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one and 2% trypsin at pH 8, 60% of the total iodine was ren-
dered acid soluble in 4 hours. With each enzyme, about 70% of
the total hydrolysis into acid soluble and acid insoluble iodine frac-
tions occurred during the first 15 minutes of digestion. Incuba-
tion of the desiccated thyroid in human gastric and duodenal juice
resulted in the liberation of the acid soluble iodine at the same rate
as when concentrated solutions of potent enzymes were used.

Since the liberation of amino and carboxyl groups in such di-
gests continues for a number of days,®* it would appear that one
of the first steps in the digestion of desiccated thyroid is the sev-
ering of linkages binding the 2 iodine fractions.

The very rapid hydrolysis of desiccated thyroid in peptic and
tryptic solutions and in human digestive juices would seem to in-
dicate that therapeutically administered desiccated thyroid is rapidly
hydrolysed into acid soluble and acid insoluble iodine fractions.

These data do not seem to support the suggestion of Lerman and
Salter® that the whole thyroglobulin molecule ““is probably absorbed”
from the gastrointestinal tract “for the most part unchanged.”
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The use of glycine in the treatment of muscle disease is based
partly on the assumption that it is a precursor of creatine, a num-
ber of investigators sharing the view that the transformation of
glycine into creatine is direct. In support of the contention that
creatine is a product of exogenous protein, or amino acid meta-
bolism, Beard and Boggess' have recently presented data to show
that the creatine content of muscle of rats may be increased 20
to 56% {rom the low levels caused by restricted protein intake by
refeeding these animals on 25% casein, or egg albumin, or 21%
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glycine, or glutamic acid for a period of 4 weeks. This procedure,
which presumably first restricts the intake of creatine precursors
and subsequently provides a liberal supply of the same was adopted
in pursuit of Rose’s suggestion® that the origin of an anabolic sub-
stance may perhaps be better studied by limiting the intake of a
suspected precursor below the required level, rather than by adding
excessive quantities to a diet already carrying sufficient amounts
to meet the needs of synthesis.

The logic of this approach to the problem is evident although it
is to be observed that an increase in the concentration of creatine
in muscle and other tissues occurs after feeding creatine.® Accord-
ing to Beard and Barnes* the same effect may be obtained in nor-
mal rats by feeding various amino acids and protein. MacKay®
found that feeding glycine and dl-alanine definitely raised - the
creatine content of the myocardium, while others,® in rabbit-heart
perfusion experiments, observed that the addition of glycine to the
perfusion fluid produced little, if any, effect, but that alanine caused
a definite increase in heart creatine. .

In agreement with the work of Brand® and others in man and
similar studies in experimental animals, one of us has shown® that
the administration of glycine increases the excretion of creatine
in rats. The possibility that this may have no relation to actual
production of creatine was emphasized and is further supported
by the observation that with the exception of the kidney the crea-
tine content of the tissues is not increased (unpublished data), but
on the contrary there is a tendency to loss of creatine from muscle,
this occurring in experiments of both short and long duration.

As shown previously™ *® hyperthyroidism is associated with a
moderate reduction of muscle creatine and a much greater loss
from the myocardium. Because of the depleted reserves it was
supposed that the tendency to form creatine from its precursors
and its retention would perhaps be more readily demonstrable than
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normally. The present report is based on a study of 68 hyper-
thyroid rats, the data in the accompanying table representing a
number of typical experiments.

Rats 271, 278 and 282 received daily doses of 1 mg. of thy-
roxine (Hoffman-LaRoche). Muscle was removed for analysis
as indicated. Detailed analyses of the urine revealed that follow-
ing the operation the daily excretion of creatine and creatinine con-
tinued at approximately the same level, or slightly above that be-
fore the operation. Obviously the continued loss of creatine in
these and similar experiments was uncompensated, as the creatine
content of the muscle obtained at the conclusion of the experiment
was almost invariably lower than the creatine content of the biopsy
tissue. The one exception occurred in the case of Rat 282, which
died one day after the operation as a result of the exertion inci-
dental to the passage of a stomach tube. The tendency to heart
failure in hyperthyroid rats has been commented upon else-
where.® > In all 3 animals the creatine concentration of the
myocardium had fallen to approximately 50% of normal.

