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Abstract
Background: The influence of liposome composition, lamellarity, preparation method, and charge on the
encapsulation efficiency, size, polydispersity, and surface charge of sumatriptan liposomes was studied.
For this purpose, we studied multilamellar, unilamellar, and frozen and thawed liposomes. Method: Posi-
tively or negatively charged liposomes were obtained using both phosphatidylcholine and cholesterol,
in combination with stearylamine or dicetylphosphate. Liposomal formulations were characterized by
confocal laser scanning microscopy and optical microscopy for vesicle formation, morphology, and
lamellarity, by dynamic laser light scattering for size distribution and polydispersity, and electrophoretic
mobility for zeta potential determination. To obtain more information about the sumatriptan encapsula-
tion, dynamic dialysis technique was employed. The sumatriptan amount was quantified by high-perfor-
mance liquid chromatography. Results: Overall obtained results showed that liposomes may be
interesting carriers for sumatriptan succinate. Statistical analysis evidenced that the preparation method
does not affect the evaluated characterization parameters. However, the presence of charge inducer
agents modified these characteristics. Highest loading efficiency of sumatriptan was exhibited for posi-
tively charged liposomes containing 6.58:10.34:3.73 mmolar ratio for phosphatidylcholine : cholesterol :
stearylamine. The mean size was affected by the charge inducer, being smaller in positively charged lipo-
somes. Logically, surface charge of liposomes varied as a function of the employed charged agent. Also,
interesting results were obtained when vesicles were loaded with sumatriptan, showing a statistical sig-
nificance between all pairs, comparing the formulations with and without drug. Conclusion: Results
obtained revealed that the presence of sumatriptan in the vesicles has a different behavior in negative
and positively charged liposomes.
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Introduction

Sumatriptan is a selective serotonin 5-HT agonist at the
5-HT1B and 5-HT1D receptors used in the treatment of
acute migraine episodes1,2. It was the first of the so-
called triptan drugs that had a significant impact on the
treatment of acute attacks3, and it is available in several
dosage forms including products for oral, nasal, and
rectal delivery4–6. However, some clinical studies
underscore the drug limited efficacy, slow onset, and

incomplete prevention of recurrence as major short-
comings of current therapies7.

Subcutaneous injection of sumatriptan yields the most
rapid response at the 30-minute time point and complete
relief at the 2-hour time point. In addition to the reluc-
tance for self-injection, there have also been reports of
skin site reactions in more than 50% of patients8.

Transdermal delivery offers a convenient alternative
particularly in the case where nausea prevents adminis-
tration of an oral dosage form9. In addition, sumatriptan
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has a relatively poor oral bioavailability (14% only) and a
relatively short half-life (t1/2 ∼ 2 hours). This route avoids
the hepatic first-pass metabolism and permits to achieve
constant plasma levels over an extended period of
time10–13. Liposomal systems can enhance skin perme-
ation of drugs14,15. In this way, sumatriptan liposomes
could be an interesting strategy to improve the drug bio-
availability, and considering that the sumatriptan succi-
nate permeates through the skin16–18, it would be
interesting to apply them by this route.

Moreover, these vesicles as drug delivery systems
have the potential to provide controlled release of the
administered drug and to increase the stability of the
labile drugs such as sumatriptan19. Encapsulating a suf-
ficient amount of the therapeutic agent is one of the
desirable properties for their use20. Factors affecting the
encapsulation efficiency of the drug in liposomes are
numerous and they come from the properties of both
liposomes and encapsulated drugs. Concerning the
encapsulated drug, the entrapment efficiency is
affected by hydrophilic or lipophilic properties and its
tendency to interact with the lamella21,22. As for the
liposome properties, aqueous volume, membrane
rigidity, surface area, and preparation methods are
reported to have an influence on the encapsulation
efficiency23–25.

The lipid lamellae of the stratum corneum of the
skin contain a high ratio of negatively charged lipids,
which are expected to interact with cationic lipo-
somes. Transfer of some of the bilayer components of
the liposomes to the skin is then induced. Several
studies have demonstrated that positively charged
liposomes have a remarkable effect in enhancing the
penetration of drugs across the skin as the latter is
negatively charged and favors the electrostatic attrac-
tion for positively charged liposomes26. For this rea-
son, stearylamine (SA), a positively charged lipid, has
been included in the formulation of the different lipo-
somes in this work.

