EFFECT OF BONE MARROW AUTOGRAFTS
ON POSTRADIATION RECOVERY OF THE INTESTINE
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After uneven irradiation of rats (of the intestine in a dose of 1,050 R and the rest of the body
in a dose of 735 R), leading to 100% mortality among the animals in the course of 3.5-5days,
bone marrow autografts speeded up recovery of the DNA content in the mucous membrane
and weakened the inhibition of the enzyme-secreting function of the intestine, Many (40%)

of the irradiated rats with bone marrow autografts survived up to the 30th day of observation,

It i& generally considered that death of animals irradiated in doses of more than 1,000 R (acute intes-
tinal radiation death) in the course of 3.5 days is due to injury to the gastrointestinal tract [2, 8, 9]. At the
same time, if part of the bone marrow is screened or grafted into animals irradiated in superlethal doses
some of them will survive for this period of time [1, 5-7], However, it is not yet clear to what extent the
favorable effect of screening or transfusions of bone marrow is reflected in the state of the gastrointes-
tinal tract. Only limited experimental data on this question are available. It is merely stated that if dogs
irradiated in doses of 1,000-2,400 R are treated with transfusions of bone marrow or blood and injections
of antibiotics and electrolytes, and if they survive for 3-4 days (all the control animals died by this time),
regeneration of the intestinal epithelium was complete by the ninth day after treatment [7]. However, the
use of this combined treatment makes it difficult to assess the role of marrow transfusions in the mecha-
nism of intestinal recovery.

The object of this investigation was to study the role of bone marrow in postradiation recovery of the
intestine in rats after uneven irradiation leading to death in the course of 3.5-5 days.
EXPERIMENTAL METHOD

Male albino rats weighing 180-200 g were used. In the case of irradiation of the intestine in a dose
of 1,050 and of the rest of the body in a dose of 735 R 100% of the rats died after 3.5-5 days. The effect of
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Fig. 1. Incorporation of thymidine-C!* into DNA of duod-
enal mucous membrane of irradiated rats on third day
after irradiation. Unshaded column — irradiated animal,
undergoing mock operation (control); black column — in-
tact rats, unevenly irradiated (group 1); obliquely shaded
column — unevenly irradiated rats with bone marrow auto-
grafts (group 2).
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testinal alkaline phosphatase activity in the small intestine was 11,400 480 to 13,400 #80 units, The number of ani-

TABLE 1. Effect of Bone Marrow Autografts on DNA Content in Duodenal Mucous Membrane and on Intestinal Alka~
mals used is given in parentheses,

line Phosphatase Activity (M #m)

bone marrow autografts on postradiation recovery of the
intestine was studied in animals irradiated in this way.
The animals were irradiated on the RUM-~17 apparatus
under the following conditions: 250 kV, 15 mA (filters

1 mm Cu+1 mm Al). Irradiation was carried out with
the intestine exteriorized from the abdomen under hexo-
barbital anesthesia, with observance of the rules of asep~
sis and antisepsis. Bone marrow was obtained before
irradiation from the femur by puncture, placed in phys-
iological saline with citrate, and kept during irradiation
under sterile conditions in the cold., After irradiation,
about 40 X 10% bone marrow cells were injected intra-
venously.

The state of the intestine was estimated from the
DNA content in the duodenal mucous membrane [4] based
on the incorporation of thymidine-C into DNA., Alka-
line phosphatase activity was investigated in the mucous
membrane of the small intestine [3]. The animals were
decapitated on the 1st, 2nd, 3rd, 5th, 7th, and 10th days
after irradiation. The rats of group 1 were intact, ir-
radiated animals and those of group 2 were irradiated
rats receiving bone marrow autografts. Unirradiated
rats undergoing the same operation were used as the
control,

EXPERIMENTAL RESULTS

All the rats died within 3.5-5 days after irradia-
tion of the intestine in a dose of 1,050 R and simulta-
neous irradiation of the rest of the body in a dose of
735 R. Autografting of bone marrow considerably mod-
ified the dynamics of the mortality. In the 5-day pe-
riod about 30% of the animals died. About 40% of the
animals survived until the 30th day after irradiation.

Data showing the state of the intestine of the in-
tact irradiated rats and the rats receiving bone mar-
row autografts are given in Table 1, They show that
by the second day after irradiation there was a consid-
erable, and practically equal,decrease in the DNA con-
tent in the duodenal mucous membrane of the two groups
of animals. By the third day after irradiation the DNA
content in the rats of group 1 continued to decline — to
960 +73.7 ug, whereas in the rats of group 2 the DNA
level was actually slightly increased —to 1332 +96.3 ug
(P=0.0027)., In the rats of group 1, which survived un-
til the 5th day, the DNA content in the mucous mem-
brane did not reach its initial level although it was higher
than on the 3rd day, whereas in the rats of group 2 the
DNA content reached the control level and actually ex-
ceeded it by the 7th and 10th days.

On the third day after irradiation, when the de-
crease in the DNA content in the mucous membrane
was greatest in the intact irradiated animals, a ten-
dency toward recovery was observed in the animals
with bone marrow autografts, This conclusion is sup-
ported by the data for incorporation of thymidine-C !
into the DNA of the mucous membrane at this period
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of observation (Fig. 1). Incorporation of the label in the rats of group 2 was significantly higher than in
group 1 (Fig. 1). Their specific radioactivity also was higher, evidence of more intensive DNA synthesis
in the cells,

Intestinal alkaline phosphatase activity in the rats of group 2 was lowered to a lesser degree than in
group 1, Bone marrow autografts apparently delayed the decrease in enzyme activity. Meanwhile restora-
tion of alkaline phosphatase activity in the rats of group 2 took place more slowly than recovery of the DNA
content. Whereas the DNA level in the duodenal mucous membrane reached the control value by the 5th
day, alkaline phosphatase activity was not fully restored until the 10th day after irradiation,

These results thus show that bone marrow damage plays an essential role in the mechanism of death
of the irradiated animals. Bone marrow autografts after uneven irradiation reduced the mortality of the
rats in the "intestinal phase" (3.5-5 days).

These experiments showed that injection of bone marrow stimulates repair processes in the intestine,
direct proof of the role of the bone marrow in the mechanism of postradiation recovery of the intestine in
rats irradiated in super-lethal doses.
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