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1. The bioclogical effects of Co% y-ray irradiation in the dose of 900 r on albino
rats were similar to those of X-irradiation in the same dose, with special reference to
the body weight and survival time of the irradiated albino rats.

2. The adrenal weight of albino rats irradiated by 900r of Co® y-rays or X-rays
increased from the 4th day of exposure.

3. In the albino rats irradiated by 900 r of X-rays, urinary formaldehydogenic ste-
roids (FGS), determined in successive days after the X-irradiation, increased on the
1st and 3rd day of the exposure and decreased gradually until the animal died. A
preterminal increase of urinary FGS was recognized in some of the irradiated albino
rats.

4. The response of urinary FGS to ACTH-Z injected on the 2nd and 5th day of the
irradiation by 900 r of Co® y-rays or X-ray revealed low adrenocortical activity of the
irradiated albino rats.

5. Some of the Co® y-ray irradiated albino rats were sacrificed 4 hours, two and
five days after the lethal exposure, respectively, and steroid production of the removed
adrenals of the rats was determined by the in vitro method, according to Saffran et al
and Eisenstein. Steroid production of the adrenals in the irradiated albino rats showed
a tendency to decrease on the 2nd day of the exposure.

6. The albino rats irradiated by 900r of X-rays or Co® y-rays could survive longer
by injection of ACTH-Z in a dose of four units on the 2nd day of the exposure than
those not injected or injected with ACTH-Z on the 5th day of the exposure.

INTRODUCTION

The considerable pathological changes of the adrenal glands have been
confirmed in the victims of the atomic bombing?:21,26,29  Latent adrenal insuf-
ficiency was noticed in some atomic bomb survivors who had been severely
injured by the explosion!®!?!,% and in some sufferers at Bikini Atoll, There
have been many clinical®™” and experimental®®3%1” reports on the relation
between adrenocortical activity and radiation injuries. The authors intend
to report in this paper the influence of the Co®® r-ray and X-ray irradiation on

the adrenocortical activity of albino rats.

MATERIALS AND METHODS

Male albino rats of Wistar strain, weighing 140-240 g, were used and kept
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in individual metabolic cages. They were fed ad libitum on Oriental com-
pressed diets and tap water.

Co% y-ray irradiation was performed with the Co® irradiator at the Insti-
tute for Chemical Research, Kyoto University. The rats received single total
body irradiation of Co® r-rays in the dose of 900 r from the source of Co® ar-
ranged in a shape of a cylinder. The dose rate was about 3370 r per minute
in air and the exposure time for 900 r was sixteen seconds.

Single total body irradiation of X-rays was performed in each dose of 900r
and 600 r respectively, with the Hakuai deep therapy apparatus at the Depart-
ment of Radiology, Kyoto University Hospital. The irradiation factors were
as follows: 160 kv, 3 mA, 0.6 mm Cu plus 0.5 mm Al filter, 30 cm target-skin
distance and the dose rate of 16.0 r per minute. :

The body weight was indicated by ‘“‘index number’’, calculated in compari-
son with the initial value of 100. , '

Urine specimens collected during one day were used to determine form-
aldehydogenic steroids (FGS) with the author’s methqd“’. On the 2nd, 5th,
10th and 28th day of the irradiation of Co®® r-rays or X-rays, respectively, the
albino rats were injected subcutaneously with 4 units of ACTH-Z (Organon,
Daiich Seiyaku) and their urinary FGS were determined before and after the
injection.

Some of the albino rats irradiated by Co® r-rays were used for the in vitro
steroidogenesis study, according to the method which was introduced by Saf-
fran and Bayliss®™ and was modified by Eisenstein®. The adrenal glands were
removed from the albino rats under intraperitoneal nembutal anesthesia. The
wet weight of the adrenal glands was measured by a torsion balance. The
adrenal glands were dissected and incubated aerobically in 2 ml of Krebs-
Ringer-phosphate-glucose solution with 1 unit of ACTH. Corticosteroids in the
incubation medium were extracted with chloroform and determined by spec-
trophotometric procedure.

EXPERIMENTAL RESULTS

1) Body Weight of the Irradiated Rats

In the rats irradiated by 900r of Co®®y-rays, the body weight decreased
rather rapidly till the 4th day of the expoéure, and then it decreased gradual-
ly and the rats died. The same tendency was found in those irradiared by
900 r of X-rays (Figs. 1 and 2).

