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The central motivation for this study was to evaluate if the increased hydrophilic drug permeation across
the skin, which is always observed in presence of vesicular systems, is dependent on the structural orga-
nization of niosomes, that are used to transport the active molecules, or if it is only dependent on the sur-
factant dual nature. To answer this question, non-ionic surfactants belonging to the class of Pluronic and
sucrose esters were used both as components of niosomal systems or in the form of sub-micellar solu-
tions. The obtained niosomes were characterized by their entrapment efficiency, size and morphology.

The enhancing effect of niosomes on the ex vivo percutaneous penetration of a model drug was inves-
tigated using a Franz-type diffusion chamber and compared to that obtained by using sub-micellar solu-
tion of surfactant or achieving pretreatment of the skin with surfactants’ sub-micellar solution or empty
niosomes.

The results suggest that the surfactants used in this study could be considered as percutaneous perme-
ation enhancers only when they are in the form of drug-loaded vesicular systems: no percutaneous pro-
motion was achieved by using sub-micellar solution containing free Sulfadiazine sodium salt or
performing pretreatment with empty niosomes or sub-micellar solutions of the surfactant. In our exper-
iments, only niosomes act as effective transdermal drug delivery systems.

� 2011 Elsevier B.V. All rights reserved.
1. Introduction

Transdermal drug delivery is the controlled release of drugs
through the skin to obtain therapeutic levels systematically [1].
The skin forms an attractive and accessible route of delivery for
systemic drugs because of the problems associated with other
methods of administration, such as oral and parenteral. It provides
the advantage of avoidance of the first-pass effect, ease of use,
withdrawal of side effects and better patient compliance [2]. One
of the major disadvantages in transdermal drug delivery is the
low penetration rate of hydrophilic substances through the skin.
The diffusional barrier for most substances is localized in the upper
layer of the skin, the stratum corneum (sc), which consists of cor-
neocytes embedded in a lipid matrix [3].

In the recent decades, several physical (sonophoresis, iontopho-
resis, electro-osmosis, electroporation and temperature) [4,5] and
chemical technological advances have been made to enhance per-
cutaneous drug penetration, including the co-administration of
absorption enhancers or delivery agents and the encapsulation of
bioactive molecules in particles. Currently, the most widely used
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approach to drug permeation across the sc barrier is the use of
chemical penetration enhancers (sorption promoters and acceler-
ants). Penetration enhancers are substances that facilitate the
absorption of a molecule through the skin by temporarily dimin-
ishing its impermeability, decreasing mucus viscosity, the leakage
of proteins through membranes and the opening of tight junctions
[6]. Ideally, these materials should be pharmacologically inert,
non-toxic, non-irritating, non-allergenic, compatible with the drug
and excipients, odorless, colorless, cheaper and they should have
good solvent properties.

Different classes of compounds have been tested for their
enhancer action [7], and different approaches to enhancement
include the use of enzymes, natural oils, phospholipid micelles, lip-
osomes [8], niosomes [9], polymers, lyotropic liquid crystals [10]
and surfactants [11]. Among these strategies, special formulation
approaches based mainly on the use of surfactant solutions or ves-
icles (niosomes) are the most promising [12].

Surfactants contribute to the overall penetration enhancement
of compounds primarily by adsorption at interfaces, by interacting
with biological membranes and by alteration of the barrier func-
tion of the sc, as result of reversible lipid modification [13].

Vesicular systems have attracted a great deal of attention in the
transdermal delivery field because of many advantages, like biode-
gradability, non-toxicity, amphiphilic nature and possibility to
modulate drug bioavailability [14]. Moreover, they can be modified
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Fig. 1. Schematic representation of the synthesis of L64ox and P105ox.
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in their structural characteristics like size, shape and lamellae nat-
ure modifying their composition [15]. They may serve as a solubi-
lizing matrix, local depot for sustained release or permeation
enhancers of dermally active compounds or as a rate-limiting
membrane for the modulation of systemic absorption of drugs
via the skin [16].

In this study, we achieved the preparation of vesicular systems
(niosomes) obtained from non-ionic surfactants, belonging to the
class of Pluronic (P105 and L64) and the class of sucrose esters
(Tegosoft LSE 65K�) for the percutaneous release of Sulfadiazine
sodium salt. We also decided to change the Pluronic surfactants’
polar head increasing their hydrophilicity, by the oxidation of the
terminal ACH2OH into ACOOH, to assess changes in physical–
chemical properties of vesicles and consequently the permeation
of the drug. The obtained niosomes were characterized by their
entrapment efficiency, size and morphology.

