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a b s t r a c t

The effect of triflupromazine (TFP) on molecular packing of distearoylphosphatidylglycerol (DSPG),
adsorbed at the water/1,2-dichloroethane interface, was investigated using cyclic voltammetry (CV) and
surface pressure–molecular area isotherm. TFP partition in the DSPG monolayer changes the structure of
the film. The results indicate that a fluidizing effect, dependent on the time and the drug concentration,
vailable online 15 May 2010
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takes place leading to an increase in the permeability of the film. This effect is produced by TFP either
from the organic or from the aqueous phase due to the amphiphilic nature of this drug. Nevertheless, the
expansion of the film is enhanced when TFP acts from the aqueous phase.

© 2010 Elsevier Ltd. All rights reserved.
urface pressure isotherms
lectrochemistry at liquid/liquid interfaces

. Introduction

Triflupromazine (TFP) is a phenothiazine which acts at the cen-
ral nervous system. It is used in the treatment of disorganized and
sychotic thinking and also to treat false perceptions (e.g. halluci-
ations or delusions) as well as to control violent behavior during
cute episodes of psychotic disorders. The antipsychotic effects
roduced by TFP are due to the blocking of dopamine receptors.

TFP, as well as phenothizine drugs in general, are amphiphilic
olecules with hydrophobic phenothiazine ring system and

ydrophilic ionizable amine tail group (see Scheme 1). This struc-
ural property explains the ability of these drugs to partition into
iological membranes inducing several lateral effects. For this
eason several authors have studied the interaction of phenoth-
azines with zwitterionic and anionic phospholipids employing
ifferent techniques. Chlorpromazine penetration into the lipid
ore of membranes has been demonstrated trough measurements
n lipid monolayers and the intrinsic binding constant has been
alculated by surface pressure and electrophoretic mobilities mea-

urements on Langmuir monolayers and liposomes, respectively
1]. Broniec et al. [2] demonstrated that trifluperazine had lit-
le effect on monolayers of dipalmitoylphosphatidylcholine and
ipalmitoylphosphatidylethanol-amine but increased the mean

∗ Corresponding author. Tel.: +54 0351 4334169 80; fax: +54 0351 4334188.
E-mail address: mjudi@mail.fcq.unc.edu.ar (L.M. Yudi).

013-4686/$ – see front matter © 2010 Elsevier Ltd. All rights reserved.
oi:10.1016/j.electacta.2010.05.033
molecular area of dipalmitoylphosphatidylserine monolayers and
this increase was proportional to trifluperazine concentration.
Those authors concluded that this drug interacts more strongly
with phospholipids located in the inner layer of the plasma mem-
brane, while it does not interact with phospholipids located in
the outer region. Hendrich et al. studied the interaction between
a trifluperazine analog and bilayers composed by zwitterionic
lipids employing fluorescence spectroscopy, differential scanning
calorimetry and electron spin resonance [3] showing that this
drug produces changes in the lipid bilayers properties increasing
their permeability. These changes explain the enhancement pro-
duced by phenothizines in the rate of passive anticancer drugs’
influx contributing to their accumulation in cancer cells. The
interaction of phenothiazines with phosphatidylcholine was also
analyzed from the partition coefficient of these drugs between
bilayers of unilamellar vesicles and water, determined by second-
derivative spectrophotometry [4]. Hidalgo et al. studied the
cooperative interaction of trifluperazine and chlorpromazine with
phospholipid monolayers employing surface pressure and surface
potential isotherms [5]. They observed that monolayers formed by
charged phospholipids (dipalmitoylphosphatidylglycerol) became
more expanded with the drug incorporation. Alves Pinto et al.

investigated the kinetic and thermodynamic of the promethazine
and thioridazine interaction with dipalmitoylphosphatidylcholine
and dipalmitoylphosphatidic acid Langmuir films [6]. They con-
cluded that drug molecular size, interface mechanical properties
and thermodynamic stability are the most important parameters

dx.doi.org/10.1016/j.electacta.2010.05.033
http://www.sciencedirect.com/science/journal/00134686
http://www.elsevier.com/locate/electacta
mailto:mjudi@mail.fcq.unc.edu.ar
dx.doi.org/10.1016/j.electacta.2010.05.033
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pH = 6.00 this drug is mainly present in its protonated form, HTFP+,
Scheme 1. Chemical structure of TFP and DSPG.

