome gel, patch contraceptive agent

Cerebrovascular and
cerebral  degenerative
diseases

Proniosome gel

and peroral vaccine. More researches can be

carry out to investigate new carrier material for

proniosomes preparation and also to know the

exact potential of proniosomes in drug delivery
system to full extent.
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