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ABSTRACT
Vesicular drug delivery systems have gained wide attention in the field of nanotechnology. Among
them proniosomes become the superior over other vesicular carriers. Proniosomes are dry formulations
of water soluble nonionic surfactant coated carrier system which immediately forms niosomes upon
hydration. They have the capability to overcome the instability problems associated with niosomes
and liposomes and have the potential to improve solubility, bioavailability, and absorption of various
drugs. Furthermore, they offer versatile drug delivery concept for enormous number of hydrophilic and
hydrophobic drugs. They have the potential to deliver drugs effectively through different routes at spe-
cific site of action to achieve controlled release action and reduce toxic effects associated with drugs.
This review discusses the general preparation techniques of proniosomes and mainly focus on the
applications of proniosomes in drug delivery and targeting. Moreover, this review demonstrates critical
appraisal of the literature for proniosomes. Additionally, this review extensively explains the potential
of proniosomes in delivering drugs via different routes, such as oral, parenteral, dermal and transder-
mal, ocular, oral mucosal, vaginal, pulmonary, and intranasal. Finally, the comparison of proniosomes
with niosomes manifests the clear distinction between them. Moreover, proniosomes need to be
explored for proteins and peptide delivery and in the field of nutraceuticals and develop pilot plant
scale up studies to investigate them in industrial set up.
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Introduction

Novel vesicular drug delivery systems have made great pro-
gress in the field of nanotechnology. 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 (Akhilesh
et al., 2011; Mir et al., 2017). These systems are also valuable
in evading various drawbacks associated with conventional
dosage forms like low aqueous solubility, poor bioavailability,
poor membrane permeability, variable plasma concentration,
undesirable effects, poor patient compliance, and finally poor
patient efficacy (Bochot & Fattal, 2012; Zaki Ahmad et al.,
2014; Song et al., 2015). From the last few decades, with vari-
ous novel drug delivery system approaches including solid
lipid nanoparticles, dual reverse thermosensitive systems,
complexation, electro spraying, solid dispersions, co-solvency
and nanosizing (nanoemulsion, nanosuspension, nanopar-
ticles, and nanocrystals) had been proposed to resolve these
issues (Ud Din et al., 2015a,b, 2017; Rashid et al., 2015a,
2015b; Ahmad et al., 2016; Mustapha et al., 2016).

However, too much emphasis was made on vesicular drug
carriers, such as liposomes or niosomes for demonstrating

supremacy over conventional dosage forms which involves
the encapsulation of drug within vesicles to achieve pro-
longed effect of drugs and minimize toxic effects by drug
targeting (Aburahma & Abdelbary, 2012). Both these systems
act as a drug reservoir, can carry both hydrophilic and hydro-
phobic drug by encapsulation and partitioning in hydropho-
bic domains and exist in forms of unilamellar or multilamellar
spherical structures enclosed by a membrane (Kamel et al.,
2013). Among all the vesicular systems phospholipid vesicles
(liposomes) had attracted greatly by the formulation scien-
tists due to their distinctive potential to enclose a wide var-
iety of substances and drugs and to encapsulate both
hydrophilic and lipophilic compounds (Mahale et al., 2012;
Pham et al., 2012; Hua & Wu, 2013). Despite these advan-
tages, there are some physical and chemical instabilities asso-
ciated with liposomes like aggregation, fusion or leakage
upon storage, degradation of phospholipids by hydrolysis,
and oxidation in a dispersed aqueous system that makes
them unfit for oral administration (Hu & Rhodes, 1999; Chaw
& Ah Kim, 2013; Yasam et al., 2014; Ahmad et al., 2017).

To overcome the physical instabilities associated with
liposomes two novel concepts were proposed; to develop
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proliposomes which are dry, free-flowing granular powder
that can be hydrated immediately before use and to develop
nonionic surfactant vesicles containing nonionic surfactants
instead of phospholipids. Proliposomes are more stable for
longer duration without significant changes during steriliza-
tion and storage (Janga et al., 2012). However, the problem
of degradation of phospholipids by oxidation was still there.
Afterwards, to avoid all these drawbacks an alternative
approach was emerged involving preparation of liposome
like vesicles called niosomes. Niosomes or nonionic surfactant
carriers are alternative and identical to liposomes in physical
structure. These are aqueous dispersions of lipid vesicles
made from safe and biocompatible nonionic surfactants with
or without cholesterol in which hydrophilic drugs can be
incorporated in an inner core and lipophilic drugs in an outer
lipid bilayer (Elhissi et al., 2013; Tu et al., 2014; Shukr &
Eltablawy, 2015). Niosomes serves as promising drug carriers
as these are able to circumvent the limitations associated
with liposomes, because these contain surfactants which are
easily derivatized and gives higher versatility to the vesicular
structure (Marianecci et al., 2014).

Niosomal formulations could improve the solubility of
some poorly soluble drugs and bioavailability as shown for
acyclovir and griseofulvin and control the drug delivery with
good chemical stability during storage, e.g. the stability of
peptide drugs can be significantly increased by encapsulation
(Rajera et al., 2011). Furthermore, low cost, more stability,
entrapping of more substances, ease of handling, ease of for-
mulation and storage, less prone to oxidation and availability
of prepared materials in pure form exploit them a propitious
drug delivery system, and superior to liposomes
(Paecharoenchai et al., 2013; Zaki Ahmad et al., 2014).
Niosomes also undergo fusion, aggregation, sedimentation,
leakage of entrapped drugs on storage, and loss of
vesicular integrity thus, limiting their shelf life (El-Laithy et al.,
2011; Shaker et al., 2013; El Maghraby et al., 2015;
Madan et al., 2016).

To overcome all the defects related to other vesicular
drug delivery systems, there was a need of hour to design
such a system that is more physically and chemically stable.
A feasible and the latest approach to formulate stable nio-
somes is the provesicular carrier system, i.e. proniosomes.
Proniosomes are either anhydrous free flowing formulations
or liquid crystals with jelly like consistency of water-soluble
carrier coated with the suitable noisome-forming surfactants.

