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Abstract

The unsaturated fatty acid fraction extracted from the liver of rabbit irradiated with X-rays
exerts a strong cytotoxic effect on human coelothelioma cells and Yoshida sarcoma cells both in
vitro and in vivo. The cell damage seems to initiate at the nucleus, finally leading to the complete
cytolysis. The inhibiting effect of this substance on the mitosis of Yoshida sarcoma cells can be
observed, especially marked from prophase up to metaphase giving almost the same results ob-
tained after X-ray irradiation. From these results and the observations reported by several authors
on the cell damage by X-ray irradiation, weshould call special attention to the fact that the essential
mechanism of X-ray irradiation can be attributed to the cell toxin produced after the irradiation.
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The radiotherapy is at present one of the most promising way for the
treatment of malignant tumors. PERTHES' experimentsl - 3 on the influences
of X-rays on the chromosomes of skin cancer cells and epithelial cells of
rabbit, HERTWIG'S experiments5 with eggs and spermatozoa of frog, in
which he perceived the inhibition of cell division by X-ray irradiation, and
LACASSAGNE and MONAD'S findings" that the irrad!ation arrests the cell di
vision in canine sarcoma, all have given a theoretical basis for the treatment
of malignant tumors with X-rays. However, it is still uncertain what
mechanism arrests the cell division. We have recently come to know that
the X-ray irradiation produces a certain kind of cell toxin in the body.
Therefore, with the supposition that this substance may be correlated to
the therapeutic mechanism of X-ray irradiation on malignant tumors, we
observed the influences of this cell toxin on Yoshida sarcoma cells and
coelothelioma cells in vitro as well as in vivo.

MATERIALS AND METHODS

Unsaturated fatty acid fraction is extracted from the liver of normal
and of the irradiated rabbits 24 hours after the irradiation over the whole
body with 3,000 r of X-rays assisted by SENO. The fraction is made
soluble combining with Na-radical and then used for the experiment as the
physiological saline solution, that is, 40 cc of aseptic physiological saline
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56 M. YAMAMOTO et a1. and T. OFUJI et a1.

solution is added to sodium salt of the unsaturated fatty acid acquired from
10 g pulverized dry liver. This solution is added to the medium of tissue
culture.

The tissue culture of Yoshida sarcoma has been carried out using the
ascites from the rats 4 days after tumor transplantation, by the roller-tube
method in the medium composed of 44 per cent HANKS' solution, 19 per
cent chick embryo juice, 29 per cent horse serum, 8 per cent Yoshida
sarcoma ascites, 0.8 mg/cc RNA and 0.8r/cc vitamin Bl2• Furthermore,
in order to avoid the lag phase which occurs 24 hours after the start
of culture, the freshly prepared medium is used. The medium is
kept 24 hours in the refrigerated room, and the supernatant filtered
through Seitz filter No. 85 B is used for the experiment. For the culture
rectangular glass plates are placed in the roller tubes to promote the grow
th of fibroblasts, which will help the growth of tumor cells. One to three
droplets of fresh ascites are added to 2 cc medium adjusting the initial cell
number of sarcoma cells approximately to 1000-3000/mm;; and cultured
for 24 hours. For the culture of coelothelioma cells the medium composed of
70 per cent HANKS' solution, 15 per cent chick embryo juice, 15 per cent
patient serum, 2 mg/cc RNA and 2r1cc vitamin B12 is used. The ascites
of patient is added to the medium and the cell count is adjusted to 1000
3000/mm:1 as in the case of the Yoshida sarcoma culture. Since the lag
phase is not so marked in this instance, the medium is used without cooling
and filtration. Other processes in the culture are entirely the same as in
the case of the culture of Yoshida sarcoma.

In one series of experiment 15 culture tubes are used, dividing into 3
groups, 5 in each. Each tube contains 2 cc medium. For one group 0.1 cc
of unsaturated fatty acid solution from the irradiated animals is added to
each, for the second group 0.1 cc of that from normal rabbit and the third
group without addition. After culturing 6-12 hours at 37°C a drop of the
culture fluid is placed on a slide, covered with coverglass sealing with
paraffin and observed under phase-contrast microscope.

