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In this study the influence of hydrogen bonding interaction between niosomal membrane and solutes on
the drug loading and release was investigated. Salicylic acid (SA) and p-hydroxyl benzoic acid (p-BA) were
selected as models. Niosomes were prepared with 1:1 molar ratios of various surfactants and cholesterol
by film hydration technique, and the corresponding formulation variables were optimized to achieve
the maximum entrapment efficiencies (EE%). The EE% of different formulations followed the trend Span
60 > Span 40 > Span 20 > Span 80. Additionally, it was also found that the EE% of p-BA was much higher
than that of SA. This difference may be due to the formation of hydrogen bond between p-BA and niosomal
rug carrier
ydrogen bonding interaction
alicylic acid
-Hydroxyl benzoic acid

membrane, and the corresponding interaction diagram has been proposed and confirmed indirectly by
UV spectroscopy method. The quantitative analysis of hydrogen binding interaction between solutes and
niosome has been finished firstly, and the corresponding entrapment equilibrium constant K has been
calculated as well. Moreover, in vitro the release of both drugs from niosomes was examined in simulated
gastric fluid (SGF) and simulated intestinal fluid (SIF), respectively. The results indicated that the release
of p-BA in SIF was much slower than that in SGF, and the release rate of SA in SGF is apparently slower

ible m
than that in SIF. The poss

. Introduction

Direct delivery of some active drugs through the cell membrane
nto cells was generally inefficient and often faced with many prob-
ems, such as enzymolysis, hydrolysis, severely toxic-side effects
nd so on. Niosome, one kind of colloidal particles, can encapsulate
hese active drugs, and brings a very promising way to increase drug
ioavailability, prevent drug degradation, reduce drug toxic effects
nd transport drugs to the target sites (Azmin et al., 1985; Bandak
t al., 1999). Moreover, niosome attracts much attention because
f its advantages in many aspects, such as chemical stability, high
urity, content uniformity, low cost and convenient storage of
on-ionic surfactants, and large numbers of surfactants available

or the design of niosomes (Vora et al., 1998). In the past two
ecades, niosomes have been proposed for many potential ther-
peutic applications, i.e. as the tumor targeting agent (Hong et al.,
009), diagnostic imaging agents (Uchegbu and Vyas, 1998), drug

arriers of anticancer drug (Bayindir and Yuksel, 2010; Gude et al.,
002), antifungal drug (Barakat et al., 2009), anti-inflammatory
rug (Alsarra, 2009) and so on.

∗ Corresponding author. Tel.: +86 10 88256414; fax: +86 10 88256093.
E-mail address: ymhao@gucas.ac.cn (Y.M. Hao).
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echanism was given as well.
© 2010 Elsevier B.V. All rights reserved.

As a drug carrier, encapsulating a sufficient amount of the ther-
apeutic agent is one of the most desirable properties for niosomes
usage (Mainardes and Silva, 2004; Manconi et al., 2006). Up to
now, various techniques have been used to optimize drug loading
and release. Totally, factors affecting the encapsulation efficiency
of niosomes consist of three main areas, namely, the nature of
the niosomes, the nature of drugs, interaction between niosomes
and drugs (Shi et al., 2006). Take into account the nature of the
niosomes, some factors affect the encapsulation efficiency (EE),
including niosome preparation method (Aggarwal et al., 2004;
Arunothayanun et al., 1999), cholesterol content (Assadullahi et al.,
1991; Nasr et al., 2008), the nature of surfactants (Bandyopadhyay
and Johnson, 2007; Manosroi et al., 2005). As for the encapsulated
drugs, the interaction between drug molecules, drug hydrophilic
or lipophilic properties will influence the drug encapsulation effi-
ciency, and the soluble drugs usually have a relatively low EE value
in a number of formulations (Manosroi et al., 2008). Regarding the
third aspect, several reported niosome systems have revealed that
niosome membranes can interact with drug molecules via elec-
trostatic interaction or other types of interaction, such as Van der

