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PAPER XI

Studies on the Metabolism of Fission Products
III. Radioautographic Studies on the Localization of
Radiostrontium and Radiocaleium in the Bones

Takehiko KixucHni, Gyoichi WaKIisaka, Masaru SUENAGA, Tsuyoshi Koo,
Hiroaki AKacGI, Hiroshi Goro, Takashi MaTsuki, and *Yasuc YOSHIMINE

('The Second Medical Clinic and *Department of Orthopedic
Surgery, Faculty of Medicine, Kyoto University)

INTRODUCTION

From the biological point of view radiostrontium, an alkaline earth metal, was
one of the most important radioactive elements found in the radioactive ashes col-
lected from the No. 5 Fukuryu Maru. Radiocalcium was also found in the radio-
active ashes. The radiocalcium was presumed to have been formed by induced radio-
activity owing to the effects of the neutron flux from the bomb explosion. Stron-
tium and calcium are chemically analogous and accumulate chiefly in the bones. In
order to obtain further information about the localization of radiostrontium and radio-
calcium in the bones, radioautographic studies have been made in mice and guinea-
pigs. The effect of radiocalcium upon the blood picture of guinea-pigs has also
been studied.

MATERIALS AND METHODS

1) Radiostrontium.

Fifteen pc. of S in the form of strontium chloride in physiologic saline solu-
tion were injected subcutaneously in the back of adult mice weighing 15 grams.
The radiostrontium was supplied by the U, S. AEC. Thirteen hours after the injec-
tion the animals were sacrificed with ether, and the bones (upper and lower limbs,
skull, spine and tail) were removed. The bones were fixed in formalin and embedded
in paraffin. The samples were made as plane as possible and placed in contact with
Fuji X-ray films. After exposure for 12 hours, the films were developed with Fuji
Rendol developer at 19°C. for one and a half minute. After fixing in acid sodium
thiosulfate, the films were washed in water and dried.

2) Radiocalcium.

Fifteen pc. of Ca®® in the form of calcium chloride in physiologic saline solution
were injected intracardially in adult male guinea-pigs weighing about 400 grams.
The radiocalcium was supplied by the U, S. AEC. Ten hours following the injection
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the animals were sacrificed by bloodletting, and the bones of the lower limb were
removed for radioautographic studies and measurement of the radioactivity of the
bones.

a) Radioautographs.

After the removal of soft tissues, the bones of the lower limb including the
knee joint were fixed in formalin and embedded in paraffin. The samples were
made as plane as possible by polishing, and placed in contact with Fuji X-ray films.
After exposure for 2 days the films were developed and fixed as described above.
For detail radioautographic studies, undecalcified histologic sections (10~20 . thick)
were prepared and covered with the emulsion of Fuji ET-2E stripping plates, 15 p
thickness. After exposure for 14 days, the films were developed with Kodak D19
developer at 19°C. for 3 minutes. Fixing took place in'409% sodium thiosulfate for
10 minutes. After careful washing in water, the films were dried, dipped in xylol
for 3 minutes, * covered with cover slips, and observed under the microscope and
photographed.

b) Measurement of the radioactivity.

The radiocalcium contents of the serum and bones adjacent to the knee joint
were measured with a Geigéer-Mueller counter. The bones adjacent to the knee joint
were removed, weighed, and wet ashed with perchloric acid and hydrogen peroxide.
Then ammonium oxalate was added to the sample (in case of the bones 1/25 of the
original sample) and the radiocalcium was separated as calcium oxalate. For the
measurement of the serum radiocalcium level, 1.0 cc. of the serum was used, added
with 0.5 cc. of 2 9 calcium chloride as carrier.

RESULTS

1) Distribution of radiostrontium in the bones of the mouse (Figs. 1~5).

Fig. 1 shows the radioautograph of the skull of the mouse. More radiostrontium
was distributed in the anterior part of the skull, especially in the incisors and in
their neighbourhood of the upper jaw, than in the posterior part of the skull. Fig.
2 shows the radioautograph of the spine and pelvic bones. The deposition of radio-
strontium was more marked in the pelvic bones than in the spine. The radiocauto-
graph of the bones of the upper limb (Fig. 3) showed heavy localization of radijo-
strontium in the regions of the shoulder, elbow and wrist joints, namely more
radiostrontium was distributed in the epiphysis than in the diaphysis. In the radio-
autograph of the lower limb (Fig. 4) the distribution of radiostrontium was similar
to that in the upper limb. In the radioautograph of the tail (Fig. 5) more radijo-
strontium was found in the regions adjacent to the joint than in the other parts.

Addendum

Epilation was observed in 3 mice among 10 given 15 pc. of Sr’ by sub-
cutaneous injection. The epilation began at the injection site about 1 week follow-
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ing the administration and spread gradually to the head (Fig. 6).
2) Distribution of radiocalcium in the bones of the guinea-pig (Figs. 7~10).
Fig. 7 shows the radioautograph of the bones adjacent to the knee joint. Heavy
Fig. 8 shows the
Fig. 9 is the

localization of radiocalcium was seen along the epiphyseal line.
photomicrograph of the detail radioautograph of the epiphyseal line.
photomicrograph of the cells in the epiphyseal line and Fig. 10 is the photomicro-
graph of the detail radicautograph of the same part. As seen in these figures,
marked localization of radiocalcium was found in the cells of the epiphyseal line.

