
147© Springer-Verlag Berlin Heidelberg 2016 
N. Dragicevic, H.I. Maibach (eds.), Percutaneous Penetration Enhancers Chemical Methods in 
Penetration Enhancement: Nanocarriers, DOI 10.1007/978-3-662-47862-2_10

      Niosomes and Proniosomes 
for Enhanced Skin Delivery       

     Rita     Muzzalupo    

    Contents 

10.1   Skin and Penetration Enhancers     147 

10.2   Niosomes as Carriers in 
Percutaneous Drug Delivery     149 

10.3   Percutaneous Applications 
of Niosomes     152 

10.4   Proniosomes as Carriers in 
Percutaneous Drug Delivery     154 

10.5   Percutaneous Applications of 
Proniosomes     156 

  Conclusion     157 

  References     158 

10.1            Skin and Penetration 
Enhancers 

 The skin is very effective as a selective penetra-
tion barrier. Percutaneous absorption involves the 
passage of the drug molecule from the skin sur-
face into the stratum corneum under the infl uence 
of a concentration gradient and its subsequent 
diffusion through the stratum corneum and 
underlying epidermis, through the dermis, and 
into the blood circulation. The skin behaves as a 
passive barrier to the penetrant molecule. The 
stratum corneum provides the greatest resistance 
to penetration, and it is the rate-limiting step in 
percutaneous absorption (Barry  2001 ; Inayat and 
Mallikarjuna  2009 ). 

 An approach commonly researched, for pro-
moting permeation through the skin of poorly 
penetrating drug molecules, is the formulation of 
a suitable delivery vehicle or the incorporation of 
a chemical enhancer into dermal and transdermal 
delivery systems. Penetration enhancers are sub-
stances that facilitate the absorption of penetrants 
through the skin by temporary diminishing the 
impermeability of the skin. Ideally, these materi-
als should be pharmacologically inert, nontoxic, 
nonirritating, nonallergenic, compatible with the 
drug and excipients, odorless, tasteless, colorless, 
inexpensive, and have good solvent properties 
(Williams and Barry  2004 ). The enhancer should 
not lead to the loss of body fl uids, electrolytes, 
and other endogenous materials, and the skin 
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should immediately regain its barrier properties 
on its removal (Davis and Hadgraft  1991 ; Pfi ster 
et al.  1990 ). Alternatively, physical mechanisms 
such as iontophoresis and phonophoresis can be 
used to promote the diffusion of certain classes of 
drugs (Venuganti and Perumal  2009 ). 

 The primary role of the stratum corneum is to 
provide a substantial diffusional barrier and 
thereby protect the body from the ingress of 
xenobiotics. The dermal barrier of the body is 
now known to be a complex, dynamic, biochemi-
cal environment that responds to ambient condi-
tions to maximize the protective barrier. 
Diffusional resistance is known to reside in the 
stratum corneum, and it is constituted by a com-
plex interaction, principally of lipid and protein 
components, which create fairly distinct hydro-
philic and lipophilic penetration pathways. The 
increase in the understanding of the function of 
the stratum corneum in recent years has resulted 
in a diverse range of compounds being tested for 
their ability to facilitate improved permeation of 
coadministered drugs through the skin (Vyas and 
Khar  2002 ). Penetration-enhancing effects, 
resulting from structural alterations of the stra-
tum corneum barrier, manifest themselves in an 
increase of the drug diffusion coeffi cient and/or 
of the drug solubility in the barrier. The quantifi -
cation of enhancing effects on drug penetration is 
possible either by the direct determination of the 
drug fl uxes or by an indirect determination 
through the measurement of the pharmacody-
namic response. 

 Percutaneous applied drug preparations for 
local or systemic therapy still have limited 
effi cacy. 

 The transdermal delivery of systemically act-
ing drugs may cause problems. The number of 
drugs that lead to plasma levels in the therapeutic 
range after transdermal application is small. This 
is limited due to the signifi cant barrier to penetra-
tion across the skin, consequently even for read-
ily penetrating drugs, such as nitroglycerin, the 
daily dose of drug that can be delivered from a 
transdermal patch is not more than a few milli-
grams (Guy and Hadgraft  1985 ). The penetration 
rate of drugs from transdermal systems does not 
really seem to be regulated by the drug release 

rate from the transdermal system (Chien et al. 
 1983 ; Tojo et al.  1986 ): the drug penetration 
across the stratum corneum is the penetration 
rate-limiting step. The reason for these problems 
is the distinct barrier function of the stratum cor-
neum. The drug penetration rate and the permea-
bility of the barrier for the drug increase primarily 
with increasing drug’s partition coeffi cients 
between stratum corneum and vehicle or between 
octanol and water and with decreasing relative 
molecular weight (Flynn  1990 ; Hagedorn- 
Leweke and Lippold  1995 ; Le and Lippold  1995 ). 
High skin permeability can be expected, in par-
ticular, for small molecules with suffi cient affi n-
ity to the stratum corneum. 

 The fi nal aim of transdermal drug delivery is 
to ensure that compounds are delivered, prefera-
bly at a specifi c rate, to the systemic circulation. 
Penetration of the drug to the dermal vasculature 
follows exposure of the skin to a dosage form 
from which the active must partition, followed by 
diffusion of the compound through the external 
strata to the dermis. Partitioning of the drug from 
the dosage form to the skin is highly dependent 
on the relative solubility of the drug in the com-
ponents of the delivery system and in the skin. 
Thus, the composition of the vehicle may mark-
edly infl uence the degree of penetration of the 
drug (Guy and Hadgraft  1989 ). Partitioning is 
governed to a large extent by the thermodynamic 
activity of the drug in the vehicle, and this is, 
therefore, of major importance in controlling the 
degree of penetration of any compound (Chien 
 1991 ). 