They can easily be reconstituted with aqueous phase before
administration or hydrated in body compartments to form
niosomal vesicles (Figure 1) and these proniosomes-derived
niosomes are better than conventional niosomes (Rahman
et al., 2015; Shehata et al., 2015). This proniosomal technol-
ogy can diminish physical and chemical instabilities associ-
ated with niosomes by avoiding their storage in aqueous
medium (Najlah et al., 2015). Proniosomes offer a potential
vesicular drug delivery concept and may be a promising
transporter for lipophilic medications (Mehta et al., 2016).
Both phospholipids and nonionic surfactants in proniosomes
can act as penetration enhancers (Ammar et al., 2011). The
ratio between the nonionic surfactant and cholesterol could
affect both the release characteristics and the entrapment
efficiency of the incorporated drugs (Zidan & Mokhtar, 2011).
These vesicles can encapsulate both hydrophilic and hydro-
phobic drugs (Figure 1) and do not require specific storage
conditions. Proniosomes, also called ‘dry niosomes’, offers
additional convenience of transportation; distribution, stor-
age, and dosing that make them an efficient delivery
system with potential for use with a wide range of active
compounds (El-Laithy et al., 2011; Rahman et al., 2015;
Shehata et al., 2015). The encapsulation of drug in the
proniosomal vesicular structure maintains their systemic
circulation, provides controlled release, enhances penetration
in the targeted areas and reduces the toxic effects
(Akhilesh et al., 2012).

This review will predominantly focus on functionality of
proniosomes in the field of drug delivery and targeting.
Particularly, the potential of proniosomes in delivering drugs
via different routes, such as oral, parenteral, topical and
transdermal, ocular, vaginal, mucosal, pulmonary, and intra-
nasal. Similarly, a critical preview is also provided to explore
the problems associated with the proniosomes, their func-
tionality and efficacy in the above discussed fields for their
future excellency in the fields of drug delivery and targeting.

Methods of preparation

Different methods are reported for the preparation of pronio-
somes, such as coacervation phase separation method, slurry
method and the spraying of nonionic surfactant on water-sol-
uble carrier particles. The description of preparation methods
and their sequential steps are explained in Table 1 and
Figure 2(A–C).

Figure 1. Hydration of proniosomes into niosomes and hydrophilic and hydrophobic regions of niosomes.
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Proniosomes in drug delivery and targeting

Proniosomes are successful drug delivery system and have
acquired great attention by the researchers as a versatile ves-
icular drug carrier and targeting agent since 1980’s (Kumar &
Rai, 2012). To enlighten the usefulness of proniosomes in
drug delivery and targeting various publications will be dis-
cussed in this section that evident the applications of pronio-
somes in effective delivery of wide range of therapeutic
agents through different routes, such as oral, parenteral, der-
mal, transdermal, ocular, pulmonary, vaginal, and mucosal
route (Table 2).

Oral delivery
Oral delivery is the most commonly used and favorable route
of drug administration. Despite, due to many problems asso-
ciated with drugs administered through oral route, such as
low stability in gastrointestinal tract, pre-systemic degrad-
ation of drugs by acidic or enzymatic action, and low
permeability through intestinal epithelium, many drugs are

administered parenterally to augment their bioavailability
(Banerjee & Onyuksel, 2012). Therefore, different nanocarriers
are employed to enhance the drug absorption through oral
route, such as liposomes (Caddeo et al., 2017), niosomes
(Khan et al., 2016), lipid nanoparticles (Kraft et al., 2014),
micelles (Chen et al., 2013), gold nanoparticles (Chen et al.,
2014a), and quantum dots (Chen et al., 2014b). Proniosomes
have been extensively investigated as potential oral drug
delivery system. Several studies have been reported which
prove the utility of oral proniosomal powders in providing
the enhanced solubility and bioavailability for poorly soluble
drugs (Nasr, 2010).

Song et al. (2015) showed that proniosomes are promising
carrier in industrial production by formulating free-flowing
and stable proniosomes of poorly water-soluble drug vinpo-
cetine to augment its oral bioavailability and gastrointestinal
absorption. The results of the study unveiled that the
increased bioavailability of vinpocetine encapsulated in
proniosomes is due to the following two causes. First, the
niosomes formed after hydration of proniosomes in gastro-
intestinal tract have bioadhesive property to adhere to the

Table 1. Description of preparation methods, their principle and type of formulation formed.

Preparation method Principle Formulation type References

Coacervation phase
separation method

Mixing of lipids, surfactant and drug with the solvent
followed by the warming of mixture over water bath
at 60–70 �C until translucent dispersion is obtained.

Proniosomal gel Yasam et al. (2014); Ammar et al.
(2011); Ahmad et al. (2017)

Slurry method Slurry preparation by using organic solution of cholesterol,
surfactant, drug, and then poured onto carrier material.
Evaporate the solvent in rotary evaporator to form free
flowing proniosomes.

Proniosomal powder Mujoriya & Bodla (2011);
Walve et al. (2011)

Spray coating method Successive spraying of organic solution of cholesterol,
surfactant, and drug onto carrier material containing in
round bottom flask attached to rotary evaporator.

Proniosomal powder Nasr (2010)

Figure 2. Methods of preparation of proniosomes (A) Coacervation phase separation method (B) Slurry method (C) Spraying method.
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gastric wall proceeded by endocytosis. Second, niosomes
possibly enhance the lymphatic transport that was capable
of avoiding first pass effect and ultimately leads to higher
bioavailability. Another cause is the use of surfactant, i.e.
span 60. Surfactants have the capability to open tight junc-
tions of intestinal epithelial wall temporarily by provoking
ultra-structural changes and thereby, enhance intestinal epi-
thelial permeability (Song et al., 2015). Similarly, the hepato-
curative activity of diphenyl dimethyl bicarboxylate (DDB) is
enhanced by designing provesicular system of DDB using
sorbitol as a carrier that increases its solubility and oral bio-
availability (Aburahma & Abdelbary, 2012). Likewise,
Veerareddy & Bobbala (2013) developed the proniosomes of
isradipine to enhance its oral bioavailability and the bio-
availability was enhanced 2.3 fold than the control (oral
suspension) (Veerareddy & Bobbala, 2013). Maltodextrin
based free flowing proniosomes of nateglinide for diabetes

was produced by (Sahoo et al., 2014). The oral bioavailability
and absorption of nateglinide was improved by encapsulat-
ing it in proniosomes. The study observed considerably
higher plasma concentration of nateglinide by this system as
compared to pure drug in rabbits (Sahoo et al., 2014). Hence,
it is confirmed that proniosomes are convenient carrier for
oral delivery of certain poorly water-soluble drugs and have
the potential to form stable niosomal carrier systems as the
proniosomes are stable at 4 �C.

Furthermore, Shukr & Eltablawy (2015) formulated pronio-
somes by successfully encapsulating Pioglitazone HCl to
assess the viability of proniosomes as stable vesicular carrier
system. The in vivo hypoglycemic effects of pioglitazone
enclosed in proniosomes revealed excessive percent decrease
in blood glucose levels in diabetic rats. These proniosomes
have adequate powder flow properties and acceptable
for further processing into tablets or capsules (Shukr &

Table 2. Outline of drug delivery applications of proniosomes through different routes, composition and their in vitro/in vivo effects.

