
Ultra-Rapid Nitrogen Balances in  Man1 (35685) 

JOSEPH H. OYAMA, ROBERT M. KARK, ROY MCCLAIN, GEORGE H. BERRYMAN, 
AND FIDEL V. MACALALAD 

(Introduced by George M. Hass) 
Ilepartnzents of Medicine, Rush Presbyterian-St. Luke’s Medical Center; T h e  University 

of Illinois College of Medicine, and Rush  Medical College, Chicago, Illinois 60612 

The dietary nitrogen balance method, (i.e., 
determining the difference between intake 
and excretion of food nitrogen) has long been 
used to determine protein nutritional status 
and utilization of dietary protein in man. 
When the nitrogen source is given orally, 
digestability and absorption need to be con- 
sidered and fecal excretion must be mea- 
sured, To do this accurately, long balance 
periods (e.g., days and weeks of study) are 
commonly used. 

Whien the nitrogen source is given in- 
travenously, questions of digestability and 
absorption are obviated. Moreover, fecal ni- 
trogen excretion is minimal and can be ne- 
glected unless there is diarrhea or other gas- 
trointestinal disease. In  these circumstances, 
urinary nitrogen essentially comprises total 
nitrogen excretion and nitrogen balance be- 
comes B = I - U, where “I” is amount of 
nitrogen infused and “U” is nitrogen excreted 
in urine. 

We, therefore, report here ultrarapid urine 
nitrogen excretion and balances during in- 
travenous administration of glucose (G) and 
glucose-amino acid (GAA) mixtures to  
healthy participants. 

Methods. Healthy male volunteers aged 23 
to 26 years old and consuming a mixed, 
nutritionally adequate diet were studied on a 
metabolic ward. Their history, a physical ex- 
aminalion, hematogram, urinalysis, and other 
laboraitory tests confirmed their health. 
These participants were studied after an 
overnight fast and thereafter took no food by 
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mouth except for noncaloric liquids ad libi- 
tum. All calories, electrolytes, and nitrogen 
were supplied intravenously. 

Calories we’re supplied as 5 or 10% dextrose 
in water. The amount of calories was varied 
from 25 to 100 kcal/hr in different studies. 
Nitrogen was supplied as a 5 %  solution of 
fibrin hydrolysate in 5 %  dextrose in water 
(Aminosol).2 The amount of nitrogen in- 
fused was kept constant at 840 mg of nitro- 
gen/hr except in one study where twice this 
amount was infused hourly. The solutions of 
dextrose in water and the mixture of amino 
acids and dextrose were alternated consecu- 
tively in different studies a t  8-, 4-, 2-, and 
1-hr intervals over total infusion periods of 
from 8 to 48 hr. Urine collections were made 
by voluntary voiding in periods correspond- 
ing to infusion periods. Great care was tak- 
en to void with pressure at  the end of each 
time period to empty the bladder. 

Total nitrogen was determined by a 
modified Micro-Kjeldahl method ( 1). Free 
a-amino nitrogen was determined by the colo- 
rimetric ninhydrin method, after extraction 
of ammonia ( 2 ) .  

Resulis. Eight subjects participated in 20 
studies. During fasting all participants went 
immediately into negative nitrogen balance 
as apparent during the first timed collection 
period. Two participants fasting completely 
for a 48-hr period excreted 26.0 and 32.8 g of 
nitrogen, respectively. When 600 kca1/24 hr 
were supplied as a constant infusion of glu- 
cose, urine nitrogen excretion diminished by 
34%. Increasing the glucose calories to 1200 
and 2400 kcal/day did not further reduce 
significantly the urine nitrogen excretion. 

The infusion of the amino acid mixture a t  
the rate of 840 mg of nitrogen per hr (10-20 
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mg N/kg/hr) to a fasting participant re- 
sulted in the nitrogen balance approaching 
equilibrium or, more commonly, clearly re- 
versing from negative to positive balance. For 
example, a participant excreted 32 g of ni- 
trogen during a 2-day complete fast. Given 
1200 kca1/24 hr as a constant infusion of 
glucose, urine nitrogen was reduced to 20 g 
for the 2-day study. However, during a 24-hr 
constant infusion of amino acids, the urine 
nitrogen excretion was 15.3 g, and the overall 
nitrogen balance for 24 hr was a positive 4.8 
g of nitrogen. 

In two studies when glucose (25 kcal/hr) 
and the amino acid mixture (840 mg N/hr) 
were infused in consecutive alternating 8-hr 
periods over 2 days, nitrogen balance was 
strongly negative during each glucose infu- 
sion period and came into equilibrium or 
became positive during periods of amino acid 
infusion. When the alternating periods of 
infusion lasted 4 hr (one study during 24 hr) 
or 2 hr (two studies during 12 hr) or 1 hr 
(four studies during 8 hr) the patterns shown 
in Figs. 1 and 2 of negative nitrogen balance 
during glucose infusion and of reversals 
towards or achievement of positive nitrogen 
balance during amino acid infusions were evi- 
dent in all studies. 

