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Effect of miconazole on the electrical conductivity of bilayer membranes

(Received 16 November 1981; accepted 9 April 1982)

Miconazole nitrate [1-(2,4-dichloro-8-(2,4-dichlorobenzy-
loxy)phenyl)imidazole nitrate] is a potent antimycotic
agent, synthesized by Godefroi er al. [1]. The agent has a
wide spectrum of antimicrobial activity. It affects, espe-
cially, the growth of dermatophytes, yeasts and Gram-
positive bacteria [2-5]. Since miconazole shows no serious
side-effects on human subjects, it is a valuable drug for
medical use [5-7].

Evidence for the interaction of imidazole derivatives and
cell membranes was provided by several workers [7-11],
who showed that the ultrastructure of the cell membranes
was altered by the various agents. Biochemical investiga-
tions of Swamy et al. [4] have indicated that miconazole
affects the plasma membrane of Candida albicans. Fur-
thermore, it has been shown by Yamaguchi [12] that
miconazole and clotrimazole interact with specific mem-
brane lipids.

In this publication we present data demonstrating the
effects of miconazole on artificial bilayer membranes con-
sisting of oxidized cholesterol or yeast lipids. We show that
the antimycotic drug induces a significant increase of the
electrical conductivity of the membrane. This effect has
been shown to be reversible after removal of miconazole
by washing of the membranes.

Materials and methods

Extraction of yeast lipids. Yeast lipid extracts were iso-
lated by a modified method of Folch et al. [13]. Baker’s
yeast, 250 g, (Hamelner Hefe, Nord-West-Deutsche Hefe
und Spritwerke, Hameln, F.R.G.) were lyophilized, resus-
pended in 700 m! of chloroform-methanol (2:1, v/v) and
vortexed by means of a Tornado-emulsifier (Braun, Mel-
sungen, Type 853512). After centrifugation for 10 min at
5000 rpm (Christ Minifuge), the supernatant was dried by
rotary evaporation in acuo at 40°, and the residue dissolved
in 40 ml of the above solution. This procedure was repeated,
and the residue was resolved in 60 ml of the chloroform-
methanol solution and allowed to stand for 30 min on ice.
After centrifugation for 15 min at 10,000 g the precipitate
was discarded and the supernatant mixed with 0.2 vol. of
0.73% (w/v) NaCl solution and the mixture centrifuged as

before. The chloroform phase was extracted twice with
chloroform-methanol-0.29% (w/v) NaCl (2:48:47), and
the final chloroform extract was concentrated by rotary
evaporation in acuo and adjusted to 50 mg/ml yeast lipids.
The determination of total lipid was carried out with a
Boehringer Test-Combination according to the method of
Zdllner and Kirsch [14].

Preparation of bilayer membranes. For the preparation
of bilayer membranes consisting of oxidized cholesterol a
‘measuring double cell’ was used; a device developed by
Lischow and SchulzHarder [15]. The membranes were
prepared according to Mueller ez al. [16]. To form a bilayer
membrane a solution of 50mg oxidized cholesterol/ml
decane was applied on a septum with an aperture of 6 mm
by means of a spatula, in a cell filled with Titrisol buffer,
pH 6 (Merck, Darmstadt, F.R.G.). Membranes consisting
of yeast lipids were formed in a measuring cell with two
open chambers and a septum with an aperture of 1.9 mm.
The cell was filled with a buffer containing 10 mM sodium
citrate/100 mM NaCl, and the yeast lipid extract (50 mg/ml
decane) was applied on a Teflon septum by means of a
marten-hair pencil. Prior to use, the Teflon septum must
be treated with yeast lipid extract and dried in a stream of
nitrogen in order to ensure the formation of a stable bilayer.

The electrical conductivity of the membrane (A) was
determined by measuring the electrical membrane potential
(Un) at a constant current (/) with an amperemeter (Keith-
ley 417) at a constant voltage (U). The results were mon-
itored with a recorder (Metrawatt RE 520).

Chemicals. Miconazole nitrate (R 14889) was a gift of
Janssen Pharmaceuticals (Beerse, Belgium). Oxidized cho-
lesterol was kindly supplied by B. Dobias, Universitat
Regensburg. (The oxidation is as described in Ref. 17.) If
not indicated in the text all other chemicals were purchased
from Merck (Darmstadt, F.R.G.).

