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a  b  s  t  r  a  c  t

The  aim  of  the  present  work  was  to characterize  the  in  vitro transdermal  absorption  of  almotriptan
through  pig ear  skin.  The  passive  diffusion  of  almotriptan  malate  and  its iontophoretic  transport  were
investigated  using  current  densities  of  0.25  and  0.50  mA/cm2. In vitro  iontophoresis  experiments  were
conducted  on  diffusion  cells  with  an agar bridge  without  background  electrolytes  in the  donor  compart-
ment.  Although  both  current  densities  applied  produced  a statistically  significant  increment  with  respect
to passive  permeation  of almotriptan  (p  <  0.01),  that  of  0.50  mA/cm2 proved  to be  the  best  experimental
eywords:
lmotriptan
igraine

ransdermal drug administration
ontophoresis
urrent density

condition  for  increasing  the transport  of  almotriptan  across  the  skin.  Under  these  experimental  condi-
tions,  the  transdermal  flux  of  the  drug  increased  411-fold  with  respect  to  passive  diffusion,  reaching
264  ±  24  �g/cm2 h  (mean  ±  SD).  Based  on these  results,  and  taking  into  account  the  pharmacokinetics
of almotriptan,  therapeutic  drug  plasma  levels  for the  management  of  migraine  could  be  achieved  via
transdermal  iontophoresis  using  a reasonably  sized  (around  7.2  cm2) patch.
atch

. Introduction

Almotriptan malate is a highly selective serotonin 5-
ydroxytryptamine 1B/1D (5-HT1B/1D) receptor agonist. According
o the FDA Clinical Review: Almotriptan malate, April 2009 (Rob
arris, 2009), almotriptan is effective in the acute treatment
f moderate to severe migraine attacks in adult and adolescent
atients with a history of migraine with or without aura. Several
tudies have reported that almotriptan has the best sustained
ain-free rate and the lowest adverse events rate of all the trip-
ans (Sandrini et al., 2007; Pascual et al., 2010), and its efficacy
nd tolerability have been assessed in a number of randomised,
ontrolled trials in over 4800 adults suffering moderate or severe
ttacks of migraine (Antonaci et al., 2010; Chen and Ashcroft,
007). Almotriptan is consistently one of the preferred triptans in
ultiattribute decision-making analyses (Láinez, 2007).
Almotriptan is administered as oral tablets (basically 12.5 mg)

nd, although its absorption is good after oral administration, the
ean absolute bioavailability is 69.1% (Tfelt-Hansen et al., 2000).
fter oral dosage, maximal plasma concentrations are achieved

etween 1.5 and 4 h later, therapeutic levels are in the range of
2–56 ng/mL, its plasma clearance is 36.5 ± 5.8 L/h, the apparent
istribution volume is 3.5 L/kg and the terminal elimination half

∗ Corresponding author. Tel.: +34 961369000x1211; fax: +34 961395272.
E-mail address: alopez@uch.ceu.es (A. López-Castellano).
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© 2011 Elsevier B.V. All rights reserved.

life is between 2.5 and 5 h (McEnroe and Fleishaker, 2005; Tfelt-
Hansen et al., 2000). The predominant route of metabolism is via
monoamine oxidase-A (McEnroe and Fleishaker, 2005). In humans,
after a single subcutaneous dose its bioavailability is complete and
time to maximum plasma concentration is about 5–15 min  (Jansat
et al., 2002). In other animal species oral bioavailability varies in
the range of 18.7–79.6% depending on the degree of absorption and
first-pass effect metabolism (Aubets et al., 2006).

As mentioned previously, the bioavailability of almotriptan is
somewhat limited after oral dosing. Parenteral dosing is an alter-
native, but involves obvious inconveniences. Bearing in mind the
pharmacokinetic properties of this agonist and its superior efficacy
and tolerability profile in comparison to other tryptans (Von, 2002),
an alternative route of almotriptan delivery, such as transdermal
administration, could represent a new and valid pharmaceutical
form.

For several decades, there has been interest in using the skin as a
port of entry into the body for the systemic delivery of therapeutic
agents. However, the stratum corneum, the upper layer of the skin,
is a barrier to the entrance of many therapeutic entities (Naik et al.,
2000). The passive delivery rate of a compound is often dependent
on two  major physicochemical properties: its partition coefficient
and its solubility. Diffusion through the skin is controlled by the

stratum corneum, some of whose properties can be manipulated by
application of a penetration enhancer (Kanikkannan et al., 2000),
and by using different methodologies such as iontophoresis, a non-
invasive technique based on the application of a low-level electrical

dx.doi.org/10.1016/j.ijpharm.2011.06.039
http://www.sciencedirect.com/science/journal/03785173
http://www.elsevier.com/locate/ijpharm
mailto:alopez@uch.ceu.es
dx.doi.org/10.1016/j.ijpharm.2011.06.039
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Table 1
Physicochemical properties of almotriptan malate.

