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The effects of lonidamine on membrane electrical properties of Ehrlich ascites tumor cells are investigated Using a dielectric relaxation techmque

based on the Maxwell-Wagner effect and elaborated by a ‘single-shell’ fitting procedure, the data indicate that both membrane conductivity and

membrane permittivity increase after treatment of these cells with lomidamine while the conductivity of the cytosol remains unchanged Changes
in membrane proteins and/or hipids are suggested which lead to altered membrane structure and/or function

Lomdamine, Maxwell-Wagner effect, Membrane property, Ehrlich ascites tumor cell

1 INTRODUCTION

The anti-neoplastic drug, lonidamine, a dichlornated
derivative of mdazole-3-carboxylic acid, has been
shown to exert a variety of effects on both normal and
tumor cells These cffects include the impairment of
energy metabolism [1,2] and the induction of biochemi-
cal and ultrastructural changes in mitochondrial and
plasma membranes [3,4]. This last result 1s of particular
importance since the disruption of the cell membrane
may also perturb the normal 1onic equilibrium of cells
and thus their function

The electrical properties of cell membianes can be
obtamed using a variety of electrophysiological tech-
niques such as the micropipette method or the patch-
clamp (using an mternal electrode) techmique These
methods, although widely used, are mvasive and are
sometines inappiopriate 1n detecting small variations
betwcen untreated controls and thewr experimental
counterparts In addition, these techniques can provide
information on only a small number of cells and not on
large populations which, i certain cases, need to be
studied For these reasons, non-invasive diclectric relax-
ation studies 1n the radiowave frequency range can be
a useful tool in examinmng the electrical characteristics
of the biological membranes of large populations of
cells (107 to 10'° cells) This technique 15 based upon the
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fact that cell membranes separate media of different
dielectric properties (for instance, the cytosol from the
external medium) which also results in charge ac-
cumulation at these nterfaces. Thus, the total cell
suspension conductivity which shows a marked fre-
quency dispersion (f- dispcrsion) between 10* and 108
Hz known as the Maxwell-Wagner effect [5], can be
used to determine the charactenistics of the membranc
by the use of a proper curve-fitting procedure. The elec-
trical properties of the cell membrane (membrane con-
ductivity and membrane permttivity) as well as the con-
ductivity of the cytosol can be extracted from the con-
ductivity measurement of the cell suspension

The aim of the present stusly was to determine wheth-
er lomdamine affects membrane electiical properties of
Ehrlich ascites tumor cells by adding this drug to log
phase (6 days) and plateau phase (11 days) cells The
results obtamed using the dielectiic method described
show that lomdamine docs alter membrane electrical
piuperties and that this alteration 1s more pronounced
during plateau phase.

2 MATERIALS AND METHODS

21 Cells

Ehrlich ascites tumor cells were grown i 2-month-old male Swiss
mice and harvested at the 6th and 1 1th day after inoculation The cells
were collected from the sacrificed ammals and suspended 1n a medium
contanng a final concentration of 105 mM NacCl, 5 mM KCl, 50 mM
TES (pH 7 4) (NKT) The cells were centrifuged at 300 x g for S min
at room temperature and washed three times with NKT medium The
packed cells were counted (Coulter Counter ZM, Coulter Electronics,
Luton, UK) dnd resuspended 1n the same medium at a concentration
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of 2 x 10° cells/ml Contamunation with other cells, such as leukocytes,
did not exceed 0 6%, accordng to the differential counting of smears
stamed by the May-Grunwald method The viability of the cells was
about 95-98% as indicated by phase-contrast microscopy n the pres-
ence of Trypan blue

22 Lomdamne incubation

The incubations were carried out n 25 ml Erlenmeyer flasks at 30°C
in a Dubnoff metabolic shaker The complete reaction medium con-
tamned NKT medium and 0 2 ml of cellular suspension (4 x 107 cells)
Ater 10 mun of premcubation, lomdamine (dissolved 1n 0 7% dimet-
hylsulfoxide) to a final concentration of 0 2 mM was added to the cells
The controls recerved the same amount of solvent free of the drug The
final volume was always kept at 3 0 ml The ncubation lasted ! h, at
the end of which the cells were collected by centrifugation at 500 x g
for 5 min at room temperature, washed 3 tuumes with NKT and pre-
pared for either conductivity measurements or cell diameter determi-
nation At least 5 separate experiments were conducted