ontrolling the adsorption–desorption rate and the affinity bind-
ng constant of these drugs into monolayers. Liu et al. studied
he concentration and time dependant behavior of chlorpromazine
nteraction with supported bilayer lipid membrane on glassy
arbon electrode using cyclic voltammetry and ac impedance spec-
roscopy [7]. They postulated three stages for the interaction global
rocess: drug penetration into the membrane, defects formation
nd solubilization of the membrane.

Electrochemical measurements applied to liquid–liquid inter-
aces modified by films of different nature, have been carried
ut with the aim of developing new biomimetic membrane mod-
ls [8–32]. In this sense, the adsorption of lipid monolayers
25,27–29,32], proteins [11], surfactants [24] or polyelectrolytes
15] has been studied and the properties of these films have been
haracterized by cyclic voltammetry, electrochemical impedance
pectroscopy and surface tension measurements. These electro-
hemical techniques were also employed to determine the porosity
nd thickness of alumina membranes [20]. One aspect of special
nterest has been the study of the interaction or the complex forma-
ion between phospholipid monolayers with alkaline and alkaline
arth cations [18], trivalent cations [30], peptides [9] and differ-
nt organic anions [31] with the aim to analyze the blocking effect
roduced by these species on the monolayer structure. The study
f the incorporation of pharmaceutical drugs as antibiotics [16,17]
r anxiolytic [21–23] into phospholipid monolayers adsorbed at
iquid/liquid interfaces are very important for their contribution
o the knowledge of the interaction between drugs and biological

embranes components. On the another hand, the rates of electron
ransfer between two redox species trough a monolayer adsorbed
t liquid interfaces were measured by scanning electrochemi-
al microscopy [8,10]. The electrochemical study of monolayers
enerated by the Langmuir [12] or Langmuir–Blodgett methods

13,14,19,26] represent an important progress in the knowledge
nd control of the state of these films.

In previous papers, we studied the transfer of phenoth-
azine derivatives (promazine, chlorpromazine, triflupromazine,
ica Acta 55 (2010) 5840–5846 5841

methotrimeprazine, perphenazine and fluphenazine) across the
water/1,2-dichloroethane interface, using cyclic voltammetry. The
partition coefficients of ionic species of phenothiazines, were cal-
culated from the transfer potentials measured at pH < pKa. These
values were correlated with the Hammet parameter of substituents
in order to explain the differences in their biological activity based
on the electronic effect of electron acceptor groups present in their
structure [33]. We have also investigated the formation of pro-
mazine cation radical in 1,2-dichloroethane followed by �-mers
complexation, using cyclic voltammetry at the ITIES and UV–visible
spectrophotometry [34].

Although several authors have reported the fluidizing effect of
phenothiazines, evidenced by the formation of a more expanded
monolayer, with increased mean molecular area and increased per-
meability, to our knowledge, no studies were conducted to compare
this fluidizing effect caused by supramolecular interactions taking
place on both sides of lipids layers with the phenothiazine, i.e. at the
polar head groups and near the hydrophobic chains. In this sense,
electrochemical techniques applied at the interface between two
immiscible electrolyte solutions (ITIES) are ideal to follow dynamic
changes in the lipid layer compactness and interfacial interactions
at a hydrophobic/hydrophilic boundary. For this purpose, cyclic
voltammetry experiments are carried out, in the present paper,
to analyze the effect of TFP on a distearoylphosphatidylglycerol
(DSPG, Scheme 1) layer adsorbed at the water/1,2-dichloroethane
interface, when TFP is added to the organic or the aqueous side
of the interface. The results are correlated with surface pressure
– molecular area measurements for DSPG monolayers adsorbed at
the air/water interface.