Waals forces and hydration bridges (Paolino et al., 2007), these
interactions have a significant impact on the encapsulation effi-
ciency (Abd-Elbary et al., 2008; Junyaprasert et al., 2008; Paolino
et al., 2008; Pardakhty et al., 2007). However, the majority of pro-
posed niosome systems were only focused on the properties of

dx.doi.org/10.1016/j.ijpharm.2010.10.027
http://www.sciencedirect.com/science/journal/03785173
http://www.elsevier.com/locate/ijpharm
mailto:ymhao@gucas.ac.cn
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hart 1. The structures of salicylic acid (a) and p-hydroxyl benzoic acid (b).

iosome and nature of drugs, the particular influence of interaction
etween membrane and solutes on drug encapsulation capacity
nd release properties have not been elucidated completely yet.

To rationally select or synthesize the appropriate surfactant and
uild highly efficient niosomal systems, it is necessary to consider
he relationship between niosome membrane and drugs (Shi et al.,
006). Our previous research indicated that there was interaction
etween membrane and incorporated colchicine (Hao et al., 2002).
o further explore some factors that affect the drug loading and
elease processes of niosome system, here salicylic acid (SA) and
ts isomer p-hydroxyl benzoic acid (p-BA) have been used as model
olutes (Chart 1), sorbitan monolaurate (Span 20), monopalmi-

ate (Span 40), monostearate (Span 60) and monooleate (Span 80)
ere used as surfactants (Chart 2). SA and p-BA have the same
olecular weight but their hydroxyl and carboxyl groups located

t different positions on the benzene ring, which may result in dis-

Chart 2. The structures of Span 20 (a), Span
harmaceutics 403 (2011) 245–253

tinguishable interactions between niosome membrane and both
solutes. The aim of this work is to investigate how the interac-
tion between solute and membrane affects the entrapment capacity
and solute release process. Some other factors, including surfactant
structure, lipid concentration, solute content and dicetyl phosphate
(DCP), have been examined and optimized as well. One probable
mechanism to explain the difference in encapsulation and release
between the two solutes has been suggested.

2. Materials and methods

2.1. Materials

SA and p-BA were products of Serva. Dicetyl phosphate (DCP),
Span 20, Span 40, Span 60, and Span 80 were purchased from
Sigma–Aldrich (USA) and used as received, while cholesterol (CH)
was obtained from Beijing Chemical Reagent Company (China).
Dialysis membrane tube (MW cut off 8000–10,000) was obtained
from Sino-American Biotechnology Company (China) and was
treated prior to use according to the reported method (Fenton et al.,
1997). All other reagents were of analytical grade. Double-distilled
water was used throughout the study.
2.2. Preparation of niosomes

Niosomes were prepared by film hydration method. Appropri-
ate amount of Span dissolved in 10.0 mL of ethanol/chloroform

40 (b), Span 60 (c), and Span 80 (d).
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ixture (1:4, v/v), placed in a 100 mL round bottom flask. After-
ards, CH dissolved in chloroform was added. The organic solvent
as removed under vacuum by a rotary evaporator (RE-52A, Shang-
ai Yarong Biochemistry Apparatus Ltd., China) at 60 ◦C to form
thin film on the wall of the flask. Residual chloroform was

vaporated 4–8 h in vacuum at room temperature. The dried film
as hydrated with 10 mL of SA solution at various concentra-

ions ranged from 0 to 4.5 × 10−4 mol/L by 1 h sonication at 60 ◦C
Bath sonicator, Kunshan, Jiangsu, China). After preparation, the
ispersion was left to equilibrate at room temperature overnight
o ensure complete annealing and drugs distribution between the
ipid bilayer and the aqueous phase. Niosomes containing p-BA

ere prepared in the same way. If the dried film was hydrated with
0 mL of water, the corresponding blank niosomes were prepared.