Generic name Almotriptan malate

IUPAC name 1-[[[3-[2-(Dimethylamino)ethyl]-1H-indol-5
yl]methyl]
sulfonyl]pyrrolidine(±)-hydroxybutanedioate
(1:1)

Structural formula

Empirical formula C17H25N3O2S – C4H605

Molecular weight 469.56 g/mol
Dosage forms Oral
Oral bioavailability 69.1%
90 M.A. Calatayud-Pascual et al. / Internation

urrent (with a current density <0.50 mA/cm2) (Kalia et al., 2004;
udry et al., 2007; Sieg et al., 2004).
The two main mechanisms by which iontophoresis enhances

olecular transport across the skin are electromigration and elec-
roosmosis. Electromigration, also known as electrorepulsion, is the
irect interaction of the electrical field and the ions present in the
ormulation with the skin. In this way, the transport of cationic
rugs from the anode and negatively charged drugs from the cath-
de is enhanced (Guy et al., 2000, 2001; Kalia et al., 2004). The
fficiency of drug transport, namely the fraction of the total charge
ransported by a given drug (its transport number, td), can be deter-

ined experimentally by measuring its flux (Jd) and applying the
elation:

d = I  · td

F · zd
(1)

here I is the total current passed, F is Faraday’s constant, and zd is
he valence of the drug (Phipps and Gyory, 1992).

Electroosmosis is possible because the skin is a negatively
harged membrane at physiological pH. When an electrical poten-
ial is applied across a membrane containing a fixed charge, there
s a bulk volume flow of solution in the direction of the counter
ons movement (Pikal, 2001). This means that, for the negatively
harged skin, the electroosmotic flow is in the anode-to-cathode
irection. This flow of solvent carries through the skin any dis-
olved solute and, therefore, enhances the transdermal delivery
f neutral, polar molecules. The contribution of electroosmosis is
reater in the transport of high molecular ions (Guy et al., 2001)
ue to their competition with the smaller and more mobile ions
omprising the background electrolytes. In fact, different parame-
ers, including background electrolytes and current density, have a
reat impact on iontophoresis efficacy (Femenía-Font et al., 2005a;
hipps and Gyory, 1992; Pikal, 2001; Schuetz et al., 2006).

Almotriptan is a lipophilic drug (log P = 1.6) and its molecular
eight is 335.46 g/mol (469.55 as malate). Almotriptan malate is

 weak acid with a pKa value of 8.77 at 22 ◦C, so the percentage
f the ionised form is dependent on the pH. Almotriptan malate is
ositively charged at pH 7.4, thus being a good candidate for ion-
ophoretic delivery (Burnette and Ongpipattanakul, 1987; Phipps
nd Gyory, 1992).

The present work was carried out to investigate whether or
ot almotriptan can be administered transdermally. Thus, we con-
ucted in vitro experiments to characterize its passive diffusion
hrough skin and to evaluate the possibility of using iontophoresis
n order to enhance almotriptan transdermal passage.

. Materials and methods

.1. Materials

The almotriptan malate certified standard (98.9% w/w)  (Eur. ATC
ode N02C C05) was generously gifted by Laboratorios Almirall
.A. (Barcelona, Spain). Its physicochemical properties are shown
n Table 1.

Acetonitrile, ammonium di-hydrogen phosphate (96–102%,
/w) and NaCl were obtained from Análisis Vínicos, S.L. (Tomel-

oso, Spain). Orto-phosphoric acid (85–88%, v/v) was purchased
rom Panreac Química S.A. (Barcelona, Spain). HEPES (N-[2-
ydroxiethyl] piperazine-N′-[2-ethanesulfonic acid]), NaOH, HCl
nalytical grade and silver chloride (99%), silver, and platinum
ire 1 mm (both 99.9%) used to make the Ag/AgCl electrodes were

btained from Sigma–Aldrich S.A. (Madrid, Spain). The agarose

ltrapure electrophoresis grade and silicone microtube with 35 mm

nternal diameter necessary to make the salt bridges employed in
he iontophoretic studies were purchased from Sigma–Aldrich Co
St. Louis, USA) and Levantina Laboratorios S.L. (Valencia, Spain),
Solubility Soluble in water
Octanol/water partition

coefficient
log P = 1.87

respectively. The electrical current applied to the skin was provided
by a Kepco BHK-MG-0-2000 V power supply (Kepco, Inc., Flush-
ing, NY). All reagents were of analytical or HPLC grade. Ultrapure
water was  obtained with a Barnstead NANOpure system (Barnstead
International, Boston, MA,  USA).

