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Comparative Threonine, Valine, Histidine, and Glucose Oxidation in

Chicks.*

(25221)

L. E. OusterHout! (Introduced by C. R. Grau)
Dept. of Poultry Husbandry, University of California, Davis

There are very few reports of comparative
studies on relative amounts of different essen-
tial amino acids which will be catabolized and
oxidized, or synthesized into protein after in-
gestion by an animal. Mice injected intra-
venously with 0.7 to 2 mg of labeled amino
acids(1) oxidized 289% of injected activity
from glycine-1-C14, 459 of that from L-histi-
dine-2-imidazole-C'*, 559% of that from L-
leucine-1-C*, and 25% of that from L-lysine-
1-C** to expired CO. within 4 hours. Peak
C10, production occurred within 30 minutes
after injection. Fasted rats fed 25 mg of gly-
cine-1-C'*(2) oxidized 50% of activity to CO»
within 18 hours. Young turkey poults(3) had
a maximum C*Q, production within 2 hours
after subcutaneous administration of DL-ly-
sine-2-C'* with total recovery of 20% of ad-
ministered activity within 24 hours. Fasted
phlorizinized rats given =~ DL-lysine-6-C1¢
orally (4) oxidized 40% of activity to CO, in
8 hours. In a comparison of phenylalanine,

*Part of data have been taken from thesis sub-
mitted to Graduate Division of Univ. of California
in partial fulfillment of requirements for degree of
Doctor of Philosophy.

t Present address: Bureau of Commercial Fisheries
Technological Lab., U. S. Fish and Wildlife Service,
College Park, Md.

tyrosine, and tryptophan metabolism(5),
tracer doses of uniformly labeled amino acids
administered orally to fasted rats showed a
maximum C™Q, production during the first
hour after administration. Within 8 hours,
45% of the C'* in tyrosine had appeared as
COs, 20% of that from phenylalanine, and
25% of that from tryptophan. Tumorous
mice injected intravenously with DL-tyrosine-
3-C(6) oxidized 40% of the activity to CO»
within 24 hours. Phenylalanine-deficient mice
fed meals containing uniformly labeled L-phe-
nylalanine(7) converted a smaller percentage
of tracer doses to CO, than did normal mice
when the meal contained a deficient level of
phenylalanine, but a larger percentage when
the meal contained a normal level of phenyl-
alanine. This suggests that an animal tends
to conserve an amino acid if it is deficient in
its diet. 'This is also shown in the report that
rats fed diets rich in methionine(8) oxidized
25% of methyl-C'* to CO; in 24 hours, but
when diets contained a marginal level of me-
thionine, only 6% of methyl-C'* appeared in
CO, in the same time. Peak C'*O; production
was reached 2 to 3 hours after oral adminis-
tration of labeled amino acid in both cases.
Since these reports involved various experi-
mental animals, fed or fasted, with amino
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FIG. 1. Avg recovery of CYO, from chicks after
intraper. injections of uniformly labeled amino
acids and glueose,

acids labeled in various positions, and admin-
istered by different methods, it is difficult to
compare the data critically.

Methods. In this study of oxidation of es-
sential amino acids, intraperitoneal injections
of different amounts of solutions of L-threo-
nine, L-valine, L-histidine, and glucose uni-
formly labeled with carbon-14 were given
young chicks weighing 80 to 150 g. They had
been previously fed either a complete purified
diet based on crystalline amino acids, a diet
lacking the amino acid injected, or a diet lack-
ing all essential amino acids. The chicks
were fed before being injected and feed and
water were available in the metabolism cham-
ber in which they were placed immediately
after being injected. Respiratory CQO, was
trapped in NaOH, precipitated as BaCO; by
addition of BaCls, collected on filter paper
circles by filtration, dried, and activity deter-
mined by counting in a windowless, gas-flow
counter (Tracerlab). The counts obtained
were corrected for self-absorption, aliquot vol-
umes used, and length of collection periods.
They are expressed as counts/minute for each
minute of collection time/microcurie admin-
istered. Validity of the intraperitoneal meth-
od of administration was checked by oral
forced feeding of diet mixed with labeled
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threonine. Oral and intraperitoneal adminis-
tration gave similar results.

