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Studies on Biological Effects of Microwave Radiation
(3 rd Report)

Experimental Studies of Microwave Radiation on Mice
By

Kazutomo BAN
Department of Radiology, Nagoya University, School of Medicine.
(Director: Prof. 8. Takahashi)

Summary:

In order to investigate the biological effects of microwave radiation, mice were exposed to 2,440
megacycle continuous waves. The results were as follows:

1) Behaviours of mice under exposure of microwave radiation were examined minutely under
comparison with that of heat stroke.

2) Continuous exposures for the whole body with power densities of 114.3, 54.3 and 28.6 mW/cm?
were carried out until d-eath, and thermal responses of mice during exposures were surveyed by means of
measuring rectal temperatures, which were determined minute by minute by a flexible plastic-covered
prove connected to a thermister thermometer bridge.

Lethal rectal temperatures of mice exposed at any power densities applied to this examination were
ranging 42.8°C to 46.2°C. Microscopic examinations of these mice revealed marked congestion with
engorgement of small blood vessels in the brain, lungs, liver, spleen, kidneys and adrenal glands.

The most conspicuous lesions were found in the fasciculate zone of adrenal cortex, namely, marked
congestion, microscopic bleeding and cellular degeneration.

3) When left in the 50°C incubator as contrast, mice were found to die in 14.35 to 16.45 minutes
with rectal temperatures ranging 45.5°C to 46.0°C, and also postmortem pathologic finding was conges-
tion in the brain, lungs, liver and kidneys,

As most striking distinction compared with histologic changes obtained from mice exposed to micro-
waves, no lesions were seen in the adrenal glands.

4) Mice were decapitated and autopsied for histological studies of the various organs and tissues
1,2, 3, 6, 24, 48 and 120 hours after exposure for 10 minutes at power density of 28.6 mW/cm2, and it was
proved that no histologic changes were demonstrated. Therefore, it was considered that lesions resulting

from exposure of microwave radiation might be rapidly recovered.
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Table 1, Mice examined histologically after
microwave radiation.

Body | Power | Rectal Tempera-| Exposure

No Weight | Density ture (°C) Time
’ ‘ (mW/ | Before | After !
(gm) c¢m?)| Expos. | Expos. (min)
i | 23.5 | 114.3 | 37.4 | 43.5 401
2] 23.0 ” 37.3 | 43.2 6.62
3| 23.5 ” 37.0 | 44.5 6.75
4| 245 54.3| 36.5 | 43.3 8.42
5| 24.5 ” 37.1 | 45.0 12.33
6| 22.0 ” 37.4 46.0 6.90
7| 26.0 23.6 | 36.8 | 46.2 12.17 |
8| 27.5 ” 36.7 | 42.8 | 21.40
o 215 |50 8.2 | 6.0 | 143
10| 205 |[Peubat 570 | 456 | 1645
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Table 2, Mice exposed for 10 minutes at
28.6 mW/cm?, and decapitated for
histological studies.

. Rectal
:h@ Tenéggl;lture E
No. 2.8 = 5 N.B.
== Befoer| After e

(gm)|Expos | Expos

Decapitated 1 hr.
after exposure

Decapitated 2 hrs.
after exposure

Decapitated 3 hrs.
after exposure
Decapitated 6 hrs.
after exposure

Decapitated 24 hrs.
after exposure

Decapitated 48 hrs.
after exposure

Decapitated 120 hrs,
after exposure

11 |21.0] 37.5 | 41.6 | alive

12 [23.0{ 36.8 | 40.8 | »

13 |22.5] 38.0 | 41.0 | »

14 120.0 38.5 | 41.5 | ~

15 25.0/ 38.5 | 41.5 | »

16 (25.0{ 38.5 | 40.5 | »

17 |24.5) 37.5 | 41.5 | ~»