2) Period of Survival in the Irradiated Rats

Following the irradiation of 900 r of Co® r-rays, the rats not injected with
ACTH-Z survived 8.3 days in average, but those injected with 4 units of ACTH-
Z on the 2nd day of the exposure lived 12.3 days long, while those injected
with ACTH-Z on the 5th day of the exposure survived only 9.3 days (Fig. 1).
‘The rats irradiated by 900 r of X-rays also survived 8.2 days in average. One
of them, which was injected with ACTH-Z on the 2nd and 15th day, lived till
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Fig. 1. Change of body weight and the survival time in the Co® 7y-ray irradiated

rats.

=== non-irradiated, average of five rats ; —— irradiated, without ACTH-Z injection
------ irradiated, with ACTH injection on 2nd day ; --~+--- irradiated, with ACTH inj-
ection on 5th day.
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Fig. 2. Change of body weight and the survival time in the X-ray irradiated rats.
=== pon-irradiated, average of five rats ; — irradiated, without ACTH-Z injection ;

------ irradiated, with ACTH-Z injection on 2nd ; —+--—+~ irradiated, with ACTH-Z inje-
ction on 5th day.
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Fig. 3. Variations of the weight of the bilateral adrenal glands in the 900 r irradiated
rats after the exposure. (O X-irradiated rats ; @ Co%® y-rays irradiated rats ; © @@
irradiated rats injected with ACTH-Z

the 29th day of the exposure (Fig. 2).
3) Adrenal Weight of the Irradiated Rats

The adrenal weight of the rats, which were irradiated by 900r of Co® 7-
rays or X-rays, tended to increase after the exposure as shown in Fig. 3. The
adrenal weight of the irradiated rats was yet in a normal range on the 2nd
day of the exposure, but increased from the 4th day of the exposure.

4) In vitro Steroidogenesis of the Adrenals in the Irradiated Rats by
Co% r-rays

Table 1 indicates the results of the in vitro steroidogenesis of the adrenals
in the rats irradiated by 900r of Co% r-rays. In the irradiated rats, the pro-
duction of steroids by the adrenals was larger after 4 hours of the exposure
and was lesser on the 2nd day of the exposure than in normal rats, but it

was approximately equal on the 5th day of the exposure to that in normal
rats.

5) Urinary FGS in Response to ACTH-Z Injection in the Irradiated Rats

The irradiated rats were injected subcutaneously with 4 units of ACTH-Z
in order to know the reserve function of the adrenal glands. The urinary FGS-
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Table 1. In vitro steroidogenesis in the normal and irradiated rats.

Body Adrenal Actual Steroid Steroid Secretion
Weight Weight secretion/Adrenal per 100mg Adrenal Wt.
(gm) (mg) (rg) (ng)
Control (10)™ 160~240 18.7:+3.81%* 8.6+2.61 46 .24+7 .57
after
Exposure
{4 hrs. (5)] 145~165 13,8-+1.72 7.2£3.63 54,548 .26
Coﬁg&)b%ys )‘ 2nd day (5) 125~145 16.7:1.44 5.641.96 33.7+3.55
L 5th day CS)i 120~130 20.6%3.68 8.94+2.18 44 744,17
|
*( ) Number of rats. ** Mean Value®S. D.
Co% r-Rays irradiation
. X-rays irradiation
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Fig. 4. Urinary formaldehydogenic steroids in response to ACTH-Z
injected in the rats irradiated by X-rays and Cof y-rays.

response to ACTH-Z in the rats irradiated by 600r of X-rays was nearly equal
on 10th and 28th day of the exposure to that in normal rats, but the response
was rather low on the 2nd day of the exposure.

The urinary FGS-response to ACTH-Z in the rats irradiated by 900r of X-
rays or Co® r-rays was apparently lower on the 2nd and 5th day of the exposure
than that in normal rats, as seen in Fig. 4.