The final aim of our study was to evaluate if the increased
hydrophilic drug permeation across the skin, which is always ob-
served with vesicular systems, is dependent on the typical struc-
tural organization of niosomes, that are used to transport the
active molecules, or if it is only dependent on the surfactant dual
nature.

The desire to answer this question was the central motivation
for this study, in which the non-ionic surfactants were used both
as components of niosomal systems and in the form of sub-micellar
solution. In fact, we designed experiments to examine what was the
real role of the surfactant molecule and the influence of its struc-
tural organization on the ex vivo permeation of a hydrophilic drug.

For these reasons, the percutaneous permeation profiles of
Sulfadiazine sodium salt obtained by the following were
compared:

� niosomes;
� sub-micellar solutions of each surfactant;
� drug aqueous solution after skin pretreatment with empty

niosomes;
� drug aqueous solution after skin pretreatment with sub-micel-

lar solutions of each surfactant.

2. Materials and methods

2.1. Chemicals and instruments

Pluronic L64 and P105 were kindly donated by BASF (Mount
Olive, NJ, USA); sucrose cocoate (TEGOSOFT LSE 65K�) was ob-
tained from A.C.E.F. s.p.a.

All reagents were purchased from Sigma–Aldrich (St. Louis, MO,
USA). Chromium trioxide (CrO3), sulfuric acid (H2SO4) potassium
hydroxide (KOH) and phenolphthalein indicator were used with
no further purifications. The used drug was Sulfadiazine sodium salt
and it was purchased from Sigma–Aldrich (St. Louis, MO, USA). The
solvents are of high-performance liquid chromatography grade.

To ensure the synthetic quality, IR spectra were recorded with a
FT-IR JASCO 4200 spectrometer, and 13C NMR and 1H NMR spectra
were recorded with a Bruker 300 ACP NMR spectrometer. The con-
tent of drug in the release studies was analyzed by UV ± VIS JASCO
V-530 spectrometer using 1-cm quartz cells at wavelength of
264 nm, typical of Sulfadiazine sodium salt. Franz static cells were
used to perform the percutaneous permeation studies.

2.2. Preparation of L64ox and P105ox

The L64ox and P105ox were synthesized according the proce-
dure shown in the Fig. 1 and reported in literature for poly(ethyl-
eneglycol) [17].
In particular, 3.45 � 10�3 mol of Pluronic surfactant was placed
in 150 mL of acetone. The content of the flask was heated to obtain
a clear and homogeneous solution. The solution was allowed to
achieve room temperature and then 2.05 mL of Jone’s Reagent
(containing 7 mmol of CrO3) was added by stirring for 16 h. Finally,
the reaction was quenched by adding 1.7 mL of isopropyl alcohol
(free radical scavenger). To remove the chromium salts, 1 g of acti-
vated charcoal was added to the suspension and stirred for 2 h. The
suspension was filtered to obtain a colorless, clear acetone solu-
tion. At last, it was dried under reduced pressure for 24 h. The ob-
tained L64ox and P105ox dicarboxylic acids were quite viscous
ivory-like liquids, and the yield of reactions was about 84 and
80%, respectively. IR values (on KBr) are 3400 and 1738 cm�1.
These peaks are significant for the oxidation of L64 and P105, in
fact 3400 cm�1 is the stretching of AOH and 1738 cm�1 is the
stretching C@O of the acid (Fig. 2a and b).

The significant chemical shift values for L64ox and P105ox sur-
factant protons and carbons (in ppm) performed in acetone, at
300 MHz, are the following:

1H NMR (acetone d6) d (ppm): 4.3 d singlet (AOACH2A vicinal
to ACOOH), 4.8 d (AOACH2A vicinal to ACOOH), 8.2 d singlet
(ACOOH), 8.9 d singlet (ACOOH) for L64ox and P105ox,
respectively.

13C NMR (acetone d6) d (ppm): 174.6 (ACOOH) and 178.3
(ACOOH) for L64ox and P105ox, respectively.

