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is equivalent to approximately half of the 
cysteine dose used far comparison (950 mg/kg 
I.V.) in terms of sulfihydryl content. 

Sodium sulfide and colloidal sulfur were 
included to test further the possible im- 
portance of sulfur in the protection afforded by 
cysteine lagainst x-rays. The former was in- 
effectual, while the latter gave equivocal re- 
sults. Ascorbic acid selected )because of its 
reducing properties and its presumed import- 
ance in biolo,gic oxidatim-reductions failed 
to alter survival of the irradiated rat. A 
sulfhydryl group is the most evident dis- 
tinguishing feature between the substances 
which definitely protect and those which do 
not. I t  should be borne in mind, however, 
that all sulfhydryl-containing materials may 
not necessarily protect and that other re- 
ducing substances which are properly dis- 
tributed, temporally land spatially, may. 

Since cysteine, but not cystine, is effective 
in altening sensitivity to radiation, one m'ay 
speculate that the cysteine ads  by protecting 
certain cellula'r components from oxidation by 
the prodlucts of irradiated water. n i s  could 
be accomplished indirectly by the reduction 
of one or more of the critical links in the me 
tabdic chain or directly by neutralization of 
the oxidizing agents ppesumbly produced by 
radiation. Barron and co-workers (3)  have 
reported that small doses of x-rays inacti- 
vate sulflhydryl emymes in vitro by oxidation 

3. Barron, E. S. G., Dickman, S., Muntz, J. A., 
and Singer, T. P., J a r .  Gen. Physiol., 1949, v32, 
537. 

olf their -SH groups (reversible inhiibition) and 
large doses by denaturation of lthe protein 
moiety (irreversiible inhibition). Nonsulfhy- 
dry1 enzymes may be irreversibly inhibited 
by still larger amounts of x-rays, primarily by 
protein denaturation. If enzyme inactivation 
of the types reported by Barron is an im- 
portant factor leading to death of the irradi- 
ated animal, it would appear from the above 
considerations and OUT d'ata on the time course 
of the cysteine protection that the inactivation) 
is of ,the irreversible non-qecific type result- 
ing from protein denaturation. 

Summary. Cysteine greatly reduces the 
sensitivity of rats and mice to lethal amounts 
of x-rays delivered at either high OT lour dose 
rates provided that the amino acid is given 
before the exposure.' Rather comparable pro- 
tection is ubtained when cysteine is injected 
intravenously in rats ilmmediately or 1 hour 
before irradiation with 800 r (90% reduction 
in the 28-d3ay mortality). Injection immedi- 
ately after exposure or 6 or 24 hours before 
is wibhout influence. Cysteine also improves 
survival significantly when it is given orally 
30 to 60 tninutes prior to the irradiation. Glu- 
tathione (I.V. but not oral) can also diminish 
radiation toxicity. Cystine, (methimine, as- 
corbic acid, and sodium sulfide do not alter 
survival of the irradiated animal. Results 
with colloidal sulifur are equivocal. The pos- 
sible significance of these observations is dis- 
cussed. 
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McGinnis et aZ.(l) repmted that Mood chicks d,eprived of animal protein factor 
non-protein nitrogen content was higher in. (APF) than in normal con'trols, and suggested 

that this may have been due to a function of * Scientific Journal Series Yo. 311, Colo. Bgr. 
Exp. Station. APF in enhancing amino acid utilization. 

1. McGinnis: James, Hsu, 1'. T., 2nd G x & q  
W. D., Poultry Sci., 1948, v27, 674. nitrogen, and urea values in rat blood were in- 

Zucker and Zucker(2) found that noniprotein 
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creased in zoopherin deficiency, and have 
elsewhere related mopherin to the animal 
protein factor. Xorris(3) stated that evi- 
dence found by his group (not reported in de- 
tail) pointed, to such a function on the part 
of -4PF. The dbservation of Bird et d(4) 
that norlmal chicks have no appreciable re- 
quirement for APF after 8 weeks of age may 
further corroborate the same CEheory inasmud 
as the periud during which APF is required is 
the time of most rapid growth, and utilization 
of amino acids. 

