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Current emphasis on the use of proteins in the
treatment of various disorders of the alimentary
tract has stimulated a comparative study of certain
aspects of protein metabolism in normal persons
and in patients with gastro-intestinal disease. In
addition to the usual nitrogen balances, microbio-
logical assays were made of eight amino acids in
food, acid-hydrolyzed whole plasma, tungstic acid
filtrates of plasma (free amino acids), acid-hydro-
lyzed tungstic acid filtrates of plasma (free plus
combined amino acids),' hydrolyzed urine, and
in feces. The amino acids measured were methi-
onine, lysine, arginine, histidine, leucine, isoleu-
cine, valine and threonine. The present paper
deals with individual amino acid levels in the
food, plasma, and urine of two normal adult men
fed isocaloric diets of differing protein content.
The data indicate that the fasting levels of amino
acids in plasma are relatively constant, and that
the excretion of amino acids in the urine does
not fluctuate significantly despite considerable
variation in amino acid intake.

METHODOF STUDY

A. Subjects
Two healthy young men were studied in the metabolism

section of Billings Hospital. In addition to the standard
laboratory procedures, normal results were obtained for
the followings (a) urea clearance test of renal function
(1); (b) oral glucose tolerance; (c) hepatic function
(2-9); (d) carbon dioxide ([10] p. 283), pH ([10] p.
796) and chloride ([10] p. 835), calcium (11), and
phosphorus (12) content of serum; (e) plasma proteins
(13); and (f) gastric secretion (14) (0.1 mg. histamine
diphosphate per 10 kg. body weight).

Subject 1, J. D.; initial weight was 70 kg., height
175 cm. The basal metabolic rate, measured by the
Benedict-Roth apparatus and calculated according to the
standards of Boothby and Berkson, was +4; the basal
calories were estimated as 1880.

1 This study was supported in part by grants from the
Evaporated Milk Association and American Dairy Asso-
ciation.

Subject 2, R. G. H.; initial weight was 84 kg., height
187 cm. The basal metabolic rate was 0; basal calories
were estimated as 1990. The blood and plasma volumes
were measured by the Gibson-Evans method (15) at fre-
quent intervals in this subject; the values were relatively
constant, averaging 6198 and 2720 cc., respectively.

B. Diet

Normal activity was permitted. Fluids were allowed
ad libitum, but the fluid intake and urine output were
measured daily. The only medication consisted of a
liquid vitamin B preparation given daily. Though the
quantity of protein was varied, the caloric intake was kept
uniform by adjustment of the carbohydrate and fat con-
tent of the diet. The number of calories was determined
on the basis of the basal metabolic rate of each subject,
with additional allowances for his usual activity. In
Subject 1, the intake of calories was 3200, the carbo-
hydrate ranging in the various periods from 403 to 477
gms. and the fat from 110 to 154 gms. In Subject 2,
the intake of calories was 3190, the carbohydrate ranging
from 415 to 475 gms. and the fat from 103 to 131 gms.
Two to 4.0 gms. of table salt were added to the food
each day. Crystalline methionine was added in periods
9 and 10; in all other periods the quantity of individual
amino acids was varied by changes either in the amount
or type of protein. Following a transitional interval of
three days, each regimen was studied for two consecutive
six-day periods.

C. Preparation and Analysis of Food, Plasma and Urine
The food was prepared in the kitchen of the metabolism

section by dietitians trained in the problems of metabolic
research. The food was weighed on a torsion balance
before cooking; salt was the only seasoning; meats were
broiled. The quality and quantity of the food were kept
uniform throughout each regimen.

For analysis, a 30 to 40 per cent aliquot of a one-day
supply of food (excepting pure carbohydrate and fat)
was homogenized with distilled water in a Waring blendor.
A second aliquot of the same diet was prepared and
analyzed approximately one week later; the results of
both measurements were averaged.