The estimation of acid groups of L64ox and P105ox was per-
formed by dissolving 1 g of L64ox or P105ox in 10 mL of distilled
water. The solution was titrated against 0.01 N KOH solution, in
the presence of phenolphthalein as indicator. The acid value was
calculated in terms of mg of KOH required to neutralize 1 g of
dicarboxylic acid. The experimental acid values, indicated as milli-
moles carboxyl groups/g, were 0.53 and 0.16, while the theoretical
ones were 0.42 and 0.10 for L64ox and P105ox, respectively.

2.3. Preparation of vesicles

Multilamellar vesicles (MLVs) were prepared by a modification
of the hydration of lipidic film method [18]. Surfactants were com-
pletely dissolved in about 10 mL of chloroform (1 � 10�2 M). The
organic solvent was vacuum-evaporated for 4-8 h at room temper-
ature. The obtained film was hydrated, under mechanical stirring at
30 �C for 30 min, with 10 mL of distilled water (empty niosomes) or
with a Sulfadiazine sodium salt aqueous solution (2 � 10�3 mol/L,
loaded niosomes). After preparation, the dispersion was left to
equilibrate at 25 �C overnight to allow complete annealing and par-
titioning of the drug between the lipid bilayer and the aqueous



Fig. 2. FT-IR spectra of (a) L64ox and (b) P105ox: pink line = modified surfactant
and gray line = commercial surfactant. (For interpretation of the references to color
in this figure legend, the reader is referred to the web version of this article.)
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phase. Small unilamellar vesicles (SUV) were prepared starting
from MLV by sonication in an ultrasonic bath for 30 min at 30 �C.
The purification of niosomes was carried out by exhaustive dialysis
for 4 h, using Visking tubing (20/30), manipulated before use in
according to Fenton’s method [19].

2.4. Size and distribution analysis

The particle sizes and polydispersity index of the niosomes
were measured by dynamic light scattering (DLS, 90 Plus Particle
Size Analyzer, Brookhaven Instruments Corporation, New York,
USA) at 25.0 ± 0.1 �C by measuring the autocorrelation function
at 90�. The laser was operating at 658 nm. The mean size and stan-
dard deviation (±S.D.) was directly obtained from the instrument
fitting data by the inverse ‘‘Laplace transformation’’ method and
by CONTIN [20,21].

The polydispersity index discloses the quality of the dispersion
from values lower than 0.3 for suitable measurements and good
quality of the colloidal suspensions. Each experiment was carried
out in triplicate.

2.5. Transmission electron microscopy (TEM)

The morphology of hydrated niosome dispersions was exam-
ined by TEM. A drop of dispersion was stratified onto a carbon-
coated copper grid and left to adhere on the carbon substrate for
about 1 min. The dispersion in excess was removed by a piece of
filter paper. A drop of 2% phosphotungstic acid solution was strat-
ified and, again, the solution in excess was removed by a tip of fil-
ter paper. The sample was air-dried and observed under a ZEISS EM
900 electron microscope at an accelerating voltage of 80 kV.

2.6. Drug entrapment efficiency

Drug encapsulation efficiency was determined using the dialy-
sis technique for separating the non-entrapped drug from nio-
somes [22]. According to this method, 3 mL of drug-loaded
niosomal dispersion was dropped into a dialysis bag (Spectra/Por,
MW cut-off 12,000, Spectrum, Canada) immersed in 100 mL of dis-
tilled water and magnetically stirred. Free drug was dialyzed for
30 min each time, and the dialysis was complete when no drug
was detectable in the recipient solution. The percent of encapsula-
tion efficiency (E%) was expressed as the percentage of the drug en-
trapped into niosomes and referred to the total amount of drug
that is present in the non-dialyzed sample. It was determined by
diluting 1 mL of dialyzed and 1 mL of non-dialyzed niosomes in
25 mL of methanol, followed by measurement of absorbance of
these solutions at the Sulfadiazine wavelength. This procedure is
necessary to break the niosomal membrane. Absorption spectra
were recorded with a UV ± VIS JASCO V-530 spectrometer using
1-cm quartz cells. Each experiment was carried out in triplicate.
2.7. Transdermal permeation study

The experiments were carried out in the vertical Franz diffusion
cells for 24 h at 37 �C through rabbit ear skin, obtained from a local
slaughterhouse. The skin, previously frozen at �18 �C, was pre-
equilibrated in physiological solution at room temperature for
2 h before the experiments.

