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VOLTAMMETRIC METHOD AS A TOOL IN DETECTING SURFACTANT-INDUCED
DISRUPTION OF A LANGMUIR-BLODGETT FILM
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The interaction of surfactants with a stearic acid LB membrane on a glassy-carbon
electrode is shown to be conveniently evaluated by cyclic voltammetry. The membrane
disrupting effect of surfactants depended on their structure: the length of hydrophobic carbon
chain and the charge of hydrophilic group.
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The interaction of surfactants with lipid membranes has received considerable attention from the
standpoint of enhancement in percutaneous drug absorption!) and solubilization of membrane
components.2) In order to investigate such interaction, it will be worthwhile to develop a simple
procedure for evaluating the membrane-disrupting ability of surfactants,3) where artificial lipid
membranes, often employed as models for biomembranes, can be used conveniently. In this paper, we
approach the subject by an electrochemical method based on the concept similar to that reported for ion-
channel sensors.4)  Stearic acid Langmuir-Blodgett(LB) membrane transferred onto a glassy-carbon
(GC) plate electrode as Y-type trilayer®) was used as the model membrane, and the voltammetric behavior
of Fe(CN)g3- at the electrode was examined.

Figure 1 shows the cyclic voltammograms of
Fe(CN)g3- at the GC electrode with and without the
stearic acid LB membrane. The distorted voltammetric
wave at the coated electrode indicates that the LB

membrane inhibits the access of Fe(CN)g3- to the
electrode surface. As reported for the voltammetry of
Fe(CN)g3- at membrane-coated electrodes,®) the ratio
R(= ipLB/ipbare) of anodic currents (see Fig.1) for the
coated electrode will represent the degree of this
inhibition. If the structure of the lipid membrane is
disrupted by a surfactant, the flux of Fe(CN)g3- to the
electrode surface will be enhanced and the shape of the Fig- 1. Cyclic Voltammograms of 1mM Fe(CN)6>-
at the Bare GC Electrode(A) and the Membrane-

voltammogram will be restored to that observed at the Coated Electrode(B) in 10mM Acetate Buffer (pH 6)
Containing 50mM K7S04 at 15 °C (Voltage scan

rate, 0.5Vs™1)

bare electrode, i.e., the R value will approach 1.0.
Thus, the membrane-coated electrode was immersed in
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a solution containing one of the following surfactants for 5 min and then rinsed with distilled water for
10 s : CH3(CH2)7N(CH3)3Br (1a), CH3(CH2)11N(CH3)3Br (1b), CH3(CH3)15sN(CH3)3Br (lc¢),

CH3(CH3)17N(CH3)3Cl1 (1d), CH3(CH3)11S04Na (2), CH3(CH3)11(OCH2CH3)230H (3).

procedures were performed at 15 °C.

The R values obtained by the coated electrode
after the treatment with surfactants(1~3) are
shown in Fig. 2. Among the surfactants with
hydrophobic Cl12-alkyl chain in common [a
cationic(1b), an anionic(2), and a nonionic(3)
surfactant], the cationic one (1b) induced a
significant increase in the R value, indicating that
disruption of the stearic acid LB membrane is
brought about by the surfactant(lb) at the
concentration near 102M. However, greatly
pronounced disrupting effects were exhibited by
cationic surfactants(lc and 1d) with hydrophobic
alkyl chaines (C16 and C18) similar to that of
stearic acid (C17).
disrupting effects are not directly correlated to the

It can be seen that the

critical micelle concentration”) of the surfactants
(vertical arrows in Fig. 2).  The structure
dependence, observed by the present method, of
the ability of surfactants to disrupt a lipid
membrane is comparable to that of the
effectiveness of saturated straight fatty acids®) and
alkane sulfonates® to enhance percutaneous drug
absorption.

The R values for the cationic surfactants with
C12-, C16-, and C18-alkyl chain(1b~d) at their
highest concentration employed were unexpectedly
beyond unity. To identify the origin of this
phenomenon, the bare GC electrode was treated
with surfactants by the same method as described
for the membranéitoated electrode, and the
voltammograms of Fe(CN)g3- were obtained by
the treated electrode. As seen in Fig. 3, the
RO(=ip/ipPare) values for the cationic
surfactants(la~d), where ip® represents the

corresponding anodic current of Fe(CN)g3-
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Fig. 2.  Effects of Surfactants on the Cyclic

Voltammograms of Fe(CN)g>- at the GC Electrode Coated
with Stearic Acid LB Membrane [in 10mM Acetate Buffer
(pH 6) Containing 50mM K72504] Vertical arrows
represent the c.m.c. values of the corresponding surfactants.