I t  cannot yet be stated with certainty that 
the effects cited, or those observed in the pres- 
ent work were due entirely -to the vitamin B-12 
contained in the APF or mapherin prepara- 
tions used. There are many indirect indica- 
tions, however, that the principal activity in- 
volved probably was that of vit. B-12. Perhaps 
the most direct evidence is that obtained by 
Ott et al., (5) who found that crystalline vit. 
B-12 exerted APF activity in chicks deprived 
of animal ,protein. They cancluded that since 
the crystalline vitamin elicited growth re- 
sponses comparable to those obtained with 
crude sources of APF, it is possible that vit. 
B-12 is identical with or closely related (to this 
factor. 

Evidence is presented herewith in more 
direct support of the theory that vit. B-12 
functions in amino acid utilization in chicks. 
The term ‘vitamin B-12’ refers hereinafter to 
an activity provided in the form of the Merck 
and Co. .OF Supplement No. 3 .  

Experimental. In Exp. 1 mixed single comb 
White Leghorn chicks from APF4epleted 
dsms were givm corn meal for the first 2 
days of life, then placed on the experimental 
diets. Twenty-five chicks were placed in each 
group, according to a uniform weight distri- 
bution pattern. Feed and water were sup- 
plied ad libitum. The basal dliet contained 
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sodium proteinate? 25, corn #meal 70, dial- 
cium phosphate 3, pulverized, limestone 1, DL- 
methionine 0.3, and choline chloride 0.17 % . 
Viltwnins and minerals were added, in terms 
of milligrams per kilogram of diet, as follows: 
niacimmide 1 7.5 ; calcium panltot.henate, r i b -  
flavin and 2-metbyl-l,4-naphthoqu~inone, each 
10; thiamin hqydroc‘hloride, pyridoxine hydro- 
chloride, pteroylglutamric acid, p-amrinobemic 
acid and alpha, tocupherd, each 5; manganb 
ese, 27.5; iron, 10; copper, 1; cobalt, 0.1; 
and d i u m  chloride, 2500. Vitamin A and 
D oils were incorporated to provide 6600 I.U. 
of vit. A and 750 A.O.A.C. units of vit. D per 
kg sf diet. Because certain treatments in this 
experiment called for the use of iodrinated 
casein, all lots were supplemented to contain 
7 mg iodine per kg diet. 

In Exp. 2 single comb White Leghorn cock- 
erels from a commercial hatchery were kept 
on a vit. B-12 depletion dkt for 2 weeks; then 
placed on experimental diets. Twenty-five 
chicks were placed in emh group, accurding to 
a uniform weight distribution pattern. The 
experimental basal diet was as described fur 
Exp. 1 except that Mine  supplementation was 
reduced $from 7 to 2.2 mg per kg of diet. The 
latter ~iodirre level has been found in, previous 
work to be protective against goitre, and 
experimental treatments did not necessitate 
balancing at the higher level. The depletion 
diet was the same as (the Exp. 2 experimental 
basal except that solvent process soybean 
meal was used at 52.5% and corn meal at 
42.5% in place of sodium prdeinate at 2570 
plus corn meal a t  70%. To facilitate deple- 
tion with respect to vit. B-12,(6) this diet 
was supplemented with 0.05% iodinated cas- 
ein (Protarnonet). 

Experimental measurements were made of 
growth, feed cunsuxnption, thyroid weight, thy- 
ruid histology, and blood contents of: non- 
protein nitrogen, alpha amino nitrogen, eryth- 

- - - - . - -- . - - 
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rocytes, hemoglobin, total amino acids, ( 7 )  
and 7G individual amino acids, namely argi- 
nine, lysine, methionine, tryptophan, histidine, 
threonine and valine. 

Blood for analysis was collected by ven- 
tricular puncture in Exp. 1, and from the 
carotids after decapitation in Exp. 2. In 
both cases potassium oxalate was used a5 the 
anticoagulant. Individual samples were re- 
tained separately until the effectiveness of 
anticoagulant measures could be verified. Clot- 
ted samples and those containing dilspropr- 
tionately large amounts of oxalate were dis- 
carded. The remaining samples were pooled 
according to experimental treatments, and in 
Exp. 1 according to sex. The pooled samples 
were stirred gently and subdivided for prep- 
aration of b t h  laked(8) and udaked(9) 
protein-free filtrates. The filtrates were an- 
alyzed for tdal  non-protein nitrogen by the 
procedure of Koch and &Meekin,( 10) and 
for each of the 7 amino acids by microbiologi- 
cal methods employing Streptococcus faecalis, 
A.T.C.C. 9790. 