.3. Characterization of prepared niosomes

Morphology analysis of niosomes was carried out by trans-
ission electron microscopy (TEM) using a JEOL JEM-100S

ransmission electron microscope fitted with a LaB6 filament, with
n operating voltage from 40 to 120 kV. A drop of the niosome col-
oidal suspension (10 �L) was placed on a carbon-coated copper
rid and allowed to stand for 2 min. The excess of the niosome sus-
ension was then removed by a piece of filter paper (Whatman

nc., Clifton, NJ, USA). A drop of negative stain solution, 2% (w/v)
cetic uranium solution, was placed on the carbon grid thus staining
he niosomes. After 1 min, the excess staining agent was removed
y adsorbing the drop with the filter paper and the sample was
hen air-dried. The thin film of stained vesicles was viewed at an
perating voltage of 70 kV with a transmission electron microscope.

The particle size in aqueous suspensions was also measured by
ynamic light scattering (DLS) apparatus (NICOMP 380 ZLS, Particle
izing Systems, Agilent Technologies, USA).

.4. Stability of niosome systems

After solute loading, 100 mL of niosome solution was kept in
lass bottles with plastic plugs and stored at 4◦ in the dark for
0 days to examine the stability of niosomes. The stability was
valuated by the mean values of EE % after 40 days.

.5. Entrapment efficiency

Niosome-entrapped SA (SA-niosome) could be separated from
ntrapped SA by dialysis method (Mokhtar et al., 2008). The pre-
ared niosomes were placed into dialysis bags and dialyzed for 24 h
gainst 100 mL of phosphate buffer (PBS, pH 7.4). The amount of
A in dialysate (untrapped) was measured at 295 nm against PBS
uffer (pH 7.4) as a blank (Shimadzu UV-265 spectrophotometer,
apan). The amount of entrapped SA could be obtained by sub-
racting amount of untrapped drug from the total drug used. The
ntrapment efficiency was defined as follows:

ntrapment efficiency% = EE% = amount of SA entrapped
total amount of SA used

× 100%

(1)

Similarly, p-BA-niosome could be obtained. The encapsulation
fficiency of p-BA in niosome was determined based on the same
ethod, and the amount of p-BA was determined spectrophoto-
etrically at 247 nm.
.6. Drug release study

In vitro release of SA/p-BA from niosomes was studied accord-
ng to Hu’s method with minor modification (Hu and Rhodes, 1999).
harmaceutics 403 (2011) 245–253 247

Dialysis bag containing appropriate volume of SA/p-BA loaded nio-
some dispersion was placed in a flask containing 100 mL simulated
gastric fluid (or simulated intestinal fluid): 0.05 M aqueous sodium
chloride solution adjusted to pH 1.2 (821 acidometer, Zhongshan
Univ., Guangzhou, China) with 1.0 M HCl as simulated gastric fluid
(SGF) and 0.05 M potassium sodium dihydrogen phosphate buffer
solution adjusted to pH 7.5 with 1.0 M NaOH as simulated intestinal
fluid (SIF). The flask was placed on a shaker, and shaked at 37 ◦C at
50 rpm. Aliquots of dialysate were taken at predetermined time and
replenished immediately with the same volume of fresh simulated
fluid. The withdrawn samples were assayed spectrophotometri-
cally at 295/247 nm to determine the release of SA/p-BA content.
The fraction of SA release at specific time points was determined
by comparing the released SA content with the total content of SA
entrapped in niosomes. Release of free drug was studied in the same
way.

According to the solubility of both drugs (0.2 g/100 g) (Speight,
2005), it only needs 0.1655 g water to dissolve 2.4 × 10−4 mol/L of
both drugs. In this study, sink condition was achieved fully for both
drugs before dialysis and maintained throughout the experiment
since 100 mL of simulated fluid was used.

