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The appearance of severe malnutrition during
convalescence in seriously wounded men is a fre-
quent and troublesome complication of war casual-
ties. These men frequently lose 50 to 60 pounds
during the first few weeks after injury, and, as
long as their wounds are still healing, this weight
is regained only very slowly or not at all, in spite
of an adequate and even high caloric diet.

A possible explanation for the inability of an
apparently adequate diet to restore seriously in-
jured persons to a normal nutritional status is
afforded by a consideration of the role of the
essential amino acids in protein metabolism. Since
the classical experiments of Rose (1), it has been
known that certain amino acids which cannot be
synthesized by the body are essential for normal
growth and development. No amount of non-
essential amino acids can make up for a lack of
the essential ones, and any protein lacking in any
one of the essential amino acids cannot be utilized
in protein anabolism, except to the extent that the
missing amino acids are supplied from other exo-
genous sources. The regeneration of damaged
tissue takes precedence over, and may occur at the
expense of the metabolism of normal tissue. It
is possible, therefore, that even on a normal pro-
tein intake the available supply of essential amino
acids may be expended primarily on the restora-
tion of damaged tissue, leaving an insufficient
quantity of utilizable protein to meet the normal
metabolic requirements of the remainder of the
body.

According to this view, the supplementation of
dietary protein by essential amino acids alone
might succeed in meeting the excessive demands
occasioned by wound repair and spare enough
utilizable protein to restore and maintain a better
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state of nutrition in the body as a whole. The in-
creasing availability of synthetic amino acids makes
the testing of this hypothesis highly feasible. The
purpose of this report is to describe the effect of
the intravenous administration of the ten amino
acids, known to be essential for the rat (1), on
the utilization of dietary protein by wounded men
and to compare this effect quantitatively with that
obtained by increasing the ordinary dietary intake
of protein.

MATERIALS AND METHODS

Five subjects were selected for study, ranging in age
from 19 to 38 years; all of whom had received severe
penetrating wounds of the chest from one to two months
previously. For experimental reasons, subjects were pur-
posely selected who had recovered sufficiently to be able
to maintain an adequate and reasonably constant dietary
intake. All 5 of these patients, however, still showed
very marked emaciation, were from 40 to 60 pounds un-
derweight and for the most part were gaining weight
only slowly or not at all on a high protein, high caloric
intake. Four of the 5 still had draining thoracotomy
tubes. In addition, 2 patients with acute infective jaundice
were included in the study.

These subjects were divided into two groups. The
first group, consisting of 3 wounded men, Nm, Ri, and Cl,
and one patient with hepatitis, Fl, was studied for 1 to 2
weeks on diets containing between 9 and 10 grams of
protein nitrogen per day. The dietary nitrogen was then
increased by from 25 to 100 per cent and the patients were
observed for another 1 to 2 weeks. The second group of
subjects, composed of 2 wounded men, Haz and Hib, and 1
patient with hepatitis, Hap, was studied for 2 weeks on
diets containing between 16 and 24 grams of protein
nitrogen daily. They were then given intravenously 20
grams of the amino acid mixture described below, equiv-
alent to 2.5 grams of nitrogen, daily for 6 days in addition
to their diet, and the study was continued throughout this
period and for 1 to 2 weeks longer.

The subjects were placed on weighed diets and the
intake of protein, fat and carbohydrate was calculated
from standard tables of food analysis. The calculation of
the composition of the diets was rendered somewhat un-
certain by the fact that they consisted largely of "C"
rations and it is possible that the calculated nitrogen
intakes were too high. This might account for the fact
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that some patients appeared to be "retaining" considerable
amounts of nitrogen even during periods in which they
were losing weight. Since all patients were eating the
same food, however, and since the articles of the diet were

extremely limited and repeated at frequent intervals, the
error of calculating the nitrogen intake should affect all
patients and all periods of study equally and should not
influence the validity of comparing results on different
patients receiving the same foodstuffs.

