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In a modern life, the usage of the electromagnetic fields (EMF) is more and more increasing in
various fields including daily lives. Therefare, the biclogical effects of EMF and its safely are
becoming important questions from the aspects of the occupational health as well as public
health. Although the growing number of studies on the effects of EMF are providing various
findings both epidemioclogically and experimentally, our knowledge is still too few to answer these
questions satisfactorily. In this report, the effects of EMT (940 MHz, 26-14 4W/cm® were
experimentally examined on 1) the rabbit renal tubules cell suspension, 2) the frog sartorial
muscle, and 3) the perfused rat liver.

As for rabbit renal tubules cell; the oxygen consumption rate reversibly increased after 20-40
minute exposure to EMF (26 ¢y W/cm?®. The content of calcium tended to decrease after 40 minute
exposure, however the contents of potassium was not affected. With microscopy and electron
microscopy, no apparent morphological changes were observed after exposure to EMF for 40
minutes. As for frog sartorial muscle; resting membrane potential showed hyperpolarization after
40 minute exposure to EMF although it's difference was mostly not statistically significant. In the
2 typical cases which showed statistically significant difference, the hyperpolarized membrane
potential was recovered after an period of non-exposure and repeatedly hyper-polarized after
re-exposure. As for perfused rat liver; there was no apparent change in oxygen consumption
monitored as the concentration of oxygen in the effluents during exposure to EMF for up to 40
minutes.

Oxygen consumption rate represents the condition of an overall cellular function. The
change in the oxygen consumption rate in the renal {ubules cells is, therefore, indicating that EMF
exposure affects any part/s of the cellular functions. The most likely site of the action is
suggested as an jon transport mechanism of the membrane although we could not confirm that in
this study. The change in the resting membrane potential of the frog muscle fiber can be also
taken as an example of EMF effects on the ion movement through the membrane. As a conlusion,
the results in this study provided other evidences that the exposure to EMF affects the cellular
functions in some way, however, more studies are necessary to elucidate mechanism of the effects
and it's functional meaning to a living body.
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Fig. 2. An example of Py, monitoring curves
after serial exposures to the electromagnet-
ic fields (EMF) under various conditions in
the renal tubules cell suspension. a: pre-
exposure (after 15 min. pre-incubation), b:
after 156 min. exposure to EMF, ¢ after 20
min. expoure, d: after 30 min. exposure, e:
after 5 min. incubation witHour EMF, f:
after 20 min. exposure to EMF, g: after 15
min. incubation witHout EMF,

BREEE

A BERSTRELFEREEMC 351 2 SRR

3% DR

a. BREEHER

20 53fl® preincubation (& &, 26 4 W/cm?
DL TR 1T » /oo WBEErh, BEHE
HROMBEZT I NHS 3TC KB NI, pre-
incubation #, 5k U—ERRHOIERER, Bk
Faty PEEL, BHECHEEET T2 Ny
FORESEOELERISNICE = ¥ — Ui
Fig. 2 it & O—fij% "9, —HOHRIE L, 95% i
RORIMER 0BT S LR ER T
b, 735 7 OMHE HERRENRICHEYT 5
D%, IRFER] (a) 1 EE--EOEE L HHEETR
LTW3, REl—EEicy LIgEEE 15 AliT- 7
(D) I IR LR VD, e fToA 20
SR OMETES: (c) wid, MREERT& LT, B3R
HEROHEMLREb S, X 5T/ 3045
IBER () Th, FEROBOHEREEDLNT
WaY, COZELETFENT, EEEThIIIS
HREDA v F 2N — a3 vDAHEET-% (6) T
, BESEEMERIET Ui, & S ES L,
% (D), JERERE (@) ok b, REOE(LHFEERE
iz, Bl &, BRERIBEIZ L - TER
SR OB AN 2 M b, %

DURATIGN
95 — oF
£XPOSURE
- 80 2 $ min.
" b: 10 ain.
-6 c: 15 min.
- d: 20 min.
(=] 50 —i
[}
35 —
20 —
—
5 ain,

Fig. 3. An example of serial Py, monitoring
curves after various duration times of expo-
sure to the electromagnetic fields in the
renal tuules cell suspension.
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Fig. 4. A line graph illuistrating the oxygen
consumption (Qp,) under various durations
of exposure to EMF and control incubation
in the renal tubules cell suspension. Bar
lines on symbols represent standard devia-
tion. Asterisk indicates a statistically sig-
nificant difference {p<0.05, Student’s £ test)
from the control value (a).
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Fig. 5. Calcium content (A) and its change (B)
by exposure to the electromagnetic felds in
the renal tubules cell suspension. A: Lines
on bars in A represent SD. The astrisk is
indicating a statisticaly significant differ-
ence between sham andexposed (p<0.05).
B: The open cir¢les in B represent the mean
of samples indicatd with dots. There is no
statistically significant difference between
the two groups.
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Fig. 6. Potassium content (A} and its change
(B) by exposure to the electromagnetic
fields in the renal tubules cell suspension.
A: Lines onbars in A represent SD. B: Open
circles in B represent the mean of samples
indicated with dots,
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Fig. 7. Photomicrographs of a whole mount preparation (A) and a transverse section (B) and a electron
micrograph of a ¢ross section (C) of the renal tubules cells in the rabbit, A: A preparation exposed to
EMF for 30 minutes. There was no cell stained with methyl biue. B: A control preparation fixed,
sectioned, and stained with Hematoxylin-Eosin. C: A preparation exposed to EMF for 40 minutes.
Any morphological changes were found between controls and preparations exposed to EMF.
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Fig. 8. A line graphs illustrating the change in
resting membrane potential of frog muscles
by an exposure to the electromagnetic
fields. Each symbol represents an average
DC recorded from more than 10 fibers in
different muscle. ** i indicating difference
of statistical significance (p<0.01) tested
with Student's ¢ test.
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Fig. 9. Examples of changes in the mean rest-
ing mimbrane potential in frog muscles ac-
cording to on-off of the electromagnetic
fields. Bar line on each symbol is represent-
ing a standard deviation (n=12). Asterisks
indicate statistically significant difference
between the two values indicated by a bar
tested with Student's £ test (% p<0.05, ¥*: p
<0.01).
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