Route Drug Composition In vitro/in vivo effects References

Oral Vinpocetine Span 60/sorbitol/cholesterol Improve oral bioavailability and GI
absorption

Song et al. (2015)

Candesartan cilexetil Span 60/maltodextrin/cholesterol Improve oral bioavailability Yuksel et al. (2016)
Acemetacin Span 60/maltodextrin/cholesterol/

stearylamine
Enhance pharmacokinetic properties and

anti-inflammatory effects
Shehata et al. (2015)

Pioglitazone Span 60/maltodextrin/cholesterol Improve hypoglycemic effects by
controlled release of drug

Shukr & Eltablawy (2015)

Nateglinide Span 60/maltodextrin/cholesterol Improve oral bioavailability Sahoo et al. (2014)
Doxycycline hydrochloride

and metronidazole
Span 60/maltodextrin/cholesterol Improve combination therapy and

patient compliance
Gad et al. (2014)

isradipine Span 40: Span 60/cholesterol/dicetyl
phosphate

Improve oral bioavailability and
gastrointestinal (GI) absorption

Veerareddy & Bobbala (2013)

Diphenyl dimethyl
bicarboxylate

Tween 80/sorbitol/cholesterol/
stearylamine

Enhance dissolution and hepatocurative
activity

Aburahma & Abdelbary (2012)

Valsartan Span 60/maltodextrin/cholesterol Improve oral bioavailability and
enhanced permeation

Gurrapu et al. (2012)

Parenteral Flurbiprofen Span 80: Span 20/Sorbitol/cholesterol Sustained anti-inflammatory activity and
reduce dosing frequency

Verma et al. (2016)

Dermal Boswellic acid Span 40/cholesterol/soya lecithin Improve bioavailability, absorption and
release kinetics

Mehta et al. (2016)

Tretinoin Span 60/sorbitol/cholesterol Enhance efficacy and reduce side effects Rahman et al. (2015)
Transdermal Tenoxicam Tween 20/cholesterol Improve patient compliance and drug

safety
Ammar et al. (2011)

Lornoxicam Lutrol F68/cholesterol/lecithin Improve transdermal delivery Madan et al. (2016)
Mefenamic acid Span 80/cholesterol/soya lecithin Improve transdermal delivery and anti-

inflammatory activity
Wen et al. (2014)

Lacidipine Cremophor RH 40/cholesterol/soya
lecithin

Improve transdermal delivery, absorption
and permeation

Soliman et al. (2016)

Simvastatin Tween 20/lecithin Enhance bioavailability and
hypocholesterolemic effect

Shaker et al. (2013)

Vinpocetine Sugar ester/cholesterol/lecithin Improve absorption and penetration El-Laithy et al. (2011)
Flurbiprofen Cholesterol Improve solubility and permeation Zidan & Mokhtar (2011)
Oxybutynin chloride Span 20: Span 60/cholesterol/soya

lecithin
Enhance drug permeation and

therapeutic effect
Rajabalaya et al. (2016)

Tolterodine tartrate Span 20: Span 60/cholesterol/lecithin Reduce side effects and effective
management of overactive bladder

Rajabalaya et al. (2016)

Risperidone Span 60/cholesterol/phospholipid
G 90

Increase skin permeability and
bioavailability

Imam et al. (2015)

Oral mucosal
and dental

Lornoxicam Span 60/cholesterol/lecithin Improve patient compliance and reduce
gastrointestinal (GI) side effects

Abdelbary & Aburahma (2015)

Benzocaine Span 60/cholesterol Improve local anesthesia by controlled
release

El-Alim et al. (2014)

Ocular Lomefloxacin HCl Span60:Tween60/cholesterol/ Improve ocular bioavailability and
prolong corneal retention

Khalil et al. (2016)

Tacrolimus Poloxamer 188/cholesterol/Lecithin Delay corneal allograft rejection and pro-
long survival time of corneal allografts

Li et al. (2014)

Vaginal Terconazole Span 60: Brij76/Cholesterol/lecithin Enhance mucoadhesive properties Abdou & Ahmed (2016)
Pulmonary Beclomethasone

dipropionate
Span 60/cholesterol High drug output and fine particle frac-

tion (FPF)
Elhissi et al. (2013)

Cromolyn sodium Sucrose stearate/cholesterol/
stearylamine

Controlled drug release and improve
aerosolization

Abd-Elbary et al. (2008)
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Eltablawy, 2015). Proniosomes have vast potential of improv-
ing oral delivery of certain lipophilic, such as anti-cancer
agents and amphiphilic drugs as shown by (Gurrapu et al.,
2012). The dissolution and gastric absorption of valsartan
was enhanced by maltodextrin-based proniosomes by devel-
oping dry proniosome powders using equal ratios of span 60
and cholesterol. Results of in vitro dissolution study carried
out in simulated gastric and intestinal fluid revealed
improved dissolution with respect to pure drug. Ex vivo stud-
ies showed enhanced permeation of valsartan from pronio-
somes across rat intestinal membrane (Gurrapu et al., 2012).
The oral bioavailability of candesartan cilexetil was also
improved by formulating provesicular system. The dry granu-
lar form of proniosomes can be fabricated as tablets, capsu-
les or solutions to prepare prior usage for oral
administration. Proniosomes in tablet form are propitious
drug delivery carrier in enhancing the pharmacological
effects of certain drugs by controlling the release and reduc-
ing the dosing frequency. Proniosomal acemetacin tablets
were successfully prepared by direct compression of free
flowing proniosomal powder of acemetacin. These tablets
showed improved pharmacokinetic characteristics, such as
AUC, Tmax, half-life, and relative bioavailability, when tested
in animal models (rabbits), and there was substantial increase
in hardness, disintegration time, dissolution properties, and
less friability of proniosomal tablet as compared to both pro-
niosomal powders and conventional oral tablets of acemeta-
cin (Shehata et al., 2015). Proniosomes also have a role in
combination therapy with improved patient compliance as
depicted from a study conducted to encapsulate both doxy-
cycline hydrochloride (DH) and metronidazole (MT) in pronio-
somal carrier system by using different types of spans,
cholesterol, and maltodextrin as carrier. Both drugs were suc-
cessfully dispersed in proniosomal structure without any
chemical interaction between them and other components.
The proniosomal powder had free flowing properties and
was stable at 2–8 �C for three months. Besides, these dry free
flowing powder ensured easy handling and accurate dosing,
avoided the hydrolysis of drugs and physical stability prob-
lems related to niosomes (Gad et al., 2014).