Pig ears were generously gifted by the Faculty of Medicine, Uni-
versity of Valencia (Valencia, Spain) following the death of the
animal. Skin from the outer face was  excised from the ear using
a surgical blade. Afterwards it was dermatomed to a thickness of
600 �m using an Aesculap-Wagner dermatome C. GA 176 (B. Braun
surgical S.A., Barcelona, Spain). Dermatomed skin samples were
packed and stored at −80 ◦C until use.

2.2. In vitro diffusion experiments

Transdermal permeation of almotriptan was  evaluated over a
32 h period at 37 ◦C (36.96 ± 0.14, n = 39) ◦C. Experiments were per-
formed employing vertical Franz-type diffusion cells (DISA, Milan,
Italy) with a diffusion area of 0.567 cm2.

The dermatomed skin was defrosted and then placed between
the two  compartments of the cell so that the stratum corneum faced
the donor compartment. Previous researchers have reported sim-
ilar permselective properties for porcine and human skin, which
makes the former an appropriate model for iontophoresis studies
(Femenía-Font et al., 2006; Marro et al., 2001; Sekkat et al., 2004).

Almotriptan malate is soluble in water. Thus, for passive dif-
fusion experiments, 1 mL  of 14.5 mM almotriptan malate solution
prepared in an isotonic buffer [HEPES (20 mM)-NaCl (10 mM), pH
7.4] was  placed in the donor compartment. The receptor com-
partment (4 mL  volume) was  filled with HEPES/NaCl (20/150 mM)
saline buffer (pH 7.4), thermostated at 37 ◦C and stirred to prevent
boundary layer effects.

Iontophoresis studies were carried out with a constant cur-
rent applied to the skin for the first 8 h. Passive permeation was
then permitted for up to 32 h. The densities applied were 0.25 and
0.50 mA/cm2, resulting in intensities of 0.142 and 0.284 mA,  respec-

tively. The cathode (−) was placed in the receptor compartment and
the anode (+) was  localized in a compartment separated from the
diffusion cells by means of a salt bridge (Raynauld and Laviolette,
1987). The bridges were prepared by suspending 3% agar in a 0.1 M
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Fig. 1. Accumulated amount of almotriptan (�g/cm2) versus time (h) in the receptor
2

M.A. Calatayud-Pascual et al. / Internation

aCl solution and, once the dispersion was warmed, it was intro-
uced in a silicone tube and allowed to dry at room temperature
Shao and Feldman, 2007). The donor compartment was filled with
4.5 mM almotriptan malate solution. The anodal solution con-
isted of a NaCl solution 84.61 �M for 0.50 mA/cm2 and 42.30 �M
or 0.25 mA/cm2. The receptor and cathodal compartments were
he same as in the passive experiments.

In both passive and iontophoretic diffusion experiments sam-
les of 200 �L were taken from the receptor chamber at the
ifferent conditions assayed, at predetermined time intervals. The
olume of sample removed was replaced with the same volume of
uffer (pH 7.4). The almotriptan malate contained in each sample
as analyzed in order to calculate the accumulative amount of drug

n the receptor compartment.
At the end of the in vitro transdermal permeation experiments,

he amount of almotriptan retained in the skin was  extracted by
haking the skin during 12 h in 2 mL  of the buffer (pH 7.4) (Femenía-
ont et al., 2005b).

.3. Analytical method

The amount of almotriptan in the samples was quantified by
igh Pressure Liquid Chromatography (HPLC) using a previously
escribed and validated method with some modifications (Kumar
t al., 2008). A Waters 600 Controller was used for the analysis and
as equipped with a quaternary pump that included a diode-array
etector (Waters 996 Photodiode Array Detector, Barcelona, Spain).
eparation was  carried out using an ammonium di-hydrogen phos-
hate water solution (0.05 M,  pH 4.8)-acetonitrile (72:28, v/v)
ixture at a flow rate of 1 mL/min as the mobile phase, and an ana-

ytical reverse-phase Kromasil® C18 column (4.6 mm  × 250 mm)
Análisis Vínicos, Tomelloso, Spain). Analysis was  performed at
oom temperature. The wavelength of detection was 283.9 nm.
liquots of 50 �L were injected.