A circular piece of this skin was sandwiched securely between
the receptor and donor compartments with the dermal side in con-
tact with the receiver medium and the epidermis side in contact
with the donor chamber (contact area = 0.416 cm2). The donor
compartment was charged with an appropriate volume of sample,
and the receptor compartment was filled with 5.5 mL of distilled
water. During the study, the donor chamber was covered by para-
film. At regular intervals up to 24 h, the medium in the receiver
compartment was removed and replaced with an equal volume
of prethermostated (37 ± 0.5 �C) fresh distilled water. The com-
plete substitution of the medium was needed to ensure sink condi-
tions and quantitative determination of the small amounts of drug
permeated. The content of drug in the samples was analyzed by
UV–Vis spectrometry. Each experiment was carried out in tripli-
cate, and the results were in agreement within ±4% standard error.
3. Results and discussion

Therefore, the aim of this work was to prepare niosomes, in-
tended for topical drug delivery, containing Sulfadiazine sodium
salt in the aqueous core, with the purpose of evaluating if the sur-
factants act as percutaneous permeation enhancer only in the form
of vesicular systems or also as sub-micellar solutions.

In this light, we prepared niosomes by thin-layer evaporation
method starting from non-ionic surfactants, such as TEGOSOFT
LSE 65K�, Pluronic L64 and P105 and the corresponding synthe-
sized carboxylic acids (L64ox and P105ox). Pluronics are polyeth-
ylene oxide (PEO)-polypropylene oxide (PPO)-polyethylene oxide
tri-block co-polymers of different molecular weights. The hydro-
phobic PPO group in the middle links the two hydrophilic PEO
groups. The amphiphilic nature of the Pluronic and the variation
of their molecular characteristics (PPO/PEO ratio, molecular
weight) allow these macromolecules to have optimum properties
that meet specific requirements in different areas. Since the dy-
namic PEO chains prevent particles opsonization and render them
‘unrecognizable’ by reticulo-endothelial system (RES), several
studies have been carried out regarding the interaction of Pluronic
with vesicles [23] with the aim to reduce their uptake by the RES,
thus prolonging their circulation half-life considerably [24] and
sterically stabilize them [25]. Recently, our research group studied
the ability of Pluronic L64 surfactant and its acrylate derivatives
to give niosomes useful for the transdermal release of diclofenac
[26].

Sucrose cocoate is a mixture of fatty acid sucrose esters,
produced through the chemical esterification of coconut oil with
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sucrose. Coconut oil contains fatty acid chains of different lengths
as reported elsewhere [9]. It is an emulsifier employed in emolli-
ent, skin-moisturizing formulations and it has been used exten-
sively as pharmaceutical excipient in cosmetic and
dermatological products. Sucrose cocoate was used in drug deliv-
ery field in order to enhance nasal and ocular insulin release (as
solution) [27] or to obtain niosomal vesicles for transdermal
applications.

All obtained niosomes were characterized for particle size, mor-
phology and encapsulation efficiency, using dynamic light scatter-
ing (DLS), transmission electron microscopy techniques (TEM) and
UV-spectroscopy, respectively.

We found that L64, P105 and P105ox were able to form vesicles
without the addiction of membrane additives, while L64 ox needs
cholesterol to give niosomes. All formulations are stable at room
temperature over 12 months. No sedimentation, creaming or floc-
culation can be inferred.

Vesicles size and polydispersity index (PI) are reported in Table
1. PI of the samples ranged from 0.2 to 0.3, and the size distribution
of the niosomal formulations, as measured by DLS, shows one nar-
row peak, indicating that the vesicles population is relatively
homogenous in size.

The same niosomal formulations were prepared loading Sulfa-
diazine sodium salt as model drug. As reported in Table 2, vesicle
sizes were affected by the inclusion of the drug.
Table 1
Hydrodynamic diameter (nm) and polydispersity index of empty vesicular systems at
25 �C. Values represent mean ± S.D. (n = 3).