Results and discussion

The measurements of the conductivity of nine bilayer
membranes consisting of oxidized cholesterol are sum-
marized in Table 1. In the absence of miconazole the

Table 1. Data of the specific electrical conductivity of nine bilayer membranes consisting of
oxidized cholesterol

Concentration of

Experiment No. miconazole (uM) 2 (S xem™?) A (S X cm™?) FNrY
1 10 2.20x 1078 3.08 x 107° 1.4
2 10 0.99 x 107% 1.79 x 10°# 1.8
3 10 0.94 x 1078 1.24 x 107# 1.3
4 10 3.75x 1078 7.69 x 1078 2.1
5 20 1.54 x 107% 10.30 X 107 6.7
6 20 0.94 x 1078 1.34 x 107# 1.4
7 20 11.50 x 1078 46.60 x 107# 4.1
8 20 1.04 x 1078 2.90 x 10°% 2.8
9 20 0.93 x1078 2.68 x 1078 2.9

The data were calculated from experiments as shown in Fig. 1, in which the membrane
potential (Un) was measured at a constant current (/). Electrical conductivity: A(Um) = 1/Un,
specific electrical conductivity: A, = A/surface of the bilayer, (A, before treatment with micon-

azole, A after treatment with miconazole).
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average conductivity was 2.65 X 107 S/em®. After addition
of 10 uM and 20 uM miconazole the conductivity increased
by a factor of 1.65 = 0.35 and 3.57 + 1.98, respectively.
Higher concentrations of the drug led to a destruction of
the membrane. However, the effect of miconazole at low
concentrations (less than 20 uM) has been found to be
reversible (Fig. 1). After changing the buffer in the ‘measur-
ing double cell’ the conductivity of the membrane returned
to the original value. The same effect has been demon-
strated with yeast cells, when *H-labelled miconazole was
removed by several washings with citrate buffer [18].
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Fig. 1. Effect of miconazole on the electrical conductivity
of a bilayer membrane consisting of oxidized cholesterol.
The membrane potential (U,,) was measured at constant
current (/) of 107®mA during addition and removal of
miconazole. The experiment was carried out in 2 ‘measuring
double cell’, which permits changing of buffer during the
measurement. After an equilibration time of several min-
utes the Titrisol buffer, pH 6, was substituted by a buffer
containing 10 4M miconazole (1). The following steps were:
(2) end of buffer exchange, (3) disconnection of the current,
(4) short-circuit of the ‘measuring double cell’, (5) recon-
nection of the current, (6) removal of miconazole and (7)
end of buffer exchange.

In order to prepare bilayer membranes which resemble
the yeast plasma membrane, we have isclated a yeast lipid
extract. However, bilayer membranes consisting of the
yeast lipid extract proved to be unstable in the ‘measuring
double cell’ because the diameter of the septum aperture
is too wide (minimum diameter 3 mm). Therefore, we
carried out our experiments in an open measuring cell with
a septum aperture of 1.9 mm.

The results in Fig. 2 show the effect of miconazole on
artificial yeast lipid membranes. The conductivity of the
membranes increased during successive addition of micon-
azole. In contrast to cholesterol membranes (Table 1) yeast
lipid bilayers remained intact up to a concentration of
50 uM miconazole (results not shown). The different resist-
ance of the two membrane types against the effect of the
antimycotic agent is probably due to the different lipid
compositions of the membranes. In this context, we cannot
rule out a stabilizing effect of the smaller aperture in the
measuring cell system which was used in the yeast lipid
bilayer membrane experiments.

Miconazole has been found to interact with both kinds
of bilayer membranes, consisting of oxidized cholesterol
or yeast lipid extracts, causing an increase of its electrical
conductivity. This result is consistent with investigations
in which a low miconazole concentration (2 M, 2 X 107
cells/ml) diminished the H™-gradient in the plasma mem-
brane of Saccharomyces cereisiae [18]. Similar effects were
observed by Foury et al. [19], indicating that miconazole
has an almost immediate effect on the exchange of K™ for
extracellular H™ across the cellular membrane of Schizo-
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Fig. 2. Effect of miconazole on the electrical conductivity
of four bilayer membranes consisting of yeast lipids.
Miconazole (5mM, dissolved in ethanol) was directly
pipetted in the measuring cell, and the increase of the
current (I) was measured at a constant voltage ({})
{—40mV) in a measuring cell with an aperture diameter
of 1.9 mm and specific conductivity was calculated from:
As=1I (U X surface of the bilayer) . (—), start of the
experiment; (A), increase of the miconazole concentration
by 6.25 uM; (A), increase of the miconazole concentration
by 12.5 uM.