All urines and thoracotomy drainages were analyzed
daily for total nitrogen by microdigestion and nessleriza-
tion. The urines were further analyzed for creatinine by
a modification of Folin's method (2), and weekly aliquots
were analyzed for urea plus ammonia by the hypobromite
method (3) and for alpha amino acid nitrogen by the
method of Van Slyke et al. (4). Nitrogen "retention" is
calculated as the excess of the intake of protein and'
amino acid nitrogen over the nitrogen lost in the urine
and thoracic drainage. This calculation fails to take into
account the nitrogen lost in the feces and also in the
sweat which may be considerable in the tropical climate

where this study was carried out. These losses are rela-
tively constant, however, in the absence of diarrhea or

changes in environmental temperature, and for compara-

tive purposes the excess of the intake over the urinary
output of nitrogen may be considered to reflect accurately
the true retention of nitrogen by the body. The daily loss
of nitrogen from wound drainage rarely exceeded 0.5
gram, and was usually much less.

The synthetic amino acid mixture 4 utilized in this
experiment was based on the proportions worked out by
Whipple et al. (5) and had the following percentageI I

composition.

dl Threonine
dl Valine
dl Leucine
dl Isoleucine

Lysine
dl Tryptophane

4 The amino acids

7 dl Phenylalanine
15 dl Methionine
11 1 Histidine
10 Arginine
11 Glycine
3

10
13

5

5

10

were obtained from Merck and Co.

TABLE I

The effect of increasing the dietary intake of protein on the average daily urinary excretion and "retention" of nitrogen
(Dotted line indicates period of increased intake)

Nitrogen
Patient Period no.* Body weight Remarks

Intake Output "Retention"

kgm. grams per day grams per day grams per day
-Nm. 1 52.2 9.76 6.40 + 3.36 Chest wound. Thoracic

2 10.64 3.33 + 7.31 drainage nitrogen included
........... ......................... .............. .............. in output.

3 50.0 16.77 4.90 +11.87
4 18.19 7.44 +10.75
5 52.7 17.13 4.06 +13.07
6 51.8 17.39 6.34 +11.05

Ri. 1 56.4 11.57 5.46 + 6.11 Same as above
2 11.48 7.23 + 4.25

3 59.5 18.05 7.94 +10.11
4 18.82 7.88 +10.94
5 57.2 19.33 8.34 + 10.99
6 57.2 20.10 9.73 +10.37

Cl. 1 58.2 11.31 6.57 + 4.74 Same as above
2 8.96 6.17 + 2.79

3 56.8 18.82 7.56 +11.26
4 21.71 9.67 +12.04
5 59.1 23.40 8.53 +14.87
6 60.0 21.94 11.02 +10.92

Fl. 1 68.2 13.94 10.02 + 3.91 Hepatitis. Patient showing
2 14.83 9.43 + 5.40 improvement in liver func-
3 68.2 15.49 10.33 + 7.01 tion.
4 15.48 9.26 + 6.22

5 69.1 18.04 10.04 + 8.00
6 19.46 11.70 + 7.76

........... ...................... .............. .............. .............. ...... .......

7 70.9 16.10 10.75 + 5.35
8 16.32 9.45 + 6.87
9 72.3 14.77 9.18 + 5.59

10 16.75 12.56 + 4.19

* Consecutive 3-day periods.
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TABLE II

The effect of the intravenous administration of essential amino acids upon the urinary excretion and "retention" of nitrogen

Nitrogen Amino
Patient Period Body _acidsRemark_sno.* weight idRaL.V.