Formulation
name

Surfactant
(g)

Cholesterol
(g)

Diameter
(nm)

Polydispersity
Index

L64 0.290 – 413.5 ± 15 0.261
L64ox 0.234 0.008 455.7 ± 17 0.283
P105 0.650 – 420.3 ± 17 0.254
P105ox 0.653 – 625.8 ± 20 0.271
Tegosoft 0.037 – 341.2 ± 15 0.262

Table 2
Hydrodynamic diameter (nm) and entrapment efficiency of drug-loaded vesicular
systems at 25 �C. Values represent mean ± S.D. (n = 3).

Formulation
name

Drug Diameter
(nm)

Polydispersity
index

E%

L64 Sulfadiazine 366 ± 12 0.238 10.33 ± 2.90
L64ox Sulfadiazine 399 ± 15 0.259 42.41 ± 1.50
P105 Sulfadiazine 330 ± 10 0.246 26.46 ± 2.10
P105ox Sulfadiazine 599 ± 20 0.261 41.88 ± 1.50
Tegosoft Sulfadiazine 335 ± 10 0.177 13.60 ± 2.70

Fig. 3. Typical photomicrographs of niosomal formulations as seen by
In fact, Sulfadiazine-loaded niosomes were smaller than the
corresponding empty ones. Probably, the reductions in size may
be due to the favorable interaction between drug and niosomal
matrix that result in an increased cohesion among the polar por-
tions of the bilayer [28,29]. This reduction was most evident in
P105-based formulation.

The encapsulation efficiencies of Sulfadiazine in our vesicular
systems are summarized in Table 2. Niosomes based on L64 and
P105 exhibited a moderate encapsulation efficiency that became
more relevant when the oxidized surfactants were used for the
preparation.

In addition, the different E% achieved for niosomes based on L64
and P105 (about 10% and 26%, respectively) could be dependent on
the length of the surfactant: long chain produces high entrapment,
as reported in the literature [30].

In the case of Tegosoft, the entrapment efficiency was similar to
that obtained by L64 and P105, probably this is due to the low
affinity of the niosomal matrix for the Sulfadiazine.

Micrographs of niosomes, observed by TEM, showed vesicles
spherical in shape (Fig. 3) in all cases: the introduction of a new
functional group into the surfactant did not result in a modification
of the vesicles morphology.
3.1. Percutaneous permeation studies

In order to extend the range of drugs which can be administered
across the skin and to enhance the effects of locally acting drugs, it
is necessary to include penetration enhancers in formulations.

Interaction between skin and niosomes may be an important
contribution for the improvement of transdermal drug delivery
[31].

It has been reported that the intercellular lipid barrier in the sc
would be dramatically changed to be more permeable by treat-
ment with non-ionic surfactants in the form of niosomes that are
able to act as penetration enhancers [32]. A wide range of animal
models has been suggested as a suitable replacement for human
skin and has been used to evaluate percutaneous permeation of
molecules. These include porcine, mouse, rat, rabbit and snake
models. In literature, the flux through rabbit skin was reported to
be higher than that through human skin. The reason of this differ-
ence is that the thickness of the stratum corneum varies from spe-
cies to species and the skin of rodent lacks the sweat glands and
abounds in hair and hair follicles which is the important pathway
for many drugs penetrated through skin barrier [33].

However, the ranking of prototype formulations or the evalua-
tion of skin permeation of homologous compound achieved using
in vitro methods will be a reflection of the in vivo scenario [33].

In this light, permeation properties of our niosomal systems
were estimated through excised rabbit ear skin, and to investigate
the non-ionic surfactant enhancer properties on Sulfadiazine per-
TEM for the sample: A L64, B L64ox and C Tegosoft, respectively.



Table 3
Details on the experimental percutaneous permeation procedures.

Experiment Surfactant Pretreatment Treatment Volume
(mL)

A L64 None Drug-loaded
niosomes

0.50
L64ox 0.14
P105 0.22
P105ox 0.14
Tegosoft 0.12

B L64 None Surfactant sub-
micellar
solution + drug

0.31
L64ox
P105
P105ox
Tegosoft

C L64 Empty niosomes Drug solution 0.57
L64ox
P105
P105ox
Tegosoft

D L64 Surfactant sub-
micellar
solution

Drug solution 0.57
L64ox
P105
P105ox
Tegosoft

E None Drug solution 0.57
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cutaneous permeation, the skin was differently pretreated with the
corresponding surfactants’ sub-micellar solutions or by empty nio-
somes for 2 h, following the administration of the opportune vol-
ume of free drug solution. Sulfadiazine was chosen as model
drug since it is an antibiotic usually used for the topical cure of in-
fected burns.