saccharomyces pombe. However, a vitiation of the
proton-gradient of the plasma membrane impairs the
uptake of pyrimidine and purine bases {20, 21], amino acids
[22, 23] and carbohydrates [23]. Also, miconazole has been
found to inhibit the uptake of purine bases [18, 24]. Thus,
the fungicidal effect of miconazole may be partially due to
a change of the ion-permeability of the plasma membrane.
On the other hand, a change of ion-permeability may be
explained by a direct binding of miconazole with free and
esterified fatty acids (van den Bossche and Ruysschaert,
manuscript in preparation). Yamaguchi and Iwata [25]
reported on a destabilization of unsaturated dioleoy! leci-
thin liposomes induced by miconazole, which is enhanced
by the incorporation of ergosterol.

In addition to the membrane, miconazole has another
target in the cell, as reported by van den Bossche et al.
[26]. Their findings indicate that miconazole affects the
ability of the cell to form the plasma membrane by an
accumulation of *C-methyl sterols and an inhibition of the
ergosterol synthesis.

Miconazole induced a significant increase of the electrical
conductivity of bilayer membranes consisting of oxidized
cholesterol or yeast lipids. Membranes consisting of oxi-
dized cholesterol burst at miconazole concentrations higher
than 20 M, while membranes consisting of yeast lipids
resisted concentrations up to 50 uM. The effect of micon-
azole on the electrical conductivity of the membranes
proved to be reversible when the agent was washed out.

Acknowledgements—We wish to thank Janssen Pharma-
ceuticals for their gift of miconazole, Dr. U. Reichert for
helpful discussions, and Mrs. G. Windisch-Schuster for
excellent technical assistance.

RAINOLD ARNDT
BERND ScHULZ-HARDER

Insting fiir Biochemie und
Molekularbidogie

Fachbereich Biologie WE 03

Freie Universitit Berlin

D-1000 Berlin 33

Federal Republic of Germany

Lehrstuhl Chemie 11
Universitit Regensburg
D-8400 Regensburg

Federal Republic of Germany

JURGEN SCHULZ-HARDER



3122

REFERENCES

1. E. F. Godefroi, J. Heeres, J. van Cutsem and P. A.
J. Janssen, J. med. Chem. 12, 784 (1969).
2.J. M. van Cutsem and D. Thienpont, Chemotherapy
17, 392 (1972).
3. R. J. Holt, Infection 2, 95 (1974).
4. K. H. S. Swamy, M. Sirsi and G. R. Rao, Antimicrob.
Agents Chemother. 5, 420 (1974).
5. P. R. Sawer, R. N. Brodgen, R. M. Pinder, T. M.
Speight and G. S. Avery, Drugs 9, 406 (1975).
6. J. Symoens and W. Amery, 9th International Congress
of Chemotherapy, London, U.K. (1976).
7. W. P. E. Raab, Springer-Verlag, Berlin (1980).
8. S. de Nollin and M. Borgers, Sabouraudia 12, 341
(1974).
9. H.-J. Preusser, Mykosen 18, 453 (1975).
10. H.-J. Preusser and H. Rostek, Sabouraudia 17, 389
(1979).
11. M. Borgers, H. B. Levine and J. M. Cobb, Sabouraudia
19, 27 (1981).
12. H. Yamaguchi, Antimicrob. Agents Chemother. 12, 16
(1977).
13. J. Folch, M. Lees and G. H. Sloane Stanley, J. biol.
Chem. 226, 497 (1957).

Short communications

14. N. Zbllner and K. Kirsch, Z. ges. exp. Med. 135, 545
(1962).

15. U. Liischow and J. Schulz-Harder, Biochim. biophys.
Acta 512, 377 (1978).

16. P. Mueller, D. O. Rudin, H. T. Thien and W. C.
Wescott, Nature, Lond. 194, 979 (1962).

17. U. L. Lischow, K. D. Heckmann and M. Pring,
Biochim. biophys. Acta 389, 1 (1975).

18. R. Arndt, Thesis, Freie Universitit Berlin (1978).

19. F. Foury, M. Boutry and A. Goffeau, Archs Int. Phys-
iol. Biochim. 84, 618 (1976).

20. U. Reichert, R. Schmidt and M. Forét, FEBS Lett. 52,
100 (1975).

21. M. Forét, R. Schmidt and U. Reichert, Eur. J.
Biochem. 82, 33 (1978).

22. ? A.)Eddy and J. A. Nowacki, Biochem. J. 122, 701

1971).

