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ABSTRACT

In the development of new dosage forms, drug delivery using nanotechnology is playing a vital role. Vesicular drug delivery systems have gained
wide attention in the field of nanotechnology, such as niosomes, liposomes and proniosomes. Among the vesicular carriers, proniosomes are
superior. Proniosomes are water-soluble carrier particles that are coated with surfactant so these are dry formulations. They are rehydrated to use
on agitation in hot aqueous media within minutes to form niosomal dispersion immediately. Both hydrophilic and lipophilic drugscan be
incorporated into these proteasomes. The physical stability problems of niosomes like aggregation, fusion and leaking are minimized in
proniosomes, routes, such as oral, parenteral, dermal and transdermal, ocular, oral mucosal, vaginal, pulmonary, and intranasal. Proniosomes
prolong the existence of the drug in the systemic circulation and finally reduces toxicity. This review focuses on different aspects of proniosomes
such as preparation, characterization, in vitro drug release, entrapment efficiency, applications in the present scenario in the market and future

trends.
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INTRODUCTION

Novel drug delivery systems have made great progress in the field of
nanotechnology. The main aim of novel drug delivery is to maintain
a constant and effective drug level in the body and to minimize the
side effects and to achieve drug targeting by using drug carriers [1].
Vesicular drug delivery i.e. vesicular carriers, shows a very
promising role in permeability improvement and solubility
enhancement and therefore, they can also improve the
bioavailability of the drug by enhancing stability, absorption,
targeting to site of action, which is actually the resultant of improved
solubility, stability and permeability [2]. To encapsulate the drug
vesicular drug delivery is one of the approaches e. g.: Liposomes,
niosomes, transferosomes, pharmacosomes, and provesicles such as
proniosomes and proliposomes [3]. These lipid vesicles can carry
both hydrophilic drugs (by encapsulation) and hydrophobic drugs
(in lipid domain) [4]. As these systems have a potential to carry a
variety of drugs and have been widely used for various purposes,
such as drug targeting, controlled release, and permeation
enhancement of the drugs [5]. These systems have the advantage of
increased solubility, increased membrane permeability leading to
increased bioavailability, constant plasma concentration, improved
patient compliance and improved efficacy [6]. In storage of niosomes
and proniosomes, they exhibit good chemical stability, but aqueous
suspension of niosome may exhibit problems of physical stability,
such as aggregation, fusion, leaking of entrapped drugs [7].

Proniosomes are also termed as ‘dry niosomes’. The encapsulation of
drugs in the proniosomal vesicular structure maintains their systemic
circulation, provides controlled release, enhances penetration in the
targeted areas and reduces the toxic effects [8]. Proniosomes are dry,
free-flowing formulations of the surfactant-coated carrier, which can
be rehydrated by brief agitation in hot aqueous media within minutes.
Both polar and non-polar, hydrophobic and hydrophilic drugs can be
entrapped by proniosomes. Niosomes physical stability problems such
as aggregation, fusion and leaking are minimized by proniosomes and
they also provide additional convenience in transportation,
distribution, storage, and dosing [9]. proniosomes prolongs the
existence of the drug in the systemic circulation and finally reduces the
toxicity. Proniosomes focuses on different aspects such as preparation,
characterization, in vitro drug release, entrapment efficiency,

applications [10]. This review will predominantly focus on
functionality of proniosomes in the field of drug delivery and targeting.

Proniosomes are microscopic lamellar structures. They combine a
non-ionic surfactant and cholesterol followed by hydration in aqueous
media [11]. The surfactant molecule directs themselves such that the
hydrophilic ends of the non-ionic surfactant orient outward, while the
hydrophobic ends are in the opposite direction to form the bilayer. By
these bilayer liposomes, proniosomes are also made. In proniosomes
the bilayer is made of non-ionic surface-active agents [12].

Based on the method of preparation proniosomes are unilamellar or
multi-lamellar. They are bilayered made of surfactants having its
hydrophilic end exposed to the outside and inside of the vesicle,
while the hydrophobic portion of both the layers face each other
within the bilayer. The proteasomes hold both hydrophilic as well as
hydrophobic drugs due to this reason. Hydrophilic drugs hold within
the space enclosed in the vesicle and the hydrophobic drugs are
embedded within the bilayer [13].

