Progress Report of the work done on
TOXICITY CF P2 AS RELATED TO THE DIET AND TO THE FUNCTIONAL CAPACITY OF TZE LIVER

sponsored by the Atomic Enerpy Cormission under direct contract (AT~ (40-1)=288,
Title III with the Bowman Gray School of ledicine.

Principal Investigators:t Dre George Te Earrsll, Jre, Dre Camillo Artom, and
Dr. David Cgyer

The present report covers the work done from March 16, 1950 %o March 15, 1951,

This work is a direct continuation of thet summerized in a previous report of
March 15, 195Ce

le Generszl plen of the experiments.

Dwring the past years, the study of dietary factors which may protect the
tissues ageinst the injurious effects of the isotope has been continued activelye
Since rsdioactive rhosphate exchenges repidly with the inorganic components of
the bonss, it seemed likely that the demage to the bone marrow and the consequent
impairment of its blood cell forming cepacity represents the chief factor for the
toxicity of P82 (as well as of other radioisotopes which are also deposited
preferentially in the skeleton)e Accordingly, it was thought that a more or less
marked protection ageinst the toxic action of inorgenic P°? could be obteined by
either of tho following mechanisms: a) an increase in the rate of mobilization of
the isotopic phosphete from the bones; this movilizgption should shorten the time

of the exposure of the bone marrow to radiation aud consequently decrease the
severity of tissue demage; b) an increase in the recovery and regemsration of
the tissue, initially demagede In this respect, it sesemed liksly that the
maintenance of am adequate supply of the factors involved in normal hemopoiesis
mey be of great importoncee

2+ Enrichment of the diots with phosohate or citrates.

In experiments which we have reported previously, the beneficial effects of an
increase in the phosphate content of the diet have been notedes These results have
been now extended and the interpretation thet phosphate is mobilized and excreted
further confirmed by the sctual demonstrction of an increased elimination of the
isotope in the urine. Several other series of experiments have been made with the
addition of considerable amounts of sodium citrote to the dietse It was hoped that
by inoredsing theponcentrotion of citrate in blood and tissue, (thus reducing ca*t), the
mobilization of both calcium and phosphorus from the bones would be erhancede
However, the data on both the mortality of the animals and the ra=te of excretion
of the isotope have been quite inconsistent, »nd no statistically significant
difference was observed between the esyerimental groups end the controls.

3e Effects of paratnyroid hormone.

Since the administration of parsthyroid hormone is said to mobilize calcium
from the bone and increase the excretion of caleium and phosphorus in the urine,
several grouns of mice have been injected with rarathyroid hormone shortly before
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and inmediately after the introduction of P2, The experiments are still in
progress, and therefore no definite statement can be made on this pointe It is
our impression, however, that little or no protection is apoarent against the
effects of doses of P52 in the higher range of the LDg, dose. e are planning
to continue this study on enimels injected with smaller amounts of the isotopes

32
4, Effects of folic acid end vitamin 3., on the survival of mice injected with P o

Among the hemopoietic fcctors which might affect the recovery from rodiction
injury, folic acid and vitemin B,, seemcd to be worth investigatinge Some beneficial
effects of folic acid on the survival of animels irradiated by x-reys have been
describeds Iowever, neither fofio - acid, nor vitemin B;, appeared to modify the
hematological chances following total body irradiations In preliminery experiments
(mentioned in our lest yeer’s report), the addition of large amounts of folic acid
or vitemin By, to the diets did mot give any significant protection against the
toxic effects of lethal doses of P°?, During the past months, the investigation was
continued with the following chenges in the disposition of the experimentss
a) the dose of P°® injected has been decreased to the lower range of the LDgo dose,
and the length of the experiments increased from 3 to 8 weeks, so that the effects
of the vitamins on the recovery of the enimels (rather than on the actual demage
to the tissue) could be studied; b) since large amounts of vitamins are probably
synthesized by the intestinzl flora, sulfeswcidine was added to the diets of the
animals in en attempt to reduce this source of viteminse Thus, the effects of the
isotope on vitamin-deficient animels could be directly c ompered with those observed
in animels receivinpg adequate amounts of the preformed vitemins in the dietj
¢) since several observetions point to 2 synmergistic ection of mixtures of various
vitamins, especially of vitamin By, amd folic ecid, the isolrted and combined
administration of these and other vitamins has been testedes A total of 525 mice has
been used in these experiments. In the following tcble we are swamarizing the results
of experiments in which the action of folic (FA), vitemin B,,, biotin (Bio), and
vitemin K have been tested in mice on sulfasuxidine=containing dietse.