For the experiment in vivo 20 hybrid adult male albino rats were used,
dividing into 4 groups, 5 in each. In all these animals 0.5 cc of Yoshida
sarcoma ascites is transplanted into the peritoneal cavity. Six days later
0.5 cc of the unsaturated fatty acid solution is introduced intraperitoneally
to 5 animals, 0.5 cc of the fatty acid solution twice in concentration to other
5 animals and the remaining 5 animals are left without injection. The
last group is irradiated whole body with 300 r of X·rays without injection.
After the introduction of the fatty acid solution, observations have been
carried on the change of tumor cell counts, number of the cells undergoing
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mitosis, and of cells at each phase of mitosis, at the period of 1, 3, 6,9, 12
and 24 hours. On the method of counting cell number refer to the previous
report.

EXPERIMENTAL RESULTS

a. Morphological changes of tumor cells in culture:
Yoshida sarcoma cells in the culture media containing no fatty acid

fraction show no pseudopodial projection. The cytoplasm contains a rela
tively small number of the distinct and strongly refractive lipoid granules.
At the nuclear indentation the Golgi apparatus can be observed, sur
rounded by thread-like mitochondria. Most of the nuclei are kidney-shaped
and have the clear nuclear membrane, in which generally two nucleoli of
different size can be seen (Plate 1. 1).

In the case added with the unsaturated fatty acid fraction from irra
diated animals, the cell margin becomes irregular, ruptured, and some
cells show the discharge of the nucleus. In some cells the cell body under
goes swelling degeneration, and some of them are disintegrated and nuclei
are likewise disintegrated with a subsequent rapid decrease in the number
of cells. No cell division can be seen (Plate 1. 2,3,4).

While in the control in which unsaturated fatty acid fraction from the
liver of non-irradiated rabbit is added, the cell division is rather enhanced,
a 40 % increase comparing to those cultured without addition of fatty acid.

The cultured human coelothelioma cells have clear cytoplasm and
extremely minute filamentous mitochondria arranged in a concentric circle
around the nucleus but no vacuole (Plate 11. 2). The nucleus has distinct
membrane with two or several nucleoli different in size (Plate 11. 1). In
the cultllre where the unsaturated fatty acid fraction from the liver of the
irradiated rabbit is added, the cell body is swollen, the vacuolization ap
pears in cytoplasm and the nucleus becomes pyknotic or swollen and finally
disintegrated similarly as in the case of Yoshida sarcoma cell. (Plate 11. 3
4).

In both cases of Yoshida sarcoma and coelothelioma cells the unsatu
rated fatty acid fraction from the rabbit irradiated with X-rays brought
about the pyknosis or swelling and disintegration of the nucleus at first and
subsequent swelling of the cytoplasm, ultimately resulting in the complete
cytolysis.

b. Observations on Yoshida sarcoma cells in vivo:
Observations at 4th day of implantation proved that the cell number in

ascites shows actually no change within 24 hours (Fig. 1).
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After the intraperitoneal injection of the extract from irradiated
animals the number of sarcoma cells is markedly decreased. Namely, the
original count amounting to about 200,OOO/mm3 is decreased to about
50,OOO/mm3 after one hour; and down to 40,OOO/mm3 after three hours,
but some cases show a minimum as low as around 30,000/mm3

• Even 24
hours afterwards the count does not show much increase with the mean
value of 60,OOO/mm3 (Fig. 1).

Fig. 1. Changes occurring in the number of tumor cells, mean
values of 5 cases in each
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The number of cells undergoing mitosis also shows a marked decrease
already one hour after the intraperitoneal injection of the extract, showing
some recovering tendency after 6 hours. But in the case injected with the
extract at a higher concentration the number of cells undergoing mitosis
does not return to the pre-injection level even after 24 hours (Fig. 2).

In the animals irradiated on the whole body with 300 r of X-rays the
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Morphologic Changes in Yoshida Sarcoma and Coelothelioma Cells after OX Treatment 59

number of cells undergoing cell division decreases temporarily showing
almost the same tendency as in the cases injected the extract, sudden de
crease after irradiation and the recovery after six hours (Fig. 2).