Advantages of proniosomes [14]

1. The surfactants and phospholipids in proniosomes help in
penetration and with diffusion of the drug.

2. Proniosomes have additional convenience of dosing, storage,
sterilization, transportation, and distribution.

3. Avoiding the problems of physical stability like fusion,
aggregation, sedimentation and leakage on storage.

4. the shelflife of the drug is increased
5. Drug delivery with improved bioavailability can reduce side effects.
6. Entrapment of both hydrophilic and hydrophobic drugs.

7. By depot formulation, these show controlled and sustained
release of drugs.

8. Biodegradable, biocompatible and non-immunogenic to the body.

9. Ease of storage and handling.
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10. The shape, size, composition, and fluidity of niosomes drug can
be controlled.

11. They are osmotically active and stable, and also, they increase
the stability of entrapped drug

12. They improve oral bioavailability of poorly absorbed drugs and
enhance skin penetration of drugs.

13. They can be made to reach the site of action by oral, parenteral
as well as topical routes.

Types of proniosomes

According to the method of preparation of proniosomes they are
mainly of two types.

1. Dry granular proniosomes

a. Sorbitol-based proniosomes
b. Maltodextrin based proniosomes
2. Liquid crystalline proniosomes

Dry granular proniosomes

Dry granular proniosomes involves the coating of water-soluble
carrier such as sorbitol and maltodextrin with surfactant resulting in
the formation of a dry formulation in which thin film of surfactant
covers each water soluble particle [15]. The vesicles must be prepared
above the transition temperature of the surfactant being used

Sorbitol based proniosomes

Sorbitol based proniosomes is a dry formulation that involves
sorbitol as a carrier, which is further coated with non-ionic
surfactant and is used as a niosome by the addition of hot water
followed by agitation. Sorbitol-based proniosomes are normally
made by spraying surfactant mixture prepared in organic solvent
onto the sorbitol powder and then evaporating the solvent. The
process must be repeated till the surfactant coating is achieved [16].

Maltodextrin based proniosomes

Maltodextrin based proniosomes are prepared by slurry method.
Maltodextrins are easily soluble in water and are used as a carrier
material in the formulation and hollow particle increases surface
area also increases. Maltodextrin based proniosmes have potential
application in delivery of hydrophilic or amphiphilic drugs.

Liquid crystalline proniosomes

The three ways in which the lipophilic chains of surfactants are
transformed into a disordered liquid state called lyotropic liquid
crystalline state when surfactant molecules come in contact with water

The three ways are as follows.

1) Increasing temperature at Kraft's point
2) Addition of solvents which dissolve lipids
3) Using both temperature and solvent.
Method of preparation

The different methods used for the preparation of proniosomes are
as follows:

1. Slurry method

2. Hand shaking method

3. Spray coating method

4. Coacervation phase separation method
Slurry method

This method involves preparation of slurry in a round bottom flask
using carrier (Maltodextrin or lecithin) and surfactant solution. The
solvent is evaporated by rotating the flask attached to rotary flash
evaporator at 60 to 70 rpm at a temperature of 45+2 °C and at a
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pressure of 600 mmHg. The slurry is dried by applying vacuum
overnight at room temperature to get free-flowing powder of
proniosomes. The powder should be stored at 4 °C in a sealed
container. The time required to produce proniosomes is
independent of the ratio of carrier material to surfactant solution.

Hand shaking method

Cholesterol and surfactants are dissolved in organic solvents like
ether, methanol or chloroform in a round bottom flask and the
solvent is evaporated using a rotary evaporator leding to the
formation of a thin layer of film on the walls of the round bottom
flask. The film is hydrated with an aqueous phase with agitation.

Spray coating method

In this method, 100 ml round bottom flask containing desired amount of
carrier can be attached to rotary evaporator. The evaporator is
evacuated and roataed in water bath under vacuum at 65-70 °C for 15-
20 min [17, 18]. Proniosomes are prepared by spraying surfactant in
organic solvent onto a carrier/coating material (sorbitol) followed by
evaporation of solvent. A thin film of surfactant is formed on the carrier
and followed by hydration causes formation of multi-lamellar vesicles.
The dried preparation is referred as proniosomal powder.