Table I
Effects of Certein Vitamins on the Survival of Mice Injected with PR
(S/leg)angMamf:amed on o Sulfasuxidine-Conteiring Diet¥
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Table I (continued)

3 Diet No. 24 (1) conteining 5% sulfesuxidines 4 basal B vitemin mixture was
incorporsted deily in the diet,

T In the calculation of the avg, time of survival, a survival time of 56 deys
wes accribed to the mice still alive at the ernd of the experiments. Velues
preceded by + are the standard errors of the mesans.

'ﬁ' Not injected with P2,

It should be pointed out that when the results of the control groups are
compared with our rrevious data on the toxicity of P°2 in mice or diets withoub
sulfasuxidine, it is apperent that the inolusion of sulfasuxidine in the diet does
not increase the susceptibility of the enimels to the injurious action of the
isotope. From the previous end ;resent experiments, the following conclusions can
be drewn: a) The addition of generous amounts of folic acid, or folic acid and
vitemin By, to diets without sulfasuxidine had no significant effect on the survival
of mice injected with a dose of P32 in the higher range of the LDgg (21 days);

b) Supplementztion of the sulfasuxidine-conteining diet with folic ecid improved
slightly the survival figurese Vitemin 3, slone was more effectives When, however,
both vitemin By, and folic acid were added to the diet, there was a significant
improvement in the survival of the animalsj c¢) The further addition of biotin and of
a synthetic vitemin Kelike product did not enhence the protection exerted by the
mixture of folic acid eand vitamin Byge

The results of these experiments will be reported at the meeting of the
-Southeastern Section of the Society for Experimental Biology ond kedicine to be
held this coming Aoril at Oak Ridge, Tenne A com:lete manuscript has been
submitted for publication in the Proceedings of the Society for Experimental
Biology and ledicine.

5« Effects of folic acid and vitamin B;. on the hemotological changes following
The introduction of o<,

These experiments were cerried out with the purpose of studying if and to what
extent the beneficial effects of vitamin B;, and folic scid on the survival of mice
injected with P32 could be ascribed to a more rapid or com-lete recovery from the
hematologicel changes caused by the isotope. In a number of experiments, several
groups of animels were mainteined on the same diets employed in the experiments of
the preceding section. Onse snimal in each group was sacrificed at regular intervals
after the introduction of P82, so that sufiicient blood could be obtained for
determinations of hemoglobin, red blood cells, white blood cells and hematocrite
Alter an initial fall, the hemoglobin, red cell, and whitc cell values rose
progressively in all groups of animals, However, betwcen the 12th and the 36th day
efter the administration of P22, all these values in the blood of mice receiving
the mixture of folic acid and vitamin B,; were consistently higher than in the blood
of the other sroupse
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While the differences are perhaps not quite statistically significant, the
date may be teken as at least suggestive of a relationship between the improved
hematological ricture and the prolonged survival of mice receiving the mixture
of folic acid and vitamin Bjge

8¢ Other sxperiments.

Preliminary series of experiments have 2lso been carried out in order to
explore the possible protection exertsd by other factorse Some of these factors,
such as the administration of cysteine, have been claimed to be effective in the
protection against total vody irradistions To date, our results on mice injected
with P°® and cysteine are inconclusive. The affects of adding to the diets sodium
bicarbonate (to make the diet alkalosic), or armonium chloride (to make the diet
acidosic) are being tested, but much more work is required before definite statements
on this point can be made.
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Summary of the work from March 16, 1950 through March 15, 1951 on the project
described as

TOXICITY OF P°2 AS RELATED TO THE DIETS AND TO THE FUNCTIONAL CAPACITY OF THE LIVER

The influence of a number of dietery factors on the toxicity of injected
into mice as sodium phosphcte has been studieds In an investigation of the import=-
ance of an adequate supply of B vitemins, sulfasuxidine has been included in the
diet in order to reduce the synthesis of the vitemins by the microcrganisms in the
intestine. From a comparison between the survival of mice thus made vitomine
deficient and the survival of mice on the same diet supplemented with the vitemins,
it appears thet the combined sdministration of vitamin B;; and folie acid affords
e quite significant protection against the injurious action of the radiocisotopee
It is suggested that such a protection is possibly due to the enhenced recovery
and regeneration of the blood forming elements in the bone marrow.
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