Intake Output "Retention"

grams per grams per grams per grams perkg. day day day day
Haz. 1 51.0 17.97 8.23 + 9.74 0 Chest wound. Thoracic drainage in-

2 17.11 10.94 + 6.17 0 cluded in output. 2.5 grams amino
3 50.0 17.71 9.37 + 8.35 0 acid nitrogen daily included in intake
4 23.82 12.99 + 10.83 0 for periods 6 and 7.
5 51.0 22.59 12.19 +10.40 0

6 23.99 13.41 +10.58 20
7 55.0 24.08 14.68 + 9.41 20

8 23.32 7.23 +16.09 0
9 54.0 20.62 6.13 + 14.49 0

Hib. 1 55.0 18.92 7.67 + 11.25 0 Chest wound. Thoracic drainage in-
2 19.11 8.27 +10.84 0 cluded in output. *2.5 grams amino
3 21.46 7.47 +13.99 0 acid nitrogen daily included in intake
4 60.0 23.45 12.82 +10.63 0 for periods 5 and 6.

... ... .. .. . ... .. .. . *.......... .. . . . . . .......-
5 18.84 7.43 +11.41 20
6 61.5 16.97 13.11 + 3.86 20

7 22.77 7.55 +15.22 0
8 63.0 22.23 5.41 +16.82 0

Hap. 1 58.2 16.54 10.57 + 5.97 0 Hepatitis. Patient showed no im-
2 15.40 10.85 + 4.55 0 provement in liver function. 2.5
3 58.2 16.41 12.78 + 3.63 0 grams amino acid nitrogen daily in-
4 15.12 10.67 + 4.45 0 cluded in intake for periods of 5 and 6.

........ ......... ........ ...... ........... ............. ....................... ...... ....

5 57.7 17.37 14.24 + 3.13 20
6 20.03 10.24 + 9.46 26......... .......... ............. ........... ............. ........

7 58.2 14.68 8.46 + 6.21 0
8 17.63 8.90 + 8.73 0
9 59.1 15.27 9.00 + 6.27 0

10 17.24 9.20 + 8.04 0

* Consecutive 3-day periods.

Twenty grams of this mixture were dissolved with the
aid of heat in 500 ml. of physiological saline, filtered and
autoclaved. This amount was administered intravenously
daily for 6 days. The infusion was completed in a
period of 20 to 30 minutes and no reactions were ob-
served. The average daily nitrogen intake, urinary plus
drainage tube output and "retention" have been calculated
for consecutive 3-day periods and are presented in Tables
I and II.

RESULTS

Within the range of nitrogen intakes studied,
an increase in intake was uniformly accompanied
by an increase in nitrogen "retention." In the
3 wounded men, Nm, Ri and Cl, when the
protein nitrogen intake was nearly doubled (pe-
riods 3 to 6, Table I) from 75 to 89 per cent of
the extra nitrogen was retained. As might be ex-
pected in the presence of severe malnutrition, the

excess of nitrogen intake over urinary excretion
reached remarkably high values as the protein
intake was increased. In the patient with hepati-
tis, Fl, when the dietary nitrogen was increased
by 25 per cent, approximately 30 per cent of the
added nitrogen was retained (periods 5 and 6,
Table I).

A consideration of the effect of supplementing
dietary protein by the intravenous administration
of the 10 essential amino acids (Table II) reveals
two points of interest. First, the effect appeared
to be a delayed one. In neither Haz nor Hib was
there any increase in nitrogen "retention" during
the 6 days of amino acid administrations (pe-
riods 6 and 7, Table II). In the case of Hib
this might have been due to the fact that his thor-
acotomy drainage tube became obstructed during
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this period and he was running a fever of 101 to
1020 with consequent loss of appetite, decreased
protein intake and increased nitrogen catabolism.
In the patient with hepatitis, Hap, an increased
retention of nitrogen first became apparent during
the second 3-day period of amino acid adminis-
tration (periods 5 and 6, Table II). In all 3
subjects a fall in urinary nitrogen excretion and
rise in nitrogen "retention" occurred in the week
after the amino acid administration. This was

especially marked in the 2 wounded men, but in
the patient with hepatitis this increased nitrogen
retention persisted for 2 weeks after cessation of
amino acid administration.