.4. Data analysis

Permeation of almotriptan was assessed for 32 h under different
xperimental conditions and plots were constructed of the accu-
ulated amount of almotriptan (�g/cm2) against time (h).
Transdermal flux (J) of almotriptan was estimated from the slope

f the linear region (steady-state portion) of the plot of the accu-
ulated amount of drug versus time.
A one-way ANOVA was followed by a multiple comparison

cheffé post hoc test to compare the transdermal flux of almotrip-
an during the first 8 h (J8 h) and between 8 h and 32 h (J8–32 h), and
o compare cumulative amounts (Q) and amount of almotriptan
etained in the skin at the end of the different situations assayed.

hen statistical differences were detected by means of the ANOVA
est (p < 0.05), the permeation enhancing activities, expressed as
nhancement ratio of flux (ERflux), were calculated as the quotient
f the flux value obtained with the iontophoresis that found with
ontrol (passive diffusion).

The lag time (to) was obtained from extrapolation of the
inear region (steady-state portion) of the permeation profile
o the intercept on the time axis. As a useful approximation,
seudo-steady-state permeation for most drugs is achieved after
pproximately 2.7 times the lag time (Barry, 1983).

. Results and discussion

The transdermal permeation of almotriptan malate has been

nvestigated under different conditions. Accumulated amounts of
lmotriptan in the receptor compartment as a function of time
for the passive diffusion and 0.25 and 0.50 mA/cm2 iontophore-
is experiments, respectively) are plotted in Fig. 1. Table 2 shows
compartment. Passive permeation (�), iontophoresis 0.25 mA/cm (�) and ion-
tophoresis 0.50 mA/cm2 (©). Average values ± SD.

the cumulative amount of drug after 32 h of diffusion experiments;
as can be observed, the amount of almotriptan in the receptor
compartment at the end of the experiments was  much lower for
passive diffusion conditions than for iontophoresis. Transdermal
fluxes (J) were estimated from the slope of the linear region (steady-
state portion) and its values across pig ear skin for all conditions
assayed are shown in Table 2. The one-way ANOVA test followed
by a multiple comparison Scheffé test, revealed significant differ-
ences between the transdermal flux obtained during the first 8 h
(J8 h) in the conditions studied (p < 0.01). The post-iontophoresis
fluxes (J8–32 h) were also shown to be statistically different to those
of passive diffusion (p < 0.05).

As can be seen, iontophoresis application increased the penetra-
tion of almotriptan through the skin. The shape of the permeation
curve was linear with time for the first 8 h of the experiment. When
the current was switched off, the transdermal flux dropped dra-
matically; even so, passive diffusion after iontophoresis was  much
higher than when iontophoresis was  not applied. Previous research
has suggested that the epidermal alterations induced by an electric
field result in pore formation and in changes in epidermal mem-
brane permeability (Inada et al., 1994). In vivo, these alterations in
skin permeability are reverted after a short period of current appli-
cation, but this is not the case in vitro. The reduction of almotriptan
flux observed after iontophoresis cessation confirms that electrore-
pulsion and electroosmosis are the main mechanisms by which
transdermal passage is enhanced during iontophoresis. In fact, the
J8–32 h represents less than 13% of the J8 h.

The application of a current density of 0.25 mA/cm2 produced
a statistically significant increment (180-fold) with respect to
the passive diffusion control. When a higher current density
(0.50 mA/cm2) was applied, we observed a significant increase
flux, not only with respect to passive control (411-fold), but also
to the 0.25 mA/cm2 iontophoretic condition (2.28-fold). The per-
meation enhancing activities, expressed as enhancement ratio of
flux (ERflux), were calculated as the ratio between the flux values
obtained with 0.25 or 0.50 mA/cm2 and that of the passive diffusion
control. These results are also shown in Table 2. Our findings sup-
port the hypothesis that flux is proportional to the current density
applied (Burnette and Ongpipattanakul, 1987; Femenía-Font et al.,
2005a; Guy et al., 2001; Schuetz et al., 2006).

The lag time results are also presented in Table 2. There was  a
delay between applying almotriptan to the outer surface of the tis-

sue and its appearance in a receptor solution, but when permeation
was produced by iontophoresis the lag time was  approximately
only 1 h. Statistical differences were observed between iontophore-
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Table 2
Passive and iontophoretic permeation parameters of almotriptan across pig ear skin: cumulative amount in receptor compartment at the end of experiments (Q); transdermal
fluxes  (calculated after first 8 h (J8 h) and 8–32 h period (J8–32 h)) and lag time (to). The enhancement ratio values (ERflux) calculated with respect to control (passive diffusion).
Transport number of almotriptan calculated for each iontophoretic condition.