On the other hand, several formulations have been
developed by using dicetylphosphate (DCP) as an
anionic agent that favors the ionic interaction with
the drug, which is partially positively charged in the
formulations.

The aim of this work was to develop a liposomal
formulation to encapsulate sumatriptan succinate for
topical administration. This article covers the analysis
of different production techniques on several charac-
terization parameters such as encapsulation effi-
ciency, vesicle size, polydispersity index (PI), zeta
potential, and lamellarity. The influence of SA and
DCP on the above parameters has also been studied.
With regards to the evaluated parameters, the best for-
mulation was selected for further release and perme-
ation studies.

Materials and methods

Materials

Sumatriptan succinate was received as a gift sample from
GlaxoSmithKline (Brentford, UK). Egg yolk phosphati-
dylcholine (PC) (60%, w/w, purity), SA, and DCP were
purchased from Fluka (Steinheim, Germany). Cholesterol
(CH) was obtained from Sigma-Aldrich (Barcelona,
Spain). Chloroform, diethyl ether, and 4-(2-hydroxyethyl)-
1-piperazineethanesulfonic acid (HEPES) were received
from Panreac Chemistry (Barcelona, Spain). The buffer
solution used for the preparation of liposomes was
HEPES 10 mM to pH 5.5 that corresponds to skin pH
value. All other reagents used in this study were of analyt-
ical grade.

Preparation of sumatriptan formulations

Liposomes were prepared using a slightly modified pro-
tocol according to our previously published method24,27.
Liposomes were prepared using three different meth-
ods: thin-layer evaporation (TLE), reverse phase evapo-
ration (REV), and freezing and thawing multilamellar
vesicles (FATMLV).

• Thin-Layer Evaporation (TLE). Thin lipid film-
hydrated vesicles were prepared according to the
method described previously21,23. Briefly, different
ratios of PC, CH, and the charged substance (SA or
DCP) were dissolved in 10 mL of chloroform in a
round-bottom flask. The organic solvent was then
removed under reduced pressure in a rotary evapora-
tor (Büchi, R-200) at 58°C (temperature above the
critical transition temperature of lipids, Tc), thus
obtaining a thin film of dry lipid on the flask wall. The
film was then hydrated by adding 10 mL of buffer
HEPES (10 mM, pH 5.5) with and without 0.67% (w/v)
(16.11mM) sumatriptan succinate. Multilamellar
liposomes were formed by periodic vortexing cycles
consisting of 2 and 6 minutes in a thermostatized bath
at 58°C for five times15,28–30.

• Freezing–Thawing (FAT). A thin lipid film was pre-
pared from the lipid solution in chloroform, as
described above. Ten milliliters of 16.11mM
sumatriptan in HEPES buffer solution (pH 5.5) was
then added to the lipid film in the round bottom. The
lipid film was gradually hydrated by gently shaking
the flask at 58°C for 30 minutes. The liposome disper-
sion was then subjected to nine FAT cycles, by freez-
ing the sample in liquid nitrogen and then thawing
the suspension in a thermostatized bath at 58°C31.

• Reverse phase evaporation (REV). REV liposomes
have been prepared according to the method of Skoza
and Papahadjopoulos32, with some modifications.
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Lipids were dissolved in 10 mL chloroform–ether
mixture (8:4) into a 100-mL round-bottom flask. The
buffer HEPES with and without the drug was added at
this point. The resulting two-phase system was soni-
cated (Branson 3510) by 10 minutes until obtaining a
water/oil emulsion (homogeneous opalescent disper-
sion). The organic solvent was then removed in a
rotary evaporator at 58°C. During this process, the
material first forms a viscous gel, subsequently the gel
collapses, and becomes an aqueous suspension33. At
this moment, the dispersion was introduced to a vor-
texing cycle for 5 minutes to obtain the liposomes32.

Liposomal formulations containing different
amounts of SA and DCP have been obtained. For SA for-
mulations, 10 (3.71 mM), 20 (7.42 mM), and 30 mg
(11.13 mM) and for DCP, 10 (1.83 mM), 12.5 (2.29 mM),
15 (2.74 mM), 20 (3.66 mM), and 30 mg (5.49 mM) were
used to analyze the effect of lipid charge on sumatriptan
encapsulation efficiency, polydispersion index, vesicle
size, and zeta potential of liposomes. In Table 1, the
different prepared formulations are described.