23. A. Seaston, C. Inkson and A. A. Eddy, Biochem. J.
134, 1031 (1973).

24. H. van den Bossche, Biochem. Pharmac. 23, 887
(1974).

25. H. Yamaguchi and K. Iwata, Antimicrob. Agents.
Chemother. 15, 706 (1979).

26. H. van den Bossche, G, Willemsens, W. Cools, W. F.
Lauwers and L. Lejeune, Chem. Biol. Interact. 21, 59
(1978).

Biochemical Pharmacology, Vol. 31, No. 19, pp. 3122-3124, 1982,
Printed in Great Britain.

0006-2952/82/193122-03 $03.00/0
© 1982 Pergamon Press Lid.

The effect of beta-adrenoceptor blocking drugs on ‘ecto-ATPase’ activity of rat
blood platelets

(Received 21 December 1981; accepted 9 April 1982)

The mechanism of action of beta-adrenoceptor blocking
drugs in affecting blood platelet aggregation is still contro-
versial. It seems that this effect is not related to the
beta-blocking activity but rather to the nonspecific alter-
ation of platelet membrane [1,2]. Since platelet ‘ecto-
ATPase’ or the ability of whole washed blood platelet
suspensions to dephosphorylate ATP is considered to be
involved in the mechanisms of platelet aggregation [3-6],
this study examined the effect of ten beta-adrenoceptor
blocking drugs on the ‘ecto-ATPase’ activity of rat blood
platelets.

Blood was collected from male Wistar albino rats
(350-400 g) in ether anesthesia via polyethylene cannula
from common carotid artery into plastic tubes containing
citrate anticoagulant (9 ml blood + 1 mi 129 mM trisodium
citrate). Platelet rich plasma (PRP) was obtained by cen-
trifugation at 200 g for 20 min at room temperature. The
platelets were separated by centrifugation at 900g for
20 min at room temperature and washed two times with
citrated saline solution (12.9 mM trisodium citrate, 137 mM
sodium chloride, pH adjusted to 6.5 with HCL). The
washed packed platelets were then resuspended in a
Tris-buffered saline (50 mM Tris—-HCl in 137 mM Na(l,
pH 7.4) and platelet count adjusted to 5 x 10%ml (counted
manually). Aliquots from platelet suspension were incu-
bated with beta-adrenoceptor blocking drugs at 37° for
5min and then mixed with an equal volume of medium
containing ATP (50 mM Tris-HC!, 137 mM NaCl, 2 mM
ATP, 4mM MgCl, pH 7.4). Mixing of these solutions
represented the beginning of the enzyme assay. The latter
was terminated at 15 min by addition of the reaction sol-

ution (ammonium molybdate 8.09 mM, ammonium meta-
vapadate 2.01 mM, sodium dodecylsulphate 69.3 mM,
ammonia 13.2 mM, nitric acid 650 mM) according to Lin
and Morales [7]. The extinction of colour complex formed
by released inorganic phosphorus (P;) and molybdovana-
date was measured at 350 nm using a cell with a 1 cm path.
Ecto-ATPase activity was defined as nmole P;cleaved from
added ATP per 10° platelets per hr.

The average ATPase activity (+ S.E.M.) of a suspension
of intact washed rat blood platelets was 365.1 = 7.5 nmole
P; per 10° platelets per hour. The activity was linearly
proportional to time and platelet concentration (Fig. 1).
It was not inhibited by oubain (0.5 mM) and was about
twice as great at 37° (365.1 £ 7.7) as at 22° (188.4 £ 4.6).
The enzyme showed divalent cation dependence with mag-
nesium and calcium (Fig. 2). Stimulation by magnesium
was greatest at 2 mM and stimulation by calcium increased
with increasing concentration up to 4 mM. At optimal
magnesium concentration addition of calcium diminished
the ecto-ATPase activity.

Figure 3 demonstrates the effect of alprenolol (AB
Hissle, Sweden), atenolol (ICI, Macclesfield, U.K.), dob-
erol (Boehringer, Ingelheim, F.R.G.), Ko 1124 (Boehrin-
ger), metipranol (SPOFA, Praha, Czechoslovakia),
oxprenolol (Ciba-Geigy, Basel, Switzerland), pricoron
(VULM, Modra, Czechoslovakia), pronethalol (ICI) and
propranolol (ICI) on the ecto-ATPase activity of rat blood
platelets. No appreciable changes in the enzyme activity
were observed after 5 min incubation with beta-adreno-
ceptor blocking drugs at a concentration of 0.1 mM.
Increasing the concentration of tested drugs to 1 mM led



