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Flectrical Properties of Erythrocytes during Irradiation
By

Giichi Yoshii and Machiko Miyachi
Department of Radiology, Osaka University Medical School

Introduction

It seems generally accepted that ionizing radiation alters the physical properties of
live cells as well as it produces chemical changes. There have been a few observations
made on the changes of electrical properties of amphibian erythrocytes®) and colloid suspen-
sion®?) following irradiation with X-ray. They, however. are referable only to a postirradiation
status. However, they should have been carried out even during irradiation, since reactions
caused by irradiation are very quick in their development and their resultant responses, either
reversible or irreversible. In the present study it was attempted to obtain information on
the changes of dielectric constant and conductivity of erythrocyte suspension being exposed
to 3H20-4 ray.

Material and Method

Five ml of blood was drawn by cardiac puncture from a mature Wistar-line hooded
rat, randomised as sex, with a syringe wet with heparin. The blood was centrifuged for
five minutes at 2500 rpm, and the plasma was removed. Cells were suspended at various
concentrations in an isotonic glucose solution which contained 3HzO(specific activity 1¢/0.2 ml)
(Fig. 1). Thus, the erythrocyte suspension was subjected to a constant exposure to SH-8
ray ; the dose given to the erythrocyte suspension was easily calculated from the volume of
suspension in terms of the specific activity of *HsO. That is, 1ml of the erythrocyte susp-
ension which containd 500mc of ¥H20 is to be irradiated at a dose rate of 100rad/min.

Experiment 1

The changes of electrical properties which are characterised by dielectric constant and
conductivity are most likely to be interpreted as the changes in cell geometry and/or in
cellular ultrastructure®). The first approach, on a geometrical basis, was made to the number
and size distribution of erythrocytes being irradiated at 40 rad/min in suspension with the
method of electrical gating®) (Fig. 2). This method measure the resistance of a conducting
solution as a particle passes through aperture”.. Since relationship exisits between the re-
sistance and particle size, a type of size distribution curve is obtained by taking succesive
counts.

Size distribution curves of erythrocytes during irradiation indicated that 3H;O-8 ray

—_T1 —



1006 B =S HHRE MR #23% #se

caused negligible changes in their shape and height at a dose below 1000 rad. At 1500 rad
and 2000 rad irradiation they shifted to the right, suggesting an increased distribution of
large cells (Fig. 3).

Experiment 2

No evidence seems to have been established that the electrical properties of erythrocyte
suspension remain unafected below 1000rad. The dielectric constant of erythrocyte sus-
pension during irradiation was determined at a dose below 1000 rad, and compared with
that of the erythrocyte suspension which did not contain *H:O. Its measurement was done
in a glass cell with two end walls made of 6 mm platinum plates placed 2 mm apart(Fig. 4).
Observations of dielectric constant were made with a modified Oncley’s technique®) developed

by the present authors, at a frequency of 8 Mc/sec, by means of an alternating current bridge,
C—C:

with an oscilloscope as a detector (Fig. 5). Dielctric constant, 3, is given by €?=-—--E;_-—-+ 1
(1), where Cx is the sample cell constant; C» and C,,a capacity with suspension and without it.

For the above experiment three erythrocyte suspensions with different concentrations
were prepared, i.e., 2.5%, 5% and 7.5%.

. The dielectric constant of erythrocyte suspension during irradiation at a dose rate of
40 rad/min showed an increase as dosage increased. It, on a reasonable assumption, seemed
to demonstrate an increase immediately after irradiation started, although no elevation was
detected technically until 25 rad (Fig. 6).

The present calculation of membrane capacity was made on the basis of dielectric con-
stant on an assumption that the cell membrane was poorly conductive and the internal and
external fluids purely resistive?). The membrane capacity calculated was about 0.7 pf/cm?
initially, which agreed with many other experimental results®)>, The membrane capacity,
when the erythrocyte suspension was irradiated at 700 rad, increased to be about 1.3 uf/cm?
in three suspensions with different concentrations.