 Since diffusion of drugs across the skin is a 
passive process, compounds with low solubility 
and low affi nity for the hydrophilic and lipophilic 
components of the SC would, theoretically, parti-
tion at a slow rate. These diffi culties may be over-
come by addition of a chemical adjunct to the 
delivery system that would promote drug parti-
tioning into the SC. Furthermore, penetration 
enhancer chemicals added to topical vehicles 
usually also partition into the SC and affect the 
intrinsic diffusional barrier properties of this 
structure. Other factors that require consider-
ation, when penetration enhancers are included 
into formulations, are the effects that these 

R. Muzzalupo



149

 chemicals may have on the solubility of the drug 
in the delivery vehicle, infl uencing the diffusional 
gradient, or the possible effects that the chemical 
may have on the state of hydration of the diffu-
sional barrier (Vyas and Khar  2011 ). 

 Different classes of compounds have been 
tested for their enhancer action (Sinha and Kaur 
 2000 ), and different approaches to enhance drug 
penetration which include the use of enzymes, 
natural oils, phospholipid micelles, liposomes 
(Sinico et al.  2005 ), niosomes (Tavano et al.  2011 ), 
polymers, lyotropic liquid crystals (Muzzalupo 
et al.  2010 ), and surfactants (Bettley  1965 ). 

 Carrier-based percutaneous drug delivery sys-
tems are represented in Fig.  10.1 .

   Surfactants contribute to the overall penetra-
tion enhancement of compounds primarily by 
adsorption at interfaces, by interacting with bio-
logical membranes, and by alteration of the bar-
rier function of the SC, as result of reversible 
lipid modifi cation (Kushla et al.  1993 ). Nonionic 
surfactants are used widely in pharmaceuticals 
to increase stability, solubility, and permeation 
of drugs. 

 Among these strategies, special formulation 
approaches based mainly on the use of surfactant 
solutions or vesicles (niosomes and pronio-
somes) are the most promising (Choi and 
Maibach  2005 ). 

 There is a direct contact of niosome/pronio-
some formulations with the skin after their appli-
cation, so it is better to discuss the potential 
interactions between the skin and vesicles formed 
in niosome/proniosome formulations. As known, 
niosomes and proniosomes are vesicles com-
posed of nonionic surfactants. So it is advisable 
to study the interactions between nonionic sur-
factants and the skin. Nonionic surfactants are 
used widely in pharmaceuticals to increase sta-
bility, solubility, and permeation of drugs. There 
is a strong indication that the degree of interac-
tion between vesicles and skin mainly depends 
on physicochemical properties of the surfactant 
molecules which the niosomes or proniosomes 
are composed of.  

10.2     Niosomes as Carriers 
in Percutaneous Drug 
Delivery 

 Colloidal vesicular carriers such as niosomes 
have been extensively applied in drug deliv-
ery systems due to their unique advantages. 
The formation of vesicular systems based 
on hydration of a mixture of a single-alkyl 
chain nonionic surfactant and cholesterol 
was firstly reported in 1979 (Handjani-Vila 
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  Fig. 10.1    Carriers for percutaneous drug delivery (Adapted from Venuganti and Perumal  2009 )       
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et al.  1979 ). Niosomes are self- assembled, 
 submicron vesicles composed of nonionic sur-
factants with closed bilayer structures similar 
to liposomes. However, they are much more 
stable and less expensive than liposomes. 
Niosomes are synthetic microscopic vesicles 
consisting of an aqueous core enclosed in a 
bilayer consisting of one or more nonionic 
surfactants and cholesterol. They are made 
of biocompatible, biodegradable, nontoxic, 
 nonimmunogenic, and noncarcinogenic agents 
which form closed spherical structures (self- 
assembly vesicles) upon hydration. With high 
resistance to hydrolytic degradation, niosomes 
are capable of entrapping many kinds of drugs 
and exhibit greater stability and longer shelf 
life than liposomes. These vesicles can act as 
drug reservoirs, and the rate of drug release 
can be modified by changing their composi-
tion (Handjani-Vila et al.  1979 ; Sankhyan and 
Pawar  2012 ; Tojo et al.  1986 ; Udupa  2004 ). 

 These vesicular carriers can encapsulate both 
hydrophilic drugs (in the aqueous core) and 
hydrophobic drugs (in the bilayer). Because of 
their potential to carry a variety of drugs, these 
vesicles have been widely used in various drug 
delivery systems, for drug targeting, controlled 
drug release, and permeation enhancement of 
drugs (Akhilesh 2011). The hydrophobic part of 
the surfactant faces toward the core, whereas the 
hydrophilic groups interface with the surround-
ing aqueous medium. Niosomes can be con-
structed by using a variety of surfactants, which 
possess a hydrophilic head group and a hydro-
phobic tail. The hydrophobic tail may consist 
of one or two alkyl or perfl uoroalkyl groups, or 
in some cases, it consists of a single steroidal 
group. The surfactants with an alkyl chain length 
from C12–C18 are suitable for the preparation 
of niosomes. Hydrophilic head groups include 
glycerol, ethylene oxide, polyhydroxy groups, 
crown ethers, sugars, and amino acids (Lohumi 
et al.  2012 ; Sahin  2007 ). The most frequently 
used nonionic surfactants include ester of sor-
bitan (sorbitans are also known as “Spans”) 
and polyoxyethylene alkyl ether (C  n  EO  m  , Brij®) 
surfactants. Cholesterol and their derivatives 
are included in niosomes besides surfactants, 

