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RADIOSENSITIVITY OF INDIVIDUAL MOUSE AND THE POLAROGRAPHIC
PROPERTIES OF ITS ORGANS IN C57BL/6j MICE

Yori Ueno
Department of Experimental Radiology
(Director: Professor T. Sugahara)
Faculty of Medicine, Kyoto University, Kyoto

Introduction

Recently, many evidences have been obtained by Fukuda /14/ and many other authors that the chemi-
cal compounds having sulfhydryl and disulfide groups in their chemical structures are remarkably protec-
tive against radiation injury. The protection by this kind of compounds is found in the experiments with
irradiation not only in vitro but also in vivo. The evidences that the sulfhydryl and disulfide included in
the chemical protective agents combines with a target substance, account directly for the protection
against radiation injury of the target which is demonstrated by the technique of ESR/2, 44/. Thé inter-
pretation as to the mechanisms of protection represented with sulfhydryl and disulfide at the level of
macromolecules, however, is not always appropriate for the results from the experiments at the level of
mammals. Sugahara et al. /36 have suggested the possibility of protection through unknown pharma-
chological action of sulfhydryl and disulfide. With reference to the pharmachological action, some authors
/15, 16, 19/ have described that the substances including sulfhydryl and disulfide induce anoxia in the
tissues, Pany /21/ has reported that the substances inhibit the activity of histaminase and Phol et al. /23/
has reported that the uptake of labeled thymidine to DNA and the uptake of labeled cytidine and uridine

#*Contribution No. 36 from Department of Experimental Radiology, Faculty of Medicine, Kyoto University,
Kyoto.
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to RNA are accelerated by the substance, Pohl et al. did. not refere to the relationship of this pharmacolo-
gical action to the protection against radiation injury.

On the base of study as to the mechanism of protection with the substance including sulfhydryl and
disulfide against radiation injury, Bacq /2, 3, 7/ and Bacq and Alexander /3/ took note of the problem
whether the amount of naturally existing sulfhydryl and disulfide in tissues is one of factors affecting the
radiosensitivity of the mammals or not. Though the property of the natural chemical protective agents is
defined insufficiently, the substance including sulfhydryl and disulfide free from protein molecule seems
to play a main role in the chemical protection (according to Ueno 37/, Sorbo /35/, Konstantinova [18/
and Révész et al. /30, 31, 32/). Furthermore, Bott and Lundgren /8/, Ueno and Sugahara /41/ and
Casperson and Révész 11/ using bacteria, mammalian tissues and mammalian cells cultured in vitro as
materials of their experiments reported that the ratio of contents of nonprotein sulfhydryl and disulfide
compounds to the content of protein sulfhydryl and disulfide compounds, increased with the increase of
radioresistance of materials.

The relationship of LD 50/30’s of various mouse strains to a polarographic property related with sul-
Thydryl and disulfide compound of the organs in mice of corresponding strains being described in the
previous report [41/, the present study deals with the relationship of the radiosensitivity of individual mouse
belonging in one strain to the polarographic property in corresponding individual mouse. The polaro-
graphic property will be discussed later.

Before the present study being started, it is requested to classify the mice with the same age, sex and
same housing conditions into several classes, according to their radiosensitivities. The prediction of radio-
sensitivity of individual mouse in one strain with the practically same biological, genetic and housing condi-
tions has been reported by Pospisil /24, 25, 26, 27, 28, 29/ and Ueno /38, 39, 42/. The principle proposed
in the reports is that the difference in radiosensitivities of mice belonging in one strain with same condi-
tions is caused mainly from the difference in physiological states of the mouse. It is well known that
in spite of the same biological, genetic and housing conditions of mice, they have many variations in the
peripheral blood cells counts, haemoglobin content, amount of urine, Na/K ratio in the urine, body weight
etc, which seem to be depended on their various physiological states. For determining the physiological
state of individual mouse before irradiation, it is naturally requested to find a suitable biological index to
Tepresent the physiological state of the animal. As one of the most suitable forrns, Leiderman and Shapiro
/20/ have proposed the mean square successive difference, expressed as 2 by them. The §2 value is
:able to be induced from many biological scales, that is, the amount of urine, body weight etc. The author
has succeeded in proving some relationship of the radiosensitivity of individual mouse to §2 calculated

from body weights before irradiation in a given strain of mice.