Fig. 2. Changes in the number of cells undergoing mitosis, mean values
from 5 cases in each
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o------{) group injected with 0.5 cc of unsaturated fatty acid fraction
(extract diluted two-fold) from the animal irradiated with 3000r
of X-rays

.'----e' group injected with 0.5 cc of extract (diluted four-fold) from the
animal irradiated with 3, DOOr of X-rays

A--_.-{J:> group irradiated with 300r

0-----------0 untreated group

The changes in the cell count at each phase of mitosis are shown in
Figs. 3-6. Namely, in any phase of mitosis this substance acts as to de
crease the number, with the most marked effect at metaphase. The
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number of the cells in prophase decreases markedly one hour after the in
jection, showing the maximum inhibition three hours afterwards.

Fig. 3. Changes in the number of cells in prophase
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Thereafter, a recovering tendency is seen, complete recovery after 6
hours in the cases injected the extract in a low concentration, and a delayed
recovery in the case injected the extract in a high concentration, not reach·
ing the preinjection level even after 24 hours.

In the animals irradiated with 300 r of X-ray the cell count in each
mitotic phase also falls markedly one hour after the irradiation recovering
after 6 hours, similar in the cases injected with diluted extract. Similar
trends can be observed in metaphase and anaphase, but great fluctuations
can be noticed in metaphase (Fig. 4, 5, 6).

DISCUSSION

Ever since the observations of by LACASSAGNE and MONAD a great
number of studies on the effects of X·ray on tumor cells have been publi-
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Fig. 4. Changes in the number of cells in metaphase
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shed4.8.9.10.11.12. All of them prove the inhibitory effect of X-rays on the
growth of tumors. Concerning the Yoshida sarcoma cells, KIKA7 et al.13•20._

21.22,23.24 observed a marked decrease in the number of the cells undergo
ing cell division immediately after X-ray irradiation but recovery after a
certain period of time. They believe that cell damage induced by X-rays
is mainly due to the inhibition of the cell multiplication, claiming that
X-rays exerts its most striking effect on the stage of premitosis. NOTE13

claims that the dose of 46 r acts as a stimulant on the mitosis of Yoshida
sarcoma cells activating cell multiplication vigorously, but the irradiation
with 92 r does not act as to stimulate nor to inhibit, while the irradiation
with 184 r acts as to inhibit and arrest the cell multiplication.
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Fig. 5. Changes in the number of cells in anaphase
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MASUDA16 investigated the changes on each mitotic phase of Yoshida
sarcoma after the irradiation with 100r, 200r, 300r, and 500r of X-rays
He finds with all these doses the decrease in the number of cells at mitosis;
the most marked in prophase followed by metaphase and anaphase, and the
smallest in telophase. Recovering period to the preirradiation level in
number is longest in prophase followed by metaphase, anaphase and telo
phase in the order mentioned. LEA14 states from his observation on that
the X-ray irradiation with doses of 200-300 r inhibits the cell division
only temporarily acting at the stage of predivision but those at a mitotic
state is not arrested contending that the effect of X-ray irradiation is grea
test on those cells in prophase where the nuclear membrane is not yet burst
open. Concerning the dose of X-rays, KIKA states that the inhibitory effect
of X-ray irradiation on multiplication of Yoshida sarcoma cells can be re
cognized by giving 50r, while IKKATAI15 says from his observation on
Yoshida sarcoma that the cell multiplication is markedly inhibited already
by the doses of 25 r showing the inhibition of mitosis up to 24 hours after
the irradiation with 20r or 50r, up to 48 hours in the case with 250r. In
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Fig. 6. Changes in number of cells in telophase
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his experiment the absolute number of the sarcoma cells decreased after
the irradiation with 25 r but recovered after 48 hours, reaching the same
level as that in the non-irradiated controls, delayed recovery up to 72 hours
with 50r, and up to 96 hours with 250r. As can be understood from the above
mentioned reports, the most striking biological effect of X-rays is no doubt
at the mitotic or premitotic stage, though there is some differences of
opinion in the effective dosage of X-rays and the mitotic stage of the cells.
In our experiment of the whole body irradiation with 300r the temporary
decrease in the tumor cell number is seen already one hour after the irra
diation. The analytical observation proved that this decrease is mainly due
to the destruction of the cells at mitosis, but differently from the observa
tions of LEA, KIKA and others, the severest cell damage is observed at the
stage of prophase and methaphase and yet in the whole course of mitosis
the cell damage has been observed to some extent. From the point of DNA
synthesis in the mitotic cycle, in which the active synthesis can generally
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be seen in interphase25, and the DNA synthesis is disturbed by X-ray irra
dation1

?, it may be supposed reasonably that the cells in the premitotic stage
is most severely damaged. But as generally accepted there is a possi
bility that the cells in mitosis may be damaged by break-down of the
chromosomes18 directly by the action of X-rays, ~md these effects also
might act as to reduce the number of the cells in mitosis.