At the end of each six-day period, following a 10-hour
overnight fast, 100 ml. of venous blood were drawn,
transferred to a screw-capped bottle containing 15 to 30
mg. of heparin, and mixed thoroughly. The blood was
centrifuged and the plasma removed immediately. One-
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ml. samples were taken for the measurement of total
nitrogen and for the assay of amino acids in acid-
hydrolyzed whole plasma. Forty-ml. samples were used
for the preparation of tungstic acid filtrates, as described
by Hier and Bergeim (16). Aliquots of the tungstic
acid filtrates were hydrolyzed with hydrochloric acid and
assayed for total non-precipitable amino acids.

The urine was voided directly into glass containers
and stored under toluene at ice box temperature (3-5O C.).
The total six-day collection was combined and aliquots
were taken for various analyses. Urea was measured by
the urease method (17), free ammonia by the procedure
described in Peters and Van Slyke (10) and the pH of
the urine by the glass electrode method.

The total nitrogen of the food, plasma and urine was

determined by a semi-micro-Kjeldahl technique, utilizing
the Pregl-Parnas-Wagner apparatus and the digestion
mixture of Campbell and Hanna (13). Amino acid as-

says were carried out by the microbiological method, as

described elsewhere (18, 19). Recovery of measured
amounts of pure amino acids added to the urine before
acid hydrolysis ranged from 90 to 110 per cent. The
validity of the microbiological procedures used in these
studies has been confirmed by Toennies and Gallant (20).
Leucine, isoleucine, arginine, histidine, valine and threo-
nine were measured with Streptococcus fecalis; methio-
nine and lysine with Leuconostoc mesenteroides P-60 as

the assay organism.

RESULTS

The body weights of both subjects did not
change significantly throughout the study. The
total plasma proteins and the albumin-globulin
ratios remained normal. The data for amino acids
are presented in Tables IA and B. A change in
concentration was considered significant if it ex-

ceeded the standard deviation 2 by two or more
times.

Individual Amino Acids in Whole Plasma

The fluctuations in the methionine content of
whole plasma in both subjects paralleled the vary-

ing intakes of this amino acid in food. For the
seven other amino acids, there was no direct cor-

relation between the quantities ingested and the
plasma levels. The addition of crystalline DL-
methionine to a diet adequate in this amino acid

2 Standard deviation derived from expression:

S.D.2 = [M.D.]

S.D. = standard deviation; M.D. = mean deviation; n =
number of values measured.

TABLE I-A

Intake in food, excretion in urine and fasting normal plasma levels of individual amino acids in two normal men

Subject 1 (J.D.) 1 BSubJect 2 (F.G.2.)
Past ARIM Acid Ewes in planl uSt1 Amino Acid revel. inPluM

Peritoa intake crtion Whi ToaN in Intake Acrotion VEtoWhole ir Aio I TotaI -PioX2
in Food Urin. 11am Acid Amino Acid in FoOd Urine P1Am Acid Amino Ac- (4m6 (UI.*n ) (6 dL.) mg./ml

1'2 10.20 0.03 0.59 3.9 3.1 12.78 o.o 0.89 6.35.23,4 6.oo 0.o 0.39 5.0 S.5 6.78 o.a6 o.54 6.2 5.9
5'6 92.2 0:.0 0.76 5.0 5.2 12.66 o.$ o.j8 5.7 0
7'8 7.14 0.01 o.46 .3 3.2 10.50 o. o.49 4 .9
910 13.114 o.o7 0.92 6.9 6.7 16.50 0.12 0.77 6.1 7.7

LTSIM
1F2 27.81 0.29 7.9 23.5 *5.0 35.58 0.85 8.1 28.2 65.O
3,11 9.90 o.32 6.2 241.2 *15.0 16.56 o.73 8.66 21.7 56.5
5,6 28.98 o.36 7.7 27.0o17.0 32.60 o.95 8.17 27.9 69.3
7,8 18.72 0.31 6.11 20.8 36.1 28.80 o.88 8.10o 211.7 60.2
9,10 18.72 0.37 6.98 28.0 60.5 28.80 0.80 8.17 31.2 69.o

