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1. Introduction

Recently, a large number of substances, some chemicals®%) and other complex nucleoproteinl)?®) from

tissue have been reported to accerelate animals to recover from lethal radiation. It is a very important

problem to study the post-irradiation recovery in the field of radiation therapy.

The study of a correlation between the survival of animals exposed to total-body irradiation and

dietary fats has been reported)6)7)8), Obese mice have been observed to survive irradiation longer

than have normal mice®), The polyunsaturated fatty acids especially essential fatty acids present in the

*Dedicated to Professor M. Fukuda on the Occasion of his 60th Birthday.
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fat have been shown to be the effective in such recoveryl®11)12)13),  However, little is known concerning
the necessary amounts of these substance and the mechanism of such recovery. In recent years, M.
Magsood!¥) have shown that olive oil therapy has the effect of cellular regeneration of bone marrow.

The present paper has been concerned with a study of the recovery effects of dietary fat, especially
essential fatty acids and the effects on the bone marrow functions of the irradiated mice. The experiment
was performed with single and multiple sublethal total body 6/Co irradiation both. The forced feeding
of polyunsaturated fatty acids was also described.

2. Experimental Methods

The experimental diets presented in Table 1 were used. Dietary component of 109, safflower oil
is shown in this Table. Weanling male mice of d-d strain weighing 10-12 g were divided into several
groups 30 to 40 each. The animals of control groups were fed on fat-free diets.

Safflower oil containing 69.5%, linoleic acid were used as linoleate supplement diet and olive oil

containing 64.6-84.49, oleic acid were used as oleate supplement diet.

Table 1. The percentage composition of the diets used

Dietary component Ié'ii;meam suppl. Fat-free diet
Casein 20 20
Sucrose 66 76
Safflower oil *= 10 —
Salt mixture * 4 4

#* The following composition was employed :
Ca,(PO,)., 410; K.HPO,, 206; MgSO, TH,0,120 ; NaCl, 100; Fe citrate, 26; MnSO,H,0, 4; ZnCO,, 2;
KI, 1 ; CuSO, 5H,0, 1.
** Fatty acid distribution in safflower oil, analysed by gas-liquid chromatography; C,, Lauric 0.1 %, Cy,
Myristic 0.425, C,s Palmitic 7.2, C,, Stearic 3.7%, C,; Oleic 14.49, C,, Linoleic 69.5¢5, C,, Unsatur-
ated No. 1 2.1%, C,, Unsaturated No. 2 2.7%.

Fatty acid distribution in olive oil,was as follows; C,, Myristic 0.1-1, 29, C,, Palmitic 6.9-15.627,
Stearic 1.4-3.3%, C,; Oleic 64.6-84.49, Linoleic 3.9-15.0%.

As is well known, chemically refined linoleic acid is easilly oxidizable, and furthermore, large dosages
may be actually toxic’5). On the other hand, linoleate in vegetable il (safflower oil) hardly shows such
effects. The synthetic ration was supplemented with the following components (in mg. per 100 g):

pyriodoxine hydrochloride, 1.5; nicotinic acid, 10.0; thiamine mononitrate, 1.0 ; riboflavin, 1.5;
Ca pantothenate, 2.5; folic acid 0.15; biotine, 0.05; p-aminobenzoic acid, 30.0; inositol, 50.0; choline
chloride, 100.0; vitamine E, 5 mg; vitamine A acetate, 2500 unit; vitamine Bz, 1.0; ascorbic acid,
37.5; vitamine K, 0.1.

The animals were fed daily, and all food not consumed 24 hours after feeding was discarded. Food
and water provided ad libitum.  After 25 days of feeding, all mice received an exposure of 0Co-irradia-
tion. Another groups of mice were irradiated with 250 to 400R of total-body 60Co-irradiation which
was repeated about once weekly until dose of 1750R (7 exposures) had been administered in experiment
2, and 1200R (4 exposures) in experiment 3.

Total body irradiation were given at the rate of 40R /min. with a §0Co therapy machine. The dosage
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was measured on the bottom of the wooden box with a Victoreen Chamber.,

In experiment 4, mice were given by stomach tube I ml of safflower oil and olive oil. Forced feeding
was began every day after irradiation and continued for 6 days. Control animals irradiated in a similar
manner were given by stornach tube 1 ml of water instead of oil.

In experiment 5, 5%Fe uptake were measured with the method reported beforel6). Irradiated and
control mice were injected with approximately 0.1 uc of 59Fe citrate at 24 hours after total body irradia-
tion. Injection were made into the tail vein. Animals were killed at every experiment and the blood
was drawn from heart puncture.