 usually in a 1:1 molar ratio, as steric stabilizers 
to prevent aggregation (Florence  1993 ; Vyas and 
Khar  2011 ). Cholesterol also prevents the phase 
transition of niosomes from the gel to the liq-
uid state and thereby reduces drug leakage from 
niosomes. The stability of niosomes can be fur-
ther improved by the addition of charged mole-
cules such as dicetyl phosphate, which prevents 
aggregation by charge repulsion. Generally, 
an increase in surfactant/lipid level increases 
the drug encapsulation effi ciency in niosomes 
(Uchegbu and Vyas  1998 ). Preparation of nio-
somes requires some energy in the form of 
elevated temperature and/or shear. The major-
ity of the methods involve hydration of a mix-
ture of surfactant/lipid at elevated temperature, 
followed by size reduction using sonication, 
extrusion, or better high-pressure homogeniza-
tion. Finally, the removal of unentrapped drug 
from the vesicles can be accomplished by dialy-
sis, gel fi ltration, or centrifugation. Niosomes 
prepared by hydration methods usually are in 
micron size range. Size reduction by sonica-
tion and/or extrusion results in niosomes of 
100–200 nm, whereas microfl uidizer or high- 
pressure homogenizer can achieve niosomes 
of 50–100 nm. The smaller size of niosomes is 
achieved at the cost of reduced drug loading. 
Furthermore, the smaller niosomes are rela-
tively more unstable than larger ones and, there-
fore, require stabilizers, such as cholesterol or 
fatty alcohols or diacetyl phosphate to prevent 
aggregation. Both hydrophilic and hydrophobic 
drug molecules have been encapsulated in nio-
somes by using either dehydration–rehydration 
technique or the pH gradient within and outside 
the niosomes (Uchegbu and Vyas  1998 ; Vyas 
and Khar  2011 ). 

 Percutaneous delivery defi nes targeting to the 
pathological sites within the skin with the least 
systemic absorption. Drug localization in the 
skin is of crucial importance in the treatment of 
dermatological diseases such as skin cancer, pso-
riasis, alopecia, and acne, where the origin of dis-
ease is located in the skin (Brown et al.  2006 ). 
Drug administration onto the skin has been used 
since a long time to deliver drugs to different skin 
layers as well as to deep regions somewhat 
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remote from the application site. However, sev-
eral limitations have been associated with con-
ventional topical preparations, e.g., low 
percutaneous drug penetration because of the 
barrier function of the stratum corneum, the out-
ermost layer of the skin (Rubio et al.  2011 ), or 
unwanted absorption to the systemic circulation 
(Dubey et al.  2012 ). Research studies report now-
adays about delivery systems that are able to 
deliver drugs through the skin (Higaki et al. 
 2005 ). 

 Niosomes have been reported to enhance the 
residence time of drugs in the stratum corneum 
and epidermis, while reducing the systemic 
absorption of the drug and improving penetration 
of the trapped substances through the skin. In 
addition, these systems have been reported to 
decrease side effects of drugs. (Schreier and 
Bouwstra  1994 ). They are thought to improve the 
horny layer properties both by reducing transepi-
dermal water loss and by increasing smoothness 
via replenishing lost skin lipids (Hofl and et al. 
 1991 ). Moreover, it has been reported in several 
studies that compared to conventional dosage 
forms, vesicular formulations exhibited an 
enhanced cutaneous drug bioavailability 
(Manconi et al.  2006 ; Mura et al.  2007 ; Srikanth 
et al.  2010 ). 

 Therefore, the main advantages of niosomal 
systems are as follows (Biju et al.  2006 ; Indhu 
et al.  2004 ; Vyas and Khar  2011 ):

•    They consist of hydrophilic, amphiphilic, and 
lipophilic moieties together and as a result 
they can accommodate drug molecules with a 
wide range of solubilities.  

•   The vesicles have fl exible properties that can 
be varied by changing, the composition of 
vesicles, which affects the size, lamellarity, 
tapped volume, and surface charge.  

•   As the vesicle dispersion is a water-based 
vehicle, it provides better patient compliance 
than oil-based dosage forms.  

•   By improving oral bioavailability of poorly 
absorbed drugs, by delaying clearance from the 
circulation, and by protecting the drug from 
biological environment, they improve the ther-
apeutic performance of the drug molecules.  

•   The vesicles may act as a depot, releasing the 
drug in a controlled manner.  

•   They are osmotically active, chemically sta-
ble, and also increase the stability of the drug 
entrapped. Oral, parenteral, and topical routes 
can be used for their administration.  

•   Biodegradable, biocompatible, and nonimmu-
nogenic surfactants are used in the preparation 
of niosomes.  

•   Handling and storage of surfactants require no 
special conditions.    

 The drawbacks of niosomes are principally 
linked to their preparation (Verma et al.  2010 ):

•    The aqueous suspensions of niosomes may 
have limited shelf life due to fusion and aggre-
gation of vesicles and leaking of entrapped 
drugs from vesicles.  