2.7. Investigation of absorption spectra

All niosome samples were prepared according to the method
described in Section 2.2. Here in all niosome systems (Span
60:CH = 1:1), the concentration of total lipid was 2.0 × 10−4 mol/L.
Based on their encapsulation efficiency, 10.0 mL of 1.3 × 10−4 mol/L
SA solution was added initially when prepared SA-niosome while
only the same volume of 9 × 10−5 mol/L p-BA solution was
needed in preparing p-BA-niosome. SA-niosome/p-BA-niosome
could be separated from untrapped SA/p-BA by dialysis method.
Thus the concentration of SA and p-BA entrapped in nio-
some was 9 × 10−5 mol/L. The UV absorption spectra of free SA
solution (9.0 × 10−5 mol/L), free p-BA solution (9.0 × 10−5 mol/L),
SA-niosome, p-BA-niosome and blank niosome were recorded by a
Shimadzu UV-265 spectrophotometer from 230 to 330 nm with a
1-cm path length cell, respectively.

2.8. Statistical analysis

The data were reported as mean ± S.D. (n = 3) and statistical anal-
ysis of the data was carried out using one way ANOVA followed by
LSD test at a level of significant of P < 0.05.

3. Results and discussion

3.1. The morphology of prepared niosomes

TEM was used to investigate the morphology of prepared nio-
somes. It can be seen from Fig. 1a that all the niosomes were
spherical and have a similar diameter of 130 nm, which is almost
consistent with the result from laser particle analysis that gives an
average hydrodynamic size of 151.1 ± 21.6 nm (Fig. 1b).

3.2. The influence of surfactant on drug loading

A series of niosomes of Span and CH (1:1) was prepared at the
same total lipid concentration to investigate the influence of surfac-
tant structure on niosomal properties. The encapsulation efficiency
of four kinds of formulations was listed in Table 1, which indi-

cated that Span 60 has significant higher entrapment efficiency
than other Span types (P < 0.05). This could attribute to the sur-
factant chemical structure. Span 60 and Span 80 have the same
head groups and same length of alkyl chain but Span 80 has an
unsaturated double bonds. A previous report (Degier et al., 1968)
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Fig. 1. TEM image (a) and particle size distribution (b) of niosomes. Concentrations o
9.0 × 10−5 mol/L, respectively.

Table 1
Percentage encapsulation efficiency (EE ± SD) of solutes in the niosomes.a

Span Span 20 Span 40 Span 60 Span 80

EE of SA 27.0 ± 2.1 53.2 ± 2.9 68.8 ± 1.8 30.8 ± 3.0
EE of p-BA 90.0 ± 1.3 97.0 ± 2.0 100.0 ± 1.5 95.0 ± 1.9
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a Concentration of total lipid and solute were 2.00 × 10−4 mol/L and
.00 × 10−5 mol/L, respectively.

emonstrated that the introduction of double bonds into the paraf-
n chains causes a marked enhancement of the permeability of

iposomes, possibly explaining the lowest entrapment of Span 80
ormulation in this work. Considering the other three kinds of nio-
ome formulations, all Span types have the same head group and
lkyl chain in different length (Chart 2). Increase of the alkyl chain
ength leads to a higher entrapment efficiency, and the correspond-
ng order follows the trend Span 60 (C16) > Span 40 (C14) > Span
0 (C12), which is consistent with other previous report (Mokhtar
t al., 2008), suggesting that the length of alkyl chain is a crucial fac-
or that should be considered in designing novel niosome system
ith high efficiency.

In addition, the four kinds of niosome formulations showed a
ifferent encapsulation capacity in loading SA and p-BA (Table 1),
nd lower SA contents were entrapped at the same experimen-
al conditions (P < 0.05). As an isomer of SA, p-BA has the same

olecular weight and functional groups but differ in the location
f the functional group (Chart 1). The higher encapsulation capac-

ty for p-BA indicates that the p-BA molecules greater affinity with
he vesicle material, and the corresponding mechanism would be
iscussed later. To further investigate other factors on the encap-
ulation efficiency, formulation of Span 60/Span 80 and CH in a 1:1
olar ratio was used in the following experiments.