Results. Comparison of average rates of
0, production by chicks after injection of
labeled compounds is given in Fig. 1. The
curves are averages for 4 or 5 chicks for each
compound. Total recovery of administered
activity during the 14 hour periods averaged
109% for threonine, 25% for histidine, 40%
for valine, and 50% for glucose. In addition,
peak C'QO, production varied among the 3
amino acids. Peak production from valine
and threonine occurred close to one hour after
injection, but peak production from histidine
did not occur until nearly 2 hours after injec-
tion.

Difierent diets previously fed had little ef-
fect on oxidation of each amino acid or glu-
cose. A diet lacking the labeled amino acid
administered had little effect on the fraction
of amino acid oxidized except possibly in the
case of one lacking all essential amino acids.
Even 10-fold differences in amounts injected
from less than one mg to amounts above the
daily requirements did not affect the fraction
oxidized to COs. There was no apparent con-
servation of an amino acid lacking in the diet.
Activity remaining in chicks at end of experi-
mental period was much higher in blood, liver,
and muscle picric acid-precipitable proteins of
chicks given threonine than of those given his-
tidine, whose activity was higher than that of
those given valine. Almost all activity remain-
ing in the chicks was in picric acid-precipita-
ble proteins; only limited amounts were found
in free amino acids or other compounds. Most
activity in proteins was in the form of injected
amino acids, only limited activity appearing
in non-essential amino acids.

Discussion. The percentage of each admin-
istered amino acid which is rapidly oxidized
was consistent even when the level of the
amino acid in the diet was varied from very
low to high levels. It was typical for individ-
ual amino acids. The low percentage of la-
beled threonine oxidized to C'*O, raises the
possibility that oxidation of an amino acid is
not a result of a “spillover” of an excessive
lével of the free amino acid pool into oxidative
pathways. In these experiments, the amount
of threonine administered was varied enough
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so that it should have affected the level of the
free threonine pool but the percentage of ad-
ministered threonine which was oxidized was
not changed. The rapid appearance of radio-
activity in the picric acid-precipitable proteins
points to the possibility, at least in the case
of threonine, of some metabolic route from
administered amino acids to bound amino
acids to the oxidative pathways possibly with-
out participation in free amino acid pools.
Summary. When different amounts of uni-
formly labeled L-threonine, L-valine, L-histi-
dine, or glucose were administered intraperi-
toneally to young chicks previously fed com-
plete purified diets or diets lacking different
essential amino acids, the total percentage of
administered activity recovered as C*O, dur-
ing 14 hour experimental periods averaged
10% for threonine, 25% for histidine, 40%
for valine, and 50% for glucose. There were
large differences in the fraction of each amino
acid incorporated into picric acid-precipitable
protein. Peak C'0O, production occurred
about one hour after administration of glu-
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cose, threonine, or valine; 2 hours after ad-
ministration of histidine. Neither previous
diet (complete or lacking the amino acid in-
jected) nor 10-fold variations in amounts of
amino acids administered appeared to affect
fractions oxidized or synthesized into proteins.
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Comparative passage of strontium and cal-
cium through various membranes is of impor-
tance in determining distribution of Sr% in
the body. In vitro ultrafiltration experiments
with serum using Sr8% and Ca*’ as tracers have
shown that filtration of strontium is greater
than that of calcium and that strontium is less
completely bound to plasma proteins than cal-
cium(1). Since passage of these ions
through various membranes in vivo may differ
from that in vitro, the relative transfer rates

* Part of this work presented at 1957 meeting of
Fed. Soc. Exp. Biol. It was supported by Atomic
Energy Comm. grant.

t Post-doctoral Research Fellow, Nat. Found. for
Inf. Paralysis, 1957-1958.

1 Deceased June 1, 1958,

from plasma into different body fluids were
studied. This report deals with passage of
S8 and Ca*® from plasma into cerebrospinal
fluid in man. The question whether cerebro-
spinal fluid is formed by ultrafiltration or se-
cretion has been much argued(2). It was
hoped that these tracer studies might also help
clarify this point.

Materials and methods. Tracer doses of
Sr¥ (approximately 0.2 uc/kg body weight)
or of Sr® and Ca*® (approximately 0.2 pc/kg
body weight of each) were administered as
chlorides in single intravenous injections to 17
patients in whom lumbar puncture was to be
performed for medical reasons. The intervals
between injection of the tracers and lumbar
puncture ranged from 525 to 47 hours, at





