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1. INTRODUCTION

The knowledge of the relationship between the physical dose
(tissue absorbed energy) and an observable biological effect is of
great importance in view of the need for a sensitive biological dosi-
meter in radiation protection. The primary interaction of ionizing
radiation with any form of living matter occurs at the cellular level.
Partially disregarding the complexity of the target system many
efforts have been made in molecular radiobiology to study changes in-
duced by radiation in nucleic acids and proteins. However, the cellu-
lar component with the highest hit probability, the membrane, has
only recently gained the necessary attention, e.g. in the structural-
metabolic theory (1). Cell metabolism is highly dependent on its ca-
pability to maintain differences between extra- and intracellular ion-
concentrations due to the functional fine structure of its membrane,
characterised e.g. by specific bioelectrical membrane properties,
such as transmembrane resting potential (MRP).

2. MATERIALS AND METHODS

Human embryonic lung cells (Flow 2002) were grown as monolayers
in plastic petridishes, using conventional cell culture techniques.
Some experiments were also carried out with transformed lung cells
(WI38 SV13, subline 2 RA), which were grown in the same way. The
petridishes were incubated at 37°C. Only cells in logarithmic growth
phase were used.

The schematic set-up for the measurement of MRP in individual
cells is shown in Fig. 1. The system consists of recording microelec-
trode, reference electrode, headstage with motorized micromanipulator,
high-input impedance electrometer amplifier and phase-contrast micros-
cope with automatic camera-system. MRP was measured with non-polariz-
able, 3 M KCl-filled glass micropipette electrodes, having a re-
sistance between 15 and 20 Mfi. This recording electrode was mounted
in a AgCl/Ag half-cell and connected to the headstage, housing a FET-
input operational amplifier, capacitance compensation components and
an internal driven shield. The output of the headstage was in on-line
with the signal input of an electrometer amplifier (Transidyne, USA).
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Fig. 1 Experimental set-up used for MRP-recordings from human cells

Amplifier output was connected to a dual-beam oscilloscope and strip-
chart -recorder . A sintered AgCl/Ag electrode provided the ground re-
ference to the preparation. For impaling of the cell a micromanipu-
lator with "both mechanical as well as three motorized drives and re-
mote control unit was used. In order to approximate physiological con-
ditions all intracellular measurements were carried out at 3T°C and

PH=7.2.
Cells were irradiated as monolayers in petridishes, covered by a

thin layer of medium. For low-LET irradiation a Co 60 source (activity
37 GBq.) was used to apply a dose rate of 20 mGy/min; for high-LET ir-
radiation cells were exposed to a Cf 252 source (neutron flux
7.9 x 10° n/s) at the average exposure rate of 1 n/cell. MRP-values
of the unirradiated cell were recorded for about 2 minutes, then the
same impaled cell was irradiated either with gamma or neutrons.

3. RESULTS

Altogether 60 experiments have been evaluated so far. The change
of the MRP for an unirradiated control cell in dependence of time
after insertion of the microelectrode is shown in Fig. 2 (curve A).
The MRP declines steadily to approach zero, indicating cell death due
to membrane damage from the electrode impalment. For comparison, the
complete set-up with both electrodes in the medium, but not impaling
a cell, was irradiated under.the same conditions with gamma-rays and
neutrons. However, the influence was neglegible and resulted in a
DC-offset of only +. 0.5 mV (Fig. 2, curve B). Fig. 3 (curve A) repre-
sents the temporal MRP changes before and during gamma-irradiation of
a normal lung fibroblkst (Flow 2002). Within seconds after the onset
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Fig. 2 Temporal MRP changes of unirradiated controls (A) and
DC-offset of y and n-irradiated set-up (B).
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Fig. 3 Temporal MRP changes of Y~irradiated normal cells (A)
and n-irradiated transformed cells (B)
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of irradiation MRP starts to increase and reaches a maximum value
(Vy) within about 30 s. Vy is more than 25% higher than the corres-
ponding value of the .unirradiated cell (Vo). During this time interval
the cell has received a dose of only 10 mGy. Then the MRP declines to
zero delayed, but in a similar way as the control in Fig. 2. Curve B
in Fig. 3 shows the influence of n-irradiation on the cellular MRP in
the case of a transformed lung cell (WI38 SV13). These cells show
generally lower MRP-values than normal lung cells. Similar to gamma-
irradiation n-traversal caused an increase of the MRP up to Vn, more
than 150% above the comparable Vo-value. The peak width At is con-
siderably larger for n- than for Y~irra(3-iation.

h. DISCUSSION

It could be demonstrated that both, human normal and transformed
lung cells show a pronounced temporary hyperpolarization of the
transmembrane resting potential within seconds after low-level in
vitro-irradiation. This cellular response varies in intensity and
duration in dependence of the linear energy transfer of the irradi-
ation mode applied. Many investigations have dealt with the influence
of radiation on active bioelectric properties of excitable cells
(nerves, muscles), mostly applying high dose values. 10% MRP-hyperpo-
larization above normal value was also observed during X-irradiation
of frog skin with 7-5 kR (3), resp. of rabbit leucocytes with 10 rd
(2). However, to our knowledge no data are available on continuous
MRP-measurements before and during low-level radiation exposure of
non-excitable human cells.

The MRP is caused by the difference between intra- and extracellu-
lar ion distribution, specific permeability for different ions and
surface charges. The ions produced by the low-level irradiation can-
not account for the observed increase in MRP (see also Fig. 2, curve
B). However, the observed hyperpolarization could be caused by either
an increased active transport due to an enhanced activity of the
sodium pump, or by an increase, resp. decrease in the permeability for
Cl~-ions, resp. Na+-ions. All mechanisms mentioned can be interpreted
as a feed-back response of the cellular system under the influence of
low-level irradiation. At present different specific test-methods are
being developed to elucidate the contribution of the described
possible mechanisms to the observed hyperpolarization. Summarizing
it can be concluded that MRP-measurements represent a highly sensi-
tive test-system for correlating tissue absorbed low-level dose with
radiation induced effects.
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