|

) <

The University of Osaka
Institutional Knowledge Archive

Chemical Protection of MEG Against Ionizing
Title Radiation Report II The relationship between
irradiation dose and optimum dose of MEG

Author(s) |ZfE, =M

Citation | BAREZRIRFESHMSS. 1963, 23(6), p. 698-703

Version Type|VoR

URL https://hdl.handle.net/11094/18988

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



693 B EH R oMt %23% W6 &

CHEMICAL PROTECTION OF MEG AGAINST
IONIZING RADIATION

Report Il The relationship between irradiation dose and optimum dose of MEG
Shigetoshi ANTOKU
Department of Radiation Biology, (Director: Prof. H. Yoshinaga)

Research Institute for Nuclear
Medicine and Biology, Hiroshima University
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Introduction

In previous papers the protective action of MEG was reported on the survival rate
and the hematopoietic injurie in mice exposed to 800r of total body irradiation®®, It
was shown that the optimum dose of MEG was 250 mg of AET per kg of body weight, opti-
mum administration time was 10 minutes before irradiation and the protective activity was
influenced by irradiation time. Although the administration of 250 mg/kg was optimum. for
800r, it is felt that such dose is not always optimum for any irradiation dose and it varies
with irradiation dose. It is important to determine the optimum dose for a given irradiation
dose in the study of protection action, because the estimation of protective activity of agents
must be carried out at the administration of the optimum dose and administration of unne-
cessary dose must be avoided.

The present paper describes the relationship between irradiation dose and optimum dose
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for 30-day mortality.
Material and method

The irradiation source was a Toshiba KXC-18-2, operating at a tube voltage of 180 kvp.
Irradiation dose of 600r, 800 r, 1000 r and 1300 r were administered at a target-to-mice dista-
nce of 60c¢m for about 40, 53, 67 and 87 r/min, respectivley. In order to obtain a constant ir-
radiation time (15 minutes), 0.3 mmCu+0.5 mmAl filter was used for 1300 r group. For
other groups, 0.5 mmCu+0.5 mmAl filter was used and the desired dose rate was obtained
by controlling the X-ray filament current. The half value layer was 1.08 mmCu for the fo-
rmer radiation and 1.18 mmCu for the latter.

Female mice (ddN uniform strain), aged 8 weeks and weighing 21 to 25 g, were utilized
in the protection study. They were housed in metal cages (4 or 5 animals per cage) and
were provided a free supply of CLEA pellet and water. Mice were kept for a minimum of 1
week for careful observation prior to use in the study.

Solution of MEG was prepared by neutralizing 1 to 5 percent AET with dilute NaOH
and was intraperitoneally administered in constant volume of 0.35ml, 10 minutes before irra-
diation. All doses of MEG are reported in milligrams of AET (not MEG) per kilogram of
body weight of mice. This reason has descrited in a previous paper®).

The optimum dose of MEG for a given irradiation dose was determined by the survival
rate of mice administered graded levels of MEG.

Results and discussion

Mortality data on MEG treated mice and their controls for 30 day period after irradiati-
on are summarized in Table I.

I) Group exposed to 1300r

All unprotected mice died within six days after irradiation. In protected mice, the 30
day survival was 50 to 10 percent in cases administered 250 mg/kg to 500 mg/kg. The mean
survival time of protected mice also increased as compared with unprotected mice. The
optimum dose was 400 mg/kg, and for mice given this dose the exposure dose of 1300 r corr-
esponded to LDjyg. _

When the dose exceeded 400 mg/kg, some mice died shortly after injection or during
irradiation due to MEG toxicity. The figures in parentheses of the survival column in Table
1 show the numter of surviving mice excluding those which died within 24 hours after ad-
ministration of MEG.

As compared with protected mice exposed to 800r and 1000 r, the death of protected mice
exposed to 1300r was markedly observed after the 20th day. Furthermore, mice surviving
for 30 days did not show recovery of body weight loss and most of them died the following
‘month.

For mice exposed to supralethal dose of 1300 r, it would be more appropriate to say that
MEG prolonged the survival time rather to say that it protected the animals from radiation
death.

— 15 —



700 AAREZHAE QM 238 564

Table 1. The relationship between MEG dose and survival rate for given
irradiation doses

Irradiation dose MEG (mg/kg) Survival (%) No. of mice

0(control) 0 20
550 30 (50) 10
450 25 (30) 20
1800 400 50 20
350 15 20
250 10 10
0(control) 0 20
450 60 (80) 10
1000z 400 70 20
350 80 10
300 90 20
250 80 10
0(control) 4 50
350 70 20

300 70 20 i
800< 250 9 50
200 80 10
150 40 10
0(control) 80 10
400 a0 ( 100) 10
300 100 10
600r 250 100 10
200 100 10
150 100 10
100 100 10
50 a0 10

It was observed by previous investigators that proizective agents are less effective for int—
estinal injuries than for hematopoietic injuries and that the mean survival time in chemically
protected mice is from 5 to 7 days after irradiation®). However, in the present study pro--
tected mice tegan to die from the 5th to 7th day after irradiation and continued to die gradu--
ally to about the 25th day, A similar tendency was seen in mice irradiated to 1000 r and 800r..