Coacervation phase separation method

It is a widely used method to prepare proniosmal gel. Accurately
weighed quantities of drug, carrier (lecithin, lipid, cholesterol) and
surfactants are taken in a clean and dry wide-mouthed glass beaker
and solvent should be added to it. These ingredients are mixed well
and warmed-over water bath at 60-70 °C for 5 min until the surfactant
mixture dissolves completely. During the process care must be taken
to prevent loss of any solvent due to evaporation. The aqueous phase
is added to the mixture and warmed on water bath. Proniosomal gel is
obtained on cooling the resultant solution overnight.

Characterization on proniosomes
Particle size analysis
Scanning electron microscope

Size distribution and surface morphology (smoothness, roundness
and aggregates formation) of particles are studied by scanning
electron microscopy (SEM).

Optical microscopy

The niosome suspension has to be placed over a glass slide and dried
at room temperature and viewed under microscope, the dry, thin film
of niosome suspension formed has to be observed in the formation of
vesicles. The photomicrograph of the preparation is also obtained
from the microscope by using a digital SLR camera [19].

Measurement of Angle of repose

The angle of repose of dry proniosomes powder was measured by a
funnel method. In a fixed funnel, the proniosomes powder was
poured. The powder flows down from the funnel to form a cone on
the surface and the angle of repose was then calculated by
measuring the height of the cone and the diameter of its base.

Drug content

Proniosomes equivalent to 100 mg were taken in a standard
volumetric flask. They were filled with 50 ml methanol by shaking
for 15 min. The solution was diluted to 100 ml with methanol. Then
10 ml of this solution was diluted to 100 ml with saline phosphate
buffer at certain pH. Aliquots were withdrawn and absorbance was
measured at a certain wavelength and drug content was further
calculated from the calibration curve [20].

Measurement of zeta potential

Zeta potential analysis is done in determining the colloidal properties
of the prepared formulations. It is a measure of the particle charge, the
larger the zeta potential absolute value the larger the amounts of
surface charge. Logically, the zeta potential is an index for particle
stability. In case of charged particles with an increase in zeta potential,
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the repulsive interactions also leading to the more stable particle
formation with a more uniform size distribution.

Measurement of vesicle size

Mainly used for the characterization of vesicle size and shape.
The proniosomal powder were hydrated with phosphate buffer
(pH7.4) and subjected to bath sonication for 3 min and the
resultant dispersion was used for determination of size [21].
Vesicle size was measured by using particle size analyzer. The
apparatus consists of a He-Ne laser beam of 632.8 nm focused
with a minimum power of 5Mw using a Fourier lens (R-5) to a
point at the center of small volume sample holding cell and
multi-element detector. The samples were stirred with a stirrer
before determining the vesicle size [22].

Determination of entrapment efficiency

Separation of unentrapped drug from the proniosomal suspension was
carried out by a) exhaustive dialysis method and b) centrifugation
method.

Dialysis method

In a dialysis tube the proniosomal suspension was taken, into which
osmotic cellulose membrane was securely attached to one side, the
dialysis tube was suspended at certain pH in 100 ml saline buffer,
which was stirred on a magnetic stirrer. The niosomal suspension and
the unentrapped drug were separated into the medium through the
osmotic cellulose membrane. After 6 h of exhaustive dialysis, optical
density values were noted, and the estimation of the entrapped drug
was carried out by UV spectrophotometric method [23].

Centrifugation method

The prepared proniosomes were separated from the entrapped drug by
centrifugation. In this method hydrated proniosomes were
centrifugation at 14000 rpm for 5 min using the refrigerated centrifuge
and the supernatant were analyzed for free drug content using UV
spectrophotometry. Entrapment efficiency was calculated using the
given formula,

Entrapment efficiency = [(Total drug loaded-free drug)x 100]/Total drug
Fourier transform infrared (FT-IR) spectroscopy

Infrared spectrum of the optimized proniosomes powder was
obtained using Fourier transform infrared FT-IR)
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spectrophotometer by conventional potassium bromide pellets
method. The scanning range between 4000-5000 cm-1.

