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POSTIRRADIATION PROTECTION AND RECOVERY

Part VI.—Effects of Esters of Unsaturated Fatty Acids on Gonads of X-irradiated Male Mice
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Administration of esters of certain unsaturated fatty acids, i.e. methyl oleate, and methyl stearate, within an hour
following whole -body x-irradiation of male mice at 625 r [LD50{30)], accelerated the rate of cellular regeneration in the

testes of these animals when compared with the untreated x-irradiated ones, on the 30th day postirradiation.

On the

other hand esters of certain other unsaturated fatty acids adversely affected the rate of cellular regeneration in the testes
of x-irradiated mice. These differences may, in part, be due to differences in the composition of the esters of unsaturated
fatty acids used in these experiments. Thete are indications that lipid therapy, by restoring the cell functions, accelerates
the rate of cellular regeneration in the x-irradiated animals.

Recently, Maqgsood!7 has described the bene-
ficial effects of olive oil therapy on the rate of
cellular regeneration in the sex organs of x-ir-
radiated male mice. Ashikawa3 reported that
the administration of esters of certain unsaturated
fatty acids increased the survival rate while others
adversely effected the survival rate in the x-ir-
radiated male mice. No information on the
effects of these agents on the gonads of x-irradi-
ated animals is available. An understanding of the
mechanism of action of various therapeutic agents
in the organisms will materially contribute in
developing new agents which will have practical
applications in the field of radiation protection.
The effects of intraperitoneal administration of
esters of unsaturated fatty acids on the sex
organs of x-irradiated male mice are described in
the present paper. The earlier papers of the
present series deal with the effects of olive oil
therapy on the haematopoietic organs, liver
functions, gonads, and male fertility of x-irradi-
ated male mice.I5~18

*Visiting Research Scientist from Pakistan. Appointment
supported by the Internatinal Cooperation Administration under
the world wide research scientists programme administered by the
1J. S. National Academy of Sciences, Washington, D.C.

Now at CENTO Institute of Nuclear Science, Tehran, Iran,
on deputation from Pakistan Atomic Energy Commission.

Materials and Methods

Mice.—Webster strain of male Swiss white
mice, 6-7 weeks old and weighing 26 + 4 g.
were used for x-irradiation experiments. The
animals were caged individually in glass jars.
The mice were fed ad libitum.

X-irradiation and Dosimeirp.—The x-ray source
was from a Phillips 250 Kv, 25 ma deep therapy
unit operated at 200 Kvp, with a 0.5 mm. Cu and
1.0 mm. Alfilters. Each mouse received whole-
body radiation in a single exposure of 625
r [LDso(30)] and a total of 40 mice were x-irra-
diated simultaneously. The dose rate was adjusted
to 20 r/minute. To minimize back scattering, the
canisters were separated from the irradiation
positioning wheel by means of a 2-inch long
aluminum spindle and the wheel was electrically
rotated at g r.p.m. (Fig. 1).

The experimental groups of mice received a
single intraperitoneal injection of 1 ml. of methyl
oleate, methyl stearate, methyl linoleate and
methyl palmitate, within an hour following
irradiation. The mice were killed on the goth
day postirradiation. The testes, seminal vesicles,
thymus and spleen from each animal were re-
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Fig. 1.—Philllip’s deep-
therapy unit with experi-
mental setup for simultan-
eously exposing male mice
to uniform  whole-body
x-irradiation. The irradia-
tion  positioning wheel,
lucite mouse canister and
rowator are showi.

moved and weighed separately. The organs were
then fixed in Bouin’s fluid. The tissues were
sectioned at 6-7 microns and stained with H and
E stain. The standard error of the mean for each

r

group was estimated SE = [ A/ ;]E(ld;) ] 4
n (n-1

Results

TESTES

Organ Weight.—The data in Table 1 show
that the administration of methyl oleate and
methyl stearate to the s-irradiated male
mice resulted in a significant increase in the
weight of the testes when compared with the
testes weight of the methyl linoleate and methyl
palmitate treated x-irradiated male mice. Further-
more, the testes weight of the methyl oleate and
methyl stearate treated x-irradiated mice was
significantly higher than that of the x-irradiated
mice. The testes weights of the methyl linoleate
and methyl palmitate treated groups and un-
treated x-irradiated group of mice did not differ
significantly on the goth day following whole

The testes weight

body x-irradiation [LDo'30)].
of the experimental mice was significantly lower
than that of the control group.on the goth day
following x-irradition (Table 1).