3. Experimental Results

Experiment 1. This experiments were performed to determine the comparative effects of feeding
the basal fat-free diet and a similar ration supplemented with 10, 5, 1%, safflower oil and 5%, hydrogenated
bean oil on the percentage of survival exposed to single total bady #Co irradiation.

Results are summarized in Table 2 and Fig. 1. The thirty day survival rate of mice exposed to total
body irradiation was significantly less on the fat free diet than on a similar ration supplemented with
10.5 and 1Y%, safflower oil. The group supplemented with only 19, safflower oil showed significantly
increased thirty day survival rate compared with fat free diet.

1
LY 1'% Sotflower cil
2 .
=60 Lemqy
@ L.
P IR —
5 904 e
o
5
°'zo Fat free diet
— o
5 6 15 20 25 30
Days after Irradiction (Days)

Fig. 1. Percent survival of mice exposed to 650 R total body
#Co-irradiation on fat free diet and 109 safflower oil groups.

Table 2. Comparative effects of a fat {ree diet and a similar ration supplemented with 10, 5,124
safflower oil and 5% hardened oil on the 30 day survival rate of mice administered
single total body ®Co irradiation (650 R).

Dietary group ;\Ir?i}noafls | ?z?tn:l ay survival (:Chir-’square)
Fat free diet 30 | 10.0 _
109 safflower oil 30 ! 40.0 P<0.02
5 ¢4 safflower oil 30 36.7 P <0.04
1 ¢ safflower oil 30 23.3 P<0.05
5 ¢4 hardened oil 31 6.5 | =

Experiment 2. This experiments were performed to determine the effects of supplements of 10,
209, safflower oil, 59, hardened oil on the average survival time and survival rate of mice administered
fat free diet and exposed to multiple sublethal dose.  After 25 days of feeding, all mice received an exposure
of 250R. of total body%Co irradiation which was repeated one weekly until a total dose of 1750R (7 ex-

— 134 —



ARF404211 A25R

posures). Experimental results were shown in Table

The percentage survival of these groups were simi

1001

3 and Fig. 2-4.
lar up to the 30th day after first irradiation, but

in the succeeding days groups supplemented with safflower oil showed a highly significant increase in

percent survival than fat free groups.

than 20% groups.

Furthermore, mice fed with 109, safflower oil had higher survival

The body weight gains in the case of mice supplemented wigh 109, safflower oil were significantly

higher than those of the fat free diet as shown Fig. 4.

Table 3. Comparative effects of a fat free diet and a similar ration supplemented
with 10, 209 safflower oil and 5% hardened oil on the survival rate

and average length of survival of

mice administered multiple sublethal

doses of total-body *Co-irradiation.

Dicary group | No.of | Surival rateat 7o | SR &R
N | animals ay after first irrad. irrad. (day) I
Fat free dict | a0 2.5% 48.5+2.4 !
109 safflower oil E 40 70.0 i 63.04+2.74
1 I
209 safflower oil | 38 45.0 I 57.44+3.0
| ] |
5% hardened oil | 40 0% ! 35.0+2.5
ol Hﬁ“éz 10% Safflower oil 100k — z:L 260R 250R 2500 2IOR 2WOR 2/OR
- S0 " e
éeo Fat free diaI/\Q@rh‘"r el _ﬂo \Hﬁ\
E | I — ;60 \ QI free diet
::‘;4: zslun a:in le:n “L 250R  2SOR zs‘on 40 5% MHardened oll
2z 3 ™
N &0
20 o0 10 20 30 46 50 60 ™ \
Day ofter first Irradiation N \ " .
o T T T T 20 -0 © 10 20 30 40 50 60 M

20
Doy after odminist. of test diet

Fig. 2. Percent survival of mice exposed to
multiple sublethal doses of total body ®Co
irradiation on fat free diet and 10,209 saffl
ower oil groups.
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Fig. 3. Percent survival of mice exposed to mu-
Itiple sublethal doses of total bodv¢°Co irrad-
iation on fat free diet and 5 ¢ dardened oil
groups.
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Fig. 4. Body weight () of mice exposed to multiple sublethal
doses of total body ¢°Co irradiation on fat free diet and 1045

safflower oil.
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Table 4. Comparative effects of a fat free diet and a similar ration supplemented with 5,12
safflower oil, 52 olive cil, 1% methyl linoleate and 5% hardened oil on the survival
rate and average length of survival of mice administered multiple sublethal doses of
total body “Co-irradiation.