II Group exposed to 1000~

MEG had a marked activity in any dose level. As in the 1300t group, deaths were-
observed after the 20 th day. However, the recovery of body weight loss was better than.
that of 1300r group and about half of the mice recovered hody weight loss within 30 days.
after irradiation. The administration of 300 mg/kg G was optimum for irradiation of 1000 r..
The survival rate of mice given this dose was 90%, while the unprotected mice died within.
about 10 days after irradiation.

III Group exposed ot 800 r

As reported in previous paper?), the optimum dose was 250 mg/kg. Most mice survived.
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.and recovered body weight loss within 20th to 30th day after irradiation. The survival rate,
.survival curve, and change of body weight are reported in a previous paper.

IV Group exposed to 600 r

As the 30-day survival rate was 100 percent for mice administered 100, 150, 200 and
300 mg/kg and was 90 percent for mice administered dose of 50 and 400 mg/kg, the determi-
mation of optimum dose from the data on the 30-day survival could not be made. Therefore,
attempt was made to obtaine the optimum dose from the result regarding recovery of body
weight loss. Fig. 1 shows changes in body weight of protected, unprotected and MEG only
administered mice. In other protected groups, similar changes in body weight were obtained.
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Fig. 2 Relationship between irradiation dose
and optimum MEG dose
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‘Fig. 1 Body weight change in protected, unpr-
otected and MEG only administered mice
—— X.ray only, —«— MEG 200 mg/kg only,
-« MEG 100 mg/kg + X-ray, ----- MEG 200
-mglkg + X-ray, —-— MEG 300 mg/kg 4 X-ray

Body weight curve in unprotected mice has two peaks. The first peak of weight loss
.appears about the 5th day after irradiation. When there was a temporary recovery, this is
followed by a secondary weight loss on about the 15th day, but the secondary body weight
“loss was not observed in protected mice except for mice administered 50 mg/kg of MEG.

As the difference of body weight loss and recovery was very small among protected
groups administered any level of MEG, optimum dose could not obtained from the data on
.changes of body weight.

From this result it is estimated that the protective activity of MEG was nearly the same
at doses from 100 mg/kg to 300 mg/kg. Optimum dose of MEG in irradiation under 600 r
will be determined by using other biological indices such as *Fe uptake, hone marrow
«counts and atrophy of spleen and thymus.
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V Irradiation dose-Optimum dosze curve

Fig. 2 shows the optimum dose plotted against irradiation dose. As seen in Fig. 2, the
optimum dose increases logarithmically with the increase of irradiation dose. Doherty et alé)
observed that the elevation of radiation LDggy was proportional to the dose of MEG admini-
stered up to a maximum of 1400 to 1500 r. The result of the present study coincides with
that by Doherty et al.

If it can be assumed that this relation can ke applied to various biological indices, it
follows that the optimum dose for a given irradiation dose and the biological index may be
infered from the study of protective effect rather than from survival rate or tody weight
loss. Therefore, the determination of optimum dose for the biological index in question
becomes unnecessary.

VI Dose reduction factor

It has teen already reported that MEG provides protection against bene marrow damage:
and intestinal disorder. According to Doherty et al., dosze reduction factor (DRF) is more
than 2 for the former, and less than 2 for the latter. Total dose reduction factor for
mammalian system is in general about 2 or less 2.3)6)7)
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Fig. 3 Mortality curves in protected and unprotected mice
@ Protected, A Unprotected

According to author®) and Sawada,? LD of unprotected ddN mice is 710 T of X-ray,
but it is about 1300 r for protected mice as descrited before(see Fig. 2). Therefore, DRF
of MFG for ddN mice is about 1.8, which agrees with that of previous investigations.

Summeary

The most effective dose (optimum dosze) of MEG for a given irradiation dose was
determined by the survival rate and body weight loss of mice. There are summarized
below.

MEG has a marked protective activity against the radiation mortality of mice exposed to

sublethal, lethal and supralethal dose. The optimum dose was 400, 300 and 250 mg/kg for 1300,
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1000 and 800 r irradiation, respectively, and it increased logarithmically with increase of irrad-
iation dose. Optimum dose for 600 r irradiation could not obtained from the data on survival
rate and body weight change.

DRF for the 30-day mortality was about 1.8, but it would decrease for long term
mortality.
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