Measurement of liposome size and surface charge

The average diameter of the vesicles and their zeta
potential were determined using a Zetamaster appa-
ratus (Malvern Instruments, Malvern, UK) at a tem-
perature of 25°C. To measure the size of vesicles, a
100 μL volume of liposome dispersions was suitably
diluted with 20 mL of purified water to avoid multi-
scattering phenomena. The sample was sized imme-
diately by photon correlation spectroscopy and the
intensity of the laser light scattered by the samples
was detected at an angle of 90° with a photomulti-
plier. For each batch of liposomal suspension, three
independent samples were taken, each of which was
measured at least twice and up to five times. The data
accumulation was done in a series of subruns, 10 sub-
runs by each run. Finally five runs were analyzed
using a Contin method, which is a lower resolution
algorithm34 (Malvern Instruments manual35). Based
on this analysis, the z-average value was obtained
enabling the approximation of the hydrodynamic
diameter (nm) of liposomes. The PI allows us to deter-
mine the level of homogeneity between different sizes
of particles. A small value of PI (<0.2) indicates a
homogeneous vesicle population, whereas a larger PI
(>0.3) indicates heterogeneity.

To measure zeta potential, liposome dispersions (3
mL) were diluted with purified water and then injected
into a photoelectric cell. The liposome movement
within the electric field permitted to determine their
electric charge. This determination was applied upon
three samples for each formulation.

Chromatographic system

The chromatographic apparatus consisted of a Hitachi
system manager D-7000, equipped with a quaternary
pump L-7100, a diode array detector L-7455, an
automatic injector L-7200, and an interface D-7000.
For data collection and calculation, HSM System Man-
ager Software was used. The chromatographic condi-
tions were optimized using a column C18
(LiChrospher 100 RP-18; 125 × 4 mm, 5 μm; Merck,
Barcelona) and following a modified methodology
previously described by other authors36. The mobile
phase consisted of phosphate buffer (0.05 M) acetoni-
trile (80:20, v/v) adjusted to pH 6 with sodium hydrox-
ide (0.05 M). The mobile phase was filtered through a
0.22-μm nitrocellulose-membrane filter (Millipore,
Barcelona, Spain) and degassed under vacuum prior
to use. Absorbance was measured at 227 nm and the
flow rate was 1 mL/min. The injection volume was 20
μL. Peak areas were measured and high-performance
liquid chromatography analysis was conducted at
room temperature.

Table 1. Composition of the different liposome formulations.

Batch Method
Inducer charge

agent
Amount of inducer 
charge agent (mg)

1 TLE SA 10

2 TLE SA 20

3 TLE SA 30

4 TLE DCP 10

5 TLE DCP 12.5

6 TLE DCP 15

7 TLE DCP 20

8 TLE DCP 30

9 REV SA 10

10 REV SA 20

11 REV SA 30

12 REV DCP 10

13 REV DCP 12.5

14 REV DCP 15

15 REV DCP 20

16 REV DCP 30

17 FAT SA 10

18 FAT SA 20

19 FAT SA 30

20 FAT DCP 10

21 FAT DCP 12.5

22 FAT DCP 15

23 FAT DCP 20

24 FAT DCP 30

Each batch was prepared with a ratio in milligrams PC : CH (50:40),
as lipid vesicles formed, and sumatriptan succinate 66.67 mg.
Batches without sumatriptan of each formulation were prepared
(placebo). DCP, dicetylphosphate; SA, stearylamine.
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Determination of drug entrapment efficiency 
in liposomes

Liposome encapsulation efficiency was performed by a
dynamic dialysis technique, monitoring the drug con-
centration in the receiver solution, corresponding to the
nonentrapped drug from liposomes15,23,37. In this
method, 3 mL of drug-loaded liposomal dispersion was
dropped into a cellulose acetate dialysis bag (Spectra/
Por®, MW cutoff 12.000; Spectrum, Canada) immersed
in 150 mL of cold buffer, HEPES 10mM (pH 5.5), and
magnetically stirred. Samples, taken at time intervals
from the receiver solution, were replaced with equal
volumes of fresh solvent. Sumatriptan succinate was
assayed by high-performance liquid chromatography at
227 nm36. The experiment was stopped when constant
drug concentration values were obtained in subsequent
withdrawals from the receiver phase. The percent of
encapsulation efficiency (EE%) was then calculated
according to the following equation:

Each result was the mean of at least three separate
experiments of each sample.

