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Beneficial Effects of Vitamin B;» and Folic Acid on Recovery from
Internal Radiation by P32.* (18553)

W. E. CorNATZER, CaMILLO ARTOM, GEORGE T. HaRRELL, JR., AND DAVID CAYER.

From the Departments of Biochemistry and Internal Medicine, Bowman Gray School of Medicine,
Wake Forest College, Winston-Salem, N. C.

In a previous paper the toxicity of P32 has
been investigated in relation to the content
of lipotropic factors, protein, fat and phos-
phate in the diets(1). In a continuation of
such a study, the effect of varying the supply
of certain vitamins has now been tested.
Damage to the bone marrow is a constant
occurrence in radiation injury and should be
of even greater importance after administra-
tion of radioactive compounds, such as iso-
topic phosphate which is deposited preferen-
tially in the skeleton. Under this condition,
one might expect that the recovery of the
animals will be affected markedly by a de-
ficiency of hematopoietic factors such as folic
acid and vit B;s. Some beneficial effects of
folic acid on the anemia and leukopenia fol-
lowing radiation therapy in human beings
have been reported(2,3). An increase in the
% of survivors and in the survival time of
x-ray irradiated mice receiving generous
amounts of either pyridoxine or folic acid has
also been described(4). However, no signi-
ficant effect of these vitamins on the hemato-
logical changes of the animals was detected.
Folic acid also failed to prevent such changes
after total body irradiation with x-rays of
rats(3), cats(6), and swine(7), and aiter in-

* Technical assistance was given by A. H. Smith,
Jr. This work was performed under a contract
(No. AT-(40-1)-288, Title III) between the U. S.
Atomic Energy Commission and the Bowman Gray
School of Medicine. The P32 was obtained from the
Oak Ridge National Laboratories, Oak Ridge, Tenn,
Part of the vitamins was graciously supplied by
Merck and Co., Rahway, N. J.
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troduction of P32 in human beings, or Sr® in
rats(8). Likewise, vit Byo failed to modify
the anemia and leukopenia of rats exposed to
x-rays(9).

To our knowledge, no study has yet been
reported concerning the effectiveness of the
combined administration of folic acid and vit
Bi> on the recovery from radiation injury:
a point which is directly suggested by the
close relationships in the biological actions
of these two compounds. Moreover, since
large amounts of these and other vitamins
are synthesized by the intestinal flora, an at-
tempt to reduce such a synthesis by the in-
gestion of poorly absorbed antibacterial
agents, would tend to give a more accurate
estimation of the value of the vitamins.

Experimental. Four series of experiments
were carried out on a total of 525 mice under
conditions identical to those of our previous
experiments(1), except as indicated below.
In series I and II, 172 mice were maintained
on experimental diets without added sulfa-
suxidine and injected with 6 uc/g of P32,
Large doses of folic acid (20 mg/100 g of diet)
or of a mixture of folic acid (20 mg/100 g)
and vit By» (0.75 mg) were added to the diet
of part of these animals. In Series III and
IV the low fat, low protein diet (Diet No. 34)
(1) contained 5% sulfasuxidine and a basal
mixture of B vitamins (Thiamine HCl 0.5 mg,
riboflavin 0.5 mg, pyridoxzine HCl 0.5 mg, Ca
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TABLE I. Effects of Certain Vitaming on Survival of Mice Injected with P32 (5 pe/g) and Main-
tained on a Sulfasuxidine Containing Diet.*

Avg food Time of % of survivors Avg time of
No.of consumption, Avgchangein 50% deaths ,—— ———  survival,t
Supplements mice g/day body wt, g days 21st day 56th day days

0 73 3.5 —1.6 27 58 16 29 + 2.0
FA 39 41 +5.0 20 49 31 30 + 3.3
By 24 3.7 —3.8 34 58 46 36 + 4.0
FA + Byy 34 41 —0.1 >56 76 56 42 + 3.5
FA, By, K,Bio. 67 4.0 +1.1 54 72 49 41+ 25
0% (controls) 18 41 —6.7 >56 100 83 55+ 0.8

* Diet No. 34(1) containing 5% sulfasuxidine.
daily in the diet.

A Dasal B vit. mixture (see text) was incorporated

t In the caleulation of the avg time of survival, a survival time of 56 days was aseribed to the
mice still alive at the end of the experiments. Values preceded by =+ are the standard errors of the

means.
} Not injected with P32,

TABLE II. Statistical Comparison of the Survival of Mice Injected with P32 (5 ye/g) and
Maintained on a Sulfasuxidine-containing Diet.