The donor compartment was always charged with an appropri-
ate volume of sample, as reported in Table 3, so that the drug moles
were constant (1.15 � 10�7 moles). This procedure was adopted to
avoid dependence on the drug concentration gradient during the
percutaneous permeation studies.

Details on the scientific procedures are reported below:

(a) In the first experiment, a volume of Sulfadiazine-loaded nio-
somes, prepared from the different surfactants, was placed
in the donor compartment.

(b) In the second experiment, Sulfadiazine was solubilized in a
volume of sub-micellar solution obtained from each surfac-
tant and was placed in the donor compartment.
Fig. 4. Cumulative amount versus time of permeated Sulfadiazine from: (d) L64-based n
drug solution after skin pretreatment with L64 sub-micellar solution, (�) aqueous drug s
of the references to color in this figure legend, the reader is referred to the web version
(c) In the third experiment, we carried out a pretreatment of the
skin using a solution of empty niosomes, followed, after its
removal, by the introduction of a volume of Sulfadiazine
solution in the donor compartment.

(d) In the fourth experiment, we carried out a pretreatment of
the skin using a sub-micellar solution of each surfactant, fol-
lowed, after its removal, by the introduction of a volume of
Sulfadiazine solution in the donor compartment.

(e) In the last experiment, a volume of Sulfadiazine water solu-
tion was placed in the donor compartment and used as
control.

The results of our study for L64, P105, L64ox, P105ox and Tego-
soft were reported in Figs. 4–8, respectively.

As shown in the Figures, the permeation of Sulfadiazine Sodium
salt was not increased after pretreatment with sub-micellar solu-
tions of surfactants, compared to the permeation obtained from
the control. Also, the direct treatment with a sub-micellar solution
of Pluronic L64 or P105 or Tegosoft containing the drug did not re-
sult in an enhancement of its percutaneous permeation.

Most investigators agree that direct contact between vesicles
and skin is essential for efficient delivery, although surfactants
apparently do not penetrate into deeper skin layers [34], but in
our case, the pretreatment with empty niosomes did not enhance
the percutaneous permeation of the Sulfadiazine Sodium salt. Only
the direct treatment of the skin with loaded niosomes gave a rele-
vant increase of the percutaneous permeation of the drug, confirm-
ing their role as enhancers.

Although the behavior of surfactants has been investigated in
numerous studies [35], the exact mechanism by which they influ-
ence the drug percutaneous permeation is not fully understood
and the results are still somewhat contradictory. In fact, in some
cases, as previously reported in literature, amphiphilic molecules
could act as inhibitor of penetration of a hydrophilic drug and only
the co-addiction of ethanol or propylene glycol in the formulation in-
creased the percutaneous absorption of a drug [36]. Furthermore, it
is well documented that the enhancement of percutaneous penetra-
tion of drugs is due to the reversible alteration of permeability of the
sc induced by phospholipids. This ambiguous behavior could be due
to the chemical structure of the surfactant and to the differences in
the hydrophilic/lipophilic balance. It has been reported that the
presence of molecules having hydrogen bond-donating groups,
due to the inter-lipid hydrogen bonding, stabilizes the bilayer and
iosomes, (j) aqueous drug solution, (N) L64 sub-micellar drug solution, (�) aqueous
olution after skin pretreatment with L64-based empty niosomes. (For interpretation
of this article.)



Fig. 5. Cumulative amount versus time of permeated Sulfadiazine from: (d) L64ox-based niosomes, (j) aqueous drug solution, (N) L64ox sub-micellar drug solution, (�)
aqueous drug solution after skin pretreatment with L64ox sub-micellar solution, (�) aqueous drug solution after skin pretreatment with L64ox-based empty niosomes. (For
interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

Fig. 6. Cumulative amount versus time of permeated Sulfadiazine from: (d) P105-based niosomes, (j) aqueous drug solution, (N) P105 sub-micellar drug solution, (�)
aqueous drug solution after skin pretreatment with P105 sub-micellar solution, (�) aqueous drug solution after skin pretreatment with P105-based empty niosomes. (For
interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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suppresses percutaneous permeation of the drug [37]. The surfac-
tants used in our studies are very rich in groups that are able to create
hydrogen bond: probably, this could be the reason of their low per-
cutaneous permeation. In addition, Pluronic themselves are claimed
to not enhance the permeability of hydrophilic molecules through
rabbit ear skin [38].