ig. 2. Influence of total lipid concentration (Span and cholesterol) on entrapment effici
©) denote p-BA and SA, respectively. Concentration of both solutes was 9.00 × 10−5 mol
f Span 60, cholesterol and SA remain at 1.00 × 10−4 mol/L, 1.00 × 10−4 mol/L and

3.3. Impact of total lipid concentration

At first, we measured encapsulation efficiency of EE(p-BA) and
EE(SA) with increasing total lipid concentration while keeping
other factors unchanged. The values of EE(p-BA) almost kept con-
stant (100%) in the range of 4.0 × 10−5 to 3.2 × 10−4 mol/L of total
lipid, while it decreased 10% when the concentration of lipid
reached 4.0 × 10−4 mol/L (Fig. 2a). The EE(SA) was increased from
51.2% to 68.8% as the lipid concentration was increased from
5.0 × 10−5 to 2.0 × 10−4 mol/L, respectively. On the other hand,
the amount of SA entrapped was reduced to 52.5% when the
total lipid concentration increased to 4.0 × 10−4 mol/L. The entrap-
ment efficiency dropped 10% in Fig. 2a leads to the fact that the
number of niosomes taking part in encapsulation decreases as
increasing the lipid concentration, which might be ascribed to the
aggregate of niosomes at high lipid level. In fact, white precipi-
tate can be observed when the total lipid concentration reaches
1.0 × 10−3 mol/L. To confirm this point, influences of total concen-
tration of Span 80 and CH on the inclusion of SA and p-BA were
further investigated. As expected, the incorporation of SA and p-
BA decreased both in dilute and thick lipid concentration (Fig. 2b)
(P < 0.05). In this study, 2.0 × 10−4 mol/L of total lipid was chosen
in later experiments. Under the same experimental condition, the
entrapment efficiency of Span 60 formulations was higher than
those of Span 80, which was similar to that in Section 3.2.

3.4. Effect of solute content
In this study, SA and p-BA were selected as model solutes. Some
important applications of SA have been found in the aspects of
treating skin disorders, such as acne, psoriasis, seborrheic dermati-
tis of the skin and scalp, calluses, corns, common warts, and plantar

ency of Span 60 (a) and Span 80 (b) formulation. Open square (�) and open circle
/L.
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ig. 3. Molar ratio (R = Msolute/Mlipid) of solute entrapped in niosomes (made up of
pan 60 and CH) to total lipid. Solid circle (�) and open circle (©) denote p-BA and
A, respectively.

arts, depending on the dosage form and strength of the prepa-
ation. However, SA should be very cautiously employed because
f its cardiac trouble risk and contraindication in diseased condi-
ions of the kidneys. As to the isomeric compound of SA, p-BA has
otential in the treatment of melanoma (Zhao et al., 1998).

To investigate the influence of drug dosage, the encapsulation
apability of Span 60 formulation has been examined by vary-
ng the concentration of SA and p-BA while keeping the total
evel of lipid at 2 × 10−4 mol/L. With the increasing of solutes con-
entration, the ratio (R) of the loaded SA to total lipid increased

inearly and reached about 1:1 when the concentration of SA was
.5 × 10−4 mol/L (Fig. 3). Similarly, the ratio (R) of incorporated p-
A to lipid reached 2:1 at the same solute level (Fig. 3). Statistical
nalysis displayed that the differences in EE of the two solutes with

ig. 4. Release percentage of SA (a) and p-BA (c) in SIF from free solution (solid circle) or f
d) in SGF from free solution (solid circle) or from niosomal formulation (open circle). Nio
he concentration of both solutes was 2.4 × 10−4 mol/L.
harmaceutics 403 (2011) 245–253 249

the increasing solutes concentration from 1 to 4.5 × 10−4 mol/L
were significant (P < 0.05). Moreover, in Span 80 case, the ratio (R) of
the loaded SA to total lipid also increased linearly and reached about
0.5:1 while the ratio of entrapped p-BA to lipid reached 1.6:1. The
amount of encapsulated drugs increased with increasing amount
of drugs added during the preparation could be due to the satu-
ration of the media with drugs that forces more drug’s molecule
to be entrapped into niosomes (EL-Samaligy et al., 2006; Mokhtar
et al., 2008). The high ratio of entrapped solutes to lipid indicated
that the niosomal formulation prepared in this study have a higher
capability in encapsulation soluble drugs than some reported ones
(Abd-Elbary et al., 2008; Arunothayanun et al., 2000; Paolino et al.,
2008).