9) Urinary FGS determined in Successive Days after the Exposure in the
Rats irradiated by 900r of X.-rays

In the rats irradiated by 900r of X-rays, the urinary FGS showed a tran-
sient slight increase on the Ist day of the exposure, and it increased again on
the 3rd day. From the 3rd day of the exposure to the death of the rats, the
urinary FGS decreased gradually. A remarkable high value of urinary FGS
was recognized preterminally in some irradiated rats (Fig. 5).
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Fig. 5 : Urinary FGS determined in succes- Fig. 6. Variations of the rate of inc-
sive days after the exposure in the rats resse or decrease in number of the
irradiated by 900 r of X-rays. leucocytes and eosinophils in the

rats irradiated by 900 r of X-rays.

7) The Counts of Peripheral Leucocytes and Eosinophils in the Rats
irradiated by 900r of X-rays

After the 900 r irradiation of X-rays, the leucocyte count in the irradiated

rats increased 4 hours after the exposure, and thereafter it decreased to minus:
90 percent on the 4th day of the exposure. It never increased again until the:
rats died. The eosinophil leucocyte count in the rats irradiated by 900r of
X-rays decreased immediately after the exposure, and it almost disappeared
from the peripheral blood of the irradiated rats during the period from the.
2nd to the 3rd day after the exposure (Fig. 6).

DISCUSSION

It has been confirmed by us that the Co y-ray irradiation has approxi-

mately the same biological effects as the X-ray irradiation, with special re-
ferencs to the body weight and survival time of the irradiated rats.

Patt ef al'” described in their report that the adrenal weight of the X-

irradiated rats was increased by 20-40 percent on the 2nd day after the ex-
posure of 650r or 900r, and a marked increase of the adrenal weight was
observed on the 3rd or 4th day after the irradiation of 900r. In the report
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of Rosenfeld??, the adrenal weight of a calf irradiated by 600 r of Co® r-rays
was increased on about the 7th day of the exposure. It was revealed by us
that the adrenal weight was increased in the irradiated rats.

The initial increase of corticosteroids in the blood?®, the adrenals?, or
urine®® after irradiation has been observed by many researchers. The authors
found a transient increase of urinary FGS in the initial stage of irradiation.
“This is probably due to an indirect effect of irradiation mediated by the pitui-
tary gland®?®, Patt ef @l.'"® mentioned that hypophysectomy prevented the
initial decrease of the adrerenal cholesterol level after X-irradiation. The
change of urinary FGS determined in successive days after the irradiation
suggests the decrease of the adrenocortical activity of the rats irradiated by
lethal dose. This was confirmed by the urinary FGS-response to ACTH-Z in the
irradiated rats. Therefore, the increase of the adrenal weight in the irradiat-
ed rats does not always indicate the adrenocortical hyperfunction. As for the
direct effect of irradiation on the adrenal gland, Ungar ef @l.2” carried out the
study of the in vitro steroidogenesis by perfusion of the calf adrenals under
irradiation of Co® y-rays, and they concluded that the steroidogenic activity of
the adrenals, as radiosensitive organ, could be reduced directly by the irra-
diation. The dose of Co® r-rays used in their experiment was about 1800-3000
1, which was too high to be compared with the dose of total body irradiation.

The results of our in vitro study did not indicate low adrenocortical ac-
‘tivity in the irradited rats, because the adrenocortical steroids produced in
vitro after the exposure were nearly normal. The same results were obtained
by Rosenfeld?” in his perfusion experiment of the adrenals of the calves whose
total body was irradiated by 600r of Co®® yr-rays. His findings demounstrated
‘that the function of the adrenal cortex was far from ‘“‘exhausted’ at any time
after a lethal total body irradiation. It is difficult to explain the differnce of
the results between the in vivo and in vitro experiment. However, it is con-
sidered that urinary corticosteroids may be influenced not only by the activity
-of the adrenals themselves but also by various general body conditions.