•   The methods of vesicle preparation foreseeing 
the steps, such as extrusion and sonication, are 
time consuming and may require specialized 
equipment for processing.    

 The entrapment effi ciency of the drug, the rate 
of drug release, and the size of vesicles are depen-
dent on the hydrophilic-lipophilic balance (HLB) 
value of the surfactant. The entrapment effi ciency 
increases with the increase in the concentration 
and lipophilicity of the surfactant, while if the 
HLB value of the surfactant decreases, the mean 
size is reduced (Biswal et al.  2008 ; Lawrence 
et al.  1996 ; Shahiwala and Misra  2002 ). 

 The rate of drug release from niosomes is 
dependent on the surfactant type and also on 
the phase-transition temperature of surfactant. 
For example, the release of carboxyfl uorescein 
from sorbitan monoester (sorbitan molaurate, 
Span® 20; sorbitan monopalmitate Span® 40; 
sorbitan monostearate, Span® 60;) niosomes 
was in the following decreasing order: Span® 
20 > Span® 40 > Span® 60, i.e., the release 
decreased with an increase in alkyl chain length 
of the surfactant [82]. Their phase transition 
temperature (from gel to liquid thermodynamic 
state) increased as the length of the acyl chain 
increased. Thus, sorbitan monolaurate (Span® 
20) with a C9 chain is in liquid thermodynamic 
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state at room temperature; sorbitan monopalmi-
tate (Span® 40) with a C13 chain has a phase 
transition temperature of 46–47 °C; sorbitan 
monostearate (Span® 60) with a C15 chain has 
a gel to liquid phase transition temperature of 
56–58 °C. Vesicles made with these higher 
molecular weight Span® surfactants are less 
leaky and more stable to osmotic gradients. 
Niosomes have been shown to penetrate into 
the skin and enhance the permeation of drugs. 
Span® niosomes provided signifi cantly higher 
skin permeation and partitioning of enoxacin 
than liposomes and the free drug. The action of 
niosomes as permeation enhancers might pre-
dominantly be on the intercellular lipids of SC, 
raising the fl uidity and weakness of the SC. The 
direct permeation of the vesicles into the viable 
epidermis and dermis was largely restricted. 
Niosomes were mainly localized in the SC, but 
niosomes largely contribute to the rapid perme-
ation of enoxacin across the SC which may be 
due to the higher diffusion of vesicles with the 
drug into the SC. It is proposed that niosomes 
disrupt the membrane properties of the SC as 
well as that they directly fuse into the upper 
layer of the skin, thereby enhancing the skin 
permeation of enoxacin (Fang et al.  2001a ). 
Niosomes dissociate and form loosely bound 
aggregates, which then penetrate into the deeper 
skin strata. Furthermore, the high skin penetra-
tion of drugs from niosomes has been attributed 
to the fl exibility of niosomes, and this is sup-
ported by the fact that a decrease in cholesterol 
content which leads to higher vesicle fl exibility 
increases the drug penetration through the skin 
(Vanhal et al.  1996 ). Moreover, the nonionic 
surfactant can also modify the intercellular 
lipid structure in the SC to enhance skin perme-
ability. In addition, adsorption and fusion of 
niosomes with the skin surface increase the 
thermodynamic activity of the drug, leading to 
enhanced drug penetration into the skin 
(Schreier and Bouwstra  1994 ). In vitro studies 
have found that the chain length of alkyl poly-
oxyethylene in niosomes did not affect the cell 
proliferation of human keratinocytes, but the 
ester bond was found to be more toxic than the 
ether bond in the surfactants (Hofl and et al.  1991 ).  

10.3     Percutaneous Applications 
of Niosomes 

 Niosomes and niosomal gels are considered to be 
useful controlled drug delivery systems for the 
percutaneous route, and many researchers stud-
ied their potential as innovative drug delivery 
systems for this route (Hamishehkar et al.  2013 ). 