Lamellarity

This parameter was evaluated by confocal laser
scanning microscopy (CLSM). The equipment used was
a Leica TCS SP II confocal unit (Leica, Heidelberg,
Germany) equipped with a kryton–argon–helium/neon
laser and mounted on a Leica DM IRE 2 inverted micro-
scope (Leica) using HC PL Fluotar Leica lens with mag-
nifications of 10, 20 × (dry) and HCX PLAN APO Leica
lens 40 × (0.85 multi immersion objective). To observe
the liposomes, we added a fluorescent marker,
Rhodamine 6G, in the aqueous phase (buffer HEPES) to
each liposomal dispersion and the images were
obtained by fluorescence emission. For the probe exci-
tation, 488 nm laser line was used and the fluorescence
emission was detected above 520 nm.

Statistical analysis

Mean differences in preparation method and SA or DCP
concentrations were compared using one-way analysis
of variance (ANOVA). Post hoc Scheffé´s F-test was
used to obtain levels of statistical significance while
adjusting for multiple comparisons. The nonparametric
Mann–Whitney U-test was used to study the influence
of sumatriptan on the formulations. Statistical signifi-
cance was established at P < 0.05. All experiments were

repeated at least three times and results are expressed
as mean ± SD.

Results and discussion

Entrapment efficiency

By inspection of Table 2 and Figure 1, it is obvious that
sumatriptan encapsulation efficiency would vary with
the preparation method and the type and concentration
of charge inducer used in the prepared liposomes.

The highest encapsulation efficiency (60.10%, w/v)
was observed with the positively charged unilamellar
liposomes (REV) composed of PC:CH:SA (6.6:10.3:3.71)
mmolar ratio (i.e., the positive liposomes with the
lowest SA content), while negatively charged liposomes
with the lowest DCP content (6.6:10.3:1.83) molar
ratio exhibited the lowest encapsulation efficiency
(12.83%, w/v).

Concerning the effect of type of charge inducer on
the encapsulation efficiency of sumatriptan, results evi-
denced that the percentage of drug encapsulated
increased in SA formulations. The one-way ANOVA

% .EE = ×
total drug-diffused drug

total drug
100

Table 2. Characterization parameters of sumatriptan succinate for-
mulations: liposome size, polydispersity index (PI), zeta potential,
and drug incorporation efficiency (EE%).

Batches Size (nm) PI Zeta EE (%)