Edelman and Katsh? found that the shorter the interval between the X-ray
exposure and adrenalectomy was, the shorter the survival was. They mention-
ed that the demand for adrenal hormone was greatest during or immediately
after the exposure and was reduced during 3 to 5 days after the exposure.
Ellinger? reported that desoxycorticosterone acetate (DCA) was clinically
effective for radiation sickness presumably due to secondary adrenocortical
insufficiency as the result of adaptation syndrome and that administration of
DCA prevented the diminution of the ligids of the adrenal cortex in the X-ray
irradiated mice. Ellinger ef 2l.” made a clinical investigation on 50 patients
with radiation sickness treated with DCA and they obtained good results. On
the other hand, Ellinger® found that the administration of cortisone produced
a shortening of the period between the irradiation and the onset of death,
and resulted in a definite increase of the mortality rate. Smith et @l.2¢ failed
to increase the survival time or the number of irradiated mice surviving by
means of injection of cortisone or ACTH. Taber? was able to prolong the
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lives of mice irradiated by 600r of X-ray with ACTH treatment of ten days
period. It was an interesting one of our experimental results that the lethal
dose irradiated rats injected with 4 units of ACTH-Z on the 2nd day of the
-exposure survived longer, while those injected with ACTH-Z on the 5th day of
the exposure did not survive so long. These results suggest that it is im-
portant to administer ACTH-Z as early as possible after the exposure for
prevention of radiation injuries.

ACKNOWLEDGEMENT

The authors are much indebted to Prof. Shimizu and Mr. Nakayama, the
Institute for Chemical Research, Kyoto University, for making facilities availa-
‘ble for Co® r-ray irradiation, and to Prof. Fukuda, Department of Radiology,
Kyoto University Hospital, for permitting the use of the X-ray appartus.

REFERENCES

(1) Asakawa, Y., Nippon Acta Radiologica, 17, 1331-1344 (1958).
«(2) Brayer, F. T., U.S. Naval Radiological Dzfense Laboratory, Technical Report 27, NM
6 015 (1955).
(8) Brayer, F. T. et al., Science, 120, 112 (1954).
‘(4) Edelmann, A. and S. Katsh, Am. J. Physiol., 168, 625-627 (1959).
(5) Eisenstein, A. B., Proc. Soc. Exptl. Biol. Med., 91, 657-661 (1956).
(8) Ellinger, F., Radiology, 51, 394-399 (1948).
(7) Ellinger, F. ef al., Am. J. Roentgen., 61, 387-396 (1946).
(8) Ellinger, F. : Proc. Soc. Expil. Biol. & Mad., 80, 214-217 (1952).
(9) French, A. B. et al., Am. J. Physiol., 182, 469-476 (1955).
(10) Fujii, S. and R. Lange, Thz Teishin Igaku, 5, 728-729 (1953).
(11) Ibayashi, H., Saishin Igaku, 10, 167-176 (1955).
(12) Inoue, K. etal., Reports on the Atomic Bomb Disasters (The Science Council of Japa)
part I, 804-805 (1953).
(13) Lasser, F. C. and K. W. Stenstrom, Am. J. Roentogen., 72, 474-487 (1954).
(14) Miyake, T. et al., Jap. Arch. Int. Mead., 6, 646-652 (1959).
(158) Muranaka, H., Acta Scolae Medicinalis Universitatis in Kioto, Japonia, in press.
(16) Ono, K, et al., Reports on Atomic Bomb Disasters (The Science Council of Japonia)
part II, 1000-1011 (1953).
(17) Patt, H. M. et al., Am. J. Physiol., 150, 480-487 (1947).
(18) Patt, H. M. et al., Science, 106, 475-476 (1948).
(19) Porter, E. C., Radiology, 58, 246-258 (1952).
(20) Rosenfeld, G., Am. J. Physiol., 192, 232-240 (1958).
(21) Report from Army Medical School and Tokyo 1st Army Hospital of Japan, Reporis
on the Atomic Bomb Disasters (The Science Council of Japan) part 1, 284-412 (1953).
(22) Setsuda, T., Acta Heam. Jap., 20, 213-225 (1957).
(23) Saffran, M. and M. J. Bayliss : Endocrinology 52, 140-148 (1953).
(24) Smith, W. W. et al., Proc. Soc. Exptl. Biol. & Mzd., 73, 529-531 (1950).
(25) Sugiyama, S. ef. al., Reports on the Atomic Bomb Disasters (The Science Council of
Tapan) part II, 895-936 (1953).
(26) Taber, K. W., Radiology, 57, 702-709 (1951).
(27) Ungar, F. et al., Endocrinology, 56, 30-36 (1955).
(28) Wexler, B. C. et al., Proc. Soc. Exptl. Biol. & Med., 79, 183-184 (1952).
(29) Yamori, T., Reports on the Atomic Bomb Disasters (The Sciennce Council of Japar)
part II, 1244-1281 (1953).

(475)