 5-Fluorouracil (5-FU) is an anticancer drug 
that showed appropriate antitumoral effect in 
the topical treatment of lesions associated to 
squamous cell carcinoma (Gross et al.  2007 ). 
Unfortunately, 5-FU shows a low percutaneous 
permeation, thus reducing its anticancer effec-
tiveness. Therefore, improved percutaneous per-
meation of 5-FU is an important prerequisite to 
attain an effective topical therapeutic approach 
(Gupta et al.  2005 ; Singh et al.  2005 ). Paolino 
et al. designed an innovative niosomal system 
composed of α,ω-hexadecyl-bis-(1-aza-18- 
crown-6) (Bola), Span® 80, and cholesterol as a 
topical carrier system for 5-FU. In this study, the 
percutaneous permeation of 5-FU through human 
stratum corneum and epidermal layers demon-
strated that bola-niosomes provided an eightfold 
and fourfold increase of the drug penetration 
compared to an aqueous drug solution and to a 
mixture of empty bola-niosomes with an aqueous 
drug solution, respectively (Paolino et al.  2008 ). 
Niosomes loaded with capsaicin were prepared 
using a particular ratio between surfactants, to 
obtain systems with a specifi c HLB value (10, 
12, 14) and characterized in terms of particle 
size, morphology, and their capsaicin entrap-
ment effi ciency. They were evaluated in vitro for 
their percutaneous permeation-enhancing effect. 
The prepared formulations were compared to 
microemulsions prepared from the same surfac-
tants in the same ratio, and a higher transdermal 
delivery of capsaicin was achieved with nio-
somes (Tavano et al.  2011 ). Carafa et al. ( 2002 ) 
prepared lidocaine and lidocaine hydrochloride-
loaded nonionic surfactant vesicles using Tween® 
20 and cholesterol. The ability of the drug to dif-
fuse through a model lipophilic membrane and 
through mouse skin was studied and compared 
with classical liposomes and Tween® 20 micelles. 
Also, dicetylphosphate and N-cetylpyridinium 
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chloride were used to prepare negatively and 
positively charged vesicles, respectively, in order 
to study the effect of vesicle charge on drug 
encapsulation effi ciency. The obtained data pro-
vided direct evidence that neutral vesicles, pre-
pared with Tween® 20 and cholesterol, entrapped 
a higher lidocaine amount, at pH 5.5, than posi-
tively and negatively charged vesicles. Ellagic 
acid may selectively inhibit melanin synthesis 
only in UV-activated melanocytes. It is a phy-
tochemical substance with potent antioxidative 
properties which has limited use due to its poor 
biopharmaceutical properties such as low solubil-
ity and low skin permeation ability. Junyaprasert 
et al. ( 2012 ) prepared a niosomal formulation of 
ellagic acid from the mixture of Span® 60 and 
Tween® 60 for  dermal delivery. Due to the low 
solubility of ellagic acid, methanol (MeOH), 
propylene glycol (PG), and polyethylene glycol 
400 (PEG 400) were used as solubilizers. Skin 
permeation and distribution studies revealed that 
ellagic acid-loaded niosomes showed a more 
effi cient delivery of ellagic acid through human 
epidermis and dermis than the ellagic acid solu-
tion, indicating that these niosomes may be a 
potential carrier for the dermal delivery of ellagic 
acid. Tretinoin cutaneous delivery is strongly 
affected by vesicle composition and thermody-
namic activity of the drug. In particular, small, 
negatively charged niosomal formulations, which 
are saturated with tretinoin, have shown to give 
higher cutaneous drug retention (Manconi et al. 
 2006 ). Nasr et al. ( 2008 ) studied multilamel-
lar liposomes and niosomes of aceclofenac, a 
potent analgesic, antipyretic, and anti-infl amma-
tory agent. A comparative study was performed 
through evaluation of entrapment effi ciency, 
particle size, shape, differential scanning calo-
rimetry, in vitro drug release, and 3 months 
stability. Results proved that niosomes possess 
better stability than liposomes. Both vesicular 
systems showed considerable sustained anti-
infl ammatory activity compared to the commer-
cial product. However, niosomes were superior to 
liposomes as clearly shown with both edema and 
inhibition rates assessed by the rat paw edema 
technique. Ketoprofen was encapsulated in nio-
somes of Span® 60 for topical application which 

released the drug in a slow and sustained manner 
(Arora and Sharma  2010 ). Elastic and nonelastic 
niosomes of gallic acid were prepared, and non-
elastic niosomes showed a slight increase in the 
entrapment effi ciency. Elastic niosomes showed, 
however, an increased permeation through the 
skin which will be benefi cial for topical antiaging 
treatment (Manosroi et al.  2011 ). Manosroi et al. 
( 2012 ) prepared cationic niosomes encapsulat-
ing an extract of a semipurifi ed fraction of  Oryza 
sativa . They investigated physicochemical char-
acteristics and transfollicular penetration of nio-
somes through porcine skin using the follicular 
closing technique by Franz diffusion cells. The 
results of this study confi rmed effi cient transfol-
licular delivery of unsaturated fatty acids using 
cationic niosomes as well as the advantage of 
low systemic effect of a semipurifi ed fraction of 
 Oryza sativa  compared to the neutral niosomes. 
Fluconazole- loaded niosomes of Span® 40, Span® 
60, and polyoxyethylene (2) stearyl ether (known 
as Brij® 72) surfactants were prepared and evalu-
ated. The prepared formulation accumulated the 
drug in the skin forming localized drug depots, 
thereby releasing the content in a sustained man-
ner (Gupta et al.  2011 ). Jayraman et al. ( 1996 ) 
studied the topical delivery of erythromycin from 
various formulations including niosomes in hair-
less mouse in vivo. The penetration study, and 
confocal microscopy, revealed that nonionic ves-
icles could target pilosebaceous glands. A natural 
compound with an effi cacious anti-infl ammatory 
activity, ammonium glycyrrhizinate was loaded 
into bola- niosomes. These drug-loaded niosomes 
provided a noticeable improvement of the in vivo 
anti- infl ammatory activity of the drug (Paolino 
et al.  2007 ). 

 Presence of 50 % alcohol in a marketed gel 
of naftifi ne hydrochloride, an antifungal highly 
lipophilic drug, has been detrimental to the skin 
after repeated exposure. An alcohol-free nio-
somal gel containing naftifi ne hydrochloride 
has been developed, and optimized to achieve 
maximum entrapment effi ciency coupled with 
stability. Negatively charged niosomes have 
also been incorporated into a hydroxyethylcel-
lulose gel (Barakat et al.  2009 ). Topical immu-
nization with cholera toxin B is a potential 
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adjuvant for cutaneous immune responses when 
coadministered with the hepatitis B surface anti-
gen (HBsAg)-encapsulated niosomes. Niosomes 
for topical delivery of vaccines using HBsAg as 
an antigen and cholera toxin B as an adjuvant 
can be effective as topical delivery of vaccines 
(Maheshwari et al.  2011 ). Mannosylated nio-
somes were formulated as a topical vaccine car-
rier system and adjuvant for the induction of 
both humoral and cellular immunities (Jain 
et al.  2005 ). 