-1T2 22.20 0.12 3.72 11.9 13.0 29.82 0.22 1.52 18.6 49.8
3 . 1.64 0.09 2.99 12.0 141.0 111.91 0.19 41.6 15.9 38.9
5,6 20.52 o.11 3.65 15.2 28.3 28.80 o.18 11.u 15.7 113.8
7,8 19.08 0.12 3.29 17.2 22.2 28.c2 0.19 3.t7 16.5 2
9,10 19.C8 o.16 3.72 18.8 30.9 28.ce 0.17 3.19 15.9 46.9

1 2 1.52 0.77 2.23 15.9 21.7 16.11 2.76 2.12 U3.2 111.5
311 6.18 0.l1 2.20 17.7 21.6 7.6B 1.81 2.20 13 22.7
5'6 11.52 o.8o 2.31 12.5 21.6 1.3.90 2.36 2.26 11.1 27.5
7,8 10.80 0.72 2.11 17.0 20.8 13.oB 2.41 2.20 11.2 23.7
9,10 10.80 0.90 2.110 17.3 20.5 13.B 2.48 ,2.29 17.0 28.8

(a) 6.0 gms. crystalline DL-methionine added in periods 9 and 10, supplementing diet of periods 7 and 8.
(b) All values are averages of data for two successive six-day periods.
(c) The apparently lower values for total non-precipitable methionine as compared with free amino acid values

are due to the experimental error inherent in the microbiological method.
(d) The term "Total non-protein amino acids" should read "Total non-precipitable amino acids."
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TABLE I-B

Intake in food, excretion in urine and fasting normal plasma levels of individual amino acids in two normal men

10X ssz ~~~~~Wmn IL (Jo M." 040 rrv

Lu Wool I Vr1 PlainAoAW ZMMIM in Aol MIA AM-ainSL
- (J~/6 ) w.^. ( =) (/6V./al.de)'ge

T2 56.62' o.2 6.58 24.0 57.0 '1.82 0.19 6.81 27.8 so.8
5, 21. 0.10 5.99 27.9 5.00 27.72 0.2o 7.50 6.5 59.8
5,6 29*9 o.1A 6.78 27.o ..3 .20 0.16 6.i3 19.6 '8.6
7,8 31:5 0.10 6.65 25.o 56. 7.86 MO 6.* 2.0 * o
9910 31: . 06o.1 6.26 28.0 39,1. 3 27.966.859.157.86

Isa-
lZ 26.76 o.08 i.63 IT. A.0 30oo O.U 1.71 2o~o 41.8

5,. 18.70 O.07 i.6o 21.? 23.5 .8 O.1 1.81 19.7 .2
5,6 25.90 0.10 1.e 17.8 32.o 2.70 0.10 1.59 91.6 57.1
7,8 21.6o o.aB 1.66 38.0 2 .7 22.8o 0. 1.60 38.2 56.7
9,10 21.60 0.08 1.67 16.o 8.9 22.80 0.11 1.13 17.8 38.2

TALIW
T0F 26.16 0O.1 .86 26.8 51.5 28.92 0.18 '.91 28.7 51.2
5,. 1..0 0.10 '..59 27.1 25.2 i9.57 0.16 ..6'. 28.6 .
5 6 21.C6 0.10 .60 19. .' 28.00 0.17 '.26 26.9 e7.6
7,8 21.50 0.10 22. .0 2'.60 o.16 5.57 26. U.O
9,10 21.50 0.12 '.. 55.7 55.5 24,60 O.1. 5.8 29 54.6

lF2 16.80 0.27 '.21 16.8 5.06 22.80 O.59 '.57 24.6 .2
3 4 10o1 0.20 3.18.5 1.2 12.9o o0.6 I07 20.1 .1
5,6 v7.% 0,32 5.4 9.0 36.8 191:.9 o. 3.71 21.1 >.0
7,8 15.00 o.26 ?.13 20.8 52.6 19:4 0.47 5.91 21.6 51.5
9,10 15.00 0.28 3.8 21.7 35.6 19 .' o.4' . 'c u1.o 60.7

(See footnotes under Table I-A.)

was accompanied only by a slight rise in the total
methionine content of plasma in both subjects.