Experimental condition assayed Cumulative amount in
receptor (Q; �g/cm2)
(Mean ± SD)

Almotriptan transdermal
flux [J; �g/(cm2 h)]
(Mean ± SD)

Lag time (to) (h)
(Mean ± SD)

ERflux (Mean ± SD) Almotriptan
transport number
(%) (Mean ± SD)

J8 h J8–32 h

Passive control 57.7 ± 17.7 0.64 ± 0.11 2.10 ± 0.64 13.9 ± 2.8 – –
Iontophoresis 0.25 mA/cm2 1191 ± 106a** 115 ± 17a** 15.3 ± 3.0a* 1.53 ± 0.11a* 180 ± 41 2.18 ± 0.33
Iontophoresis 0.50 mA/cm2 2384 ± 282ab** 264 ± 24ab** 21.2 ± 5.9a* 1.01 ± 0.04a* 411 ± 80** 2.49 ± 0.23

* p < 0.0
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 Denotes statistical differences with respect to its control (a) or 0.25 mA/cm2 (b) (*

is lag times (∼1 h) and passive lag times (∼14 h) (p < 0.05, Scheffé
est).

The electromigration of a drug molecule during application of
ontophoresis is further complicated in the presence of buffer ions
n the solvent, since these small ions are more mobile in the pres-
nce of electricity and compete with the drug to carry the charge
o the skin surface (Burnette and Ongpipattanakul, 1987). To avoid
his competitiveness we used the agar-bridge.

The transport numbers for the delivery of almotriptan across
he pig ear skin were calculated from the iontophoretic rate of drug
elivery, using Eq. (1),  and following the method used in previous
eports (Burnette and Ongpipattanakul, 1987; Mudry et al., 2006).
hese values are shown in Table 2. The transport number values
alculated here, with a low increase of 0.0218 (0.25 mA/cm2) to
.0249 (0.50 mA/cm2), demonstrate the negligible competitiveness
etween ions and demonstrate that there was no release of Cl−

rom the salt bridges, which confirms their effectiveness in in vitro
ontophoretic studies.

The voltage required to maintain the current across the skin at
 density of 0.25 mA/cm2 and 0.5 mA/cm2 increased by ∼6.31% and
13.8% during the first 2 h of iontophoresis, reaching ∼8.91 V and
15.1 V, respectively. Afterwards declined slightly and remained

onstant.
After each transdermal diffusion experiment, the amounts of

lmotriptan retained in the skin were extracted and analyzed. The
mount of drug retained in the skin at the end of the different per-
eation experiments is shown in Fig. 2. The amount of compound

etained after passive diffusion was similar to that retained after
2 2
mploying 0.25 mA/cm : 122 ± 7 and 127 ± 73 �g/cm , respec-

ively. However, the amount of almotriptan retained in the skin
fter 32 h of transdermal diffusion and iontophoresis at a high cur-
ent density (0.50 mA/cm2) was significantly higher than in the

ig. 2. The amounts of almotriptan retained in skin at the end of the diffusion exper-
ments in the different conditions assayed. * Statistically significant difference with
espect to passive diffusion (control) (p < 0.05, Scheffé test).
5; **p < 0.01).

control (192 ± 62 �g/cm2). A possible explanation for this phe-
nomenon is the formation of intercellular water pools during
iontophoresis (Fatouros et al., 2006), which would cause the drug
to be retained in the skin. Overall, we  have not been able to estab-
lish a clear relationship between the transdermal flux through the
skin and the amount of almotriptan retained in it.

Our previous reports of a vascular 5-HT1D receptor agonist
have shown that the transdermal route is also efficient for the
administration of sumatriptan succinate. Although the conditions
of that study’s experiments were slightly different, it is possible to
make some comparisons. Passive permeation of sumatriptan was
∼0.9 �g/cm2 h. Iontophoresis of 0.25 mA/cm2, applied to a solu-
tion that contained the drug in a solution of 25 mM NaCl, was
the best enhancer among the strategies tested, providing a suma-
triptan transdermal flux of 526 ± 34 �g/cm2 h (Femenía-Font et al.,
2005a).

The differences observed in transdermal flux when applying
iontophoresis to the two  triptans can be explained by their struc-
tures and physico-chemical properties. Almotriptan has a slightly
higher molecular weight (335.46 g/mol as base and 469.56 g/mol
as malate) than the other triptan compared (295.49 g/mol of suma-
triptan base and 413.48 g/mol as succinate) and is more lipophilic
(log P = 1.6) than sumatriptan (log P = 0.9). Moreover, the structure
of almotriptan is less packed than that of sumatriptan, due to the
presence of the pyrrolidine group. Taking these three aspects into
account it is to be expected that the contribution of electroosmosis
to almotriptan transport is higher than in the case of sumatriptan
(Guy et al., 2001; Pikal, 2001; Phipps and Gyory, 1992).