Of all the various measures taken only 
growth, feed consumption, non-protein nitro- 
gen and the specific amino acids s h d  mean- 
ingful variations. These are summarized in 
Table I. The blood contents shm are those 
obtained by the assay of unlaked protein-free 
filtrates. Values were obtained by the use 
of l a k d  filtrates also; but are not reported 
in detail since this technic provided relatively 
poor sensitivity to the experimental treat- 
ments. The variations encountered in. these 
values show in most instances t,he same trends 
as those shown in Table I; thereby lending a 
degree of further corroboration. 

Ilt is apparent from Table I 
that the circulating blood of the birds re- 
ceiving vit. B-12 contained less non-protein 
nitrogen, and' less of each of the amino acids 
measured (than did thle blood from birds de- 
pnived of B-12. It also is apparent that the 

Discussion. 
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birds given B-12 grew more rapidly. Since 
better growth was obtained at  lower blood 
levels of amino acids, it appears likely that 
one function of vit. B-12 is to enhance ana- 
bolic processes, which remove amino acids 
from the blood to form fixed tissues. More 
efficient utilization of blood components lead- 
ing to lower blood levels could well result in 
reduction of renal wastage. This in turn should 
be reflected in greater weight gain per unit 
of feed: which was found to be the case in 
both experiments. 

The high efficiency of feed utilization ob- 
served in these experiments is of intberest. 
Mshler. Carrick and Hauge( 11) reported 
that when a similar ration containing pre- 
sumably adequate B-12 (as fish solubles) was 
further supplemented with 0.3% DL-methion- 
ine. the methionine gave improved growth 
and feed utilization. In the present studies 
the diets were supplemented with 0.3% of 
DL-methionine, and feed utilization efficiency 
was very high even in the absence of B-12; 
although still further renhanced by its presence. 
A practical type. high energy starter contain- 
ing animal products (2.5% fish meal, 7.5% 
meat and bone scrap, 2.5% dried whey) has 
gh-en at best about 0.45 g gain per g feed. 

This ration presumably contained ample B- 12. 
Methionine supplementation may have been a 
requisite condition for the high feed! utilization 
efficiency observed in the present experiments. 

The blood methionine levels were unexpec- 
t d l y  IQW compared to those of the other 
amino acids, since examination of the amino 
acid composition of both hicken muscle and 
of the diets used showed much higher relative 
contents of methtio-nine than that found in 
(blood. Similar low amethionine values (0.106 
to 0.3 17 tmg%) were r p r t e d  relative to other 
amino acid b l d  levels in rats. (12) These 
several findings may reflect some unique re- 
lationship of methionine in metabolism, par- 
ticularly as to the role of vit. B-12 in amino 
acid utilization. 

Summary. Vit. B-12 has been shown to re- 
duce blood levels of non-protein nitrogen and 
of 7 individumal amino acids from the levels 
found in vit. B-12 deficient c$hicks. 

Chicks given vit. B-12 grew more rapidly 
and utilized feed more efficiently than B-12 
deficient controls, although the latter had 
higher blood levels of amino acids. 

Vit. B-12 appears to function in metabolism 
by enhancing utilization of circulating amino 
acids for building fixed tissues. 

12. Wiss, O., Helv. Clzim. Acta, 1948, v31, 2148. 
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Recently published reports of clinical 
studies on the treatment of primary atypical 
pneumonia with aureomycin ( 1-4) have iadi- 
cated effectiveness of this antibiotic in s'horten- 

-,+ This v-ork IT-as supported in part by a grant 
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ing the course of the disease. Additional 
evidence for the effectiveness of aureomycin 
against the virus of atypical pneumonia will 
be found in the experimental studies with cot- 
ton rats and chick embryos to be reported in 
this paper. 
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