Furthermore, in our case, the pretreatment or the direct treat-
ment with sub-micellar solutions of surfactants did not cause any
enhancing effect but decreased the skin permeation of Sulfadia-
zine Sodium salt, with respect to the drug solution used as con-
trol. Probably this is due to the insufficient amount of
amphiphile that does not allow the arrangement in organized
structures such as micelles or vesicles, claimed to cause an in-
crease of its permeability [39]. In fact, in a sub-micellar solution,
the surfactant amounts were below their critical micelle concen-
trations. In this study, we decided to test only sub-micellar solu-
tions of surfactants, because Sulfadiazine sodium salt is a
hydrophilic drug, and micelles are usually used to transport lipo-
philic drug.
The permeation of Sulfadiazine sodium salt from the aqueous
solution through the skin was lower only compared to loaded nios-
omal samples, as shown in the figures, the cumulative percutane-
ous permeation achieved for each carriers was between 50% and
70%. No relevant differences in the percutaneous permeation pro-
file were detected when L64ox and P105ox were used as surfac-
tants, while we achieved an important difference between the
oxidate and non-oxidate samples. In fact, permeation of Sulfadia-
zine sodium salt from non-oxidate compounds was higher than
the corresponding oxidate, despite the entrapment efficiencies
were lower. Probably this is due to the combined effect of better
affinity of the drug for the oxidate niosomal matrices, that results
in a slower release, and of repulsion between ACOOH partially ion-
ized groups and skin.

These results suggest that all surfactants tested in this work
could be considered as percutaneous permeation enhancers only
when they were used in the form of drug-loaded vesicular sys-
tems: no percutaneous promotion was achieved by using sub-
micellar solutions of each surfactant containing the Sulfadiazine



Fig. 7. Cumulative amount versus time of permeated Sulfadiazine from: (d) P105ox-based niosomes, (j) aqueous drug solution, (N) P105ox sub-micellar drug solution, (�)
aqueous drug solution after skin pretreatment with P105ox sub-micellar solution, (�) aqueous drug solution after skin pretreatment with P105ox-based empty niosomes.
(For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

Fig. 8. Cumulative amount versus time of permeated Sulfadiazine from: (d) Tegosoft-based niosomes, (j) aqueous drug solution, (N) Tegosoft sub-micellar drug solution, (�)
aqueous drug solution after skin pretreatment with Tegosoft sub-micellar solution, (�) aqueous drug solution after skin pretreatment with Tegosoft-based empty niosomes.
(For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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sodium salt or performing pretreatment with empty niosomes or
sub-micellar solutions of these surfactants.
4. Conclusions

We investigated whether topical application of Sulfadiazine-
containing niosomes could enhance drug permeation compared
to drug aqueous solution. Niosomes were prepared from non-ionic
surfactants, belonging to the class of Pluronic (P105 and L64) and
the class of sucrose esters (TEGOSOFT LSE 65K�) for the percutane-
ous release of Sulfadiazine sodium salt. In addition, we changed the
Pluronic surfactants’ polar head increasing their hydrophilicity to
assess changes in physical-chemical properties of the vesicles
and the permeation of the drug.
It appeared that L64, P105 and P105ox surfactants were able to
form vesicles without the addiction of membrane additives, while
L64ox needed cholesterol to give niosomes. Vesicles were spherical
and regular in shape and showed good Sulfadiazine sodium salt
entrapment efficiency: in particular, this property was found to
be more relevant when the oxidate surfactants were used for the
preparation of niosomes. The enhancing effects of niosomes on
the ex vivo percutaneous penetration of the drug were investigated
and compared to those obtained by using sub-micellar solution of
surfactant or achieving pretreatment of the skin with surfactants’
sub-micellar solutions or empty niosomes.

The results suggested that only loaded niosomes could act as
effective transdermal drug delivery systems.

In conclusion, all surfactants tested in our study could be used
successfully for the transdermal delivery of Sulfadiazine sodium
salt.
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