Method
"The mice of C57BL/6j of both sexes were used throughout the experiment, which were supplied from
the animal room of our department through brother sister mating. The mice were housed in an individual
<cage at fifty days of age and fed a laboratory chow (Funabashi Farms) and water ad libitum. The body
weights were measured every 10:00 a.m. for ten days. The mean square successive difference (§2) was

calculated from the daily measured values of body weights, according to the following expression;
82 2 (Xi—Xiy12)

n—1
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Xi is a time series of continous variables sampled at times i=1, 2,...n. The mice were classified into four
groups A, B, C and D in order of §% from small to large.

Polarographic technique was as follows; the organs were homogenized in Potter’s homogenizer. The
homogenates were divided into two groups for the measurements of the first and second reactions of
Brdicka’s catalytic wave. For the first reaction, 1.0 ml of homogenate was denatured by adding 0.1 ml
of 1.0 N KOH and further 0.5 ml of distilled water. For the second reaction, 1.0 ml of homogenate was
filtrered after deproteination by the addition of 1.0 ml of 209, solution of sulphosalicylic acid and 0.5 ml of
distilled water and the filtrate was used as material for measurement. The filter paper used was Toyo
Filter Paper No. 5A with 5.5 cm in diameter (Toyo Roshi Kaisha Ltd.).

At the measurement, 0.9 ml of materials were added into 5 ml of the cobaltic solution with 0.1 M
NH,CI, 0.001 M Co (NH,)+Cl, and 0.08 M NH,OH at both reactions. All polarographic waves were
recorded with 50 pA of sensitivity at the temperature of 25°C by the Shimadzu Pen Recording Polaro-
graphy Model PR-2 (Shimadzu Seisakusho Co. Ltd.) with Shimadzu automatic corrector. The heights
were assumed to correspond to the amount of sulfhydryl and disulfide group polarographically active in
the materials. In the first reaction, the detection is made in the group included in the homogenate which
are mainly bound on the protein molecule and in the second reaction in the group included in nonprotein
compounds such as a polypeptide /9, 10, 33. As the index representing the polarographic property of
homogenate was used the ratio of the wave heights of the first reaction to that of the second reaction.

The mice in the second series to determine the radiosensitivity were irradiated by Toshiba Deep
"Therapy Unit Model KXC-18-2A (Tokyo Shibaura Electric Co. Ltd.) with the following factors; 24 mA,
190 kVp, the filter of 1.0 mm Cu and 0.5 mm Al and the output of about 58 R/min. The target distance
to the center of the material was 50 cm. A Radocon Model 575 dosimeter was placed in the center of the
irradiation field for monitering.

Table 1, Number and distribution of mice according to 6% calculated from
daily measured body weight

group A B [ D _
&2 0.00-0.29 0.30-059 060-0.89 0.90- total
number of mice in the esperiment to get overoge of ratio oo 15t series
under the unonaesthetization
16 18 2 10 - 46
under the anoesthetization K
28 18 2 8 g 56
number of mice in the experiment fo get averoge maximum tolerant dose: -+ 2 nd series
26 9 2 2 39
number of mice in the experiment to get meon survival time -- -~ 2nd series
under the unancesthetization
31 18 <] 4 58
under the onoesthetization
20 24 T 3 54
total 121 a7 19 eT 254
47.6 % 343 % 75 % 10.6 % 100.0 %

