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Abstract

We have reported that X-ray pre-irradiation induced two types of radio-resistance (improved

30-day survival rate after mid-lethal irradiation) in C57BL and ICR strains of mice. The dose-

effects were distinguished into the following 4 dose ranges in ICR mice: (1) below 2.5 cGy: no

radio-resistance is induced 2 months later, (2) 5 to 10 cGy: significant radio-resistance 2 to 2.5

months later by whole-body pre-irradiation, (3) 15 to 20 cGy: no radio-resistance at any time

between 2 weeks to 2 months later, and (4) 30 to 50 cGy: significant radio-resistance 2 weeks

later by partial-body pre-irradiation of the trunk as well as whole-body pre-irradiation. We

previously reported that the recovery of blood cell counts of erythrocytes, leukocytes and

thrombocytes was enhanced by the pre-irradiation in C57BL, but not in ICR mice.

In the present study, hematological changes were examined on blood coagulation time and

hemorrhaging tendency in case of pre-irradiation with 45 cGy in ICR mice. Blood coagulation

time prolonged on day 12 after sub-lethal irradiation, but it was not restored by the pre-

irradiation, while occult blood appearance in feces collected on days 10 to 12 after sub-lethal

irradiation was decreased by the pre-irradiation in ICR mice.

Introduction

Radio-adaptive response on chromosomal damages [1,2] and gene mutation [3] has been

extensively studied in cells. In animals, Maisin et al. [4] first reported an increase in the 30-day

survival rate after mid-lethal exposure in rats pre-irradiated with as low as 5 R about 2.5

months before. Daquisto [5] made a review and a confirmatory experiment on the induction of

radioresistance with 50 R. We confirmed in the previous study that ICR mice acquire radio-

resistance 2 months after exposure to 5-10 cGy [6] and 2 weeks after exposure to 30-50 cGy

[7]. Partial-body pre-irradiation experiment was planned to distinguish the two types of radio-

resistance, since Miyachi et al. [8] reported that mouse brain is sensitive to very low dose

irradiation. The partial-body pre-irradiation showed that the former radio-resistance needs

whole-body pre-irradiation but the latter was induced by pre-irradiation of the trunk as well as

whole-body [9]. Last year we reported that C57BL mice also acquires the two types of radio-

resistance, but Balb/c and BDF1 do not [10]. Recovery of the peripheral blood cell counts after

challenging irradiation was enhanced in C57BL pre-irradiated with 50 cGy, but not in ICR [10].

It seemed likely that the induction mechanism might be different between the two strains of

mice.
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In the present study, the effect of priming irradiation on hemorrhaging tendency and blood

coagulation time after challenging exposure was examined to get information about the

mechanism of the induction of radio-resistance in ICR mice after pre-irradiation with 50 cGy.

Materials and Methods

Six-week old male ICR mice, free from contamination with Pseudomonas bacteria, were

irradiated with the priming irradiation with 50 cGy of X-rays. Sham-irradiated controls were

run concurrently with the pre-irradiated groups. The mice were exposed to the challenging

dose two weeks after the priming irradiation. Hemorrhaging tendency was estimated by

determining occult blood appearance in feces collected on days 10 to 12 after challenging

irradiation with 6.12, 6.3 or 6.48 Gy two weeks after the priming irradiation, during the period

when the hemorrhage is mostly marked after irradiation [11]. The feces were dried, powdered,

and hematin content was determined as reported elsewhere [11]. The powder (40 mg) was

extracted with 4 ml of 30% acetic acid, and centrifuged. The supernatant (2 ml) was extracted

with 5 ml of ice-cold ether. The ethereal layer (1 ml) was mixed with a mixture of 0.7 ml of

1% ortho-dianisidine ethanol solution, 1.4 ml of 50% acetic acid, and 0.4 ml of 3% hydrogen

peroxide. After 20 (or 10) minutes, the absorbance at 459 nm was measured. Hematin (or

hemoglobin, Hb) content was estimated from the standard curve obtained with a pure

hemoglobin. Blood coagulation time was measured with KC 1A coagulometer (Amerung Co.,

Germany). The blood was collected by decapitation of mice on day 12 after challenging

exposure to 5.2 Gy.

Results

1. Preirradiation decreased hemorrhaging tendency

Fig. I shows that hemorrhaging tendency measured by occult blood appearance in feces of

mice (ten per group) collected on days 10-12. Hemoglobin content was low in both groups of

mice exposed to 6.12 Gy. Hemorrhage became marked in control groups exposed to 6.3 and

6.48 Gy. The pre-irradiation resulted in a decrease in occult blood appearance after these

challenging doses.

2. Pre-irradiation did not restore blood coagulation

Blood coagulation time was measured on day 12 after the challenging dose of 5.2 Gy in

mice of three groups: unirradiated intact (10 animals), sham-5.2 Gy (control, 11 animals), and

45 cGy-5.2 Gy (experimental, 10 animals). The challenging irradiation elongated the

coagulation time (mean±SE), from 87.1 ±4.6 sec to 112.9±8.0 sec, but the pre-irradiation

did not restore the coagulation time (111.4±5.9 sec).

Discussion

Pre-irradiation of mice of both C57BL and ICR strains with 30 to 50 cGy induced radio-

resistance (decrease in bone-marrow deatli after mid-lethal exposure) two weeks thereafter [10].
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Fig. 1. Decreased hemorrhage by the pre-irradiation.

Recovery of blood cell counts of erythrocytes, leukocytes, and thrombocytes after sub-lethal

irradiation was enhanced by pre-irradiation with 50 cGy in C57BL, but not in ICR [10]. In

other words, the pre-irradiation decreased bone-marrow death without increasing blood cell

counts in ICR mice. Nakamura et al. [12,13] reported that radiation-induced hematopoietic

death in mice is caused by the cerebello-medulla oblongata hemorrhage and is closely related

to thrombocytopenia. In the present experiments in ICR mice, hemorrhaging tendency was

decreased by the pre-irradiation, though there seemed little relation within thrombocytopenia

and the death rate. Blood coagulation time, elongated by the challenging irradiation, was not

recovered by the pre-irradiaton. Blood clotting system may not be concerned in the acquired

radio-resistance. We therefore imagine that production of some factors which relate to repair or

strengthen blood vessels not to leak blood cells might be increased by the pre-irradiation.
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