2. Experimental

2.1. Materials and electrochemical cell

Cyclic voltammetry (CV), performed in a four-electrode system
using a conventional glass cell of 0.18 cm2 interfacial area, were
conducted to characterize the film. Two platinum wires were used
as counter electrodes and the reference electrodes were Ag/AgCl.
The reference electrode in contact with the organic solution was
immersed in an aqueous solution of 1.0 × 10−2 M tetraphenylar-
sonium chloride (TPAsCl, Sigma). Potential values (�E) reported
in this work are those which include ��◦

tr,TPAs+ = 0.364 V for the
transfer of the reference ion TPAs+.

The base electrolyte solutions were 1.0 × 10−2 M CaCl2 (p.a.
grade) in ultrapure water and 1.0 × 10−2 M tetraphenyl arsonium
dicarbollyl cobaltate (TPAsDCC) in 1,2-dichloroethane (DCE, Dorwil
p.a.). TPAsDCC was prepared by metathesis of TPAsCl and cesium
dicarbollyl cobaltate (Lachema p.a.). The pH of the aqueous phase
was 6.00. In all the experiments, 2.00 mL of organic and aqueous
phases were used to fill the cell.

The electrochemical cell used was as follows:

Triflupromazine (TFP, Hoffman – La Roche) at 5.0 × 10−4 M con-
centration was added to the aqueous phase in some experiments. At
given that its pKa value is 9.4. Chemical structure of TFP is shown
in Scheme 1.

In other experiments TFP was added to the organic phase
by injection of different volumes of a concentrated solution to
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Fig. 1. Surface pressure (˘) as a function of the mean molecular area for DSPG
monolayer at the air–subphase interface. Subphase composition: 1.0 × 10−2 M CaCl2,
pH = 6.00 + (—) 0.0 M or (- - - -) 3.0 × 10−4 M TFP. Inset: Effect of TFP concentra-
842 M.V. Colqui Quiroga et al. / Elect

btain a final concentration in the range between 2.5 × 10−5 M and
.0 × 10−4 M.

Distearoylphosphatidylglycerol (DSPG) was of analytical grade
Sigma). A solution of 0.8 mg/mL DSPG was prepared in 1:2

ethanol:chloroform. In order to form the lipid film, different
olumes (50 or 100 �L) of DSPG solution were injected at the liq-
id/liquid interface, using a Hamilton microsyringe. Two methods
ere followed: (a) injection of phospholipid solution at the inter-

ace on the organic side after both phases were put in contact
n the electrolytic cell and (b) addition of phospholipid solution
n the organic phase before filling the cell. Methods (a) and (b)

ere found to be equivalent to the spread and adsorption meth-
ds, respectively, described by Kakiuchi et al. [35]. The experiments
hown in this paper were done following the method (a). After the
njection of lipid solution, a time equal to 60 min was required to
btain invariant and reproducible voltammetric response, indicat-
ng that a stable lipidic film had been formed. As a consequence, all
xperiments were performed after this equilibration time at room
emperature equal to 25 ± 1 ◦C. Temperature was controlled with a
emperature/humidity monitor.

TFP was added to 2.00 mL of the organic or the aqueous phase
y injection of different volumes, ranged from 10 to 200 �L, of a
.0 × 10−3 M solution of this drug, after t = 60 min from DSPG injec-
ion, time required to form a stable film. The injection was carried
ut far enough from the interface to ensure that it is not disrupted.
he TFP concentrated solution was prepared employing water or
CE as solvents, depending on the phase were it was injected. It

s important to point out that at pH = 6.00 DSPG polar head groups
re negatively charged (pKa = 1.0, Scheme 1).

CV was performed using a four-electrode potentiostat with peri-
dic current interruption for automatic elimination of solution
esistance. The voltage ranged from 0.200 to 0.700 V with a poten-
ial sweep generator (L y P Electrónica Argentina). Voltammograms
ere recorded employing a 10 bit computer board acquisition card

onnected to a personal computer.