Individual Free Amino Acids in Plasma
The free amino acid content of plasma fluctuated

slightly but did not parallel the varying intakes.
Free methionine and free lysine increased mini-
mally in both individuals after the addition of crys-
talline methionine to the diet; the concentrations
of the other six amino acids did not vary signifi-
cantly.

Combined Non-Precipitable Amino Acids in
Plasma

Seven of the eight amino acids were consistently
present, to some extent, in a non-precipitable
"bound" form, i.e., not precipitated with tungstic
acid, yet not available to the assay organisms for
growth. Non-precipitable combined methionine
was found only in minute quantities or was totally
absent. The combined non-precipitable amino
acids in plasma varied in a random manner in
both subjects. The addition of crystalline methio-
nine was accompanied by slight increases in the
levels of methionine and lysine only.

Amino Acid Output in Urine
The output of amino acids in the urine, as de-

termined microbiologically, was very small (Tables

IA and B). The pattern of relative rates of ex-
cretion for the various amino acids was not di-
rectly related to the amounts taken in the food.
Thus, the outputs of leucine and arginine were sim-
ilar, although the intake of arginine was much
smaller. The excretion of threonine exceeded
that. of valine although its intake was less. Histi-
dine was excreted proportionately in far greater
quantities than the other amino acids, averaging for
the two subjects approximately 13 per cent of the
intake. There appeared to be no correlation be-
tween the quantities of amino acids in the urine
and the volume of urine or the output of urea ni-
trogen.

The fluctuations in excretion of histidine and
threonine apparently paralleled the varying intakes.
However, the outputs of methionine (periods 1-8),
lysine, arginine, leucine, isoleucine and valine re-
mained relatively constant. The quantity of meth-
ionine in the urine increased when 1.0 gm. of
crystalline DL-methionine was added daily to a
diet containing adequate amounts of this amino
acid; however, the increment approximated only
0.5 per cent of the added methionine in J. D. and
0.7 per cent in R. G. H. The excretion of the other
amino acids did not change significantly during the
periods of methionine supplementation.

Subject 1 remained in approximate nitrogen
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balance, and Subject 2, in positive nitrogen balance
throughout the study (Table II). Retention of
nitrogen increased markedly during periods 5 and
6, when the intake of protein was increased. The
excretion of urea nitrogen, as expected, paralleled
the quantity of nitrogen ingested. The small
changes in output of free ammonia nitrogen did
not appear significant.

Effect of Low Intake of Amino Acids

The effect of a markedly reduced intake of amino
acids was investigated in Subject 2 during two ad-
ditional periods, not included in the tables. In
(a) the source of protein was a solution of pep-
tone treated with 3 per cent hydrogen peroxide;
the quantity of methionine ingested during the six-
day period was decreased to 2.3 gms. In (b) the
peptone solution was treated with 30 per cent hy-
drogen peroxide, the total intake of methionine be-
ing further reduced to 0.90 gm. In both periods,
1.25 gms. each of DL-tryptophane, L-tryosine, and
L-cystine were added daily to compensate for the
destruction of these amino acids by the peroxide.
No effort was made to maintain the other amino
acids at their original levels. The reduction in the
intake of methionine in period (b) to 7.4 per cent
of the subject's previous average intake was not'

accompanied by a significant reduction in the
methionine content of hydrolyzed whole plasma;
however, the levels of free methionine decreased
markedly. Although the intakes of the remaining
amino acids, with the exception of arginine, also
were considerably lower than in any of the pre-

vious periods, the concentrations of these seven

amino acids in whole plasma likewise did not
change. However, free lysine, histidine, leucine,
isoleucine, valine and threonine decreased signifi-
cantly; the concentration of free arginine did not
vary. The combined non-precipitable levels in
plasma did not diminish during the administration
of the peptone diet. Supplementation of this regi-
men with 1.0 gm. of DL-methionine daily was not
accompanied by significant changes in the concen-

trations of the eight amino acids in hydrolyzed
whole plasma, or in the free amino acid levels.
Non-precipitable combined methionine, lysine, ar-

ginine, and threonine increased slightly. The six-
day output of methionine in the urine decreased
from 0.108 gm. in period (a) to 0.04 gm. in period
(b); the latter value, however, was smaller by
only 27 per cent than the values obtained during
the ingestion of much larger amounts of methio-
nine. Of particular interest, perhaps, was the
increased excretion of lysine, leucine, isoleucine,

TABLE II

Nitrogen balances and excretion of urea and free ammonia nitrogen in subjects J. D. and R. G. H.

