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Introduction

It has been generally accepted that the principal cause of death of mammals following a single ex-
posure of whole-body irradiation in the range below 800 rads is marrow failure. Furthermore it has been
shown by McCulloch and Till (1) that the percentage of survival of groups of irradiated mice is directly
related to their content of viable marrow cells. In mice it has been wellkown that there are several strains
with different radiosensitivities,i.e., with different LD 50 for thirty days. It is the purpose of this paper
to describe experiments in which the colony forming ability of bone marrow cells in mice of strains with
different LD 50 was measured with two different techniques,i.e., a transplantation method and an end-
ogeneous colony-forming method. The correlation between radiosensitivity of mice to whole-body ir-

radiations and that of their bone marrow cells will be discussed.

Materials and Methods
The progenies of random matings of mice from C57BL/6, CF%1 and RF strains maintained by
brother-sister rating in the laboratory have been used throughout the experiment,fed laboratory chow
(Funabashi Farms) and given tap water ad libitum. The LD 50 of C 57BL/6 and R mice for a single

*Contribution No. 26 from the Department of Experimental Radiology, Kyoto University. Dedicated
to Prof. M. Fukuda, the Department of Radiology, Kyoto University on the occasion of his 60th
birthday.
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exposure was determined a few years ago (2), i.e., 625 R for C57BL/6 and 540R for RF.

of RF mice as compared with C57BL/6 mice has been observed in other experiments thereafter (3).

High sensitivity

Irradiations were given with a deep therapy X-ray machine 200 KVp, 25 mA with a filtration of 1.0
mm Cu and 0.5 mm Al. Mice were housed individually during irradiation in a cylindrical plastic box,
A Radocon Model 575

dosimeter probe was placed in one of the compartments, and the total dose was checked at every exposure.

16 cm in diameter and 3 cm in height, containing eight radical compartments.

The dose rate was about 65 R/min. at 50 cm from the target.

Two series of experimnts were carried out:

A) Transplantation experiment

For the transplantation of bone marrow cells C56BL/6 and RF mice of about 40 days of age were
used as donors and adult CF§ 1 mice as recipients irrespective of their sex. Donor mice were killed by
cervical dislocation. Bone marrow cells taken from the femur of several mice were mixed in Puck’s saline
A and about 5.2 108 cells were transfered intravenously into the recipient mouse irradiated with 800 R
24 hours before according to the method by McCulloch and Till (1). The transfered cells were irradiated
with 100 R in the donor immediately before killing the donors or in the recipient fifteen minutes after
the transfer. The recipient mice were killed by cervical dislocatin seven days after the transfer and their
spleen weights were measured.

B) Endogeneous colony formation

Twenty to twenty five adult mice of C57BL/6 and RF were given single radiations of 400, 500, 600
and 700 R respectively. Nine days after irradiation surviving mice were sacrificed by cervical dis-
location and the spleens were removed. After measuring their weights, the spleens were fixed in Bouin’s
fixative and the number of nodules was counted two or three days thereafter.

In order to reconfirm the difference in radiosensitivity the thirty day percent survival was de-
termined after a single exposure with 650 R to whole body for both strains of mice after the completion

of the above two experiments.

Results
Mean spleen weights of the recipients after the bone marrow transplantation are shown in Table 1.
Comparing the two strains of mice, difference in spleen weight was statistically significant only when the
bone marrow cells were irradiated in the donors. The mean spleen weight of the recipient transplanted

with nonirradiated bone marrow cells from C57BL/6 mice was actually greater than that from RF but the

Table 1. Comparison of radiosensitivity of bone marrowcells by
transplantation experiment.

E11E

D s No. of Spleen weight
onor - £
: : > e (mg)
in donor in recipient recipient
RF 100R 0 9 41.842.01 *
C57BL/6 100R 0 8 60.0+7,39*
RF 0 100K 8 40.643. 47
C57BL/[6 0 100 R, 10 38.54-2.85
RF 0 0 21 62.5+5. 28
C57BL/6 0 0 18 79.247. 98

Difference is statistically singnificant at 5 percent level.

— 2 =



FRFN414: 2 A25H 1257

%" lc:o-‘; N 50

£ | r\fr o < [ Lot oo
o \I_ K

c CSTEW_I g NN

2 - 3 A N\

: AN

g £s N A\

= o

200500 600  TOOR ;5 cs?lat.;é\
Dose 2 | \{\ﬁ

Fig. 2. Endogeneous colonies in the spleen
of RF and C57BL/6 mice
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Fig. 1. Mean spleen weight nine days
after irradiation
difference was not statistically significant. The mean spleen weight of CF# 1 mice eight days after 600 R
whole-body irradiation was 23.7+2.06 mg. The increase above this value in the transplanted mice
may probably be due to the growth of the transplanted cells in the spleen.