1 408.6 ± 279.1 0.56 ± 0.01 35.40 ± 1.23 53.68 ± 9.09

2 311.4 ± 154.6 0.25 ± 0.09 26.26 ± 1.11 43.05 ± 1.19

3 348.7 ± 100.3 0.28 ± 0.24 37.90 ± 3.67 39.16 ± 3.53

4 812.4 ± 115.4 1.00 ± 0.00 −72.0 ± 0.9 12.83 ± 1.26

5 731.9 ± 15.3 1.00 ± 0.00 −61.3 ± 0.7 29.79 ± 7.25

6 635.9 ± 13.6 0.817 ± 0.103 −59.8 ± 0.9 41.87 ± 2.76

7 617.8 ± 29.9 0.634 ± 0.23 −68.4 ± 1.3 27.90 ± 0.62

8 549.2 ± 10.3 0.37 ± 0.09 −68.1 ± 0.4 32.54 ± 0.66

9 313.5 ± 97.8 0.30 ± 0.15 24.42 ± 2.33 60.10 ± 5.55

10 376.5 ± 160.7 0.18 ± 0.17 31.27 ± 0.35 56.67 ± 0.48

11 603.7 ± 180.5 0.34 ± 0.31 33.24 ± 0.70 54.27 ± 10.33

12 671.5 ± 3.20 0.802 ± 0.04 −70.1 ± 0.9 29.11 ± 3.14

13 613.9 ± 19.7 0.701 ± 0.16 −67.3 ± 0.4 35.25 ± 2.36

14 649.8 ± 6.18 0.95 ± 0.04 −73.0 ± 0.7 34.52 ± 2.50

15 672.5 ± 13.1 1.00 ± 0,00 −77.6 ± 0.6 49.81 ± 1.34

16 860.6 ± 54.7 1.00 ± 0.00 −78.5 ± 0.8 54.56 ± 1.88

17 360.0 ± 220.3 0.48 ± 0.12 46.30 ± 1.26 19.37 ± 5.64

18 351.1 ± 121.8 0.31 ± 0.15 40.70 ± 0.56 52.78 ± 4.31

19 317.1 ± 232.8 0.26 ± 0.14 56.70 ± 15.44 50.0 ± 3.53

20 531.8 ± 41.7 0.375 ± 0.13 −63.7 ± 0.7 35.29 ± 11.08

21 521.5 ± 19.7 0.37 ± 0.11 −63.0 ± 0.6 28.07 ± 10.69

22 599.0 ± 7.6 0.67 ± 0.09 −71.5 ± 0.8 37.57 ± 8.29

23 445.1 ± 23.0 0.186 ± 0.05 −68.7 ± 0.8 29.14 ± 2.39

24 505.1 ± 17.6 0.256 ± 0.05 −67.8 ± 0.7 29.66 ± 0.69

Each value represents the mean ± SD, n = 3. The composition of
each batch is given in Table 1.
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showed a significant difference between all pairs at P <
0.05. This increase in the entrapment efficiency occurs
because SA may affect specific characteristics such as
the membrane permeability or the electric charge
density38. Also, some authors have demonstrated that
the presence of the positive charge in the lipid bilayer
produces a change in the lateral packing of the lipo-
some bilayer causing a decrease in the entrapment
efficiency39. The hydrophobic part of the sumatriptan
molecules may interact with the hydrophobic tails of
the phospholipid bilayers of the liposomes40,41, which

may be involved in the binding of sumatriptan into lipo-
somes, in fact higher concentrations of SA produce a
lower encapsulation efficiency.

On the other hand, the decrease in encapsulation
efficiency was more evident for liposomes presenting
negatively charged substances in their composition. In
fact, at pH 5.5, sumatriptan is partially protonated. In this
way, in negative liposomes, the sumatriptan entrapment
occurs basically by electrostatic attraction between the
ionized sumatriptan and DCP. By this reason, DCP
charge does not generate important repulsive interactions
in the lipid bilayer. Indeed, with higher concentrations of
DCP, the entrapment efficacy was increased. The drug
encapsulation in negative liposomes has been lower than
positive liposomes, probably because in negative lipo-
somes the entrapment is directly related to the ionization
of the sumatriptan succinate. Sumatriptan contains more
than one functional group that may become charged by
protonation or deprotonation at pH 5.5. The presence of
these groups greatly affects both the rates of diffusion
and the final equilibrium distribution of this compound
across the membrane bilayer. Therefore, there is certain
affinity of drug for the phospholipid bilayer, which
contributes to the drug encapsulation.

In addition, despite results, and using the ANOVA
analysis, there was no significant difference in the
percentage of sumatriptan using different charge inducer
concentrations (F = 0.76, P = 0.563) and changing the
preparation method of liposomes (F = 2.56, P = 0.101).

Vesicle size measurement

Vesicle sizes were measured for freshly prepared posi-
tively charged and negatively charged TLE, REV, and
FAT liposomal dispersions with lipid components in the
molar ratio PC:CH:SA or DCP 6.6:10.3:X, where X corre-
sponds to SA or DCP different ratios used to prepare the
formulations previously described. CONTIN method
analysis confirmed the results obtained previously24,
that is, that vesicle size is dependent on preparation
method and bilayer composition.

The particle size was estimated to be between 311 and
408 nm for positively charged liposomes. Negatively
charged liposomes showed a mean diameter between
505 and 860 nm (Table 2). These results can be attributed
to the inclusion of a charge inducer in liposomes, which
modified the spacing between the adjacent bilayers. The
negatively charged lipid electrostatically attracts the drug
cation, which may be expected to push phospholipids’
head groups apart, hence increasing the particle
diameter42. However, the positively charged liposomes
tend to stabilize the colloidal dispersion, giving rise to
vesicles with smaller size and a narrow polydispersion
index. The one-way ANOVA showed a significant differ-
ence between all pairs (F = 24.102; P < 0.05).