.2. Langmuir monolayers

.2.1. Surface pressure – molecular area isotherms
Surface pressure – area isotherms were recorded with a Mini-

rough II from KSV Instruments Ltd. (Helsinki, Finland). The surface
ension was measured according to the Wilhelmy plate method,
sing a platinum plate.

The aqueous subphase, contained in a Teflon trough
364 mm × 75 mm effective film area), was a 1.0 × 10−2 M
aCl2 solution of pH = 6.00 with or without TFP at different
oncentrations.

To prepare DSPG monolayers at the air–water interface a 50 �L
olume of DSPG in 1:2 methanol:chloroform (0.8 mg/mL) was care-
ully spread at the surface with a Hamilton micro-syringe. Before
preading DSPG solution, the subphase surface was cleaned by
weeping it with a Teflon barrier and then, any surface contami-
ant was removed by suction from the interface. The cleaning of
he surface was checked by recording an isotherm in absence of
SPG and verifying a surface pressure value lower than 0.2 mN/m.
fter 10 min of spreading, to allow the evaporation of the solvent

6,13,14], the film was compressed with two barriers on each side
f the trough at a compression speed of 5 cm/min while the auto-
atic measurement of the lateral surface pressure (˘) was carried

ut.
All experiments were performed at a temperature of
5.0 ± 0.1 ◦C using a thermostat.

.2.2. Drug penetration experiments
Penetration experiments were carried out at constant sur-

ace areas for two different initial lateral surface pressures
tion on surface pressure (˘) – mean molecular area isotherm for DSPG monolayer
at the air–subphase interface. Subphase composition: 1.0 × 10−2 M CaCl2 + (—)
1.0 × 10−3 M or (- - -) 3.0 × 10−4 M TFP, pH = 6.00.

(˘ i(1) = 40 mN/m and ˘ i(2) = 15 mN/m) at 25.0 ◦C. After forming the
monolayer as described above, different volumes of a TFP solution
were injected into the subphase containing CaCl2 1.0 × 10−2 M, to
obtain concentration values equal to 1.0 × 10−3 M, 5.0 × 10−4 M and
3.0 × 10−4 M. Then, the temporal dependence of surface pressure
was recorded.

3. Results and discussion

3.1. Surface pressure isotherms

The effect of TFP on the anionic DSPG monolayer can be noted
in Fig. 1. This figure shows the surface pressure–area isotherm
obtained at 25 ◦C in absence or in presence of TFP in the subphase.
In the first case the change in slope observed in the isotherm cor-
responds to the liftoff due to the gaseous–liquid condensed phase
transition. The monolayer collapse is evident at surface pressures
around of 50 mN/m, with a mean molecular area of 0.26 nm2, in
agreement with the results obtained by other authors [36]. Impor-
tant changes in the surface pressure–area isotherm are visible when
DSPG monolayer was spread on a subphase containing TFP. In this
figure, the area is given in terms of area per DSPG molecule and,
therefore, any changes can be attributed to the interaction between
DSPG and TFP molecules in the monolayer. As it can be noted in
the figure, the surface pressure–area isotherm was shifted toward
larger areas per molecule, indicating that TFP has been incorpo-
rated into the film. Thus, the liftoff of the surface pressure started
at a larger area per molecule. Moreover, a change in the shape
of the isotherm is evident, appearing a plateau between the first
liftoff corresponding to the gaseous–liquid expanded phase transi-
tion and the second one due to liquid expanded–liquid condensed
transition. As the film was further compressed, the isotherm of the
mixed monolayer asymptotically approached that of the phospho-
lipid monolayer. At pressures close to that corresponding to the
collapse, no difference are observed in both curves, indicating that
TFP molecules are probably squeezed out from the monolayer at

these high pressures.