Rats 273 279, 281, 286, 326, and 407 received thyroxine
throughout the experimental period. Glycine, one gm. daily, was
given by stomach tube following the biopsy as indicated. The ad-
dition of amino acids and other substances to the rations was
abandoned, because in our experience many rats are sensitive to
such changes and consequently eat less food than usual. Analyses
of the urine showed an inconstant effect, the excretion of creatine
exhibiting wide daily fluctuations, being often depressed suffi-
ciently to suggest a tissue-sparing action. In the aggregate, how-
ever, the post-operative excretion of creatine and creatinine
exceeded the preoperative excretion. As the concentration of
muscle creatine continued to diminish it ' may be surmized that if
any were formed from the administered glycine, it must have been
completely destroyed.

Work in this laboratory suggests that the maintenance of the
creatinine reserve of muscle, especially of the myocardium, is inti-
mately dependent on the maintenance of an adequate glycogen re-
serve. The daily administration of one gm. of glucose to the hyper-
thyroid rats (323, 324, 405) seemed to exert a sparing effect on
the tissues. There was a definite lowering of the creatine output,
despite the continued administration of thyroxine. However, there
was no demonstrable improvement of the creatine content of the

11 Bodansky, M., and Pilcher, J. F., Proc. Soc. Exp. BioL. AND MED., 1935,
82, 597.
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muscle, but considering the longer survival of these animals, the
rate of depletion was perhaps less rapid.

In the rats receiving creatine (275, 283), the tendency to fur-
ther depletion seemed to be checked somewhat, an effect that oc-
curred more consistently when glucose was given in addition (Rat
329). Only about 40% of the administered creatine was recov-
ered in the urine. As the remainder did not accumulate in  the
tissues, it may be concluded that a considerable part followed other
paths in metabolism.”® It should be noted that the analyses out-
lined in Table I were of animals that died, (+) or were sacrificed
(S) 18 to 24 hours after the last administration of creatine, gly-
cine, etc.

Guanidine acetic acid produced an effect comparable to that of
creatine (Rats 285, 403). This becomes more evident if allow-
ance is made for the considerable proportion of the acid that is
excreted unchanged. The extra daily output of creatine due to
the guanidine acetic acid was 7-9 mg. in Rat 285 and 4-5 mg. in
Rat 403.

When the administration of thyroxine was discontinued, the
creatine concentration of the myocardium was rapidly restored,
while in the skeletal muscle little change was noted (Rat 327).
When creatine was administered during the convalescent period,
the concentration in the muscle increased, but restitution in the
myocardium was not especially accelerated, comparable results being
obtained in the controls, or when glucose was given. As regards
the tissue changes convalescence was not strikingly different in
the rats receiving glycine than in their controls. In the case of
Rat 322, which showed a sharp increase in heart creatine, but no
change in the skeletal muscle, the excretion of creatine and cre-
atinine remained practically unaltered during the first 6 days of
convalescence, then diminished somewhat. This is in contrast to
the reduced creatine output which occurred ‘almost immediately in
the control rats and especially in those receiving glucose.

Conclusions. The results of these experiments offer no evidence
of the conversion of glycine into creatine. That this amino acid
is not a precursor of creatine is indicated by some of the data, but
admittedly more conclusive evidence is needed to establish this
view. Difficulty in the interpretation of the results is due partly
to the fact that the fate of creatine is not limited to storage, ex-
cretion, and conversion into creatinine. A large part is used up

12 Compare with Benedict, S. R., and Osterberg, E., J. Biol. Chem., 1923, 56, 29;
and Rose, W. C., Ellis, R. H., and Helming, O., J. Biol. Chem., 1928, 77, 171.
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in other ways. Moreover, in hyperthyroidism, as in certain muscle
diseases,*® the capacity of muscle to take up and retain creatine is
deficient, even though the concentration may be considerably below
normal.

13 Bodansky, M., Schwab, E. H., and Brindley, P., J. Biol. Chem., 1929, 83, 307.