The present results emphasize the differences between passive
and electrically-assisted transport across the skin and corroborate
the idea that different transport mechanisms and pathways are
involved in passive and electrically assisted transport. Whereas
passive solute permeation occurs mainly via the intercellular lipid
matrix of the stratum corneum (Ravikumar et al., 2008), it is
likely that ionic shunts (Elias et al., 1981), essentially an aqueous
pathway, are predominantly involved in iontophoresis. More-
over, iontophoresis acts mainly on drug molecules rather than
on the skin. Physico-chemical properties such as molecular size
and lipophilicity are important in determining the efficacy of ion-
tophoresis.

Nevertheless, although almotriptan permeation through the
skin is lower than that of sumatriptan, the results obtained in
this study are encouraging. Considering the flux obtained when
iontophoresis was applied (264 ± 24 �g/cm2 h), and using as a
reference the pharmacokinetic parameters mentioned in the intro-
duction, a therapeutic plasma level of 52 ng/mL (McEnroe and
Fleishaker, 2005) could be reached with a patch of a reasonable
surface area (around 7.2 cm2).
The possibility of administering almotriptan transdermally is
strengthened by the results obtained with similar studies in trip-
tans. Following the study mentioned previously, the transdermal
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elivery of sumatriptan from an iontophoretic patch system in vivo
as evaluated by Patel et al. The data obtained confirmed that the

ransdermal delivery of therapeutic amounts of this triptan was
easible using an iontophoretic patch system (Patel et al., 2007). In
ddition, recent clinical studies of the safety pharmacokinetics and
fficacy of transdermal delivery of sumatriptan have been reported
ith NP101 [Zelrix (NuPathe Inc., Conshohocken, PA)], a single-use,
isposable patch that delivers the drug via iontophoresis. Over-
ll, iontophoretic delivery seems to possess several advantages in
omparison to more traditional methods (Pierce et al., 2009).

Appart from sumatriptan, the transdermal delivery of zolmitrip-
an and rizatriptan has also been studied. The iontophoretic
elivery of zolmitriptan is currently under investigation by Patel
t al. (2009),  who have demonstrated by means of in vitro and in vivo
nalyses that this drug is appropriate for use in an iontophoretic
evice. The passive transdermal delivery of an elastic liposomal
ormulation of rizatriptan has also been evaluated in both in vitro
nd in vivo analyses, with results that point to its potential as a
uture option for migraine therapy (Garg et al., 2008).

The findings of previous studies conducted in vivo have demon-
trated that the transdermal administration of triptans is possible.
urthermore, it is well known that almotriptan involves a much
ower risk of adverse events than sumatriptan, zolmitriptan and
izatriptan, making it a better tolerated and more cost-effective
hoice for triptan-naïve patients (Pascual et al., 2010; Von, 2002),
nd fuelling interest in the development of a new route for the
herapeutic administration of this drug.

. Conclusion

In summary, our work demonstrates that almotriptan pene-
rates the skin and that iontophoresis is a very efficient technique
or enhancing its transdermal delivery. The application of a current
ensity of 0.50 mA/cm2 produces a statistically significant incre-
ent not only with respect to a passive control (411-fold) but

lso to a density of 0.25 mA/cm2. The results obtained in vitro are
romising, but further work in vivo should be carried out to ensure
hat therapeutic blood levels of almotriptan can be achieved using
ontophoresis.

cknowledgements

The authors wish to thank the Fondo de Investigaciones San-
tarias (Ministerio de Sanidad y Consumo) (PI06010), Ministerio
e Ciencia e Innovación (AP2007-03456) and the Universidad CEU
ardenal Herrera for their financial support.

They also show wish to show their appreciation to Laboratorios
lmirall, S.A. for their generous donation of almotriptan malate and

he Faculty of Medicine (University of Valencia) for providing the
ig ears.

eferences

ntonaci, F., De Cillis, I., Cuzzoni, M.G., Allena, M.,  2010. Almotriptan for the treat-
ment of acute migraine: a review of early intervention trials. Expert Rev.
Neurother. 10, 351–364 (PubMed: 20187858).

ubets, J., Cardenas, A., Salva, M.,  Jansat, J.M., Martinez-Tobed, A., Palacios, J.M.,
2006. Disposition and metabolism of almotriptan in rats, dogs and monkeys.
Xenobiotica 36, 807–823 (PubMed16971345).

arry, B.W., 1983. Dermatological Formulations: Percutaneous Absorption. Marcel
Dekker, New York.

urnette, R.R., Ongpipattanakul, B., 1987. Characterization of the permselective

properties of excised human skin during iontophoresis. J. Pharm. Sci. 76,
765–773 (PubMed: 3123641).

hen, L.C., Ashcroft, D.M., 2007. Meta-analysis examining the efficacy and safety
of  almotriptan in the acute treatment of migraine. Headache 47, 1169–1177
(PubMed: 17883521).
nal of Pharmaceutics 416 (2011) 189– 194 193

Elias, P.M., Cooper, E.R., Korc, A., Brown, B.E., 1981. Percutaneous transport in rela-
tion to stratum corneum structure and lipid comparison. J. Invest. Dermatol. 76,
297–301.