Experiment 3

Measurement of the conductivity of erythrocyte suspension was performed, since it
seemed advisable to determine whether an increase of membrane capacity was caused by ion
efflux from interior to exterior of the cell or by the changes of dielectric properties of the
cell membrane. It was carried out in a routine electrical method with vacuum voltmeter
as a detector, with a frequency range of 100 c/sec to 10 Kc/sec, and 8 Mc/sec (Fig. 7).

No changes in conductivity were observed within a range of 100 c/sec to 10 Kc/sec, even
if 1000 rad was given to the erythrocyte suspension. But an elevation in conductivity was
found in 8 Mc/sec, which meant an increase of membrane capacity (Fig. 8).

With an assumption that cell suspension is theoretically represented by a simple parallel

equivalent circuit!®) (Fig.9), & and » may be replaced by Ezil%r PRCh, £ =1k.(1 —-%][J) +%—PRGM-
(2); where Gy and Cy, a capacity and a conductance of the cell membrane, #., a conducti-
vity of the external fluid,R, a cell diameter, =r,a numerical factor, and P, 9% volume fraction
occupied by cells.

Observed change in £ and x of a cell suspension for high frequency current must reflect
a corresponding change in Cy and Guy. On the other hand no change in « for low frequency
indicates that #, remains unaffected by irradiation since Gy term is independent of measu-

rement at low frequency. In other words, an increase of membrane capacity during irrad-
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iation at a dose below 1000rad was not caused by ion eflux, but by the change of dielectric
properties of the cell membrane.

Experiment 4

This experiment in which a considerably large cose had to be given, was carried out
at a dose rate of 100 rad/min to erythrocyte suspension. Thus, care was taken lest ery-
throcyte suspension should be subjected to the least possible influence of time factor, e.g.,
during Experiment 2 a dose rate proved to be 40 rad/min which did not seem adequate for
larger irradiation.

The data obtained from measurement of dielectric constant at 8 Mc/sec indicated that
an increase in dielectric constant occurred from the beginning up to 1000 rad, being followed
by a gradual decrease, ¥ values obtaind from a measurement at 2Mc/sec, proved 2-5 higher
than X values at 8 Mc/sec, but showed a similar trend of curve (Fig. 10). From the above
results it would be safe to suggest that irradiation with more than 1000rad resulted in dam-
age in the cell structure with an increased distribution of large cells.

The irradiation of erythrocyte suspension containing no 3HO with %Co-y ray at the
same dose rate resulted in only a slight increase of dielectric constant below 1000rad but
a decrease over 1000rad. In other words, a marked increase of dielectric constant followed
by a decrease was demonstrated during irradiation, while only a slight increase was evi-
denced after irradiation.

Discussion and Conclusion

1. There were no significant changes in the number and the size distribution of ery-
throcyte suspension during exposure to *H»O below 1000 rad.

2. An elevation in the dielectric constant of erythrocyte suspension was observed from
the beginning up to 1000 rad, in high frequency measurement. The elevation was reasonably
considered to originate from the changes of cell membrane capacity.

3. No changes were observed of conductivity in low frequency, suggesting that no
liberation of ions from cell interior to exterior occurred during irradiation. Thus, it was
supported to conclude that changes of the cell membrane capacity were not caused by liber-
ation of ions, but by polarization of the cell membrane!2)3),

4. TIrradiation with more than 1000rad resulted in a decrease of dielectric constant
possibly due to initial radiation damage in cell structure. Dielectric constant, when it was
measured in a postirradiation status, remained unaffected. This suggests that some of the
changes observed during irradiation are apparently reversible.

Biologically, changes in dielectric constant are of great importance because they are
detectable at a dose which, in general, is too low to produce measurable chemical changes,
but capable enough to produce pronounced biological effects.

This investgation was aided by a Research Grant (RG-9353, 1962-1953) from the National
Institute of Health, U.S.A, Bethesda
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Fig. 3 Cell numbers and size distributions of 5%
erythrocytes in glucose solution being irra-
diated by*H,0-8 ray
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Fig. 6 Dielectric constant of three concentrations
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glucose solution being irradiated at a freq-
uency of 8 Mc/[sec
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