Proniosomes have potential to fabricate on large scale
production because of their convenient preparation technol-
ogy and capability to modify the drug delivery (Yuksel et al.,
2016). Although, proniosomes have pronounced role in oral
drug delivery but for oral delivery proniosomal powder need
to be modified in the proper dosage form, such as tablets,
capsules, beads, etc. To make oral proniosomal tablets palat-
able coating may require, therefore, cost of production may
increase.

Parenteral delivery
Parenteral administration is a general approach usually uti-
lized for those pharmaceutical ingredients having poor bio-
availability and narrow therapeutic index. Parenteral route
has enormous advantages in emergency clinical situations,
such as easily accessible, rapid onset of action, favorable in
conditions when oral route is not convenient including diffi-
culty in swallowing, delayed gastric emptying and intestinal

motility, vomiting, and unconsciousness. Although parenteral
route of administration is the most effectual route but there
is an instant decline in systemic concentrations and requires
frequent administration to maintain constant therapeutic
concentration of a drug that eventually results in poor
patient compliance. These limitations can be avoided by uti-
lizing biodegradable polymeric nanosystems by maintaining
controlled and slow release of drug for longer durations, con-
sequently reduces the dosing frequency and toxic effects and
improve the quality of treatment (Komal et al., 2013; Din
et al., 2017; Ud Din et al., 2017).

Major advancements have acquired in the field of vesicu-
lar drug delivery systems that have a potential to maintain
sustained drug release via parenteral administration and to
circumvent the issues related to conventional parenteral
drug delivery systems, particularly associated with drugs hav-
ing narrow therapeutic index and poor bioavailability
(Marianecci et al., 2014). Among vesicular drug carriers, pro-
niosomes have capability to be used to administer drugs via
parenteral route as these can be stored, transported, distrib-
uted, appropriate to sterilize, and separated into unit doses
for parenteral delivery (Verma et al., 2016). A parenteral
proniosome formulation could maintain constant plasma con-
centration, improve efficacy and reduce toxicity by circum-
venting the frequent administrations or constant intravenous
infusions which is a pronounced obstacle in improving
patient compliance.

The anti-inflammatory effects of flurbiprofen were
improved by fabricating its free-flowing proniosome formula-
tion and by injecting intravenously after reconstitution.
Furthermore, this formulation sustained the systemic concen-
tration of drug by reducing the fluctuations in plasma levels
which was resulted by frequent administrations and ultim-
ately enhances its anti-inflammatory and analgesic effects.
Therefore, this study proves that proniosomes are stable,
affordable, propitious, and favorable alternative to other ves-
icular and colloidal drug delivery systems for parenteral
administration as depicted from in vivo pharmacokinetic and
pharmacodynamic effects of a rat paw edema model (Verma
et al., 2016).

For parenteral delivery of nanoparticles sterilization is the
main consideration. Different techniques are used for their
sterilization but all have their own limitations. Freeze drying
by using cryoprotectants and gamma-irradiation sterilization
techniques may alter the particle size, drug release rates and
difficulty in reconstitution by simple agitation (Bozdag et al.,
2005). Whereas, proniosomal dry powders are free from all of
these drawbacks. They can easily be sterilized; do not pro-
duce changes in the particle size and drug release rates and
can be reconstituted with simple agitation.

Dermal and transdermal delivery
Human skin is very sensitive part of the body that covers
most part of the body. The main function of skin is to main-
tain the hydration of body (Fukushima et al., 2011). The skin
acts as a selective penetration barrier that resists the entry of
certain molecules from its surface. The predominant part of
the skin is the stratum corneum which is very essential in
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percutaneous absorption. It is a rate-limiting barrier in percu-
taneous absorption and shows pronounced resistance to
penetration (Pathan & Setty, 2009). Drug carriers are used for
targeting and delivering the drug to the specific site of
action. It is dependent on the type of drug carrier that either
deep skin penetration or accumulation in the stratum cor-
neum and follicular appendages takes place (Bolzinger et al.,
2011; Mak et al., 2011). Dermal drug delivery is advantageous
that high concentrations confined at the site of action, dimin-
ished systemic absorption, and ultimately reducing side
effects. Moreover, transdermal route has various advantages,
such as: noninvasive technique, bypass first pass hepatic
metabolism that eventually increases the drug bioavailability,
overcomes the gastrointestinal degradation, maintains steady
state plasma concentration, self-administration, and improve
patient compliance (Wohlrab et al., 2011; Gupta & Babu,
2013). Besides, transdermal route shows some disadvantages,
such as low permeation of some drugs through skin due to
stratum corneum which is a main barrier to permeation.
Vesicular drug delivery system is proved to be an alternative
to circumvent the barriers of skin without other physical or
chemical ways (Rajera et al., 2011).

From the last decade, excessive investigations have under-
gone on applications of vesicular delivery systems as carriers
for dermal and transdermal drug delivery through skin and it
found to be beneficial (Katare et al., 2010; Marianecci et al.,
2013). Different types of vesicular drug delivery systems have
been developed, such as bilosomes, pharmacosomes, emul-
somes, transfersomes, liposomes, and niosomes (Kamboj
et al., 2013). Proniosomes provide a flexible vesicular drug
delivery concept having potential in transdermal drug deliv-
ery of drugs. Additionally, these vesicles as dermal drug
delivery systems have potential to increase effectiveness and
reduce toxic effects of drugs through topical application
(Muzzalupo, 2016). Proniosomes are novel drug delivery sys-
tem have propensity to attach to the stratum corneum, con-
verted to niosomes after hydration and permeate in skin
through stratum corneum that results in increase skin perme-
ation (Figure 3) (Ramesh et al., 2013). These vesicular carriers

acts as a drug reservoir and by the adjustment of its compos-
ition or surface drug release rate can be controlled (Kamel
et al., 2013).