The changes above described are evidencing a considerable
expansion of the monolayer caused by the presence of TFP and,
as can be noted in the inset, they are enhanced when TFP con-
centration increases. Similar expanding effects were found by
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Fig. 3. Cyclic voltammograms for HTFP+ transfer across the unmodified (—) and
modified liquid–liquid interface at different times elapsed from the injection of TFP
solution to the aqueous phase: (. . .. . ..) t = 0 min; (-··-··-··-) t = 16 min; (- - -) t = 48 min.
ig. 2. Effect of TFP concentration and time on TFP penetration into DSPG mono-
ayer at the air–subphase interface for two initial pressure (˘ i): (a) ˘ i(1) = 40 mN/m;
b) ˘ i(2) = 15 mN/m. Subphase composition: 1.0 × 10−2 M CaCl2 + (—) 0.0 M, (-·-·-·-)
.0 × 10−4 M, (- - - -) 5.0 × 10−4 M or (. . .. . ..) 1.0 × 10−3 M TFP, pH = 6.00.

ther authors for other phenotizine derivatives, as well other neu-
otrophic drugs and proteins [5,6,36].

The adsorption of TFP from the subphase into the monolayer as
function of the time elapsed from spreading phospholipids solu-

ion was investigated. The results obtained at two surface pressure
alues and different TFP concentrations are shown in Fig. 2. These
enetration experiments were performed as described in Section
. The results are significantly different for both initial pressure
alues analyzed. At high pressures values no effect of drug concen-
ration or time elapsed since drug injection is observed, indicating
hat no TFP penetration can occur when the monolayer is tightly
ompressed. On the contrary, when the initial pressure is lower
han that corresponding to the first inflection point in the isotherm
Fig. 1), a general pressure increase from 15 to a steady state value
lose to 28 mN/m is observed, indicating drug penetration into the
onolayer. At this initial pressure, the monolayer is in the liq-

id expanded state, making TFP penetration easier. As expected,
he slope of pressure increase, that is the rate of TFP penetration,
ecreases with time and decreasing drug concentration. It is inter-
sting to note that, the final pressure reached is almost independent
f the TFP concentration in the aqueous phase.

From the results shown up to here we can partially conclude that
FP can penetrate or adsorb from an aqueous phase into a DSPG
onolayer. This adsorption is enhanced with drug concentration
hen the monolayer is not tightly compressed (liquid expanded

tate). Considering that this state is reached when a DSPG lipid layer
s adsorbed at liquid–liquid interfaces [35,37], cyclic voltammetry
xperiments at these interfaces were performed with the aim to
orrelate with surface pressure measurements.

.2. Cyclic voltammetry

The effect of TFP on DSPG monolayer was analyzed by CV adding
he drug to the aqueous or to the organic phase. The results obtained
re compared below in Sections 3.2.1 and 3.2.2. This comparison
llows evaluating the ion permeability of the lipid layer, and there-
ore, its degree of compactness.
.2.1. Adsorption of TFP from aqueous phase
Fig. 3 shows the voltammetric response corresponding to HTFP+

ransfer across the bare interface (solid line) and in the presence
f DSPG monolayer after several times elapsed since the injection
Aqueous phase composition: 1.0 × 10−2 M CaCl2, 5.0 × 10−4 M TFP (added after DSPG
film formation), pH = 6.00. Organic phase composition: 1.0 × 10−2 M TPAsDCC v =
0.050 V s−1. DSPG monolayer was formed by injecting 50 �L of 0.8 mg/mL DSPG
solution near the interface.

of TFP solution to the aqueous phase (time elapsed ranged from
0 to 48 min, after which a constant response was observed). Solid
line corresponds to the reversible diffusion controlled behavior of
HTFP+ transfer process across the bare liquid–liquid interface previ-
ously reported [33]. A forward current peak at Ep = 0.400 V and the
corresponding backward process with a peak to peak separation
�Ep = 0.060 V can be observed. The peak current, Ip, is linear with
v1/2 in the whole range of sweep rates analyzed (not shown). If this
response is compared with that obtained when the DSPG molecules
are present at the interface, an important decrease in current and
a shift of 0.075 V in Ep towards more positive values can be noticed
at t = 0 min. These changes are evidencing a blocking effect of the
layer to the drug transfer since it can be assumed that the transfer
potential shift is due to the increase in Gibbs energy on transfer
caused by the work of permeation of species across the film. How-
ever this effect decreases as time elapses and at t = 48 min it almost
disappears, recovering a voltammetric response close to the orig-
inal one. This is a demonstration that HTFP+ produces a fluidizing
effect on the film minimizing its blocking effect on drug transfer.

