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Induction of Radio-resistance by Low Dose X—irradiation
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A priming X-ray exposure to 0.05—0.10 Gy or 0.3—0.5 Gy imparts radioresistance (decrease in bone marrow
death rate after high-dose X-rays) in mice 2—2.5 months or 9—17 days postexposure, respectively. This radiation-adap-
tive response in whole animals differs from that in cells observed several hours to several days (at most) later. An adap-
tive response was observed in ICR and C57BL/6 strains of mice, but not in BALB/c and C3H strains. The biological
mechanisms of an acquired radioresistance induced by a priming exposure to 0.45 Gy in C57BL/6 mice have been stu-
died. The recovery of blood-forming stem cells, determined as endogenous spleen colonies, was markedly stimulated by
priming irradiation. The reduction in bone marrow death seems chiefly due to the stimulated recovery of blood-forming
stem cells. But mice pretreated at this priming dose did not show a marked recovery of peripheral blood cell counts after
challenging irradiation with mid- or sublethal X-ray doses (a significant, albeit slight, increase in the blood cell counts in
the preirradiated group was observed after a lower challenging exposure to 5.0 Gy) . The adaptive response depends on
p53, as observed in cell experiments. The stem cells might produce an unknown factor (s) that contributes to acquired
radioresistance. In a preliminary experiment, the life span of C57BL/6 mice after ascertaining their 30-day survival rates
was not shortened by preirradiation.
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Table 1. Suppression of X-Ray-induced Chromatid Aberra-
tion by Pretreatment with 3H-dThd in Human Lymphocytes

Chromatid Expected
Treatment aberration aberration
None (without 3H-dThd) 0%
3H-dThd (0.37 kBq/ml) 2%
3H-dThd (3.7 kBq/ml) 5%
X-rays (1.5 Gy) 36%
3H-dThd (0.37 kBq/ml) o o 0/ —2R0
+X-rays (1.5 Gy) 23% 27%+367%=38%
3H-
H-dThd (3.7 kBq/ml) 13% S% +36% —41%

+X-rays (1.5 Gy)
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Fig. 1. Acquired Radioresistance (Decrease in Bone-marrow
Death) by Preirradiation with a Low Dose X-Rays in ICR
Mice

The animals were preirradiated with various low doses 2 months before
the 2nd exposure to a high dose of 7.75 Gy. Numbers in the parentheses
represent the number of animals used.
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Fig. 2. Effect of Time-interval and Dose of Preirradiation on
the Induction of Radioresistance in ICR Mice
QO: radioresistance was acquired, @: not acquired.
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Fig. 3. Survival Rates of Mice Partially Irradiated with the
Priming Dose of 0.05 Gy of X-Rays 2 Months prior to the
Second Irradiation with 8.0 Gy

Numbers in the parentheses represent the number of animals used.
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Fig. 4. Survival Rates of Mice Partially Irradiated with the
Priming Dose of 0.5 Gy of X-Rays 2 Weeks prior to the Sec-
ond Irradiation with 7.35 Gy

Numbers in the parentheses represent the number of animals used.
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Fig. 5. Strain Dependency of the Acquired Radioresistance
The upper figures represent survivals in case of preirradiation with 0.05 Gy, and the lower in case with 0.5 Gy.

Table 2. Effect of Time-interval on the Induction of Acquired
Radioresistance in C57BL-6N Mice

30-day survival rate

Interval . . Significance
(days)  Control group Preirradiated (p*
group
7 0.0% (0/30) 0.0% ( 0/30) N.S.
8 0.0% (0/30) 3.3% ( 1/30) N.S.
9 0.0% (0/30) 33.3% (10/30) <1073
12 10.0% (3/30) 83.3% (25/30) <106
14 10.0% (3/30) 76.7% (23/30) <10-¢
17 3.3% (1/30) 30.0% ( 9/30) <10-¢
21 3.3% (1/30) 10.0% ( 3/30) N.S.

The interval indicates the number of days between the 0.45 Gy preirradi-
ation and the 6.75 Gy challenge dose. * p value indicates the Fisher’s exact
probability. N.S.: not significant.
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Fig. 6. Increase in Endo-CFU-S by Preirradiation with 0.45
Gy 14 Days prior to Various Challenge Doses of X-Rays
The numbers of colonies were counted on day 12 after the challenge ir-
radiation. @: non preirradiated group, O: preirradiated with 0.45 Gy. Num-
bers in parentheses represent the number of animals used. The error bars
represent standard deviations. Analysis of variance showed that the two
slopes are parallel. *p<{0.05, **p<{0.01, ***p<0.001.
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Table 3. Suppression of Hemorrhage in Feces after Sub-
lethal X-Irradiation by Preirradiation with Small Dose in
ICR Mice

Hemoglobin content

X-ray dose (ug/10me dry feces) Significance
(Gy) Without Preirradiated &
preirradiation  with 0.5 Gy*
6.12 3.57+0.22 2.49+0.10 p<0.05
6.66 7.42+0.64 4.03+0.63 p<0.05

* The animals were irradiated with X-rays 14 days after preirradiation
with 0.5 Gy. The hemoglobin content in feces of untreated group was 0.44
+0.21 ug/10 mg.
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Fig. 7. Life Span of Mice Survived the Bone-marrow Death after Adaptive Survival Response
The vertical axis represents the number of surviving animals, and the abscissa represents days after the observation of bone-marrow death (for 30 days after ex-

posure to 6.0 Gy of X-rays).
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