As can be seen in Table 111, urine nitrogen 
excretion during periods of amino acid infu- 
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FIG. 1. Nitrogen balances in five studies made in 
healthy participants during 8, 4, or 2 hourly alternat- 
ing infusions of glucose (odd periods), and infusions 
of amino acids and glucose (even periods). Bars 
above the zero line represent nitrogen jnfiised. Bars 
below the zero line represmt nitrogen excreted Dur- 
ing infusions of glucose alone, nitrogen excretion 
equals the nitrogen balance. 
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FIG. 2 .  Nitrogen balances in four studies made in 
healthy participants during hourly alternating infu- 
sions of glucose (odd periods), and infusions of 
mixtures of amino acids and gIucose (even periods). 
Bars above the zero line represent nitrogen infused. 
Bars below the zero Iine represent nitrogen excreted. 
During infusions of glucose alone, nitrogen excretion 
equals the nitrogen balance. 

sion were from 15.8 to 38.4% greater than 
nitrogen excretion during glucose periods. For 
example, during 8-hr infusion periods in 
W. J. (Table 111) , mean nitrogen excretion 
during glucose infusion periods was 4.90 
g;  mean nitrogen excretion during amino acid 
infusion periods was 6.13 g, an increase of 
25.1% in nitrogen excretion during amino 
acid periods, The increase of 1.23 g of nitro- 
gen excreted during the GAA periods repre- 
sented 18.4% of the nitrogen infused during 
the GAA period. 

In  several studies, the urine nitrogen excre- 
tion during glucose infusion periods following 
an amino acid infusion was often less than 
the nitrogen excreted prior to giving amino 
acids (as seen in Figs. 1 and 2). 

Urine-free a-amino nitrogen excretion was 
also measured. During amino acid infusion 
periods, i t  was significantly greater than dur- 
ing glucose infusion periods as seen in Tables 
I and 11. However, the absolute amounts 
excreted in the urine were very small in com- 
parison to the amount infused so that free 
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a-amino nitrogen loss per period was always 
less than 4% of the amount of a-amino nitro- 
gen infused in any one of these studies. 

Discussion. Thus far there has not been 
available a method which could be used to 
rapidly evaluate amino acid and protein re- 
quirements in man or to determine the effici- 
ency of various amino acids in diets to main- 
tain an adequate nutritional state in health 
and disease. The understanding of protein 
metabolism and the unique position of essen- 
tial amino acids has been largely the result of 
long-term classical oral nitrogen balance 
studies (3-5) .  Traditionally, however, such 
balance studies were laborious, difficult, and 
expensive to carry out as they took days to 
weeks in the hospital for completion. In  re- 
cent years, there has been a reemergence of 
enthusiasm for provision of essential nutri- 
ents by parenteral administration to patients 
who are unable to maintain an adequate nu- 
tritional state by the normal route. Dudrick 
(6) and others ( 7 ,  8) have demonstrated 
that some intravenous amino acid mixtures 
can maintain a positive nitrogen balance in 
such patients for a long period of time. 

Our results confirm these observations and 
further show that when amino acid-glucose 
mixtures are given intravenously to healthy 
participants one can detect changes in nitro- 
gen balance in as short as 1 hr. 

Eckhardt et al. (9, 10) and Doolan et al. 
( 1  1 )  have previously shown that very little 
free amino acid is recoverable in urine follow- 
ing either a rapid infusion of amino acids or 
a constant infusion of amino acids. In  acute 
amino acid load studies, Eckhardt et aZ. (10) 
showed that of the small amount of amino 
acids lost from the body and recovered in the 
urine, virtually all appeared within 4 hr, 
with more than 90% of this recoverable with- 
in the first postinfusion hour. There was no 
delayed excretion of amino acids. I n  other 
studies with patients given 50 to 100 g of 
amino acids intravenously daily for several 
days, they showed there was no cumulative 
increase in urinary amino acid excretion (9) .  
The  excretion of nitrogenous end products of 
amino acid metabolism have similarly been 
shown to occur rapidly following amino acid 
infusions. I n  studies on dogs given a rapid 

amino acid infusion, Allison (12)  has shown 
that urinary ammonia and urea excretion in- 
crease abruptly, but are back to basal levels 
within 4 hr. 

In  the studies reported here, urinary total 
nitrogen and free a-amino nitrogen excretion 
were increased during periods of amino acid 
infusion. With constant infusion of the amino 
acid mixture there was no evidence of sig- 
nificant delayed excretion of nitrogenous end 
products. I n  several studies, the nitrogen ex- 
creted was less in the period following amino 
acid infusion than in the initial timed period 
when glucose alone was infused. 

I t  is unlikely that the infused amino acids 
are being lost into the gastrointestinal tract. 
The amino acid content of fasting succus 
entericus is minimal ( 1 3 ) .  The transport of 
amino acids across the gut wall favors ab- 
sorption by greater than 90 to 1, so that only 
a negligible amount of amino acids could be 
sequestered in the gut lumen. 

Whether or not the positive nitrogen bal- 
ances evident in these studies during short 
infusion periods of amino acids are correlated 
with incorporation of the amino acids into 
tissue and plasma proteins remains to be de- 
termined by radioactively labelled amino acid 
studies. Data from isolated perfused liver 
studies and in ZGVO animal studies, however, 
indicate that incorporation of amino acids 
into proteins does indeed occur very rapidly, 
measurable within 20 min ( 14, 15). 

The technique of ultrarapid nitrogen bal- 
ance studies with intravenous administration 
of amino acid mixtures would appear to have 
wide application in the study of utilization of 
various amino acid mixtures, the effects of 
drugs and hormones thereon, the sti.tdy of 
amino acid requirements in health znd dis- 
ease and in the study of mechanisms which 
control amino acid metabolism. 

Summary. Fasting healthy participants 
were in negative nitrogen balance when given 
glucose calories alone intravenously. Rever- 
sal of nitrogen balance from negative to posi- 
tive occurred during the intravenous adminis- 
tration of an  amino acid-glucose mixture. 
During alternating infusions of glucose and 
amino acid-glucose mixtures to fasting healthy 
participants, the pattern of negative ni- 
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trogen balance during glucose infusions alone 
and positive nitrogen balance during amino 
acid-glucose infusions remained evident as in- 
fusion periods varied from 8 to 4 to 2 to 1 hr. 
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