It is worthwhile to discuss the voltammetric behavior observed
at t = 16 min. Two processes are present under these conditions:
one of them at 0.475 V is coincident with the response at t = 0,
and the other at 0.400 V corresponds to the HTFP+ transfer across
the bare interface. From these results it is possible to postulate
that the incorporation of HTFP+ into the monolayer produces, at
short times, a not uniform distribution of DSPG covering molecules,
with blocked and bare domains. In this case the ion transfer can
occur through the clean surface spots (Ep = 0.400 V) or through the
covered zones (Ep = 0.475 V). At longer times bare domains predom-
inates, and the process at Ep = 0.400 V prevails.

Fig. 4 summarizes the effect of HTFP+ on the DSPG monolayer
structure as a function of time. The variation of current values at
Ep = 0.400 V is plotted vs the time elapsed from TFP injection in
absence (�) and in presence (�) of the monolayer. As expected, the
current values in absence of the film are independent of time. When
the monolayer is present, a sharply current increase, from almost

zero to values close to that observed in absence of the film, is evi-
dent at short times. After t = 20 min, the increase is slight. The inset
of this figure shows the difference between Ip for HTFP+ transfer
obtained in the absence and in the presence of the film normalized
by Ip in absence of DSPG vs time. At t = 0 no fluidizing effect of HTFP+
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Fig. 5. (a) Cyclic voltammetry obtained when TFP was added to 2.00 mL of organic
phase in contact with 2.00 mL of aqueous base solution v = 0.050 V s−1. Aque-
ous phase composition: 1 × 10−2 M CaCl2, pH = 6.00. Organic phase composition:

added to the aqueous or to the organic phase. As it can be noted, the
ig. 4. Plot of Ip vs time elapsed from TFP injection to the aqueous phase. The exper-
mental conditions are the same than in Fig. 3. Inset: Variation of (Iwithout DSPG

p −
with DSPG
p )/Iwithout DSPG

p with time.

s still observed, the blocking effect of the monolayer remains, giv-
ng the biggest value for the difference in Ip. As time elapses the
uidizing effect takes places and the Ip differences fall reaching
ery small values (close to zero) at time near to 40 min, after which
he difference in Ip values remains constant.

.2.2. Adsorption of TFP from organic phase
In this series of experiments, TFP was added to the organic phase,

y injection of different volumes of a concentrated solution, after
he film was formed, as it was described in Section 2.

With the aim to evaluate the transfer mechanism of TFP (trans-
er of positively charged species, HTFP+ or proton assisted transfer),
hen it is present in the organic phase, cyclic voltammetry exper-

ments at different pH values were carried out, similar to that
reviously reported for HTFP+ transfer from the aqueous phase
33]. Fig. 5a shows the voltammetric response obtained when an
rganic solution containing TFP at a concentration 5.0 × 10−4 M
ere put in contact with the same volume of an aqueous phase

ontaining the base electrolyte at pH = 6.00. Also under these con-
itions, a reversible transfer process with a forward current peak at
p = 0.412 V and the corresponding backward process with a peak
o peak separation �Ep = 0.060 V is observed. The peak current, Ip,
as linear with v1/2 in the whole range of sweep rates analyzed.