Several studies have been reported that depict the poten-
tial of proniosomes in dermal and transdermal delivery. The
proniosomal system for transdermal delivery of simvastatin
was designed to improve its oral bioavailability and in vivo
absorption as it has bioavailability less than 5% due to sub-
stantial first pass effect and poor absorption. Proniosomal
carrier system not only improved the oral bioavailability of
simvastatin but also its absorption from the skin was
increased that eventually results in enhanced hypocholester-
olemic effects of simvastatin when compared with oral sim-
vastatin dispersion (Shaker et al., 2013). Besides, proniosomal
gel system has power to encapsulate poorly water soluble
drugs, such as flurbiprofen by utilizing different nonionic sur-
factants and cholesterol. The effect of two factors such as
nonionic surfactant fatty acid chain length and the amount
of cholesterol were assessed on drug permeation and entrap-
ment efficiency of flurbiprofen containing proniosomes. The
results indicated that maximum fatty acid side chain length
of nonionic surfactant and minimum cholesterol content was
suitable for optimized formulation. Therefore, proniosomes
provide a system with high drug entrapment and skin per-
meation for transdermal delivery of flurbiprofen (Zidan &
Mokhtar, 2011). Mehta et al. (2016) designed topical boswel-
lic acid (BA) loaded proniosomal gel carrier system to aug-
ment its bioavailability, absorption, and release kinetics for
the management of inflammatory disorders. Boswellic acid
is a leukotriene inhibitor and showed remarkable anti-
inflammatory effects as compared to standard Voveran gel.
Furthermore, transdermal delivery is enhanced due to small
particle size and significant encapsulation of drugs within
vesicles (Mehta et al., 2016). Similarly, the topical drug deliv-
ery system of Tretinoin loaded proniosomes were designed
by Rahman et al. (2015) to improve the effectiveness of tre-
tinoin by minimizing its side effects for acne treatment.
Optimized formulation demonstrated less irritation to skin
and higher efficacy as compared to marketed product in

Figure 3. Drug delivery and penetration of proniosomes through stratum corneum.
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human models that could be due to the increased penetra-
tion of tretinoin through stratum corneum. Additionally the
solubility issues, stability of tretinoin and compliance to the
treatment were improved (Rahman et al., 2015).

Ammar et al. (2011) fabricated a proniosomal gel for trans-
dermal delivery of tenoxicam that significantly enhanced its
anti-inflammatory and analgesic effects as compared to the
oral marketed tablets of tenoxicam. The release of tenoxicam
was investigated for the stable formulations and the results
revealed that the tenoxicam followed zero order release. The
lecithin free formulation T1A hydrated by distilled water
showed highest release rate and release efficiency whereas
T2B hydrated by phosphate buffer (pH 7.4) showed lowest
release. S3B formulation hydrated by 0.1% glycerol showed
lowest release values as compared to T2B (phosphate buffer
pH 7.4; Figure 4(A)). T1A was optimized and the most stable
formulation showed highest release efficiency containing
Tween 20, cholesterol, and distilled water as aqueous medium
Figure 4(B). It was due to the fact that Tween 20 has hydrophilic
nature and acts as a solubilizing agent for the drug, hence
increase the drug release (Ammar et al., 2011).

El-Laithy et al. (2011) reported efficient transdermal deliv-
ery of vinpocetine via proniosomal carriers containing sugar
esters as nonionic surfactants. These proniosomes are consid-
ered as convenient carrier system for delivering vinpocetine
by the hydration of proniosomes into niosomes in skin.
When compared to oral tablets transdermal proniosomal car-
riers were found to be superior as these had the potential to
control the drug release and maintain minimum effective
concentration up to 48 h and enhanced absorption that leads
to improved therapeutic effectiveness (El-Laithy et al., 2011).
The in vivo efficacy of mefenamic acid has been improved
with transdermal drug delivery system of proniosomes. The
results revealed that proniosomal gel loaded with mefenamic
acid without incorporation of penetration enhancer causes
considerable inhibition of rat paw edema as compared with
the same control gel (Wen et al., 2014). Similarly, the pronio-
somal transdermal drug delivery system for lornoxicam was

successfully formulated by coacervation phase separation
method and evaluated for stability and acceptability for skin
applications (Madan et al., 2016). Another study manifested
that proniosomes are flexible drug delivery carrier system
having potential to deliver drugs effectively through trans-
dermal route. Anti-hypersensitive drug lacidipine loaded
transdermal proniosomes were produced by using cremo-
phor RH as nonionic surfactant (Soliman et al., 2016).
Rajabalaya et al. (2016) successfully encapsulated oxybutynin
chloride in proniosomes for its transdermal delivery in over-
active bladder therapy. It was obvious from the results that
proniosomes provide high drug permeation and entrapment
efficiency; improve therapeutic efficacy and rapid salivary
secretion recovery (Rajabalaya et al., 2016). Similarly, trans-
dermal proniosomes were designed incorporating tolterodine
tartrate (TT) for the management of overactive bladder
(OAB). The side effects of transdermal delivery proniosomal
gel were compared with oral formulation of tolterodine tar-
trate. The results demonstrated that TT transdermal pronioso-
mal formulation has comparable efficacy to oral formulation
as it produce less dry mouth effects and showed increased
permeation across skin (Rajabalaya et al., 2016). An
Antipsychotic drug, i.e. risperidone was also effectively deliv-
ered by proniosomal carrier system via transdermal route for
the treatment of schizophrenia (Imam et al., 2015). Thus, pro-
niosomes are favorable system for inexpensive transdermal
delivery of variety of drugs because they have absorptive
and penetration enhancing properties, riskless for human
use, alternative, and preferable carrier over other conven-
tional gels. Proniosomal gels can be incorporated in patches,
films, and gel carriers to impart them bio adhesive properties
that ultimately further enhances their contact time on skin,
which if not controlled may results in local tissue damage.

Oral mucosal delivery
Oral mucosa has many properties that make it an acceptable
site for delivery of various drugs but it offers certain

Figure 4. Release profile of tenoxicam from proniosomes (A) Release profile of TX from certain proniosome formulations 1 (T2B) using phosphate buffer (pH7.4) as
aqueous phase; 2 (S3B) using 0.1% glycerol as aqueous phase (B) Release profile of TX from proniosomes prepared with distilled water (Will be added with
permission).
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problems for researchers exploring novel drug delivery tech-
niques to overcome. Several mucosal surfaces have been
examined as delivery routes including buccal, nasal, rectal,
ocular, and vaginal (Hearnden et al., 2012). Oral mucosa is
readily available and more permeable route than the skin,
self-administrable, has extensive blood supply, less respon-
sive to irritants, availability of more hydrated environment for
drug solubility, and rapid systemic drug delivery is possible
(Sankar et al., 2011).

Proniosomes have been extensively investigated for muco-
sal delivery of drugs through oral cavity and have a potential
for systemic delivery of drugs across the mucosal membrane.
Besides this, they suffer through poor retention at application
site in the oral cavity due to instant wash over by saliva.
Therefore, the contact time with underlying mucosal surfaces
can be enhanced by incorporating proniosomal gel into
mucoadhesive carbopol base gel to achieve effective thera-
peutic concentration for longer period of time (Abdelbary &
Aburahma, 2015).