23 Conductivity measurements

Cells (30 x 107) were resuspended in 1 0 m! NKT buffer (pH 7 4)
Conductivity measurements were carried out in the frequency range
from 10 kHz to 100 MHz by means of two impedance analyzers
Hewlett-Packard model 4192A (frequency range 10 kHz to 10 MHz)
and model 4193A (frequency range 0 S MHz to 100 MHz) The con-
ductivity cell 1s described n detail elsewhere [6] It consisted of a
section of cylindrical wavegude excited wel! beyond 1ts cut off fre-
quency mode Cell constants were determined by calibration with
standard hquids of known conductivity according to Bottomley [7)
The measurements were carried out at a temperature of 20°C main-
tamed within 0 1°C  Errors 1n conductivity were estimated within 1%
across the frequency range

24 Cell diameter determination

A Coulter Channelyzer 256 (Coulter Electromcs, Luton, UK) was
used to evaluate the cell diameter distribution for each experiment of
both control and lomidamine-treated cells All Coulter readings on the
same sample were repeated at least 5 times The following diameter
values were deterrmned 6 2 % 10 ¢m for 6 days control, 64> 10% cm
for 11 days contiol, 70 % 10 *cm for 6 days treated and 82 x 10 cm
for 11 days treated The standard deviations were about 3% of the
mean values

25 Duelectric model

The clectrical properties of the cell membrane (membrane conduc-
tivity g5 and membrane permituivity &) as well as the conductivity of
the cytoplasm op can be extracted from the conductivity of the whole
cell suspension as a function of frequency The analysis, similar to the
one described by Asam et al. [8], 1s based on a single-shell model in
which the cell 1s represented as a sphere covered by a shell (the cell
membrane) of conductivity o¢*= 0s+iwEEs, a cell interior (cytosol) of
conductivity op*= Gp+iwEEp, randomly distributed n a continuous
medium o1 complex conductivity described by o,*= o, +iweeE, In
these expressions, &, 1s the permiuttivity of free space and @ 1s the
angular frequency of the apphied field The mean diameter values were
determimed by Coulter analysts as described previously and used n
the fitting procedure The thickness of the cell membrane was taken
as 75 nm

3. RESULTS AND DISCUSSION

Fig 1 shows electrical conductivity as a function of
frequency of suspensions of control Ehrlich ascites
tumor cells at 6 days (curve a) and 11 days (curve b) of
growth and ascites cells treated with lonidamine at 6
days (curve ¢) and 11 days (curve d) of growth. The
conductivity of the buffer solution 1s also shown (curve
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Fig 1 Conductivity of suspensions of Ehrlich ascites tumor cells at

20°C as a function of frequency (a) control cells collected at 6 days,

(b) control cells at 11 days, (c) cells tteated with lomdamine at 6 days,

(d) lomdamune-treated cells at 11 days, and (e) NKT buffer (pH 7 4)

The solid hnes represent the calculated values derived from thefitting
procedure

e) Curve (e) shows that the conductivity of the buffer
solution is constant from 10° to 10* Hz This may be
expected since there 1s no interfacial polarization in this
salt solution. In contrast, curves (a)-(d) show the mar-
ked conductivity dispersion data typical of interfacial
polarization 1n heterogencous systems The conductiv-
ity mcrement (from low to high frequencies) was less
pronounced 1n both 6- and 1-day controls (curves a
and b) than 1n cells treated at these two growth times
(curves ¢ and d) These results seem to indicate that
lonidamine mnduces variations in membrane properties
such as 1n membrane structure and/or function. This
prehminary observation prompted further examination
of the differences observed.

Fig 2a gtves the means and standard deviations of
membrane conductivity o of 6- and 11-day lomdamine-
treated Ehrlich ascites tumor cells after the data from
Fig 1 had been analyzed by the fitting procedure based
upon the ‘single-shell’ model described previously and
normalized with respect to their iespective controls
(zero line) The zero hine (control value) 1s the mean
value of control measurements of cells collected at both
6 and 11 days. As can be seen, both treatment at 6 and
11 days resulted m an 1nciease in membiane conducti-
vity with respect to controls. However, 1i-day treat-
ment seems to induce a greater variation in this mem-
brane parameter than lonidamine administration at 6
days (35% vs 67%, respectively) Membrane conducti-
vity 1s a measure of the overall wonic transport across the
cell membrane through ion channels Therefore, con-
ductivity may be viewed as a measure of the dynamic
processes dependent upon net onic fluxes Thus, the
higher conductivity value observed after lomdamine
treatment seems to indicate an increase m 1omc flux
across the cell membrane, perhaps by formation and/or
activation of membrane channels and/or pumps. It has
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Fig 2 Per cent vanation 1n membrane conductivity (a), membrane
permuttivity (b) and the conductivity of the cytosol (¢) as a function
of the day Ehrlich ascites tumor cells were collected (6 and 11 days)
are shown All values represent the means and standard deviations of
at least 5 separate experiments each normalized with its respective
control Note the mcreased varation of these three membrane para-
meters m cells collected at 11 days with respect to those collected at
6 days