Nitrogen Inta|e H 10 e Ure Nitropsi | Aind a
Perlodi per 6-Djy Peiod per PMiod. In in . In Urine

Subject 1

1,2 69.12 - 0.9 52.71 3.80
3,11 - 2.592.*A 32.731
51.*6 79.56 +72.. 05. 31
7,8 70.2 + TM *15 6.48
910 70*88 + 1.20 51.15 11.6L

Subject 2

1,2 93.0 + 6.6 66.1Ma .2
3157.9 18 + 3|17 36.20 Z438
5,6 91.68 *,.48 56.00 1138
7,8 80.311 11.111000h
9,10 -80.9o + 2.92 5566 .S

0.56 gm. N in periods 9 and 10 in form of added crystalline methionine.
All values are averages of data for two successive six-day periods.
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valine and threonine, the intakes of which had
been reduced markedly. The output of arginine
also rose although the quantity ingested was, un-
changed. The excretion of histidine diminished
by 24 per cent, whereas the intake had been low-
ered by 84 per cent. During the same period (b)
the output of urea nitrogen increased and the
nitrogen balance became distinctly negative.

COMMENT

Plasma
The microbiological values in whole plasma for

the eight amino acids are, with the exception of
leucine, within the range listed for serum proteins
by Block and Bolling (21). The data for leucine
reported by the latter investigators were obtained
by the oxidative method of Fromegat which, ac-
cording to Hier et al. (22), yields values higher
than are obtained by microbiological assay. The
fasting whole plasma level of methionine averaged
approximately 0.64 mg. per cent as compared with
0.73 mg. per cent, noted by Kinsell and his associ-
ates (23). The present data for free amino acids
in plasma agree with the findings of Hier and
Bergeim (24) in a group of 33 normal persons,
and with the results for valine and histidine re-
ported by Ackermann et al. (25). The individual
amino acid values for the two subjects of this study
were similar.

The whole plasma levels of lysine, arginine, histi-
dine, leucine, isoleucine, valine and threonine did
not fluctuate significantly although varying
amounts were ingested. However, the methionine
content of whole plasma apparently paralleled the
varying intakes of this amino acid. Non-precip-
itable methionine accounted for only a minute
fraction of these changes. Assuming that the con-
stituent amino acid composition of plasma proteins
remains constant, it may be postulated that a por-
tion of methionine in plasma is attached to the sur-
face of plasma proteins, is precipitable with the
proteins by tungstic acid, yet does not constitute
an integral component of the protein molecule.
The concept of serum protein complexes has been
discussed by various investigators (26-29). How-
ever, more data obviously are necessary to deter-
mine the significance of the fluctuations observed
with methionine and to establish the validity of
this hypothesis.

The effect of increased ingestion of one amino
acid upon the individual levels of other amino acids

in the blood has been studied only occasionally.
Hier (30) found that higher concentrations of
free leucine, isoleucine and methionine in the
blood of dogs, produced by feeding large amounts
of the respective amino acids, were accompanied
by decreases in the levels of certain other amino
acids. However, the elevation in methionine was
associated with a rise in the concentration of lysine.
In the present study also, the increase in methi-
onine, produced by the addition of crystalline DL-
methionine to the diet, was accompanied by slight
rises in the levels of free and combined non-pre-
cipitable lysine. The averaged data do not indicate
the magnitude of the increase which resulted dur-
ing the second period of methionine supplementa-
tion; the significance of these changes, however,
remains to be determined.

Urine
The microbiological values obtained for total

methionine, lysine, arginine, histidine, leucine, iso-
leucine, valine and threonine in the urine are
within the ranges reported by Dunn and his as-
sociates (31), Woodson et al. (32), and by Eck-
hardt and Davidson (33).