3.5. Influence of DCP

The effects of charge inducing agents on the EE% of model drugs
in Span 60 and Span 80 formulations were checked. DCP, impart-
ing negative charges on niosomes, usually used to prevent niosome
aggregation and increase the stability of the niosomal dispersion.
In this study, the incorporation of DCP resulted in a decrease in
both EE% in examined formulations (P < 0.05). Both SA (pKa1 = 2.97,
pKa2 = 13.40) and p-BA (pKa1 = 4.48, pKa2 = 9.32) are weak acids.
Under the experimental condition (pH 7.4), the carboxyl group of
both SA and p-BA would lose one proton and transform themselves
into carboxylate anion. Obviously, the lower drug entrapment in
the presence of DCP was due to the electrostatic repulsion forces
between the carboxylate anion of both drugs and the anionic head-
In addition, here DCP had no effect on the system stability. The
value of EE% remained almost unchanged during a 40-day storage
period in the absence and presence of DCP. Negatively charged SA
or p-BA molecules encapsulated in niosome maybe stabilize the

rom niosomal formulation (open circle), and release percentage of SA (b) and p-BA
some was made up of 1.00 × 10−4 mol/L Span 60 and 1.00 × 10−4 mol/L cholesterol.
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Fig. 5. Species distribution curves at different pH values. (a) SA a

iosomes system by themselves, being similar with that of DCP.
otally, the niosomal system in this study showed a good stability
ithout DCP.

.6. Release of SA and p-BA in vitro

Usually, the drug release rate can be affected by a few factors
uch as the buffering media, the characters of the membrane mate-
ial, particle size and internal structure of the niosomes (Shi et al.,
006).

The release of encapsulated SA and p-BA from Span 60 niosomes
as been observed. In simulated intestinal fluid (SIF), about 100%
f free SA in solution form was released in 2 h whereas about 30%
f SA was released from niosomes within 24 h (Fig. 4a). Obviously,
he release rates of SA from the niosome formulations, in simulate
ntestinal fluid, were significantly slower compared to free drug
olution (P < 0.05). Similarly, in simulated gastric fluid (SGF), the
elease studies also indicated that almost 100% of SA was released
n 1 h in free solution, while about 20% of SA was released from the
iosomal system by the end of the experiment (Fig. 4b). Comparing
he SA release from niosome in these two kinds of simulated fluid,
he drug release rate in SGF is apparently slower than that in SIF
P < 0.05). It could be attributed to the different structural forms of

A at different pH values. Considering that pKa1 value of SA is 2.97,
t is obvious that almost all the SA molecules remain neutral state
n SGF since the SGF pH is 1.2 (Fig. 5a). And SA molecules could be
ntrapped in the internal aqueous core or intercalated within the
i-layer structure of niosomal membrane. Under the condition of

hart 3. The structural transformation equilibrium of salicylic acid (a) and p-
ydroxyl benzoic acid (b) at different pH values.
p-BA. The structures of species (I) to (VI) were shown in Chart 3.

SIF (pH 7.5), the carboxyl group of SA was fully ionized (Chart 3a,
structure II) and it was only entrapped in the internal aqueous core
of niosome. Thus, the lower release rate in gastric fluid media than
that in SIF indicated the preference of entrapment of unionized sal-
icylic acid in niosome particles (Junyaprasert et al., 2008; Mokhtar
et al., 2008).