Figure 1. Encapsulation efficiency (%) of sumatriptan as a function of
the charge inducer amount (mg) added into the formulations. (a) TLE
method, (b) REV method, (c) FAT method. DCP, dicetylphosphate;
SA, stearylamine. Each data represents the mean ± SD for n = 3.
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Concerning the influence of the preparation method
on vesicle size, globally the comparison between the
mean vesicle diameter of REVs and multilamellar  vesi-
cles (MLVs), liposomal formulations evidenced that the
multilamellar liposomes are larger in size than REV
liposomes prepared with the same lipid molar ratio43.

We used the confocal microscopy to demonstrate the
lamellar multiplicity. CLSM experiments were carried
out by using liposomes labeled with rhodamine, which
present a high affinity to the lipid bilayer. The photomi-
crograph of sumatriptan REV liposomes showed in
Figure 2a reveals the presence of homogeneous popula-
tion of unilamellar vesicles with one phospholipid
bilayer and oligolamellar vesicles consisting of a few
concentric bilayers. The presence of unilamellar vesi-
cles implies a higher aqueous compartment to encap-
sulate the hydrophilic drug; the prepared liposomes are

well-identified spheres that have a large internal aque-
ous space relative to the sphere diameter. Figure 2b
shows how the rhodamine interacted with the lipid
bilayers and was distributed in the whole structure of
MLVs, in accordance with several authors30,44. The pho-
tomicrograph of sumatriptan multilamellar liposomes
reveals the presence of well-defined multilamellar vesi-
cles that consist of many concentric phospholipid bilay-
ers. It is to be noted that MLV liposomes are larger in
size than REV liposomes.

As a conclusion, the size and number of lamellae of the
vesicles are important for the encapsulation of drugs in
liposomes. Because MLVs contain large lipid surface and
numerous lamellae, they are more suitable than the other
types of liposomes for the encapsulation of hydrophobic
drugs via interacting with the lipid layers. However, water-
soluble drugs, such as sumatriptan succinate, are better

Figure 2. Confocal microscopy images of liposomes. (a) REV method, (b) TLE method, (c) FAT method. The composition of all formulations was
6.6:10.3 PC:CH molar ratio, with 10 mg of SA. Each data represents the mean ± SD for n = 3.

(a) (b)

(c)
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encapsulated with REV method, because the large unila-
mellar  vesicles (LUVs) obtained lead to more aqueous
internal compartment.

In the case of FATMLV, the confocal images demon-
strate that the vesicles were not completely formed. In
Figure 2c, we can observe some vesicles and remaining
lipids, because the freezing–heating treatment destroys
part of the sample.

Zeta potential measurement

Zeta potential was measured by electrophoretic light
scattering at room temperature. Liposome dispersions
were diluted with HEPES buffer before the measure-
ment to adjust the intensity.

The independent analysis of positively and nega-
tively charged liposomes showed a significant differ-
ence in the zeta potential of the different positively
charged colloidal systems as a function of the prepa-
ration method (ANOVA, F = 6.756, P = 0.029). Despite
their highest vesicle size, TLE liposomes have similar
positively charged surface than REV liposomes (using
the same SA concentration), as we can see in Figure 3.
Because three levels of this variable have been con-
sidered, the Scheffé test can be used for making pair-
wise comparisons. To do this, we calculate the F ratio
for the difference between the means of two prepara-
tion techniques, and then we test the significance of
this F value. The summary of Scheffé test results is
shown in Table 3.

Based upon the obtained results, the existence of
statistical difference between groups has been dem-
onstrated. The comparison between REV and FAT
techniques showed a mean difference of 18.25 (P =
0.037), indicating that the average value of zeta
potential in REV formulations is less positive than in
FAT samples. This conclusion could be relevant and
should be taken into account for further studies,
because this difference of the zeta potential values
might affect the vesicle stability and the skin perme-
ation behavior.