Histology.— Histological examination of the
testes of the experimental mice indicated that
methyl oleate and methyl stearate treatment
accelerated the rate of cellular regeneration and
repopulation in the seminiferous tubules when
compared with the x-irradiated group (Figs. 2
and 3). A number of the seminiferous tubules
showed active cellular regeneration. On the
other hand methyl linoleate and methyl palmi-
tate treatments adversely affected the rate of
cellular regeneration in the seminiferous tubules
(Figs. 4 and 5). The seminiferous tubules showed
varying degrees of degenerative changes and
giant cells (Fig. 4).

SEMINAL VESICLES

Organ  Weighi—The weight of the seminal
vesicles of the methyl oleate and methyl stearate
treated x-irradiated mice was significantly higher
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Fig. 2.—Testis section of x-irradiated mouse on the 30th day
following whole-body x-irradiation [1150(30)], showing the degree
of spermatogenic acitivity. The seminiferous tubules aze shrunken
in size and some show degenerative changes while in others the
regenerative processes had started. x 300

Fig. 3.—Testis section of methyl oleate treated x-irradiated
mouse showing sonie cellular regeneration and repopulation in the
seminiferous tubules. Compare with Figs. 1 and 3. x 300

when compared with the methyl linoleate/methyl
palmitate treated x-irradiated or untreated x-irra-
diated male mice on the goth day following
x-irradiation (Table 1). The seminal vesicles
weight of the experimental mice was significantly
lower than that of the control group.

Histology.—The seminal vesicles of the methyl
oleate/methyl stearate treated x-irradiated mice
showed active secretory activity when compared
with the methyl linoleate/methyl palmitate treated
x-irradiated or untreated x-irradiated ones. His-
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Fig. 4.—Testis section of methyl linoleate treated x-irradiated

mouse showing marked degenerative changes on the 30th day

postirradiation. x 300

Fig. 5.—Testis section of a young mouse showing active
spermiatogenesis. Compare with Fig. 1. x 300

tologically the seminal vesicles of the .nethyl
oleate/methyl stearate treated x-irradiated mice
did not differ markedly from that of the control
mice. The seminal vesicles of methyl linoleate
and methyl palmitate treated x-irradiated mice
showed arrested secretory activity and some cells.
showed degenerative changes.

Discussion

The results obtained in the present series of
experiments indicated that the administration of
esters of certain unsaturated fatty acids, i.e.
methyl oleate, methyl stearate accelerated the rate
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‘TaBLE 1.—EFFECTS OF ADMINISTRATION OF ESTERS
.or CERTAIN UNSATURATD FAT1TY Acips oN WEIGHTS
of GoNADS, THYMUS AND SPLEEN OF X-IRRADIATED
MaLe Mice [LD50(30)] oN THE goTH DAY
POSTIRRADIATION.

Body  Testes

Treatment  No.of wt. (g) (mg) vesicles (mg) (mg.)

animals’ | = SE+ o= SE - (mei o SBi - i HSE
=+ SE

Control 10 363 2814 296.5 412 1043
42" L9143« 176/ - 341104
¥-irradiated 8 33.5 96.3 . 125:3 36.3 87.5
E6 18012 7 = 1685 2001316
Methyl 8 344 - 12852425 38.4 98.4
oleate +47 +148 +149 +37 +121
Methyl 9 346 1343 2383 401 1026
stearate +38 4+139 4164 +36 4118
Methyl 7 304 875 1145 345 891
linoleate =43 118 +163 434 L 126
Methyl 8 31.2 89.6  118.3 33.6 82.5
palmitate +54 4127 4178 +28 +11.7