In vitro diffusion studies

Skin permeation and in vitro diffusion studies for proniosomes can be
done by various techniques such as Franz diffusion cell, dialysis tubing,
keshary chien diffusion cell. In vitro skin permeation studies can be
carried out using flank skin, dorsal skin of albino rabbit or female albino
rat. Most commonly used method is Franz diffusion cell by taking
Phosphate buffer as diffusion medium and temperature should be
maintained at 37+0.5 °C. An aliquot of 5 ml was collected at
predetermined time intervals and replaced with fresh phosphate buffer
to maintain constant volume. Samples were analyzed for UV
spectroscopy.

In vitro drug release

It can be achieved by using dialysis tubing. The proniosomes is placed
in prewashed dialysis tubing which is sealed. The proniosomal
suspension was placed in dialysis bag tied with glass tube and placed
in a beaker containing 50 ml of phosphate buffer (7.4) as receptor
compartment. The samples are withdrawn from the medium at
suitable intervals and analyzed for UV spectrophotometer.

Osmotic shock

The change in the vesicle size can be determined by osmotic
studies. Proniosomal formulations are incubated with hypotonic,
isotonic, hypertonic solutions for 3 h. Then the changes in the
size of vesicles in the formulations are viewed under optical
microscopy.

Stability studies

Stability studies were carried out by storing the prepared
proniosomes at various temperature conditions such as refrigeration
temperature (2-8 °C), room temperature (25 °C+0.5 °C) and elevated
temperature (45 °C+0.5 °C) from a period of 1 mo to 3 mo.

According to International Conference on Harmonization (ICH)
guidelines, reconstitution of dry prognosis powders should be
studied for accelerated stability at 40 °C/75% relative humidity
as per international climatic zones and climatic conditions
(WHO, 1996). For long term stability studies the temperature is
25 °C/60% RH for the countries in zone and II and for the
countries in zone III and IV the temperature is 30 °C 65%
Relative humidity (RH).

Table 1: Some of the research work carried out on proniosomes as drug carriers

S. Drug Therapeutic Composition Results

No. category

1. Ketorolac [24] NSAID Span 60, ethanol Span 60 provides higher drug flux across the skin
than tween 20.

2. Aceclofenac [25] NSAID Span, Tween, lecithin, cholesterol. The niosome dispersion acts specifically on
inflammatory sites and decreases inflammation.

3. Flurbiprofen [26] NSAID Span (20,40,60,80), ethanol Sustained anti-inflammatory activity
and dosing frequency.

6. Estradiol [27] Hormone Span (40,60,85), Tween (20,40), Encapsulation of proniosomes of span surfactant

lecithin, cholesterol
Span (20,40,60,80), Tween

7. Ritonavir[28] Anti-retroviral

showed a high value.
Proniosomes sustained the release of drug over 12

(20,40,60,80), lecithin, cholesterol, h. and reduces side effects.

carbopol-934.
Span 40,60, soya lecithin

8. Valsartan [29] Angiotensin II

inhibitor

10.  Cromolyn sodium [30]  Anti-inflammatory  Span, lecithin, cholesterol
Anti-hypoglycemia  Span, lecithin, cholesterol

11.  Pioglitazone [31]

12.  Terconazole [32] Anti-fungal

13.  Benzocaine [33] sedatives

14.  Nateglinide [34] Anti-diabetic

15.  Simvastatin [35] HMG Co A
reductase inhibitor

Surfactants, lecithin, cholesterol
Span 60/cholesterol

Span 60, maltodextrin, cholesterol
Tween 20, lecithin

Improve oral bio availability and enhanced
permeation

Controlled drug release and improve aerosolization.
Improve hypoglycemic effects by controlled release
of drug.

Enhance mucoadhesive properties

Improve local anesthesia and controlled release
Improve oral bioavailability.

Enhance bioavailability and hypocholesterolemia
effect.
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Applications of proniosomes
Drug targeting
Applications in cardiology

In the treatment of hypertension Proniosomes are used as
carriers for the transdermal delivery of captopril. The
proniosomal system extends the release of the drug in the body.
Encapsulation of the drug is carried out using Sorbitan esters,
Cholesterol and lecithin.