been previously demonstrated using the same dielectric
relaxation method described m this work that variations
in membrane conductivity mn chick embryo myoblasts
may be due to variations in 1on channels and/or pumps,
particulaily in an alteration in K* channels and, conse-
quently, the Na*/K* equlibrium [9] More direct evi-
dence for a perturbation of specific tonic pumps (the
Na*,K*-ATPase) in Ehrlich ascites tumor cells by lon-
damine comes from our preliminary measurements of
membrane electrical parameters in the presence of oua-
bain, an inhibitor of Na*,K*-ATPase This analysis,
although preliminary, does demonstrate a modification
of membrane properties upon addition of ouabain, In
addition, evidence for a perturbation of the 1onic equi-
Iibrium 1itself of Ehrlich ascites tumor cells by lomda-
mine comes from a recent study in which both cell vo-
lume and intracellular Na* and K* concentration were
examned [10]. In this study, 1t was found that after
treatment with this drug, there was an increase 1n cell
volume in these Ehrlich cells due to an augmented up-
take of Na* and an increased outflow of K* These
alterations m Na'/K" exchange regulatory mechanisms
may explain, at least in part, the variations in membrane
conductivity observed in the present study.
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A similar behavior in membrane permuttivity & also
occurs 1 these cells (Fig 2b) Again, treated cells at
both 6 and 11 days have higher normalized permittivity
values than controls (zero line). In addition, 1t 1s appa-
rent once more that 11-day treatment induces the grea-
test change in permituvity (43% versus 68%, respec-
tively) Membrane permittivity is a measure of the di-
stribution of charges and/or polar groups across cell
membranes Thus, this membrane parameter 1s indica-
tive of the static charges present 1n the membrane such
as protems and lipids which appear to be altered by
lomdamine, In fact, vanations n both of these cell con-
stituents induced by lonidamine have been observed in
Ehrlich ascites tumor cells as well as T lymphocytes and
human erythrocytes [3.,4]. Specifically, freeze-fracture
studies demonstrated that lonidamine alters the distri-
bution of intramembrane particles [3] and also the mem-
brane lipid distribution [4] A selective transfer of phos-
phatidylcholine and cholestero! from the membrane to
the mmcubation medium and the consequent enrichment
in phosphatidylethanolamine m the membrane itself
was observed [4] Thus, the vanations in membrane
permutfivity induced by lomdamine are supported by
observed effects of this drug on cell membrane
morphology

Membrane conductivity and membiane permttivity
are strongly interrelated and their effects cannot be ea-
sily separated For instance, changes in ionic pumps
may not only affect conductivity, but may also influence
membrane permittivity since any changes n structure of
these pumps may also cause varations in fixed mem-
brane charges In addition, phospholipid type and/or
charge can nterfere with active tiansport processes di-
1ectly. In fact, the type of phospholipid environment 1n
which 10n channels arc embedded can vary not only
permuttivity, but also the transport properties of the
channels [11,12] Conductivity 1s much higher in nega-
tively charged membranes than 1n neutral ones [11,13].

Fmally, in Fig 2c are shown values of the conduc-
tivity of the cytosol op of 6- and 11-day treated Ehrlich
ascites tumor cclls normahized with respect to controls
(zero ling). As can be seen, theie 1s no variation 1n this
parameter at cither 6 or 11 days of lonidamine treat-
ment Apparently, this diug seems not to affect the
cytosol of Ehrlich cells at this concentration. However,
sice the morphological effects discussed are known to
be coneentration-dependent [3], it cannot be excluded
that greater concentrations of this diug wil not affect
Ehrlich cell cytosol conductivity Consequently, more
exhaustive experiments are in progress in order to deter-
mine the role of lonidamine concentration on the cell
cytosol as well as on both membrane conductivity and
membrane permuttivity variations. More detailed expe-
riments are also in progress in order to evaluate the time
of the cell cycle when lonidamine administration causes
the greatest varations in cell electrical properties.
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