B No. of Survival rate at 45 average length of P
Dietary group o day after first irrad., survival after first e
. animals %) irrad. (day) I(‘Chl-square)
Fat free diet | 38 | 10.5 | 16.2+41. 87 | —-
5 9 safflower oil | 39 33.4 | 31.2+1.89 | P<0.05
19 safflower oil | 39 23.0 | 29.6+2. 02 [ P<0.05
5 9 olive oil ) 30.0 30.0+1.84 | P<0.05
19 methyl linoleate | 38 | 23.6 28.2+1.96 | P>0.05
5 9 hardened oil | 38 | 0 14.940.8 } —
P
HOOR 400R 400R 400R
100 iﬂ:ﬂ'—-_.-‘q';mt% 4{"0" 400R 400R 400f
100 pssesmas=g—
0 = -
%5 1—-“—_:1_1\1_}
> s
2 60 - 80 N 5 5% Olive oil
@ Fat free diet- 2 HLl L’\ l
- 5% Safflower oil e h
=4 % 30 Fat free diet ” ".}L,
Sy . %
o p— £ 40 :
20 | % Safflower oil § 11_‘ %‘n
[T W
B * 20 I —
25 6 5 6363535 T,L_I‘l;i:_h!eihyr linoleate
. Day ofter first Irradiation . -
0 10 20 30 40 50 80 70 -20 -10 0 10 20 30 4o
Day after administ. of test diet Day after first Irradiation

Fig. 6. Percent survival of mice exposed to mult-
ltiple sublethal doses of total body #°Co irr- iple sublethal doses of total body “Co irradi-
adiation (4 exposure) on fat free diet and ation (4 exposures) on fat tree diet, 5% olive
1,52 safflower oil groups. oil and 125 methyl linoleate groups.

Fig. §. Percent survival of mice exposed to mu

Experiment 3. This experiment was performed about the same method as exp. 2. The effects of
supplements of 1, 5% safflower oil, 5%, olive oil, 19 methyl linoleate and laboratory chow (Oriental)
on mice exposed to multiple sublethal irradiation were examined. After 25 days of feeding, all mice
received an exposure of 400R of total body®Co irradiation which was repeated one weekly until a total
dose of 1600R (4 exposures). Experimental results are shown in Table 4 and Fig. 5-8.

The mice fed with these polyunsaturated fatty acid had significantly higher survival than fat free diet
groups. It is very interesting to find that the groups supplemented with only 19, safflower oil had a
remarkable effect and not different from 59, safflower oil.

Experiment. 4. The forced feeding groups (water, olive oil and safflower oil) given 850R total
body irradiation are presented in Fig. 9. Each groups consisted of 30 mice with an average weight close
to 20 g. (7 weeks). The percent survival of mice with forced fed olive oil and safflower oil were much lower

than water as shown Fig. 9. The mice fed oil had more server diarrhea and lower food consumption

than irradiated control forced fed water.
Experiment, 5. Radioiron was injected at one day after total body irradiation with 300R and
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Fig. 7. Percent survival of mice exposed to mu Fig. 8. Body weight of mice exposed to multiple

Itiple sublethal doses of total dody ¢Co irr- sublethal doses of total body *Co irradiation
adiation (4 exposures) on fat free diet, lab- on fat free diet, 1,525 saflower oil, 5% olive
orat. chow and 5% harden oil groups. oil, and 1% methyl linoleate groups.

100°%Fe injection on | day after frrad.

(%)
300 R (%%Co)
% *°Co  Total Body Irradiation(850r)

@
o

100k===r==
e n. e
!-_;“-u 1% The forced feeding SRUC SISt l“- —
s 80t -1" =
80 / OR(Iut free d)
i o |
£ s / 10% \>uf1 ol —
30 = .
“E 40 Olive oillf) &
S 2 free d.
§ = 20
@ 201 Safflower oilH — /
T ‘
5 0 15 20
5 10 |15 Days N u_a .
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Fig. 9. Percent survival of mice exposed to
total body *°Co irradiation and forced-fed
olive oil, safflower oil or water.

Fig. 10. The comparative effect of a fat free
diet and a similar ration supplemented with
124 safflower oil on **Fe uptake of mice exp-
osed to °°Co total body irradiation with 300 R,

hereafter *9Fe uptake was measured as shown Fig. 10.

After about 4 to 6 days in non-irradiated mice, the uptake of 59Fe in red cells reached its maximum
value of around 60%, of the injected amount. There were no significant difference between non-irradiat-
ed 109, safflower oil group and fat free diet. In the irradiated groups, however, the uptake was depress-
ed very markedly initially and then rose to a constant maximum value at a level lower than that of a
group of control animals. The 59Fe uptake on irradiated mice supplemented with fat free diet were
more markedly depressed than 109, safflower oil groups.