The second point of interest is the fact that the
magnitude of the increase in nitrogen retention
occurring during the latter half of the period of
amino acid administration in Hap, and during the
subsequent week in all 3 subjects was from 2 to 3
times the amount of nitrogen, either as protein or

amino acids, by which the intake had been in-
creased (Table III). This is in sharp contrast to
the effect of increasing the dietary protein alone,
where the magnitude of the increased nitrogen
retention never exceeded the amount of the in-
crease in intake. Moreover, when the level of
nitrogen intake was approximately the same in
both groups, the absolute values for nitrogen "re-
tention" were significantly higher in the subjects
who had received amino acids than in those who
had not. It would appear that increasing the
supply of essential amino acids had increased the
utilization of dietary protein far more than could
be accounted for merely by the additive effect of
the amino acid nitrogen.

A marked increase in body weight was shown

by Haz during the period of amino acid adminis-
tration. The other wounded man, Hib, was al-
ready showing a rapid gain during the pre-treat-
ment stage. During amino acid therapy while the
patient was running a fever as a result of his
wound infection, his rate of gain in weight dimin-
ished, as might be expected, but did not cease.

The 3 subjects, Cl, Ri, and Nm, showed a loss
of weight on the diets containing 9 to 11 grams of
nitrogen. This loss was regained when the
nitrogen intake was markedly increased, but they
showed little or no further gain in weight during
the period of study. The 2 patients with hepatitis
were not exactly comparable in that Fl, who did
not receive amino acids was showing steady im-
provement in liver function and also gain in
weight during the period of study. On the other
hand, Hap, who received amino acids, showed no

improvement in liver function while under ob-
servation. In spite of this he started gaining
weight during the week following amino acid
therapy for the first time since the onset of 'his
illness.

A study of some of the nitrogenous constitu-
ents of the urine revealed that the intravenous
administration of amino acids caused no con-

sistent change in the excretion of urea. From
10 to 30 per cent of the administered amino acids
were excreted in the urine (Table IV). These
may have been some of the unnatural isomers
contained in the mixture, which are slowly or in-
completely utilized. No greater loss of amino
acids in the urine was noted in the patient with
hepatitis than in the 2 wounded men. This is
rather surprising in view of the fact that this
patient showed a definite decrease in his tolerance

TABLE III

A comparison of the average daily increase in nitrogen "retention" foUowing an increase in dietary protein intake
and following administration of the essential amino acids

Total increase Increase in Increased Method
Patient in nitrogen nitrogen "retention" of Method of calculation

intake "retention" Increased treatment
intake

grams per day grams per day
Nm. 7.17 6.35 0.89 increased diet Periods 3 to 6 minus 1 and 2, Table I.
Ri. 7.55 5.62 0.74 same same
Cl. 11.27 8.50 0.75 same same
Fl. 3.76 1.09 0.29 same Periods 5 and 6 minus 1 to 4, Table I.

Haz. 2.12 6.19 2.92 amino acids Periods 8 and 9 minus periods 1 to 5, Table II.
Hib. 1.76 4.34 2.47 same Periods 7 and 8 minus periods 1 to 4, Table II.
Hap. 1.10 2.84 2.58 same Periods 6 to 1Ominus periods 1 to 4, Table II.
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TABLE IV

The effect of the intravenous administration of synthetic amino acids on the urinary excretion of alpha amino nitrogen
and on the proportion of the total urinary nitrogen excreted as urea

Alpha-amino acid nitrogen Urea nitrogen.

Patient Date Percentage of
Urinary Excess loss Percentage of in- t n ar yIntake output in urine take lost in urine

grams per day grams per day grams per day per cent per cent
Haz. Aug. 9 to 14 0 0.111

Aug. 15 to 20 2.090 0.648 0.524 25 72.4

Aug. 21 to 28 0 0.137 87.2

Hib. Aug. 9 to 14 0 0.117 82.5
Hib. . .. .. . . Aug........0....1 .............. ........... . .............. ...........82.5

Aug. 15 to 20 2.090 0.369 0.262 12.5 88.0
................. .............. .............. .............. .............. ...... ........