Concerning the effect of the charge inducer agent on
the zeta potential values between negatively and posi-
tively charged liposomes, statistical significance has
been obtained when ANOVA test was applied (F =
2035.61, P < 0.05). On the basis of zeta potential mea-
surements, several authors have concluded that DCP
incorporated in liquid-crystalline PC bilayers is ran-
domly distributed on the plane of the bilayer. Further-
more, the distribution of this negatively charged
phospholipid between the two halves of the bilayer is
uniform. However, this pattern was not reproduced
with liposomes containing SA.

At pH 5.5, the protonation of SA would be theoretically
complete. Then, as the SA increased in the formulations,
the zeta potential should also be increased. However,
results indicated a possible asymmetrical distribution of
SA in the bilayer because a nonlinear relationship
between the SA content and the zeta potential values was
obtained (Figure 4a–c). In addition, several authors have
reported the capacity of SA to escape easily from the lipid

Table 3. Comparison of zeta potential values of the different preparations of sumatriptan liposomes between the three preparation methods,
comparing them by pairs.

Variable (I) Method (J) Method Mean difference (I − J) Standard error P

Confidence level at 95 %

Lower limit Higher limit

ZETA TLE FAT −14.71333 5.26599 0.082 −31.6027 2.1761

REV 3.53667 5.26599 0.805 −13.3527 20.4261

ZETA FAT TLE 14.71333 5.26599 0.082 −2.1761 31.6027

REV 18.25000(*) 5.26599 0.037ж 1.3606 35.1394

ZETA REV TLE −3.53667 5.26599 0.805 −20.4261 13.3527

FAT −18.25000(*) 5.26599 0.037ж −35.1394 −1.3606

P ≤ 0.05 significantly different as evaluated by Scheffé’s F-test.

Figure 3. Zeta potential (mV) values as a function of the SA amount
in the formulations for the three preparation techniques used. Each
data represents the mean ± SD for n = 3.
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bilayer and to protect its hydrocarbon chain from the
hydrophilic environment: SA is organized in micelles,
undergoing a rapid segregation into the medium, which
change the surface charge density45. Probably in REV,
micelles formation is higher than TLE, because zeta
potential value is lower in these preparations.

On the other hand, the effect of sumatriptan on the
zeta potential has been confirmed by applying Mann–
Whitney U-test for independent samples (P = 0.036).
Sumatriptan succinate is a weak salt of succinic acid
(pKa: 4.2). When this substance was dissolved in aque-
ous solution (pH 5.5), it ionized in equilibrium:

SA is an amphiphilic compound, which may ionize
when it will be incorporated into the liposomes and
aqueous environments, as shown in the following
equation46:

Figure 4. Comparison between the zeta potential (mV) values obtained in formulations with and without sumatriptan. (a–c) Formulations
containing SA as charge inducer agent (a, TLE method; b, REV method; c, FAT method). (d–f) Formulations containing DCP as charge inducer
agent (d, TLE method; e, REV method; f, FAT method). Each data represents the mean ± SD for n = 3.
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With the obtained results in the above studies, we can
assume a displacement of SA from the bilayer because
of a stronger interaction between sumatriptan and the
lipid heads. Therefore, an increase in the encapsulation
efficiency of sumatriptan gives rise to lower zeta poten-
tial, as we can see in Figure 4a–c.

Several authors have revealed that, in slightly acidic
solutions, a decrease of negative charge occurs (DCP
without sumatriptan, see Figure 4d–f). When the drug
was incorporated, succinate stayed ionized, increasing
the negative charge of vesicles38. However, in the case
of SA, which was ionized at pH 5.5, an increase in
positive charge occurs in the absence of sumatriptan,
compared with the surface charge in drug formulations.
At pH 5.5, succinate can react with SA, giving rise to a
decrease in the zeta potential.

Conclusion

In this work, we have shown that sumatriptan succinate
can be encapsulated in liposomes. Both preparation
method and charged inducer have no statistical influence
on the studied parameters. Only sumatriptan succinate
has been a significative influence above zeta potential.
It was found that positively charged REV liposomes,
prepared with PC:CH:SA (6.6:10.3:3.71) mmolar ratio,
showed vesicles with smaller size, unilamellar mor-
phology, and high drug encapsulation. Therefore, we
have chosen this formulation to realize future studies
with the aim to apply them by transdermal route.
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