4. Discussion
It is clear from these data that the mice supplemented with olive oil, safflower oil and methyl lino-

leate were more radioresistant than the mice fed with fat free diet. The mice supplemented with hard-
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ened oil (hydrogenated bean oil) were without effect or rather detrimental. i.e. the percentage survival
were decreased than fat free diet groups. The recovery effect of olive oil, safflower oil and merthyl linoleate
appears to be due to its essential fatty acid content.

Duel’®), Chengl®), et al have demonstrated that rats on fat free diets supplemented with as little
as 29/, cottonseed oil or 10 mg methyl linoleate are much more radioresistant than animals on a fat free
diet when these animals are subjected weekly to repeated sublethal dose of radiation. B.H.Ershoff?)
also reported that the average survival time of mice exposed to multiple sublethal doses of total body
X-irradiation was significantly less on a diet free of fat than on a smilar ration supplemented with 10%,
cottonseed oil. The essential fatty acids are believed to help animals because of their bactericidal or reti-
culoendothelial system stinmulating actions!)17). Recently, Stuart, Biozzy, Stiffel, Halpern and Mouton
(1960)18) described that olive oil and glyceryl triolate caused an intense stimulation of phagocytic functions
in adult male raice. The stimulating activity is very marked and in some instances the index of phagoeytic
function was increased ten fold. Further, Magswood and Ashikawall) reported that olive oil therapy
accelerated the rate of cellular regeneration and repopulation in the bone marrow, spleen and thymus of
X-irradiated male mice. It may be interest to mention here that Nagai et. al.19) demonstrated poly-
unsaturated fatty acid especially linoleic acid have a role to enhance the resistance to bacterial infec-
tions in mice and rats. It appear that stimulation of phagocytic functions and resistance to bacterial in~
fection promote the recovery from radiation injury.

Tn our experiment, there was no significant difference between content of 1 and 10% safflower oil
in percent survival but decreased in 209, safflower oil on the contrary. Chengl0) reported that the
protective eflect of fat was approximately as satisfactory when cottonseed oil was incorporated in the
diet at a 29, level as when it comprised 15 or 309, of the diet. The effect of dietary protein and fat
on mortality after administration of 3P to mice has been studied by Cornatzer et al?) According to
their data, a high protein, high fat diet has a detrimental effect, optimal survival was obtained with a
diet containing 109, protein and 5%, fat.

Recently, Akin et al?l) reported that oral forced feeding of fat to rats exposed to various types of ir-
radiation was detrimental to survival. There is evidence that any post-irradiation forced feeding, not.
only of fats, is detrimental.22)2%),

The percent survival of mice fed hardened oil supplement was less than that of animals on the
fat free diet as shown experiment 1, £ and 3. This results are in good agreement with the report of’
Denel?d) and B.E.Ershoff?) that the addition of hydrogenated cocconut oil to a fat free diet hastened
the appearance of symptoms of essential fatty acid deficiency in the rat.

It is clear from our data that the linoleic acid help the bone marrow function to recover from radiation:
damage. In brief, the mechanism of post-irradiation recovery of these oil consists in the stimulating:
eflect on reticuloendothelial system or hematopoetic organ and the increase of phagocytic function.

From these mechanisrns, it facilitates the increase of resistance to bacterial infections in animal and
the rate of regeneration in the irradiated mice by restoring the impaired cell functions and the reticulo--
endothelial system.

5. Conclusion
The role of polyunsaturated fatty acids especially linoleic acid and oleic acid in the radiation protec-

tion and recovery effects in mice were studied. Diets supplemented with safflower oil (1, 5, 10 and 209%,),,
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olive oil (5%), methyl-linoleate (19,) hydrogenated bean oil (5%) and fat free diets were employed.

Percent survival, average survival time and body weight were obtained after ®Co irradiation. The
following conclusions were obtained;

1) Percent survival of mice exposed to single and multiple sublethal doses of total body irradiation
was significantly less on a fat free diet than on a smilar diet supplemented with 1, 5 and 109, safflower
oil, methyl-linoleate and olive oil.

2) Safflower oil at 209, level of feeding was less protective effect than 109, safflower oil.

3) The groups supplemented with only 19, safflower oil were markedly effective compared with
fat free diet and not significantly different from 10%, safflower oil groups.

4) Hardened oil (hydrogenated bean oil) at a 5%, level of feeding was rather detrimental.

5) The body weight gains in the case of polyunsaturated fatty acid treated animals were significantly
higher than those of fat free diet groups.

6) The effect of forced feeding of safflower oil and olive oil was detrimental.

7) The 59Fe uptake on irradiated mice supplemented with fat free diet were more markedly depressed
than 10% safflower oil groups.
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