Aug. 21 to 28 0 0.098 80.8

Hap. July 28 0 0.098 84.8
July 30 0 0.085 69.5Jl30....... °.. ....... .............. 8........... . .............. .. ............ ... ..... ......6

July 31 2.090 0.248 72.2
Aug. 5 2.090 0.151 0.155 7.5 86.1
Aug. 6 2.090 0.372 93.8

Aug. 7 0 0.122 85.5

to amino acids, indicative of liver damage. His
plasma alpha amino acid level rose to 11.51 mgm.
per 100 ml. immediately after the infusion of 20
grams of amino acids and failed to reach the pre-
injection level of 3.74 mgm. per 100 ml. after 90
minutes. It would seem unlikely, therefore, that
the loss of amino acids in the urine of the wounded
men with presumably normal liver function was
due primarily to failure of storage or metabolism
by the liver.

DISCUSSION

From the foregoing data it is apparent that the
addition of an excess of all the essential amino
acids to a normal diet increases the utilization of
dietary protein by individuals who are in a state
of malnutrition. Such a result is anticipated from
Rose's demonstration of the necessity of the essen-
tial amino acids for normal growth and tissue
metabolism, which leads to the concept that the
nutritional efficiency of any protein is limited by
its content of these amino acids. Thus a diet
normally adequate in protein may be inadequate
in its content of essential amino acids to supply
the excessive and preferential demands for the
restoration of damaged tissue and still have enough
left over to supply the normal metabolic needs of

the body. Even though an excess of the non-
essential amino acids may remain unused after the
withdrawal of the essential ones, they are no
longer available for protein anabolism and a state
of generalized malnutrition will ensue. When
the supply of essential amino acids is increased, a
larger proportion of the dietary protein is made
available for use in the metabolism of the body as
a whole. From the data presented it might be
estimated that for each essential amino acid ad-
ministered somewhere between 2 and 3 nones-
sential amino acids become available for incorpora-
tion into body protein.

The reason for the delay in the appearance of
the effect of the added amino acids on protein
utilization, or for the prolongation of this effect
for 1 to 2 weeks after cessation of their adminis-
tration, is not at present clear. It seems pos-
sible that a portion of the administered amino
acids may be stored in the liver as a reserve which
continues to be available for protein formation
over a considerable period of time. Further work
must be done on a larger series of cases in order
to define more exactly the time relationships in-
volved between the administration of amino acids
and the onset of their effect on protein utilization.

If the dietary protein were relatively more defi-
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cient in some essential amino acids than in others,
which is probably the case even in proteins of high
biological value, the addition of only certain
selected essential amino acids might have as great
an effect on protein utilization as all 10 of them.
Obviously a great deal more work must be done to
determine the best possible combination of the
essential amino acids to use, but it is evident that
the parenteral use of synthetic amino acids is a
practical and useful procedure and has many ad-
vantages over other types of protein substitution
therapy.

SUMMARYAND CONCLUSIONS

1. A synthetic mixture of the 10 amino acids
shown to be essential for the rat has been ad-
ministered intravenously to 2 wounded men and
1 patient with acute infective jaundice, who were
all in a severe state of malnutrition. At the same
time, these subjects were receiving a high protein,
high caloric diet.

2. For a period of 1 to 2 weeks following the
amino acid administration all 3 subjects exhibited
a marked increase in nitrogen utilization which
exceeded by from 2 to 3 times the total increase
in nitrogen intake.

3. These results were compared with the effect
of increasing dietary protein in comparable ex-
perimental subjects. In no case did the increase

in nitrogen utilization exceed the increase in pro-
tein nitrogen intake.

4. The parenteral administration of synthetic
amino acids is a practicable and valuable form of
protein substitution therapy.
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