But there is another possibility that some substance, which acts as to
disturb the mitotic activity of the cell, is produced by irradiation.
WILBER1!1 succeeded in extacting lipids from ultraviolet-irradiated sea urchin
eggs, which acts as to inhibit the cell division of sea urchin eggs. Our ex
periment also proved that some substance, which inhibits the nuclear acti
vity and causes the subsequent cell damage, is produced by X-ray irradia
tion, too. This substance can be extracted with the unsaturated fatty acid
fraction and proved that the processes of cell damage by this substance
are very similar to tho~ seen after X-ray irradiation both in morpho
logic and numerical changes of ascitic cells of Yoshida sarcoma, as can
be understood from the data presented by several authors and by those
mentioned above. These results suggest that the essential mechanism of
cell damage by X-ray irradiation is caused indirectly by the toxic
substance produced after irradiation differing from the general sup
position in which the attack of X-rays is laid on the inactivation of SH
groups26.27.28 and the direct disrupting effect on chromosomes29• The pro
longed or delayed effects of X-ray irradiation will be explained by the
effects of this toxic substance, which is lipid soluble and may be retained in
the body fairly a long period. The prolonged or delayed effect presented by
X-ray irradiation might not be explained by the inactivation of SH group
or SH-enzyme nor by the direct destruction of chromosomes, as it is sup
posed that such an effect is considered to be a temporary one and the
damages recover soon.

CONCLUSION

The unsaturated fatty acid fraction extracted from the liver of rabbit
irradiated with X-rays exerts a strong cytotoxic effect on human coelothe
lioma cells and Yoshida sarcoma cells both in vitro and in vivo.

The cell damage seems to initiate at the nucleus, finally leading to the
complete cytolysis. The inhibiting effect of this substance on the mitosis
of Yoshida sarcoma cells can be observed, especially marked from prophase
up to metaphase giving almost the same results obtained after X-ray irra
diation. From these results and the observations reported by several
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authors on the cell damage by X-ray irradiation, weshould call special atten
tion to the fact that the essential mechanism of X-ray irradiation can be
attributed to the cell toxin produced after the irradiation.
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EXPLAM A TION FOR PLATES

Plate 1. Yoshida sarcoma cells 24 hours after the culture
Fig. 1. Cells cultured in the medium without addition of the extract. The margin of

the cell is smooth and without any pseudopodial projections, and cytoplasm is
relatively clear and contains scatteringly lipoid granules with strong refraction.
The nucleus is distinct and likewise nucleoli are clear and of various size. Mito·
tic picture can be seen on the upper right corner.

Fig. 2. Cells cultured in the medium loaded with 0.1 cc extract. Cell bodies are
greatly swollen, nuclei are pyknotic and lipoid granules are greatly increased
in size.

Fig. 3. Another slide in the same experiment as in Fig. 2. A cell just before the
complete cytolysis is seen.

Fig. 4. The same experiment as in Fig. 2. Bleb formation of cytoplasm.

Plate 2. Coelothelioma cells cultured 6 hours.
Figs. 1 and 2. Cell cultured without addition of the extract. The cell body has a

smooth and regular margin with some needle-like projections. Cytoplasm is clear
and contains only a few granules. Numerous small mitochondria concentrated
around the nucleus can be seen. The nuclear membrane and nucleoli are both
distinct.

Figs. 3 and 4. Cells cultured in the medium loaded with 0.1 cc extract. The cells
completely vacuolated and swollen are seen in Fig. 3. Compressecl nucleus can
still be seen. In Fig. 4 a cell lost a part of cytoplasm with the end gelatinized
and irregular margin is demonstrated. The nuclear membrane is not clear.
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Plate 1.

Plate 2.
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