Abdelbary & Aburahma (2015) successfully prepared oro-
dental and anti-inflammatory mucoadhesive proniosomal gel
loaded with lornoxicam to deliver drug directly at site of
action in the oral cavity having dental pain and inflamma-
tion. This provesicular approach is valuable in augmenting
the therapeutic efficacy of lornoxicam for dental delivery that
results in better patient compliance and reduced gastrointes-
tinal adverse effects. The results of the study showed that
the oral mucoadhesive proniosomal gels can be considered
as a favorable approach for transmucosal delivery of lornoxi-
cam into the oral cavity (Abdelbary & Aburahma, 2015). In
another study, proniosomes were successfully prepared for
buccal delivery of benzocaine as an effective, long acting
vesicular formulation for improving local anesthesia in the
buccal cavity. The in vitro release behavior and ex vivo per-
meation studies of proniosomal benzocaine gel through buc-
cal mucosa confirmed a controlled release of benzocaine for
management of mucosal pain for longer duration of time (El-
Alim et al., 2014). To provide the mucoadhesive properties
proniosomal gels are incorporated in carbopol base gel as
discussed in the above studies. However, the mucoadhesion
time can be improved further by incorporating them in other
mucoadhesive polymers, such as thiolated polymer conju-
gates. The adhesion time and the total work of adhesion
(TWA) of thiolated polymers are considerably high than the
carbopol polymers (Grabovac et al., 2005).

Ocular delivery
Ocular drug delivery system is one of the most peculiar and
challenging route for formulation scientists. An ocular formu-
lation should release the drug by bypassing the protective
barriers of the eye without damaging the tissues (Ali et al.,
2016). Ocular drug delivery systems generally have low bio-
availability, limited absorption in the intraocular area due to
blinking reflex, less eye capacity, nasolacrimal drainage, and
the corneal and conjunctival epithelial barriers which ultim-
ately reduces the retention time of drug molecules in the
eyes (Kaur et al., 2012). Thus, frequent instillations of eye
drops are usually required in clinical systems to attain

anticipated therapeutic effectiveness which leads to patient
noncompliance, tissue damage, and other toxic effects inte-
grated with nasolacrimal absorption (Luo et al., 2011).

To overcome the drawbacks of conventional eye prepara-
tions, various ocular drug delivery systems have been
explored recently, such as in situ gels (Gupta et al., 2015), lip-
osomes (Dai et al., 2013), nanospheric suspensions (Fei et al.,
2008), in situ nanosuspensions (Luschmann et al., 2013),
nanoparticles (Nagarwal et al., 2012), nanoemulsions (Garg
et al., 2013), and niosomes (Abdelkader et al., 2012). Among
all of these, proniosomes have strong potential in topical
ocular drug delivery. Proniosomes can form niosomes after
hydration in ocular cavity and both nonionic surfactants and
phospholipids in proniosomes act as penetration enhancers
(Ammar et al., 2011). Furthermore, proniosomal gels as ocular
formulation can increase the residence time of the drugs in
corneal cavity, provide prolonged and sustained action, pre-
vent enzymatic metabolism in tears, and in corneal epithelial
surface thus, improve ocular bioavailability (Dhangar et al.,
2014; Li et al., 2014).

Li et al. (2014) prepared a proniosomal system for oph-
thalmic delivery of tacrolimus that resulted in formation of
niosomes after hydration in ocular cavity. The in vitro perme-
ation of tacrolimus loaded proniosomes was performed on
freshly excised rabbit cornea and it showed enhanced per-
meation due to increased retention of tacrolimus in cornea
as compared to conventional ointments. Tacrolimus loaded
proniosomes retard the corneal allograft rejection and sus-
tained the survival time of corneal allografts considerably
than Cyclosporine eye drops in Sprague–Dawley rat corneal
xeno transplantation model (Li et al., 2014). In another study,
proniosomal gel system was developed by encapsulating
Lomefloxacin HCl to enhance its ocular bioavailability for the
treatment of bacterial conjunctivitis. The developed opti-
mized system prolongs the retention time of the drug in the
cornea, increase local effect, enhance penetration, and con-
trol the release of drug that eventually leads to increased
antibacterial therapeutic effects. Additionally, proniosomal
gel was found to be safe, stable, and superior to commer-
cially available eye drops of Lomefloxacin HCl. Hence, it is a
favorable approach for management of bacterial conjunctiv-
itis (Khalil et al., 2016).

Vaginal delivery
The vaginal route of drug delivery is usually employed for
the treatment of microbial infections, such as vulvovaginal
candidiasis and bacterial vaginosis (Hainer & Gibson, 2011).
This route is extensively used for the delivery of various mol-
ecules, such as antimicrobials, antimycotics, sexual hormones,
and peptides as it is highly vascularized and has high perme-
ability. Moreover, it bypasses the hepatic first-pass metabol-
ism and overcome the gastrointestinal absorption that is why
it is an outstanding route for mucosal drug delivery for both
local and systemic purposes (Ensign et al., 2014). In spite of
these advantages, vaginal route has some peculiarities that
cause variations in the bioavailability of drugs. Various
physiological and non-physiological factors, such as men-
strual cycle or menopause, sexual intercourse, and personal
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hygiene can provoke changes in vaginal conditions (Vani�c
and �Skalko-Basnet, 2013; Yang et al., 2013). Additionally, the
natural clearance process by vaginal secretions, i.e. mucus
also restricts the actions of vaginal drug delivery systems
(das Neves et al., 2011).

In vaginal drug delivery tablets, solutions, foams, vaginal
suppositories and inserts have been frequently used but
semisolid dosage forms especially gels are preferred consid-
erably (Neves et al., 2014). However, conventional vaginal
systems have certain restrictions, such as leakage, short resi-
dence time and disarray that can be controlled by novel for-
mulations showing adequate retention, sufficient release, and
diffusion characteristics. Certain micro and nano novel deliv-
ery systems have been offered including hydrogels (Khade
et al., 2014), vaginal sponges (Furst et al., 2015), nanopar-
ticles (Meng et al., 2011; Date et al., 2012), nanocapsules
(Santos et al., 2013), solid lipid NPs (Alukda et al., 2011), lipo-
somes (Vani�c et al., 2014), and niosomes (Ning et al., 2005).