3) Measurement of radiocalcium in the bones.

Table 1 shows the serum radiocalcium level and the distribution of radiocalcium
per gram tissue in the bones adjacent to the knee joint 10 hours following intra-
cardial injection of 15 pc. of Ca* in the guinea-pig.

Table 1. Distribution of Ca® in the serum and bones of the
guinea-pig 10 hours following intracardial injection

of 15 uc. of Ca® Cl,

Sample Percent of the administered dose

Bones adjacent to the knee

joint (per gram) 2.84 4 0.12

Serum (per cc.) 0. 038-£0. 010

Table 2. Changes of blood picture in the guinea-pigs given 15 uc.
of Ca®® by intracardial injection

No. 1 ' 2

Days after injection Before| 1 3 \ 5 Before, 1 } 3 ! 5

R. B. C. (109 517 507 479 463 s35| 53| 04| 512

W. B. C. 6,200 | 12,800 | 7,600 } 7,400 | 6,800 | 9,400 | 8,200 | 8,000
Staff cells l 20| 60| 15| o 0 0 10| o

» | 1 lobes 80 | 170 | 4.5 | 4.0 20 | 1.0 | 40| 25

Elmos | 125 | 120 | 80 | 85 | 11.5 | 140 | 85 | 13.0

oSl I 60 | 30| 40 6.0 80 | 25 | 7.0 | 9.0

A+ i

2V s | 0o | 00 | 20 5.0 10| 15| 30| 40

| Total | 285 | 380 | 200 | 285 | 225 | 19.0 | 23.5 | 285
Mean nuclear count§ 2.8 2.3 3.0 3.5 3.4 3.2 3.3 3.2

Eosinophils 80 | 1.5 | 9.5 7.0 3.0 | 10.0 50 | 4.5

Basophils 0.5 | 00| L0 | 00 | 00 00 00 00

i il

8| Sman L'1zo] o0l 10] 00| 651 o5/ o5 00

> i

g | Middle | 60.0 | 43.0 | 66,0 | 67.0 | 66.0 | 685 | 63.0 | 640

‘é Large | 20| 40| 10| 15| 15| 10| L0 | 25

% | Total | 63.0 | 47.0 | 68.0 | 685 | 740 | 70.0 | 70.5 | 6.5

Monocytes \ 0.0 l 3.0 1.5 1.0 0.5 " 1.0 1.0 0.5

Plasma cells o | oos 0 o | o o | o
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4y Influence of radiocalcium upon blood picture.

Table 2 shows the changes of blood picture in the guinea-pigs given 15 puc. of
Ca® by intracardial injection. In the period of 5 days following the injection no
remarkable change was observed in the blood picture of the guinea-pigs.

DISCUSSION

The metabolism of radiostrontium and radiocalcium has been studied by many
investigators??» M09 - and it has been shown that radiostrontium and radio-
calcium accumulate chiefly in the bones and teeth. The highest concentration
occurred in regions of new bone formation, i. e., roots of teeth, epiphyseal line and
fractured bone.» The radioautographic studies reported in this paper also showed
the heavy localization of radiostrontium and radiocalcium in the teeth and bones,
especially in the epiphysis. It is interesting to note that the deposition of radio-
calcium was especially marked in the cells along the epiphyseal line.

With regard to the effect of radiocalcium upon blood picture, no remarkable
change was observed in the period of 5 days following intracardial injection of 15
pc. of Ca¥ in guinea-pigs.

SUMMARY

1) Radioautographic studies have been made on the distribution of radiostron-
tium (Sr*%% ) and radiocalcium (Ca'®) in the bones of mice and guinea-pigs. In
addition to this, the distribution of radiocalcium in the bones has been measured
with a Geiger-Mueller counter, and the effect of radiocalcium upon blood picture
has been studied in guinea-pigs.

2) Radioautographic studies showed heavy localization of radiostrontium and
radiocalcium in the bones, especially in the epiphysis.

3) The distribution of radiocalcium in the bones adjacent to the knee joint 10
hours following intracardial injection of 15 pc. of Ca' in adult guinea-pigs was 2.84
+0.12 per cent of the administered dose per gram tissue. The serum radiocalcium
level per cc. measured under the same condition was 0.03840.01 per cent of the
administered dose.

4) No remarkable change in blood picture was observed in the period of 5 days
following intracardial administration of 15 pc. of Ca* in guinea-pigs.
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Fig. 1. Radioautograph of the skull of Fig. 2. Radioautograph of the spine and
the mouse. pelvic bones of the mouse.

Fig. 3. Radioautograph of the bones of Fig. 4.' Radioautograph of the bones of
the upper limb of the mouse. the lower limb of the mouse.

Fig. 5. Radioautograph of the tail of Fig. 6. Left: Epilation of the mouse given
the mouse. 15 pc. of S99 subcutaneously.
Right : Control.
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Fig. 7. Radioautograph of the bones adjacent Fig. 8. Photomicrograph of the detail radio-
to the knee joint of the guinea-pig. autograph of the epiphyseal line of
the bone adjacent to the knee joint

of the guinea-pig.

Fig. 9. Photomicrograph of the cells in the Fig. 10. Photomicrograph of the detail

epiphyseal line of the bone adjacent radioautograph of the same
to the knee joint of the guinea-pig. part as shown in Fig. 9.
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