 Aceclofenac niosomes have also been pre-
pared for topical use after their incorporation into 
a carbomer gel. The niosomal gel showed 
improved drug penetration and therapeutic 
 effi cacy of the drug (Solankia et al.  2010 ). A nio-
somal gel containing nimesulide was compared 
to a plain nimesulide gel in terms of drug deliv-
ery. It was concluded that the niosomal gel 
showed a prolonged drug release of nimesulide, 
thereby enhancing the anti-infl ammatory activity 
(Shahiwala and Misra  2002 ). 

 Estradiol-loaded niosomes obtained from 
nonionic  n -alkyl polyoxyethylene ether surfac-
tants (C n EO m ) and cholesterol facilitated estra-
diol transdermal permeation (Hofl and et al. 
 1994 ). Similarly, a meloxicam niosomal gel pro-
duced a greater reduction in edema in albino rats 
when compared to the conventional meloxicam 
gel due to the penetration of niosomes into the 
deeper layers of the skin. Meloxicam was 
entrapped in the niosomal gel which showed 
decreased side effects and increased pharmaco-
logical activity, thus proving to be a promising 
vehicle for transdermal delivery and an alterna-
tive to the conventional dosage form 
(El-Menshawe and Hussein  2013 ).  

10.4     Proniosomes as Carriers 
in Percutaneous Drug 
Delivery 

 Proniosomes represent a signifi cantly improved 
vesicular delivery system as physical stability 
problems, such as aggregation or fusion of vesi-
cles and leaking of entrapped drugs during long-
term storage are eliminated. Proniosomes are 

dry formulations of water- soluble carriers (vesi-
cles) that are coated with surfactants and rehy-
drated to form niosomal dispersions immediately 
before use on brief agitation in hot aqueous 
media within minutes. Proniosomes are conve-
nient to store, to transport, and to dose (single 
dose). Since they have similar release character-
istics as conventional niosomes, they may offer 
improved bioavailability of some drugs with 
poor solubility (controlled release formulations) 
or reduced adverse effects of some drugs. Since 
proniosomes are a dry powder, further process-
ing is possible. To provide convenient unit dos-
ing, the proniosome powder may be processed 
to make beads, tablets, or capsules. The hydra-
tion of the proniosome powder is much easier 
than the long shaking process required to 
hydrate surfactant in the conventional dry fi lm 
method of niosome preparation. The resulting 
niosomes are very similar to conventional nio-
somes and more uniform in size (Akhilesh et al. 
 2011 ; Hu and Rhodes  1999 ). They offer a versa-
tile vesicle delivery concept with the potential 
for transdermal drug delivery. They form nio-
somes following topical application under 
occlusive conditions, due to hydration by water 
from the skin itself. There are some factors such 
as hydration temperature, choice of surfactant, 
nature of membrane, nature of drug, etc. that 
can affect signifi cantly the physical properties 
of proniosomes. 

 Constituents which are selected for the prepa-
ration of proniosomes should have following 
characteristics: free-fl ow ability, nontoxicity, 
poor solubility in the loaded mixture solution, 
and good water solubility for ease of hydration. 
Different components, such as nonionic surfac-
tants and membrane stabilizers, are used for the 
proniosome preparation, and they are shown in 
Fig.  10.2  (Pandey  2011 ).

   The proniosomes are prepared by different 
methods:

    (a)     Slurry method : Coating material, principally 
maltodextrin powder, is added to the sur-
factant solution directly to form slurry. The 
solvent is dried until the powder appears 
to be dry and free fl owing. Proniosome 
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 powder is stored in sealed containers at 
4 °C. The time required to produce pronio-
somes is independent on the ratio of surfac-
tant solution to coating material and appears 
to be scalable (Almira et al.  2001 ). A pro-
niosome formulation based on maltodextrin 
was recently developed and has a potential 
application for delivering hydrophobic or 
amphiphilic drugs. The better of these for-
mulations used a hollow particle with 
exceptionally high surface area. The princi-
pal advantage with this formulation was 
that the amount of carrier required to sup-
port the surfactant could be easily adjusted, 
and proniosomes with very high mass ratios 
of surfactant to carrier could be prepared 
(Almira et al.  2001 ).   

   (b)     Coacervation-phase separation method : 
Weighed amounts of surfactant, lipid, and 
drug are dissolved in hot (60–70 °C) alcohol. 
Then the aqueous phase (0.1 % glycerol 
solution) is added and warmed on a water 
bath till a clear solution is formed which is 
then converted into a proniosomal gel upon 
cooling (Benson  2006 ; Vora et al.  1998 ).   

   (c)     Slow spray - coating method : This method 
involves preparation of proniosomes by 
spraying the surfactant in organic solvent 
onto coating materials, such as powder of 

sorbitol, and then evaporating the solvent. 
The surfactant coating on the carrier is very 
thin, and hydration of this coating allows 
multilamellar vesicles to form as the coating 
material dissolves. The resulting niosomes 
are very similar to those produced by con-
ventional methods, and the size distribution 
is more uniform (Abd-Elbary et al.  2008 ; 
Biju et al.  2006 ).     