The vaginal drug delivery systems that have been mostly
evaluated are mucoadhesive systems which retains the drug
in the vaginal mucosa by close contact of formulation with
vaginal mucosa and thus maintain the adequate concentra-
tion of the drug in the targeted area (de Ara�ujo Pereira &
Bruschi, 2012). Proniosomal gel systems are convenient car-
rier system for vaginal drug delivery having good mucoadhe-
sive properties and provide constant release of the drug.
Abdou & Ahmed (2016) designed a mucoadhesive system for
vaginitis encapsulating antifungal drug, i.e. terconazole. The
proniosomal system hydrated to form niosomes and provides
an effective treatment against vaginitis by sustained release
of drug and enhanced retention at the vaginal mucosa.
Optimized proniosomal formulation was incorporated in car-
bopol gel to increase its mucoadhesive properties and micro-
biological evaluation showed that proniosomes are efficient
vesicular system for mucosal drug delivery (Abdou & Ahmed,
2016). The matter of concerns regarding the vaginal pronio-
somal delivery is the residence time of the mucoadhesive
systems. It should be adequate otherwise; they may irritate
the mucosal surface and may leads to severe local tissue
damage.

Pulmonary delivery
Lungs gained considerable attention for treating various
respiratory diseases as it is the main organ responsible for
respiratory disorders (Misra et al., 2011). Inhalation route pro-
vides a targeted drug delivery to the lungs for various
respiratory diseases. It assures local delivery of the drugs to
the lungs by reducing systemic exposure as with oral and
parenteral route. Thus, low doses are required to produce
the therapeutic effect and ultimately reduce systemic adverse
effects especially for drugs having narrow therapeutic index.
Lungs have increased drug absorption and efficacy due to
large surface area (>100 m2) and is covered with epithelial
layer (Nahar et al., 2013). The lungs are the effective way of
entry to the systemic circulation by the presence of large sur-
face area of the alveoli, extensive blood flow in the lungs,
narrow diffusion path between the blood and alveoli and
avoidance of first pass hepatic effect. Besides, this route

becomes more convenient for the patients by the use of
portable inhalers (Zhou et al., 2014). Nevertheless, the rapid
clearance of the inhaled drugs in the lungs leads to less
therapeutic effectiveness (Todoroff & Vanbever, 2011).

With advancements in nanotechnology, the treatment of
various lung diseases by inhalation route has been improved.
Various nano drug delivery systems are employed to target
the specific tissues and cells in order to achieve enhanced
effects and reduce side effects of the drug in the lungs and
other organs (Kuzmov & Minko, 2015). Nebulizable delivery
systems of proniosomes were successfully designed by incor-
porating beclomethasone dipropionate (BDP) as model drug.
Two systems were developed that are Aeroneb pro and
Omron Micro air vibrating-mesh nebulizer and Pari LC Sprint
air-jet nebulizer. The aerosol properties of the niosomes
formed after hydration of proniosomes were analyzed. The
results revealed that the entrapment of BDP in proniosomes
was higher as compared to the conventional niosomes.
Moreover, high drug output and fine particle fraction (FPF)
was achieved by aerosols produced from both nebulizable
systems. Therefore, proniosomal system manifested as feas-
ible methodology to deliver BDP-niosomes through vibrat-
ing-mesh and air jet nebulizers (Elhissi et al., 2013).

In another study, Abd-Elbary et al. (2008) successfully
developed a controlled release nebulizable delivery system
for cromolyn sodium loaded in proniosomes by using non-
ionic biocompatible and biodegradable surfactant, i.e.
sucrose stearate. These observations evident that pronio-
somes are feasible, stable promptly hydrated, and dry free
flowing carrier system for nebulization therapy of cromolyn
sodium (Abd-Elbary et al., 2008).

Intranasal delivery
Intranasal delivery is a promising noninvasive technique to
deliver the drugs directly to the CNS by avoiding the blood
brain barrier (BBB). The highly permeable nasal epithelium,
porous endothelial membrane, large surface area, and high
blood flow permit prompt absorption of drug in the nasal
mucosa. Various therapeutic drugs can be delivered to the
CNS by intranasal route (Chopra et al., 2011). Intranasal route
is superior to other conventional drug delivery methods and
has prominent advantages in treating different CNS diseases.
Intranasal route is noninvasive system that can reduce the
pain of injection and it is convenient route for patients as it
can be conducted by a patient itself. Moreover, large mole-
cules can be delivered to the brain effectively by crossing
the BBB; small doses are required to produce the appropriate
concentration in the CNS and it can reduce the toxic effects
of the drugs on peripheral system that ultimately reduces
the cost of therapy (Bhatt et al., 2015). Intranasal delivery is
also an alternative to other invasive delivery routes such as
cerebro ventricular or intra-parenchymal and deliver drugs
directly from nasal mucosa to the CNS effectively by employ-
ing olfactory and trigeminal pathways to reduce systemic
exposure (Bahadur & Pathak, 2012). However, nasal delivery
has some demerits such as rapid removal of drugs due to
mucociliary clearance system, mucosal damage on repeated
use of this route, nasal irritation, nasal congestion, and partial
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degradation by nasal peptidase enzyme system (Ali et al.,
2010).

Currently, the most advanced and favorable noninvasive
approach for brain delivery is the development of nanocar-
riers having size range between 1 and 100 nm which can eas-
ily cross the brain endothelium. Furthermore, nanocarriers
have the ability to keep drugs away from biological environ-
ment and avoid enzymatic degradation and thereby enhance
the cellular uptake and drug bioavailability. Thus, it is an
important therapeutic approach for treating various neuro-
logical disorders and minimizing the adverse effects of sev-
eral therapeutic drugs (Gurrapu et al., 2012; Santos et al.,
2012). Vesicular drug delivery systems (liposomes and nio-
somes) are promising drug delivery carriers that have the
capability to deliver both small and large therapeutic agents
effectively through intranasal route to the CNS by circum-
venting the restrictions of nasal delivery including mucocili-
ary clearance, enzymatic degradation, and increase drug
bioavailability (Alsarra et al., 2010). The utilization of these
drug carriers is mainly due to their versatile nature, the
chemical properties associated with surfactants and phospho-
lipids employed for their preparation (Agrati et al., 2011).
It can be concluded that, proniosomes have the potential
to deliver drugs through intranasal route, as these have
penetration and absorption enhancing properties. The deliv-
ery of proniosomes through intranasal route has not been
reported yet.