Amino acid excretion was extremely small and
relatively constant in relation to the amounts in-
gested. Eckhardt and Davidson similarly found
no significant change in the quantity of amino
acids excreted by a normal subject given varying
amounts of protein. Although the output of methi-
onine increased when the diet was supplemented
daily by 1.0 gm. of the crystalline DL form, the
increment for both subjects averaged only 0.6 per
cent of the added methionine. Harper, Kinsell and
Barton (34) noted a low output of methionine fol-
lowing its intravenous administration. Similar
observations have been made by other investigators
with respect to amino acid nitrogen (35).

It is to be noted that the number of calories was
maintained at a constant level by adjustment of
the carbohydrate and fat content of the diet. The
data of Woodson et al. (32) have been interpreted
as indicating that the caloric intake does not in-
fluence significantly the excretion of amino acids.
However, this point has not been established con-
clusively, in our opinion. Until additional evidence
is obtained, it would appear desirable, in studies
of amino acid excretion, to control the caloric con-
tent of the diet. Preliminary experiments in our
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laboratory suggest that the caloric intake may play
a role in the urinary excretion of amino acids.

A small percentage of the amino acids in urine,
as measured in this study, may have been derived
from protein-like materials; Hanke (36) has re-
ported the presence of a crystalline albumose in
normal human urine which was excreted at a rate
of approximately 50 mg. per day. Analysis of the
amino acid composition of a sample of this ma-
terial indicates, however, that less than 20 per
cent of the total amino acids in urine may have been
present in this form.

The increased excretion of amino acids in the
urine of Subject 2 during the administration of an
oxidized solution of peptone is of considerable in-
terest. The oxidation obviously not only reduced
the amino acid content, but also apparently dis-
turbed the proper proportions of amino acids; the
possible development of a toxic factor cannot be
excluded. In this connection, Sauerblich, Pearce
and Baumann (37) noted a higher excretion of
"free" amino acids in the urine of mice fed diets
containing protein of low biological value than
among mice given proteins of ordinary or high
biological value.

Both subjects remained in approximate nitrogen
balance even when fed a moderately low protein
diet. Nevertheless, nitrogen retention rose mark-
edly when the intake of protein was increased.
This finding suggests, perhaps, that measurements
of nitrogen balance alone, at least for short periods
of time, may not reveal minimally inadequate in-
takes of protein.

SUMMARYANDCONCLUSIONS

1. The amino acids methionine, lysine, arginine,
histidine, leucine, isoleucine, valine and threonine
were measured microbiologically in the food,
plasma and urine of two normal adult men fed a
variety of diets. In plasma, analyses were per-
formed on acid-hydrolyzed whole plasma, tungstic
acid filtrates (free amino acids), and on acid-
hydrolyzed tungstic acid filtrates (free plus com-
bined non-precipitable amino acids).

2. The fasting amino acid content of plasma, in
general, did not fluctuate significantly despite
considerable variation in the quantity of amino
acids ingested in the food. Parallel fluctuations in
the plasma levels and the amino acid intakes were
observed in both subjects only for total methionine.

3. The output of amino acids in the urine was
small, averaging 2.5 per cent of the intake. The
pattern of relative rates of excretion for the various
amino acids was not directly correlated with the
respective individual amounts taken in the food.

4. Excretion of six of the eight amino acids was
relatively constant despite considerable variations
in intake. The outputs of histidine and threonine
fluctuated slightly in relation to the varying intakes.

5. The addition of crystalline DL-methionine to
a diet adequate in this amino acid was accompanied
by increases in the whole plasma levels of methi-
onine and of free and combined non-precipitable
methionine and lysine. The urinary output of
methionine increased slightly; no significant
changes occurred in the excretion of the other
amino acids.

6. In one subject the oral administration of a
peptone solution treated with hydrogen peroxide
and containing markedly reduced quantities of
methionine, lysine, histidine, leucine, isoleucine,
valine and threonine, was accompanied by definite
decreases in the free levels of these amino acids.
During the same periods, the amino acid outputs
in the urine increased considerably.
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