Fatouros, D.G., Groenink, H.W., de Graaff, A.M., van Aelst, A.C., Koerten, H.K., Bouw-
stra, J.A., 2006. Visualization studies of human skin in vitro/in vivo under
the influence of anelectrical field. Eur. J. Pharm. Sci. 29, 160–170 (PubMed:
16920338).

Femenía-Font, A., Balaguer-Fernández, C., Merino, V., López-Castellano, A., 2005a.
Iontophoretic transdermal delivery of sumatriptan: effect of current density and
ionic strength. J. Pharm. Sci. 94, 2183–2186 (PubMed: 16136550).

Femenía-Font, A., Balaguer-Fernández, C., Merino, V., Rodilla, V., López-Castellano,
A.,  2005b. Effect of chemical enhancers on the in vitro percutaneous absorp-
tion of sumatriptan succinate. Eur. J. Pharm. Biopharm. 61, 50–55 (PubMed:
15925502).

Femenía-Font, A., Balaguer-Fernández, C., Merino, V., López-Castellano, A., 2006.
Combination strategies for enhancing transdermal absorption of sumatriptan
through skin. Int. J. Pharm. 323, 125–130 (PubMed: 16809010).

Garg, T., Jain, S., Singh, H.P., Sharma, A., Tiwary, A.K., 2008. Elastic liposomal for-
mulation for sustained delivery of antimigraine drug: in vitro characterization
and  biological evaluation. Drug Dev. Ind. Pharm. 34, 1100–1110 (PubMed:
18663655).

Guy, R.H., Delgado-Charro, M.B., Kalia, Y.N., 2001. Iontophoretic transport across the
skin. Skin Pharmacol. Appl. Skin Physiol. 14, 35–40 (PubMed: 11509905).

Guy, R.H., Kalia, Y.N., Delgado-Charro, M.B., Merino, V., López, A., Marro, D., 2000.
Iontophoresis: electrorepulsion and electroosmosis. J. Control. Release 64, 129–
132.

Inada, H., Ghanem, A.H., Higuchi, W.I., 1994. Studies on the effects of applied voltage
and duration on human epidermal membrane alteration/recovery and the resul-
tant effects upon iontophoresis. Pharm. Res. 11, 687–697 (PubMed: 8058638).

Jansat, J.M., Costa, J., Salvà, P., Fernandez, F.J., Martinez-Tobed, A., 2002. Absolute
bioavailability, pharmacokinetics, and urinary excretion of the novel antimi-
graine agent almotriptan in healthy male volunteers. J. Clin. Pharmacol. 42,
1303–1310 (PubMed: 12463724).

Kalia, Y.N., Naik, A., Garrison, J., Guy, R.H., 2004. Iontophoretic drug delivery. Adv.
Drug. Delivery Rev. 56, 619–658 (PubMed: 15019750).

Kanikkannan, N., Kandimalla, K., Lamba, S.S., Singh, M.,  2000. Structure activity rela-
tionship of chemical penetration enhancers in transdermal drug delivery. Curr.
Med. Chem. 7, 593–608 (PubMed: 10702628).

Kumar, A.P., Ganesh, V.R., Rao, D.V., Anil, C., Rao, B.V., Hariharakrishnan, V.S.,
Suneetha, A., Sundar, B.S., 2008. A validated reversed phase HPLC method for
the  determination of precess-related impurities in almotriptan malate API. J.
Pharm. Biomed. Anal. 46, 792–798 (PubMed: 18191357).

Láinez, M.J., 2007. Almotriptan: meeting today’s needs in acute migraine treatment.
Expert Rev. Neurother. 7, 1659–1673 (PubMed: 18052762).

Marro, D., Guy, R.H., Delgado-Charro, M.B., 2001. Characterization of the ion-
tophoretic permselectivity properties of human and pig skin. J. Control. Release
70,  213–217 (PubMed: 11166421).

McEnroe, J.D., Fleishaker, J.C., 2005. Clinical pharmacokinetics of almotriptan, a
serotonin 5-HT(1B/1D) receptor agonist for the treatment of migraine. Clin.
Pharmacokinetics 44, 237–246 (PubMed: 15762767).

Mudry, B., Carrupt, P.A., Guy, R.H., Delgado-Charro, M.B., 2007. Quantitative
structure-permeation relationship for iontophoretic transport across the skin. J.
Control. Release 122, 165–172 (Pubmed: 17707106).