 In addition to dry granular type of pronio-
somes, it is possible to obtain the liquid crystal-
line proniosomes. When the surfactant molecules 
are kept in contact with water, there are three 
ways through which lipophilic chains of surfac-
tants can be transformed into a disordered liquid 
state called lyotropic liquid crystalline state 
(neat phase). These three ways are increasing 
temperature at kraft point (Tc); addition of sol-
vent, which dissolves lipids; and use of both 
temperature and solvent. Neat phase or lamellar 
phase contains bilayers arranged in overlapping 
sheets within intervening aqueous layers. These 
types of structures give typical X-ray diffraction 
and threadlike birefringent structures under 
polarized microscope. The liquid crystalline pro-
niosomes or the proniosomal gel acts as a reser-
voir for dermal/transdermal delivery of drugs 
(Bharti et al.  2012 ). 

Nonionic surfactants

Coating materials

Membrane stabilizers
Cholesterol
Lecithin

Span 20
Span 40
Span 60
Span 80
Span 85

Tween 60
Tween 20

Tween 80

Maltodextrin
Sorbitol
Sucrose stearate
Glucose monohydrate
Lactose monahydrate

  Fig. 10.2    Typical components 
used for preparation of 
proniosomes (Adapted from 
Pandey  2011 )       

 

10 Niosomes and Proniosomes for Enhanced Skin Delivery



156

 Advantages of proniosomes over niosomes 
include (Pandey 1996; Sudhamani et al.  2010 ):

    1.    Avoiding problems of physical stability, like 
aggregation, fusion, leaking.   

   2.    Avoiding hydration of encapsulated drugs 
which limits the shelf life of the dispersion.   

   3.    Proniosomes are water-soluble carrier parti-
cles that are coated with surfactant and can be 
hydrated to form niosomal dispersions imme-
diately before use on brief agitation with hot 
aqueous medium. Proniosomes (dry nio-
somes) can be a promising industrial product 
because of the facility of transportation, distri-
bution, and storage.   

   4.    Unacceptable solvents are avoided in pronio-
somal formulations. The systems may be 
directly formulated into transdermal patches 
and do not require the incorporation of vesi-
cles into a polymeric matrix.   

   5.    Ease of storage makes proniosomes a versatile 
delivery system for a wide range of active 
compounds.    

10.5       Percutaneous Applications 
of Proniosomes 

 The importance of proniosomes can be described 
on the basis of different studies related to specifi c 
applications of proniosomes as a carrier system 
in transdermal delivery of different drugs. 

 Ketorolac, a potent nonsteroidal anti- 
infl ammatory drug, is formulated as a proniosome 
gel using Span®, Tween®, lecithin, and cholesterol 
with ethanol as a solvent. Each of prepared pro-
niosome formulations showed signifi cantly 
improved drug permeation. Entrapment effi ciency 
of drugs in prepared niosome formulations was 
about 99 %, and it was concluded by Alsarra et al. 
that proniosomes may be a promising carrier for 
ketorolac (Alsarra et al.  2005 ). Mokhtar et al. 
( 2008 ) formulated a proniosomal gel of fl urbipro-
fen using different Span® surfactants without and 
with cholesterol. The infl uence of different pro-
cessing and formulation variables on fl urbiprofen 
entrapment  effi ciency, such as cholesterol con-

tent, structure of nonionic surfactants, drug con-
centration, total lipid concentration, and the pH of 
the hydration medium, were studied. It was con-
cluded that niosome formulations containing 
10 % cholesterol were most stable among all the 
prepared formulations. Chandra and Sharma 
( 2008 ) formulated piroxicam proniosomes using 
Span® surfactants, cholesterol, lecithin, and iso-
propyl alcohol. It was suggested that proniosome 
vesicles transfer drug from vesicles to the skin 
and that the penetration enhancement may be due 
to the effect of surfactants. Thakur et al. ( 2009 ) 
prepared proniosomes using different esters of 
sorbitan and polysorbates (Tween are registered 
trademarks of ICI Americas), such as Span® 20, 
Span® 40, Span® 60, Span® 80, Tween® 20, 
Tween® 40, and Tween® 80, for transdermal deliv-
ery of losartan potassium. The best in vitro skin 
permeation profi le was obtained with pronio-
somes prepared using Span® 40. Proniosomes 
were used as carriers for transdermal delivery of 
lisinopril dihydrate by Shamsheer et al. ( 2011 ). 
The results of the this study indicated that the 
lisinopril dihydrate proniosomal gel containing 
lecithin, cholesterol, and a combination of two 
different Span® surfactants like Span® 20 and 
Span® 40 or Span® 60 and Span® 80 provided a 
sustained drug release over a period of 24 h for the 
control of hypertension. The proniosomal gel 
could be an effective alternative vehicle for deliv-
ering the drug by the transdermal route to avoid 
side effects associated with oral route. Gupta et al. 
( 2007 ) investigated the potential of proniosomes 
as a transdermal drug delivery system for capto-
pril which is used for the treatment of hyperten-
sion. The drug was encapsulated in various 
proniosomal gels composed of different ratios of 
sorbitan fatty acid esters, cholesterol, and lecithin. 
The authors concluded that these proniosomes are 
promising for prolonged delivery of captopril, 
have reasonably good stability characteristics, 
and can reduce the side effects associated with 
captopril. Fang et al. ( 2001b ) reported about the 
skin permeation of estradiol from various pronio-
somal gel formulations across excised rat skin. 
Presence or absence of cholesterol in the lipid 
bilayers of vesicles did not reveal difference in 
encapsulation effi ciency and  permeation of the 
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associated estradiol. The type and content of non-
ionic surfactants in proniosomes are important 
factors affecting the effi ciency of transdermal 
delivery of estradiol. The study suggests that 
inclusion of surfactants and lecithin in vesicles 
may play a more important role than inclusion of 
cholesterol on estradiol permeation. El-Laithy 
et al. ( 2011 ) studied a novel sustained release pro-
niosomal system using sugar esters as nonionic 
surfactants. Proniosomes were converted into nio-
somes loaded with vinpocetine upon skin water 
hydration following topical application under 
occlusive conditions. The researchers reported 
that proniosomes composed of sugar esters could 
be considered as very promising candidates for 
improving the transdermal delivery of 
vinpocetine. 