SE = Standard error.

of cellular regeneration and repopulation in: the
gonads of male mice following whole-boly x-
irradiation [LD 50(30)]- On the o her hand, esters
of certain other unsaturated fatty acids, i.e. methyl
stearate, methyl linoleate adversely affected the
rate of cellular regeneration in the gonads of
x-irradiated male mice. These differences may,
in part, be d.e to the differences in the comp051t1on
of the esters of unsaturated fatty acids, used in
these experiments. It may be of interest to men-
tion here that radiation oxidizes fatty acids
according to their degree of unsaturation and the
order of oxidation is: linoleic (18:2) oleic (18:1)
stearic  (18:0).7 Furthermore, Ashikawa3 repor-
ted a decrease in the concentration of unsaturated
fatty acid components with a concomitant in-
crease in the saturated fatty acids. Magsood I9
reported that the administration of mineral oil
and powdered glass adversely affected the rate
of cellular regeneration in the gonads of x-irradi-
ated male mice.

Denel et al.® and Cheng et al.6 have demons-
trated an increased susceptibility to radiation in-
jury in rats which were kept on a fat-free diet.
This applies to both single and repeated whole-
body x-irradiation. Methyl linoleate, when incor-
porated at a 1 percent level in the fat-free ration
also increased survival of x-irradiated mice over
that on the fat-free diet.’® Alekseeva® reported
that the yeast cells rich in fats were much more ra-
dio-resistant than those poor in fats. Altman et al.?

Seminal Thymus Spleeen

reported a ten-fold increase in protein breakdown
following whole body x-irradiation in animals.
Increased excretion of nitrogenous and other
catabolic products in animals following whole
body x-irradiation have been reported by Cas'er
and Armstrong.5 Hence, if this post-irradiation
tissue breakdown is partly due to increased
caloric demand, fat treatment should help irradi-
ated animals by alleviating their transient energy
need and mitigate catabolism. Furthermore, there
are indications that animals are temporarily
incapable of utilizing carbohydrates following
irradiation.'* Under these conditions it is likely
that therapeutic doses of lipids at certain time
intervals following irradiation, will be of added
use to the body tissues in restoring their functions.
In the light of these observations the beneficial
effect of lipid therapy in the x-irradiated mice
may be, in part, due to the lipid helping in the
restoration of various altered metabolic processes
which are essential for normal cell growth and cell
functions.

It is well recognized that RES phagocytic
function may be altered by wvarious colloids.4
Stuart et al.2! reported that olive oil and glyceryl
trioleate caused an intense stimulation of phago-
cytic functions in adult male mice; glyceryl mono-
oleate had no effect, whereas ethyl oleate and
stearate markedly depress this function. These
findings suggest that the functional changes des-
cribed here are due to the intra-cellular accumu-
lation of fat, and the chemical nature of the fat
determines the effect produced. The therapeutic
effects of lipids may be, in part, due to the sti-
mulating effect of lipids on the reticulo-endo-
thelial system in the x-irradiated male mice,

Recently, Patt,2° Maisian and Doherty,’4
Kalkwarf;I3 Eldjarn and Pihl,9 Hollaender!?
and others have discussed the mechanism of action
of various protective agents against ionizing
radiation.. It is likely that no single mechanism
will account for the i vivo action of all of the
known protective chemicals. The surprising thing,
however, is that some sort of biological saturation
appears to be a requirement for protection in all
instances and that the upper limit of protection
seems independent of chemical agent and of pos-
tulated mechanism. The problem with regard to
the therapeutic effect of agents like esters of certain
unsaturated fatty acids, present a rather compli-
cated picture and, as such, its mechanism of action
in post-irradiation protection and recovery appears
to be a complex biochemical phenomenon intri-
cately linked with a number of physiological
processes. In brief, it appears that lipid therapy
facilitates the rate of regeneration in the x-
irradiated mice [LDo(30)] by restoring the cell
functions and the reticulo-endothelial system.
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