Mudry, B., Guy, R., Delgado-Charro, M.B., 2006. Transport numbers in transdermal
iontophoresis. Biophys. J. 90, 2822–2830 (PubMed: 16443654).

Naik, A., Kalia, Y.N., Guy, R.H., 2000. Transdermal drug delivery: Overcoming
the skin’s barrier function. Pharm. Sci. Technol. Today 3, 318–326 (PubMed:
10996573).

Pascual, J., Vila, C., McGown, C.C., 2010. Almotriptan: a review of 10
years’ clinical experience. Expert Rev. Neurother. 10, 1505–1517 (PubMed:
20945537).

Patel, S.R., Zhong, H., Sharma, A., Kalia, Y.N., 2007. In vitro and in vivo evaluation of
the transdermal iontophoretic delivery of sumatriptan succinate. Eur. J. Pharm.
Biopharm. 66, 296–301 (PubMed: 17182233).

Patel, S.R., Zhong, H., Sharma, A., Kalia, Y.N., 2009. Controlled non-invesive transder-
mal  iontophoretic delivery of zolmitriptan hydrochloride in vitro and in vivo.
Eur. J. Pharm. Biopharm. 72, 304–309 (PubMed: 18771728).

Phipps, J.B., Gyory, J.R., 1992. Transdermal ion migration. Adv. Drug. Deliv. Rev. 9,
137–176.

Pierce, M.,  Marbury, T., O’Neill, C., Siegel, S., Du, W.,  Sebree, T., 2009. Zelrix: a
novel transdermal formulation of sumatriptan. Headache 49, 817–825 (PubMed:
19438727).

Pikal, M.J., 2001. The role of electroosmotic flow in transdermal iontophoresis. Adv.
Drug Delivery Rev. 46, 281–305 (PubMed: 11259844).

o  15-17. Ravikumar, K., Sridhar, B., Krishnan, H., Singh, A.N., 2008. Almotriptan, an
antimigraine agent, and its malate salt. Acta Crystallogr. C 64 (Pt 1) (PubMed:
18216450).

Raynauld, J.P., Laviolette, J.R., 1987. The silver–silver chloride electrode: a possi-
ble generator of offset voltages and currents. J. Neurosci. Methods 19, 249–255
(PubMed: 3573816).

Rob Harris, M.D., 2009. Clinical Review Axert (almotriptan malate), in: FDA U.S. Food

and Drug Administration, Orange book: Approved Drug Therapeutics Equiva-
lence. 21-001 (018).

Sandrini, G., Perrotta, A., Arce Leal, N.L., Buscone, S., Nappi, G., 2007. Almotriptan
in the treatment of migraine. Neuropsychiatr. Dis. Treat. 3, 799–809 (PubMed:
19300615).



1 al Jour

S

S

S

Tfelt-Hansen, P., De Vries, P., Saxena, P.R., 2000. Triptans in migraine: a comparative
94 M.A. Calatayud-Pascual et al. / Internation

chuetz, Y.B., Carrupt, P.A., Naik, A., Guy, R.H., Kalia, Y.N., 2006. Structure-permeation
relationships for the non-invasive transdermal delivery of cationic peptides by
iontophoresis. Eur. J. Pharm. Sci. 29, 53–59 (PubMed: 16837178).

ekkat, N., Kalia, Y.N., Guy, R.H., 2004. Porcine ear skin as a model for the assessment

of  transdermal drug delivery to premature neonates. Pharm. Res. 21, 1390–1397
(PubMed: 15359573).

hao, X.M., Feldman, J.L., 2007. Micro-agar salt bridge in patch-clamp electrode
holder stabilizes electrode potentials. J. Neurosci. Methods 159, 108–115
(PubMed: 1691).
nal of Pharmaceutics 416 (2011) 189– 194

Sieg, A., Guy, R.H., Delgado-Charro, M.B., 2004. Noninvasive glucose monitoring by
reverse iontophoresis in vivo: application of the internal standard concept. Clin.
Chem. 50, 1383–1390 (PubMed: 15155544).
review of pharmacology, pharmacokinetics and efficacy. Drugs 60, 1259–1287
(PubMed: 11152011).

Von, S., 2002. Almotriptan: a review of pharmacology, clinical efficacy, and tolera-
bility. Am.  J. Manag. Care 8, S74–S79 (PubMed: 11859907).


	Effect of iontophoresis on in vitro transdermal absorption of almotriptan
	1 Introduction
	2 Materials and methods
	2.1 Materials
	2.2 In vitro diffusion experiments
	2.3 Analytical method
	2.4 Data analysis

	3 Results and discussion
	4 Conclusion
	Acknowledgements
	References