The c.m.c. value of la is not shown. (o)(1a), (a )(1b),
(@ X1c), (v) (1d), (m X2), (@ X3).
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Fig. 3. Effects of Surfactants on the Cyclic

Voltammograms of Fe(CN)63,' at the Bare Electrode [in 10
mM Acetate Buffer (pH 6) Containing 50mM K2S04]
(o0)(1a), (a)1b), (o )X1c), (V) (1d), (M )(2), (@ )(3).
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(cf. Fig. 1), were all larger than unity and essentially independent of the surfactant concentration. In
this case, the shape of the voltammogram became sharper than that at the untreated bare electrode: the
cathodic and the anodic peaks were shifted to positive and negative directions, respectively. On the
other hand, the RO values were less than unity for the anionic and nonionic surfactants. These results

suggest that the surfactants are adsorbed on the electrode surface, and that those with cationic hydrophilic
group enhance the access of Fe(CN)63' to the electrode by electrostatic attraction while those with

nonionic or anionic group inhibit the access by steric and/or electrostatic repulsion. When the LB
membrane on the coated electrode is disrupted by a cationic surfactant, similar adsorption of the
surfactant can be expected and the R value will then exceed unity.

Although the observed effects of surfactants on the stearic acid LB membrane (Fig. 2) should be
explained by considering the adsorption of the surfactants (Fig. 3), we believe that the present
electrochemical method will serve as a useful tool to investigate the interaction between surfactants and
lipid membranes. Application of the present electrochemical method to other lipid membranes and
markers other than Fe(CN)g3- is in progress.

REFERENCES AND NOTES

1) B. W. Barry, J. Controlled Release, 6, 85 (1987).

2) a) M. Kondo, M. Yoshimura, and T. Okuyama, Seikagaku, 44, 849 (1972); b) A. Helenius and K.
Simons, Biochem. Biophys. Acta, 415, 29 (1975).

3) K. Miyajima, T. Baba, and M. Nakagaki, Colloid Polym. Sci., 267, 201 (1989).

4) M. Sugawara, K. Kojima, H. Sazawa, and Y. Umezawa, Anal. Chem., 59, 2842 (1987), and
references therein.

5) J. Anzai and T. Osa, Selective Electrode Rev., 12, 3 (1990). The procedure for preparing the
stearic acid LB membrane is as follows. A glassy carbon electrode (13x30mm) was polished with a
0.05um alumina suspension, rinsed with water, and sonicated in water for 2min. The monolayer of
stearic acid was obtained by spreading a chloroform solution of stearic acid on the air-water interface
of the trough. Deionized and distilled water containing 0.3 mM CaCl; and 0.05 mM NaHCO3 (pH
7) was used as the subphase. The monolayer formed at the air-water interface was deposited on the
electrode at a surface pressure of 30 mNm-! by using oleic acid as piston oil at a dipping rate of 10
mm min-1. The electrode was dipped and raised twice successively. During the initial dipping, the
water surface was at right angle with the electrode and the barrier stood still. In the following
raising, dipping, and the final raising, the contact angle were acute, obtuse, and acute, respectively,
and the barrier was moved in each process. These observations indicate that a Y-type trilayer was
formed on the GC electrode, where stearic acid is aligned in the first layer with its hydrophilic group
directed to the electrode surface.

6) Y. Okahata, M. Yokobori, Y. Ebara, H. Ebato, and K. Ariga, Langmuir, 6, 1148 (1990).

7) The c.m.c. values of surfactants except 1d were quoted from "Kaimenkasseizai" ed. by A.
Kitahara, Y. Tamai, S. Hayano, and I. Hara, Kodansha, Tokyo, 1979, p. 70. The c.m.c. value of
1d was calculated with the equation cited in the same source (p. 11).

8) M. Yamada and Y. Uda, Chem. Pharm. Bull., 35, 3390 (1987).

9) T. Tanizawa, H. Matsuoka, K. Matsuda, Y. Kurozaki, T. Nakayama, and T. Kimura, Ther. Res.,
11, 641 (1990).

(Received February 21, 1992)

NII-Electronic Library Service