No. of survivors

Avg time of survival at 56th day
N
Supplements rn t P ' x2 P
A 110 0.23 >.05 2.32 >.05
Bio - 95 1.67 >.05 7.56 <.01
FA 4 Byp 105 3.19 <.01 15.70 <.01
A, By, K, Bio. 138 3.85 <.01 15.92 <.01

*n — Degrees of freedom; t — According to Fisher(10); P — Probability for a chance

oceurrence.

pantothenate 2 mg, inositol 2 mg). In addi-
tion, some groups received also, as “supple-
ments” to each 100 g of the diet: folic acid
alone (FA=15 mg), or vit B, alone
(Byz = 0.45 ug), or both folic acid and B
(FA + Bjo; 1.5 mg and 0.45 ug, respectively),
or a mixture (FA,B:2,K,Bio) of folic acid
(1.5 mg), vit Bys (0.45 ug), 2,methyl-14-
naphthoquinone (Menadione, 15 pg), and
biotin (1.2 ug). Three groups of 6 mice each
were maintained for the whole period of the
experiments on the sulfasuxidine-containing
diet without supplements and were not in-
jected with the isotope. All other animals
were maintained on the diets, unsupplemented
or supplemented, for 10 days before the intro-
duction of P32, and for 56 more days there-
after. Each of these mice received a single
injection of P32 (5 uc/g): from our previous
data this dose was estimated to be slightly
below the LD;so (at the 21st day and for a
low-protein, low-fat diet)(1). In the experi-
ments of Series IV, one animal in each group
was sacrificed by decapitation immediately

before and at regular intervals after the intro-
duction of P32, so that blood could be obtained
for determinations of the hemoglobin content,
red blood cell and white blood cell counts,
and hematocrit.

Results. In the experiments of Series I
and II the diets did not contain sulfasuxidine,
and therefore notable amounts of vitamins
were probably still available to the animals
through synthesis in the intestine. Supple-
mentation of such diets with folic acid, or
folic acid and vit B,2, did not appear to cause
any significant effect on the survival of mice
injected with a dose of P32 in the higher range
of the LD;s, (at the 21st day)(1). Data of
the experiments of these series (and of Series
IV also) are omitted for brevity. Only the
data on the survival of mice on the diets
containing sulfasuxidine and the results of a
statistical treatment of these data are recorded
in Tables I and II, respectively. A few of

10. Fisher, R. A., Statistical Methods for Research
Workers, London, 1936, 6th Edition.
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the mice not injected with P32 died after sev-
eral weeks on the low protein diet with added
sulfasuxidine. On the other hand, in the
groups of mice injected with 5 uc/g of P32
the % of survivors at the 21st day and the
time of 509% deaths were the same as, or
greater than the values previously observed
in mice injected with a smaller dose of P32
(4 pc/g) and maintained on a diet without
added sulfasuxidine (Diet 31, which differed
from Diet 34 only in a higher fat content) (1).
It seems therefore that the inclusion of sulfa-
suxidine in the diet did not enhance the sus-
ceptibility of the animals to the injurious
action of the isotope.! Supplementation of
the sulfasuxidine-containing diet with folic
acid alone increased the 9% of survivors at
the 36th day, but the increase was not sta-
tistically significant (P>0.05). Vit By,
seemed more effective, however only the in-
crease in the % of survivors was significant.
On the other hand, the combined administra-
tion of folic acid and vit Bi. offered a
marked protection with a high degree of sig-
nificance for both % of survivors and survival
time. The further addition of menadione and
biotin did not enhance the beneficial action
of the mixture of folic acid and vit B;s. Al-
together our results suggest that none of the
vitamins tested modify appreciably the dam-

t Several recent reports suggest that antibiotics
may even be beneficial in the treatment of radiation
injury by preventing general or localized infections.
For example, streptomycin and penicillin effectively
reduced the mortality or prolonged the survival of
rats injected with P32(11).

11. Koletsky, S., and Christie, J. H., Proc. Soc.
Exp. Bror. axp Mep., 1950, v75, 363,
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age caused by the introduction of P32, but
that an adequate supply of both vit Bys and
folic acid may be an important factor for
the recovery of the damaged tissues.

The hematological changes following the
introduction of P32 in mice on the sulfasuxi-
dine-containing diet showed approximately
the same general behavior in all groups of
Series IV. After an initial fall, the values
rose progressively and often declined again
at the longest intervals. However, between
the 12th and the 36th day, that is, during
the recovery period after the initial fall, the
% hemoglobin and the red and white cell
counts in the blood of mice on the diet supple-
mented with both folic acid and vit B, were
all higher than in the other groups. Because
of the limited number of determinations, the
differences observed can only be taken as a
suggestive indication for a relationship be-
tween the improved hematological picture and
the prolonged survival of mice receiving the
mixture of the two vitamins.

Summary. The addition of generous
amounts of folic acid, or folic acid and vit
By, to experimental diets had no significant
effect on the survival of mice injected with a
dose of P32 in the higher range of the LDs
(21st day). On the other hand, when sul-
fasuxidine was added to the diet and the mice
were injected with a dose of P32 slightly be-
low the LDso (21st day), the administration
of vit B2 and folic acid increased significantly
the time of 509% deaths, the average time of
survival and the % of survivors (at both the
21st and the 56th day).
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As part of a series of investigations on the
development and secretion of blood group
properties, we have investigated the develop-
ment and secretion of the O property in the

newborn, child, and adult. The development
of the O property has been studied by de-
termining the agglutinability and group-speci-
fic absorbing power of red blood cells, using