{, 114.3mW/em? CHBEF L7- 6 Pip 3 L, 54.3
mW /cm? “CIRSF Uiz 6 Pide 3 G, 28.6mW/cm? ¢
B Lic3mp2EThHs. i, SO°CEHRMETH
FEe Ldbic= v A b FRCRIEZEIRE L 17>
7.
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Fig. 1 Photographs of cinefilms.
Before exposure of microwave radiation, neon-
lamp (NED) attached to the mouse cage did
not yet work, and mouse was in normal status
(a). Simultaneously with microwave irradiati-
on at power density of 114.3mW/cm?, neon la-
mp glowed, and then mouse was going to evade
from microwave emanation (b). About 5 min-
utes from begining of microwave irradiation,
mouse had heavy convulsion (c), and was died
irmmediately after tonic convulsion in supine
position (d).
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Fig. 2 Rectal temperature responses of mice du-

ring exposure to 2, 440 megacycle microwave
at power density of 114.3 mW/em?®.
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Fig. 3 Rectal temperature responses of mice
during exposure to 2, 440 megacycle micro-
wave at power density of 54.3 mW/em?.
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Fig. 4 Rectal temperature responses of mice du-
ring exposure to 2, 440 megacycle microwave
at power density of 28.6 mW/cm?.
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Fig. 5 Rectal teraperature responses of mice

left in 50°C incubator.
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Fig. 6,a. Histologic seceian of brain of mouse Fig. T,b. Detal]. of lung in Fig. .T,d_ (X‘lO(i,
exposed at power density of 54.3mW/em?® show- H-E stain)
ing slight congestion. (X100, H-E stain)

L . e
Fig. 6,b. Brain of the same mouse. (X100,
Kliiver’s stain)

Flg 8 a. Hlstologu: section of liver of the same
mouse showing the central veins widely diste-
nded with blood. (X20, H-Es tain)

Fig. 7,a. Histologic section of lung of the same
mouse showing marked congestion with micr-
oscopic bleeding. (X100, H-E stain)

Fig. 8,b. Liver of the same mouse. Normal ar-
chitecture being preserved. (X100, H-E stain)

BT —
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Fig. 8,c. Highly magnified section of liver %%

of the sarne mouse showing sinusoids widely Fig. 9. H1stologlc section of kidney of the same
distended with blood cell, and normal li- mouse showing the pattern, typical of acute-
ver cell. (1,000, H-E stain) congestion. (X100, H-E stain)

Fig. 10,a and b. Hlstologlc section of adrenal gland of the same mouse showing
marked congestion. (a: X 20, b: X 40, H-F stain)

#
.
;

Fig. 10,c. Highly magnified section sf adrenal cortex of the
same mouse showing marked congestion with mi-
croscopic bleeding, and cellular degeneration in
the fasciculate zone. (X1,000, H-E stain)
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Table 3. Presentation of histologic changes reported by different authors.
Year Authors %4[;1‘:3;::?:; Animals used Findings of the histological examination
12cm-wave : Opacity of lens,
1950 | J. Clark : pRcity o
0 [ J: Glar length. Rabbit Degeneration of testicular tissue.
o }C‘cmiwave General edema and congestion with blood
. Umehara ength. : , extravasation. Cell degeneration in the lungs
1950 (EE  T¥) | Continuous Guinea pig liver, kidneys, and muscle fibers of heart. &
;ave. 40—60W. Ulceration of stomach.
=0 e
' : Cell eegeneration of C.N.S., liver, and kidneys.
1953 | J.T. Boysen ::\‘(r);f:luous Rabbit Hemorrhagic pneumonia. Necrosis of the Y
75— 100 W. intestinal mucosa and stomach.
wmnﬁmmmﬁﬁﬁﬁﬂlmm Opacity of lens.
30—40 mW/cm? Rat Degeneration of testicular tissue.
Therapeutic General edema and engorgement of small
W unit. vessels. Hemorrhagic pneumonia.
1957 Hartman Continuous Dog Necrosis and desquamation of the lining of gut.
wave. Necrosis DCI; liver. Cell degeneration of adrenal
cortex, and kidneys.
Radar. General congestion. Leucocytosis. Lymphoid
1960 | S. Prausnitz | Pulsed wave. Mouse infiltration in brain, liver, kiidneys, duodenum,
101mW /em®. and testis.
Radar.
1962 Y. Horai Pulsed wave. Mouse Marked congestion with extravasation of blood
(F % %) 53.8—18{‘\2“ . in brain, lungs, and kidneys.
mW /em
12.4cm-wave
wlBan length. Co- General congestion. Marked congestion with
1966 (e 7 %) nillr:luosus ;;age. Mouse hemorrhage, and cell degeneration in the
.3—28. fasciculate zone of the adrenal cortex.
mW/cm?
A di o ”
- JT. Rad aft;:agxplgire Enteritis, type undetermined. Ulceration and
1 McLaughlin adar. T pe iy perforation of the jejunum.
in the near field | Atrophy of adrenal gland.
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