Interestingly, the release trend of p-BA was opposite to that of
SA. The release rate of p-BA from niosomes in SIF (Fig. 4c) was appar-
ently slower than that in SGF (Fig. 4d) (P < 0.05), and the release
profile of p-BA in SGF was almost the same as that of SA (Fig. 4b). As
an isomer of SA, the neutral p-BA molecules (Chart 3b, structure IV)
were also encapsulated in internal aqueous core or intercalated into
the membrane of niosome in SGF. The related mechanism would
be discussed in the next section.

These release experimental results clearly shown that the
release of both SA and p-BA were greatly retarded in niosome
system. Therefore, the side effects of drugs could be reduced and
these niosome systems could be applied as effective drug carri-
ers.

3.7. Possible mechanism of encapsulation and release of SA and
p-BA from niosome

To obtain further insights into different capability of niosome
in encapsulation SA and p-BA, the species distribution have been
calculated at different pH values based on the pKa values of SA
and p-BA and the corresponding distribution curves were shown
in Fig. 5. According to Fig. 5a, in PBS buffer solution (pH 7.4), car-
boxyl group of SA lost its proton, then a mono-charged species
(II) obtained (Chart 3a), and the content of mono-charged species
of SA (II) was almost 100%. Then, the intramolecular hydrogen
bond formed between carboxyl and adjacent hydroxyl group in SA
(Chart 4a). This kind of intramolecular hydrogen bond is very sta-
ble, preventing SA molecule from further interaction with other SA
molecule or membrane molecules.

Being similar with SA, according to Fig. 5b, in PBS buffer solu-
tion with pH 7.4, carboxyl group of p-BA also lost its proton, then
a mono-charged species (V) obtained (Chart 3b), and the content
of mono-charged species of p-BA (V) was about 98.8%. As a result,
the intermolecular hydrogen bonds formed between carboxyl and
hydroxyl group in different p-BA molecules (Chart 4b), which this
type of intermolecular hydrogen bonding has been found in many
previous reports (Fukuyama et al., 1973; Parshad et al., 2004;
Quah et al., 2008). The carboxyl terminus of the long chain struc-
ture (Chart 4b) could interact with hydroxyl of Span molecules

via hydrogen bonding interactions (Loftsson et al., 1996), and this
interaction was illustrated in Scheme 1. Comparing with those of
SA, the higher EE% and slower release rate of p-BA maybe attributed
to the intermolecular interactions between niosome membrane
and solutes.
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Chart 4. Hydrogen bonding interactions of salicylic acid (a) and p-hydroxyl benzoic acid (b) in PBS buffer solution of pH 7.4.

ns bet
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m
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Scheme 1. Proposed hydrogen bonding interactio

.8. UV spectroscopy study of interaction between niosome
embrane and solutes

To verify the interactions between membrane of niosome and

olutes, UV spectroscopy measurements have been performed, and
he corresponding UV absorption spectra are given in Fig. 6.

From the Fig. 6, the absorption peak of free p-BA is 247 nm, and
he peak of p-BA entrapped in niosome is 240 nm, which has a 7 nm

ig. 6. UV absorption spectra of (a) blank niosome, (b) p-BA, (c) p-BA-niosome, (d)
A, and (e) SA-niosome.
ween membrane of niosome and p-BA molecules.

shift towards the short wavelength region. This variation should
be attributed to the strong interaction between niosome mem-
brane and p-BA molecules. According to the structure of p-BA and
components of niosome (Span 60 and CH), only the hydrogen bond-
ing could exist between niosome membrane and p-BA molecules.
In previous reports (Stalin et al., 2005), it was also observed that
hydrogen bonding interaction led to blue shift of UV absorption
spectrum. For SA system, the absorption peaks of SA-niosome and
free SA solution have same position (295 nm). The results of UV
absorption spectroscopy proved indirectly that there are inter-
molecular interactions between niosome membrane and p-BA, but
no apparent interaction was observed between niosome and SA.