 Proniosomal gel of valsartan, an ACE inhibi-
tor, was prepared by Kakkar et al.  (2011 ). They 
evaluated the vesicle size and entrapment effi -
ciency of the drug, and performed diffusion and 
stability studies of the gel. Results have shown 
that the surfactant type and the content of choles-
terol and lecithin affect the encapsulation effi -
ciency and the drug release rate from proniosomes. 
In particular, the encapsulation effi ciency of val-
sartan of proniosomes formed by Span® 60 was 
observed to be higher compared to that obtained 
with Span® 40. 

 Azeem et al. ( 2008 ) studied the permeation- 
enhancing mechanism of the proniosomal gel of 
frusemide (or furosemide), in which Span®, leci-
thin, diacetyl phosphate, and cholesterol were 
used as constituents. The authors studied the 
effect of various formulation variables on the 
transdermal drug fl ux, amount of drug deposited 
in the skin, and plasma level of drug. The skin 
permeation studies were conducted on rat skin 
and human skin for quantifi cation of permeation 
parameters. Overall fi ndings suggested that the 
proniosomal gel was able to sustain the drug level 
in the blood and offer a promising means for non-
invasive delivery of frusemide. Varshosaz et al. 
( 2005 ) developed a proniosomal gel for transder-
mal delivery of chlorpheniramine maleate. The 
system was formulated with Span® 40 and evalu-
ated for the effect of the composition, type of sur-
factants used, and alcohols on the drug loading, 

rate of hydration, vesicle size, polydispersity 
index, entrapment effi ciency, and drug release 
across cellulose nitrate dialysis membrane. It was 
concluded that lecithin produced more stable and 
larger vesicles with higher loading effi ciency of 
the drug. The proniosomes that contained Span 
40/lecithin/cholesterol prepared by ethanol 
showed optimum stability, loading effi ciency, 
particle size and release kinetic suitable for trans-
dermal delivery of chlorpheniramine maleate. 
Proniosomes were used as carriers for the deliv-
ery of poorly water- soluble drugs, like celecoxib. 
Alam et al. ( 2010 ) prepared a proniosomal gel 
containing celecoxib using Span® 40 and Span® 
60, cholesterol, and lecithin. The hydroxypropyl 
methyl cellulose (HPMC) gel (4 % w/v in etha-
nol) was selected as a suitable base to incorporate 
proniosomes into a formulation. Their results 
indicated that proniosomes are a promising car-
rier for celecoxib used at low dose for transder-
mal delivery that can save the recipient from the 
harm of large doses with improved bioavailabil-
ity by bypassing the hepatic fi rst metabolism.  

    Conclusion 

 Delivery of unstable and potent active ingredi-
ents is always a major challenge for scientifi c 
researches. In this case, selection of a carrier 
and a suitable route of administration for better 
performance are crucial aspects for the deliv-
ery of drugs. For these purposes, vesicular 
drug delivery systems including niosomes and 
proniosomes have been developed, and these 
drug delivery systems have been demonstrated 
to be promising controlled drug delivery sys-
tems for percutaneous administration of drugs. 
Niosomes are nontoxic and nonimmunogenic 
drug carriers which have been widely stud-
ied for percutaneous drug delivery. Niosomes 
appeared superior systems over other carri-
ers, due to their cost-effectiveness, abilities 
to enhance the penetration of drugs, provide 
a sustained pattern of drug release and non-
toxic profi le, and localize drug in the skin. A 
proniosomal formulation which is converted 
into niosomes represents an innovative drug 
delivery system. Proniosomes were also found 
free from aggregation, fusion, leaking, and 
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 sedimentation of vesicles, indicating a good 
stability profi le. These are actually a nonaque-
ous form of niosomes which is  converted into 
niosomes after hydration. Proniosomes can be 
prepared easily by various techniques; they 
show enhanced stability of the formulation 
and simplicity in handling, they enhance drug 
bioavailability, and they enable controlled and 
prolonged drug delivery. Some studies have 
also shown that, for particular drugs, pro-
niosomes show higher permeation- enhancing 
ability than niosomes. As niosomes were 
fi rstly exploited as a cosmetic delivery system, 
they still have an extensive use in that fi eld 
that needs to be further explored. The topical 
administration of niosomes can support a large 
variety of relevant developments and medical 
applications, because their delivery-enhanc-
ing characteristics can be easily modulated 
by changing their composition and structure. 
Moreover, vesicles as dermal drug delivery 
systems offer many opportunities for innova-
tive research, aimed at both increasing effi -
ciency and reducing toxicity of drugs through 
simple topical application.     
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