Mean spleen weights and number of nodules per spleen after graded dose of X-irradiation in RF and
C57BL/6 mice are shown in Fig. 1 and Fig. 2. The both values for RF were actually higher than those
for C57BL/6 at almost all dose levels so far studied. However the differences were statistically significant
only at 600 R for colony counts and at 700 R for spleen weight respectively.

Results of the studies on radiosensitivity against single whele-body irradiations in RF and C57BL/6
mice of the same breeding stock respectively are summarized in Table 2. The results indicate that their

‘relative radiosensitivity remains rather constant for these five years.

Table 2. LD50 and per cent survival after single irradiations in RF and
C57BL[6 mice maintained in the authors laboratory.

RF C57BL Date
LD50 (30) 540K 625R 1960
600R 15.1% 78.8% 1961
650R 13.3% " 17.8% 1965

* The dosimeter used in the last experiment was different from
that in the other two.

Discussion
The results of transplantation experiments may indicate that the difference in radiosensitivity to who-
lebody irradiations between the mice of the two strains coresponds to the difference in radiosensitivity of
their bone marrow cells. But the latter difference may depend on the internal milieu in the body but
not on the characteristics of the cells, since the difference in response to radiation was dernonstrated only
when the cells were irradiated in the donor but not in the recipient.

For determining the radiosensitivity of bone marrow cells of mice, Drasil (4) used the spleen weight
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of the recipient mice after transfering the cells. The method was revised by Till and McCulloch (5)
who counted the number of colonies in the spleen of the recipient. Studies on radiosensitivity and repair
of mouse bone marrow cells have been reported by them (6, 7, 8) by using this technique. However, since
a consistent result has not been obtained by colony counting in the present transplantation experiment due
to some unknown reasons, the changes in spleen weight of the recipient were taken as a measure of radi-
ation response of the transplanted cells. Similarly Bennett et al. (9) have assayed the proliferative compe-
tence of the marrow by measuring splenic uptake of 1 IUdR in the recipient in stead of counting the
colonies.

"The results of endogenous colony-formers are quite unexpected if the difference observed would be
real.

Till and McCulloch (7) obtained dose-effect curves by the same method in male and female C57BL/
6j. The slope was quite similar to that of dose-percent survival curve of transplanted colony-formers by
their method. According to their assumption that the relation between dose and mean number of colo-
nies per spleen for endogenous colony-formers represents the effects of radiation on the cells themselves, and.
that the endogenous colony formers originate from the bone marrow, it would be expected that the curve
for C57BL/6 mice is always above that for RF mice.

Higher spleen weight in RF mice before as well as after irradiation than in C57BL mice was also
reported by Hayakawa ef al. (10). But, maximum per cent reduction in spleen weight after whole-body
irradiation of 350 R was larger in RF mice than in C57BL mice. Contrarily, recovery of the spleen weight
was more remarkable in the former strain than in the latter, and overshoot of recovery was observed in the
former alone.

These facts may suggest that the number of endogenous colonies per spleen does reflect the damage
of the cells by radiations incompletely. Endogenous colony-formation may probably be dependent in
part on some stimulating factors for cell multiplication such as erythropoietin produced to repopulate
depleted cell populatons, since the colonies are observed only when the animals are sublethally irradiated.
In radiosensitive animals the same dose of radiation may result in high stimulating effect for cell repro-
duction because of large destruction appropriate cell populations as compared with in radioresistant
ones. A linear approximation of dose-effect relation in RF mice appears to be shifted parallelly about 70
R to higher dose level from that in C57BL/6. Doses to C57BL/6 mice 70 R higher than to RF may
result in the same response of colony formers as in RF mice. This dose difference is in good accord with.
the difference in LD50. It may be speculated that the survival of cells in RF mice was elevated by
high stimulation for cell reproduction as compared with C57BL/6 mice, though the survival itself is lower
in RF mice. Such. a stimulating effect may be diminished when the cellular damage is too heavy to re-
cover as in the case of 700 R. Further study would be required to test the above hypothesis.

Summary

Radiosensitivity of bone marrow cells of the strains of mice with different LD50 (30 days), RF and
C57BL/6, hes bzen studied with two different techniques. In the first experiment, bonie marrow cells from:
the two strains of mice were transfered to CF% 1 mice previously exposed to 800 R of X-rays and the
spleen weight of the recipient was measured 7 days after the transfer. Difference in spleen weight was:
statistically significant, higher in C57BL than in RF, when the bone marrow cells were irradited in the

donor but not when irradiated in the recipient. In the second experiment, spleen weights and nodules.
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after graded dose of X-irradiation were measured in the two strains of mice. The both values for RF
were actually higher than those for C57BL/6 at almost all dose levels. Since LD50 is higher in C57BL/6
than in RF, the results of the first experiment may indicate that the radiosensitivity of bone marrow cells
are in accord with that of whole-kody but those of the second one appears to be contrary to the expect-
ation. The apparent contradiction may be explained by assuming the differencein the level of stimulating
factors for bone marrow cell multiplication induced by radiation.
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