3.9. Quantitative analysis of hydrogen bonding interaction
between niosome membrane and solutes to entrapment extent

In a whole niosome system containing solutes, solutes can be
divided into three parts at equilibrium:

(1) Untrapped solute, which locates outside of niosome and can be
removed by dialysis.
(2) Entrapped solute, which locates inside of niosome and can-
not be removed by dialysis. There are no interaction between
niosome and solute.

(3) Solute molecules interacting with niosome, and cannot be
removed by dialysis.
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ig. 7. The relationship diagram among untrapped solute, entrapped solute with-
ut interaction with niosome membrane, solute having interaction with niosome
embrane.

The relationship diagram is shown in Fig. 7.
For niosome made from Span 60 and CH, the entrapment equi-

ibrium can be described clearly by the following equation:

pan + solute
K
�solute-Span + solute@Span (2)

here solute-Span denotes the species of solute molecules inter-
cting with niosome; solute@Span represents the species of
ntrapped solute without interaction with niosome membrane,
nd K is the equilibrium constant.

For equilibrium equation (2), the initial concentrations of
pan (Here, Span presents total lipid), solute, solute-Span and
olute@Span can be described in [Span]0, [solute]0, 0, and
mol dm−3, respectively. Similarly, the equilibrium concentrations
f Span, solute, solute-Span and solute@Span can be described in
Span]e, [solute]e, [solute-Span]e, and [solute@Span]e mol dm−3,
espectively.

According to the material balance, at an equilibrium state,

Span]e = [Span]0 − [solute-Span]e (3)

solute]0 = [solute]e + [solute-Span]e + [solute@Span]e (4)

= [solute-Span]e[solute@Span]e

[Span]e[solute]e

= [solute-Span]e([solute]0 − [solute]e − [solute-Span]e)
([Span]0 − [solute-Span]e)[solute]e

(5)

Eq. (5) can be transformed into the following equation:

solute]0 = K[Span]0

[solute-Span]e
[solute]e + [solute-Span]e (6)

When the solute is p-BA or SA, the corresponding [solute]e

an be measured by UV absorption spectroscopy. Under the
ame initial concentration of Span, a series of values of [solute]e,
an be obtained by changing the different initial concentration
solute]0 of p-BA or SA. By plotting [solute]0 vs. [solute]e, the
hermodynamic equilibrium constant K and [solute-Span]e can be
alculated from the slope and intercept (Fig. 8). For p-BA and SA
n Span niosome system at room temperature, the correspond-
ng equilibrium constants K are 1.54 and 0.17, respectively. The
oncentrations of p-BA and SA interacting with Span niosome by

−4 −4 −3
ydrogen bonding are 1.208 × 10 , and 0.414 × 10 mol dm
[Span]0 = 2.0 × 10−4 mol dm−3). It means that the ratio of p-BA
hich binds with niosome by hydrogen bonding to total lipid

eaches 60.4%, and this value of SA is 20.7%. The entrapment and
elease of both solutes were influenced greatly by the hydrogen
Fig. 8. Plot of [solute]0 vs. [solute]e to calculate equilibrium constant K and
[solute-Span]e for entrapment equilibria of p-BA, SA model solutes in niosome.
([Span]0 = 2.0 × 10−4 mol dm−3; temperature, 25 ± 2 ◦C; the initial concentration
range of p-BA or SA was 0.9–4.5 × 10−4 mol dm−3.).

binding interaction intensity. The stronger hydrogen binding, the
higher entrapment efficiency is.

4. Conclusions

Being different from previous researches, the current study
mainly indicates the importance of hydrogen bonding interactions
of solutes in the encapsulation and release. Here SA and its isomer
p-BA were used as models and the corresponding encapsulation
efficiency were evaluated and compared. The quantitative analysis
of hydrogen binding interaction between solute and niosome has
been finished firstly, and the corresponding entrapment equilib-
rium constant has been calculated. The results demonstrated that
the hydrogen bonding interaction between drugs and membrane
molecules is greatly helpful to improve the encapsulation efficiency
of drugs and reduce the release rate. This study provides a new
insight into designing effective niosomal system.
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