A cylindrical box, 15 ¢cm in diameter and 3 cm in height, containing eight radical compartments was
used to house the mice individually during irradiation.
For the determination of radiosensitivity, three methods of irradiations were prepared. The first

was to determine the maximum tolerant dose of individual mouse, that is, thirty-nine mice irradiated repe-
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atedly with 200-R whole body irradiation every Tuesday 'and Friday; twice a week till the death of mice.
The second was done to determine the mean survival time: (day) after the acute whole body irradiation of
800 R to the anaesthetized mice and unanaesthetized mice. The mice used in the second and third methods
were 113 mice. The number of mice in each group classified by 4% in the second series were shown in
Table 1. ;

In each group, the average of the ratio and average radiosensitivity were calculated and were compar-
ed with each other. The mice in the first series were used for the determination of the ratio and that in
the second series were used for the determination of radiosensitivity. The mice used to determine the ratio
were sacrified with the cervical dislocation at the tenth day after putting into the individual cage and the
brain, liver, spleen and thymus were removed and weighed.  The treatment was carriedout at 11:00 a.m.
to avoid the influence of the circadian changes in the organ weights /22/. After weighing, the organs were
chilled at once in 5 ml of the distilled water. In this series, 102 mice were sacrified under the condition of
unanaesthetization and anesthetization with 30 rng/kg of nembutal through the intraperitoneal injection.
The number of mice in each group classified by 42 was listed 'in'"Table 1.:

Results
1. The relationship of the maximum tolerant dose to the average of the ratio.

Figure 1. Relationship of the average of the ra- Figure 2.Relationship of the average of the ra-
tio to the average maximum tolerant dose of tio to the mean survival time of irradiated
irradiated mice mice under the anaesthetization
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The relationship of the average maximum tolerant dose to the average of the ratio of organs in four
groups were illustrated in Figure 1. The relationships showed the linear forms in log-log scale.

2. The relationship of the mean survival times to the average of the ratio.

The relationships of the mean survival times to average of the ratio of organs were illustrated in
Figure 2 and 3. A linear relationship in the experiment used the anaesthetized mice was shown on a log-
log paper, though one point of thymus was deviated from the line drawn along the other three points, as

illustrated in Figure 2.
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Figure 3.Relationship of the average of the ratio to the mean
survival time of mice irradiated under the unanaesthetization
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The relationship in the experiment used the unanaesthetized mice was roughly linear, as illustrated
in Figure 3. In comparison with the results in Figure 2, the lines were near the vertical, the lines of the

brain was almost vertical and as for the line responsible for the thymus, the contrary relationship was shown.

Discussion

At the results from the present study, the increase of the ratio of organs appears likely tobeaccompanied
with the increase of radioresistance of mice. The lines illustrated in Figure 1 were more vertical in com-
parison with the lines in Figure 2. Since the physiological and morphological states of mice irradiated
repeatedly were not similar at every time of irradiation in the time series of experiment to determine
the maximum tolerant dose and further more the ratio were determined in the irradiated mice, the
values do not represent one at each time of irradiation repeatedly give. This seems to be one of causes to
make the lines more vertically. In addition, the method to determine the maximum tolerant dose is not
free completely from the risk to include the waste dose given at the time near death. They are considered
as causes disturbing the clearly linear relatinship, through making the line more vertical as illustrated in
Figure 1.

The posibility that the chemical protective agents involving SH compounds reduce the oxygen content
in the tissues, has been reported /15, 16, 19/, but contrarily there are few reports as to the possibility that
the treatment to reduce the oxygen content in the tissues increase the amount of protective SH compounds
in the tissues. In the present experiment, the ratio were compared among the conditions of anesthetiz-
ation and unanaesthetization, since it is believed by some authors /34] that the anaesthetization might
reduce the oxygen content in the tissues and this mechanism seems to be one of the causes to reduce the
radiosensitivity. The average values of all organs tested were, however, smaller in the anaesthetized mice.