Toxicities associated with proniosomes

From the above discussion, it is concluded that the safety
profile of proniosomes is quite good because of the compo-
nents that are used to fabricate them are safe and biocom-
patible. Although surfactants are supposed to illustrate
toxicities when they are used to develop drug delivery sys-
tems, however, practically adequate data is not available
about the toxicities associated with proniosomes (Yadav
et al., 2011). Proniosomes does not produce any signs of tox-
icity when administered through oral and parenteral routes.
Lornoxicam (NSAID) toxicity is dose related when applied at
the desired site of action. Oro-dental mucoadhesive pronio-
somal gel is a favorable approach that improves the safety of
lornoxicam in dental application (Abdelbary & Aburahma,
2015). The ocular irritancy test of lomefloxacin proniosomes
showed that they have high ocular tolerability and does not
produce redness and inflammation in the eye (Khalil et al.,
2016). Another study showed that nonionic surfactants may
damage corneal and conjunctival epithelium and produce
ocular irritation, redness, and discharge (Maurer et al., 1997;
Maurer et al., 1998) whereas (Maiti et al., 2011) reported that
common excipients used in NSVs, such as span 60 and chol-
esterol are safe and does not produce any ocular toxic sign
(Maiti et al., 2011). Thus, non-ionic surfactant vesicles includ-
ing proniosomes are safe and do not produce any ciliotoxic-
ity and cytotoxicity as depicted from a study conducted to
assess the safety of NSVs for topical delivery. Ciliotoxicity
model is used for the safety assessment of intranasal formu-
lations whereas; cytotoxicity model is used for skin delivery.

Both models revealed that NSVs are safe in all respects
because of their physicochemical properties (Hofland et al.,
1992).

Proniosomes versus niosomes

From decades, vesicular systems have been used as drug
delivery carriers for multiple purposes, such as targeted drug
delivery, increased drug transport through different biological
barriers, and controlled drug release. Vesicular drug delivery
systems include liposomes, niosomes, transfersomes, etho-
somes, and others. These systems are similar to the conven-
tional liposomes but vary in structure and function (El
Maghraby et al., 2008). Liposomes and niosomes have various
applications in drug delivery but they experienced a lot of
demerits, such as instability due to phospholipids degrad-
ation and aggregation, fusion, and leakage of drug.
Proniosomes have the potential to overcome these draw-
backs as they can be sterilized, stored at room temperature
and can be hydrated instantly to form niosomal dispersion
before administration.

Proniosome powders have prominent advantages and are
also preferred over lyophilized powders as the drug proper-
ties are altered by lyophilization. Several published studies
reported the superiority of proniosomes over niosomes.
A comparative study conducted on stability studies of nio-
somes and proniosomes demonstrated that proniosomes can
be effectively stored at room temperature and the drug leak-
age from the proniosome vesicles was reduced which is the
main concern with noisome when stored at room tempera-
ture (Ruckmani et al., 2010). Similarly, the stability of pronio-
somes can be manifested by the assessment of proniosomal
formulations for three months containing tenoxicam. The
results of stability studies revealed higher entrapment effi-
ciency and retention and no considerable change was
observed in mean particle size when compared to freshly
prepared sucrose stearate noisome over a period of 90 d
(Ammar et al., 2011). Furthermore, a proniosomal gel
emerged as a propitious system to deliver estradiol effect-
ively through transdermal route with enhanced skin perme-
ability as compared to niosomes. The enhanced permeation
of estradiol across skin is attributed to the fact that pronio-
somes contain nonionic surfactants and lecithin which has
penetration enhancing properties (Fang et al., 2001).

Conclusion

With recent advances in drug delivery systems proniosomes
have gained pronounced recognition in the field of drug
delivery. Proniosomes are a versatile drug delivery system
having a number of advantages over other drug delivery car-
riers, such as liposomes and niosomes. Proniosomes are the
dry formulations that promptly form niosomes upon hydra-
tion. Niosomes formed from proniosomal technology are
superior over conventional niosomes in terms of stability and
the hydration of dry proniosomes is extremely simple than
the extensive shaking processes involved in standard film
hydration method. They have the potential to attenuate the
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solubility and permeability problems of class II and IV drugs
and have the capability to incorporate both hydrophilic and
hydrophobic drugs. Furthermore, they have the scalable
properties and unit dosage forms can be developed from dry
powder proniosomes including tablets, beads, and capsules.
They provide further benefit of transportation, distribution
and storage, and dose.

Extensive research reported on proniosomes evident their
effectiveness in drug delivery and targeting. Proniosomes are
suitable carrier system for the delivery of wide variety of
drugs through different routes, such as oral, parenteral, der-
mal, transdermal, ocular, vaginal, mucosal pulmonary, and
nasal effectively. Proniosomes are extensively employed in
oral and transdermal delivery of wide variety of drugs. In oral
delivery, they predominantly used to improve the bioavail-
ability and absorption from the gastrointestinal tract.
Moreover, they have a promising role in transdermal delivery
because of their penetration enhancing properties, non-tox-
icity, and drug release modulation properties. While in muco-
sal drug delivery, they gained appreciable attention and
provide new aspects in the field of pharmaceutical research.
Furthermore, proniosomes have wide applications in drug
delivery and targeting and has opened the door of research
for other active pharmaceutical agents including anticancer
drugs, vaccines, and genes.

Future perspectives

From last few decades, the concept of proniosome derived-
niosomes have been introduced new aspects in pharmaceut-
ical research and the most accepted by the research scien-
tists in targeting the specific organs or tissues for better
therapeutic effects. Proniosomes is the modern concept that
opens the door of research in pharmaceutical field. Different
new carrier materials can be analyzed for future use in the
production of proniosomes that are biocompatible and
appropriate for proniosomes. Moreover, proniosomes are
becoming promising drug delivery carrier among vesicular
systems but there is a need to explore them in the field of
nutraceuticals, herbal compounds, and cosmetics. They are
also suitable for the delivery of peptides as peptides undergo
enzymatic degradation when administered through oral
route due to the presence of enzymes and acidic condition.
Higher stability of peptides could be achieved by pronioso-
mal technology. Additionally, they are convenient for the
delivery of vaccines and antigens and could function better
in presenting the antigens to antigen identification cells.

Further, the drugs having pronounced adverse effects can
be effectively delivered by proniosomal carriers to improve
their therapeutic effectiveness by minimizing side effects.
Proniosomes could also be used to deliver hemoglobin
within the blood as they are permeable to oxygen and,
therefore, can be effectively used as a carrier for the treat-
ment of anemia. Hence, an extensive research is required to
explore them in industrial set up by developing pilot plant
scale up studies. Yet, there are many challenges that need to
be assessed in industrial system and prove their suitability
for the delivery of wide range of drugs and natural products.
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