he similarity observed in peak potentials and peak current values
etween Figs. 3 and 5a, taking into account that the same volume
as used for the organic and the aqueous phase, suggest that the

ransfer process correspond to HTFP+ species generated, in the case
f the experiment in Fig. 5a, by partition of TFP to the aqueous
hase and consequent protonation. To corroborate this hypothesis,
he voltammetric analyses were carried out at different pH val-
es. Fig. 5b shows the ionic partition diagram for this drug. This
ind of diagrams, described by Reymond et al. [38,39], defines the
omains of predominance of all the species present in both phases.
he presence of ionic form of triflupromazine (HTFP+) in aqueous
hase is favored at pH < pKa − log PX (pKa = 9.40 and log PTFP = 2.21
33]) within the lower part of the diagram (below boundary line
). These HTFP+ species transfer into organic phase (above line 1)

pon increasing the interfacial Galvani potential difference. For pH
alues higher than pKa − log PX the neutral form of chlorpromazine
ncreases in organic phase and the assisted proton transfer reac-
ion occurs, so that Ep shifts by 2.303 RT/zF per pH unit (line 2). The
1 × 10−2 M TPAsDCC + 5 × 10−4 M TFP. (b) Ionic partition diagram in water/DCE inter-
face for triflupromazine. Solid line: theoretical boundary line according to [38], (�):
experimental values obtained from the voltammograms recorded at different pH
values of the aqueous phase. Organic phase composition is the same than in (a).

experimental Ep values obtained for triflupromazine are shown in
the diagram: at pH < pKa − log PX, the positive peak potential, Ep

+,
and the peak potential difference, �Ep = Ep

+ − Ep
− = 60 mV, are con-

stant and independent of pH and, according to a direct transfer
mechanism. Considering this result, we could confirm that, even in
the case that TFP was initially present in organic phase, the mech-
anism occurring at pH = 6.00 is the direct transfer of HTFP+ species
from the aqueous to the organic phase.

In the presence of DSPG, the electrochemical behavior is simi-
lar to that observed when TFP is added to the aqueous phase and
shown in Fig. 3, i.e. an initial blocking effect of the monolayer is
evidenced by a decrease in current peak and a shift in peak poten-
tial, which is gradually vanished by the fluidizing effect of TFP.
Fig. 6 summarizes the variation of the relationship (Iwithout DSPG

p −
Iwith DSPG
p )/Iwithout DSPG

p with TFP concentration in organic phase for
two different times elapsed since the injection of TFP solution. As
expected, the fluidizing effect of TFP increases with time and TFP
concentration.

Finally, Fig. 7 compares the fluidizing effect of TFP when it is
relationship (Iwithout DSPG
p − Iwith DSPG

p )/Iwithout DSPG
p decreases more

sharply when it is present in the aqueous phase. Due to their
amphiphilic nature, phenothiazines are able to interact with DSPG
monolayer by hydrophilic forces, mainly electrostatic attraction
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Fig. 6. Variation of (Iwithout DSPG
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rganic phase: (�) 5 min and (�) 10 min. Aqueous phase composition: 1.0 × 10 M
aCl2, pH = 6.00. Organic phase composition: 1.0 × 10−2 M TPAsDCC + xM TFP (added
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conclusion that additional forces must be exerted by the drug onto
the film to be able to cross it and partition into the aqueous phase
for the later electrochemical transfer. In other words, a disorgani-
zation of the monolayer is needed for reaching the TFP equilibrium
distribution and the presence of the drug in the organic side of the
interface is not able to produce the fluidizing effect required for
the global process occurrence. When TFP is present at the aqueous
phase, it is possible to observe the disappearance of the blocking
effect of the monolayer almost completely after 20 min this is not
longer observed when TFP is added to the organic phase.

So that, it can be concluded that the differences found in both
sides of the interface, for TFP effect on the monolayer compactness,
can be attributed to specific interactions with different zones of the
monolayer.

4. Conclusions

The combination of surface pressure–molecular area and
cyclic voltammetry experiments demonstrates that TFP partitions
in a DSPG monolayer adsorbed at air/water and water/1,2-
dichloroethane interfaces changing the structure of the film. The
results indicate that a fluidizing effect, dependent on the time and
the drug concentration, takes place leading to an increment in the
permeability of the film. This effect can be produced by TFP either
from the organic or from the aqueous phase due to the amphiphilic
nature of this drug. Nevertheless, the expansion of the lipid layer is
enhanced when TFP acts from the aqueous phase.
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