The results did not support the assumed possibility. But, comparing the mean survival time of anaesthe-

Table 2. Relationship of radiosensitivity to the average of the ratio

treatment unanaesthetitation enaesthetization
gy e 13 83

average of ratio for four group

liver 0.98 0.55
brain 0.55 : 036
thymus 049 0.38
spleen 0.41 0.30
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tized mice with that of unanaesthetized mice, the latter is larger than the former as shown in Table 2.
The larger mean survival time in the latter, therefore, was accompanied with the larger average of the
ratio in the latter. According to the reports of Doherty /12/, the anaesthetization has little or no effect
as protective agents and Evants et al. /13/ have reported the sensitization by anaesthetization with pento-
barbital in some condition of their experiment. Furthermore, Bacq and Alexander /5/ have suggested that
anoxia is not the main mechanism responsible for radio-protection by SH compounds for mammals.
Therefore, the results that the mean survival time of anaesthetized mice was shorter than that unanaesthetized
mice in the present study, seem to be reasonable on the base of the results as to the ratio as described above.

The problem. why the line illustrated in Figure 3 are more vertical than that illustrated in Figure 2, is
difficult to be solved. As one of causes seems that the experiment to determine the ratio being carried out
about nine months earlier than that to determine the mean survival time, the unknown factors might effect
in the results of experiment for the interval. The contrary results of thymus in Figure 3 might be explained
with the reason that the thymus, especially, thymic weight being remarkably modified with many factors
called stresses (24, 43/, it is not easy to maintain these factors in the same conditions, in all experiments,

The experiment to determine the intrastrain difference in one strain of mice such as the present study
will always accompany many difficulties in comparison with the experiment to determine the interstrain
difference among many strains. In spite of these difficulties, the present study showed the comparatibely
definite relationship between the ratio and the radiosensitivity. And the results from the present study were
analogous to that from author’s previous studies /37, 41/, though the formers were carried out on the level
of cultured cell and the individual mouse, on the other hand, the latter was carried out on the level of the
strain of mice.

The reason why the high value of the ratio is accompanied with the radioresistance rernains to be solv-
ed. As described in the previous reports/9, 40, 41/, the second reaction seems to represent by sulfhydryl
and disulfide included in nonprotein molecule, such as, mucopolypeptide and the first reaction seems to
represent by sulfhydryl and disulfide included in protein molecule, such as, SH-enzymes which are usually
essential enzymes for the living of the cells. By Flatano [17/ so-called SH-enzymes are very radiosensit-
ive in comparison with so-called non SH-enzymes. Seeming to correspond with the amount of protein
molecule including SH-enzymes, the value expressed by the first reaction is allowed to describe to corres-
pond with the amount of so-called the target site. On the contrary, the value in the second reaction, as
described by Bacq /6] and others, seems to represent the protective site. Therefore, the ratio used appears
to be the reasonable index to represent the degree of protection or radiosensitivity.

The results listed in Table 2 is noted in the other point. In the condition unaffected by anaesthetiza-
tion, the average values of the ratio of the brain and liver are larger than that of the spleen and thyrus.
The former being believed to be more radioresistant organs than the latter, the difference in the average
values of the ratio of four organs is able to be noted, on the base of relationship of radiosensitivity to the ratio.

Conclusion
The present study was carried out to clarify the relationship of a polarographyic property of organs in
mice to the radiosensitivity of corresponding mice in one strain. The value of the ratio of the wave heights
of the first reaction to that of the second reaction of Brdicka’s catalytic reaction seems to be one of reaso-
nable indices to represent the radiosensitivity, as representing the ratio of protective site to the target site.
The relationship is nearly illustrated as a line in log-log paper, except some cases. It seems that the high
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value of the ratio is accompanied with high radioresistance of mouse in one strain. The data shifting from
this relationship seem to be resulted from the affecting on the relationship by the unknown factors. It
should be brought into consideration that the experiment as to the intrastrain difference in radiosensiti-
vity is always accompanied by such difficulties as that are not met by us in the experiment about the inter-
strain difference in the radiosensitivity. In spite of these difficulties, the problem of the difference in radio-
sensitivity at the level of individual should be solved and the further experiments are in consideraition
by the author.
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