Application in diabetes

Furesamide proniosomes of skin permeation mechanism is
performed in which span, soya; lecithin, diacetyl phosphate, and
cholesterol were used. All findings suggest that the proniosomes
serve as non-invasive delivery of furesamide [36].

Anti-neoplastic treatment

Most Anti-neoplastic drugs cause severe side effects. Niosomes can
alter the metabolism; prolong circulation and half-life of the drug,
thus decreasing the side effects of the drugs. In an unentrapped
drug, study the proniosomal entrapment of Doxorubicin and
Methotrexate (in two separate studies) showed beneficial effects,
such as decreased rate of proliferation of the tumor and higher
plasma levels accompanied by slower elimination. Also,
proniosomes are one of the sterile drug delivery system that is
widely used in cancer therapies.

Hormonal therapy

Proniosome are used for the delivery of levonorgestrel the emergency
contraceptive. System was tested for particle size, encapsulation
efficiency, stability study, in vivo and in vitro study. The Bioassay for
pregestational activity was also performed. It included endometrial
assay and blockade of development of corpora lutea [37].

Delivery of peptide drugs

Oral peptide drug delivery leads to breakdown of peptide and
protein bonds [38]. Niosomes protect the peptides from
gastrointestinal peptide break down. Vasopressin derivative
entrapped in niosomes also showed increased stability

Use in studying immune response

Proniosomes are used in studying the immune response due to their
immunological selectivity, low toxicity and greater stability.
Niosomes and proniosomes are used to study the nature of the
immune response produced by antigens.

Niosomes carriers for haemoglobin

Proniosomes can be used as carriers for hemoglobin within the
blood [39]. The proniosomal vesicle is permeable to oxygen and
hence can act as a carrier for hemoglobin in anemic patients.

Transdermal drug delivery systems

One of the most useful aspects of proniosomes is that they greatly
enhance the uptake of drugs through the skin. Transdermal drug
delivery using proniosomal technology is widely used in cosmetics.
proniosome entrapped antibiotics are used topically to treat acne.
The drug penetration through the skin in the form of proniosomes is
greatly increased compared to un-entrapped drug.

Recently transdermal vaccines utilizing proniosomal technology is
also being researched [40]. Proniosome can be utilized for topical
immunization using tetanus toxoid. However, the current technology
in proniosomes allows only a weak immune response and thus more
research to be done in this field.

Treatment of leishmaniasis

Leishmaniasis is a disease in which a parasite of the genus
Leishmania invades the cells of the liver and spleen. Commonly
prescribed medication for the treatment are derivatives of antimony
(antimonial), which in higher concentrations can cause cardiac, liver
and kidney damage.
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Sustained release

Proniosomes can be applied for Sustained release action of to drugs
with low therapeutic index and low water solubility since those could
be maintained in the circulation via niosomal encapsulation [41].

CONCLUSION

With recent advances in drug delivery systems proniosomes have
gained pronounced recognition in the field of Novel drug delivery.
Proniosomes have the potential to overcome the solubility and
permeability problems of class II and IV drugs and have the
capability to entrap both hydrophilic and hydrophobic drugs.
Proniosomes are thought to be better candidates of drug delivery as
compared to liposomes and niosomes due to various factors like
cost, stability etc. Proniosomes are osmotically active and stable
because they improve the stability of the entrapped rug during the
delivery. Proniosomes are more effective for delivery of drugs
through transdermal route, as they have the advantages like non-
toxicity, effective modification of drug release and penetration
enhancing effect of surfactants. Proniosomes are known to avoid
many of the problems associated with either the aqueous noisome
dispersion as problems of physical stability such as aggregation,
fusion, and leakage. Proniosomes have the advantage of delivering
drugs through various routes like oral, parenteral, dermal,
transdermal, ocular, vaginal, mucosal pulmonary, and nasal
effectively. Proniosomes are extensively employed in oral and
transdermal delivery of a wide variety of drugs. Proniosomes are an
effective tool for targeting of drugs and have the potential to provide
better treatment than conventional drug delivery system.
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