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Numerous investigations have shown that nitrogen utiliza-
tion is a function of both caloric and protein intake. Benditt
etal. ("48) found inereased nitrogen utilization by the protein-
depleted rat up to intakes of 6 gm of protein per kilogram
per day and up to 1240 Cal./m?/day when the factors were
varied independently. However, it was demonstrated by
Allison and co-workers ({’46) that the nitrogen balanee index
in the normal dog was unaltered provided that 509 or more
of the caloric requirement was met; the index was markedly
reduced at the 25% level of energy iniake. In studies em-
ploying protein-depleted rats, supplementation with egg
protein or methionine was effective in sparing body protein
only when 50% or more of the energy requirement was sup-
plied (Stevenson et al, 46). Rosenthal (’52) reported a
normal index with a low:fat, low-casein (0.15 gm N/kg) diet
fed at 25% caloric requirément, and positive nitrogen balance
with a reduction in index when the easein nitrogen was in-

'This paper reports research undertaken at the Quartermaster Food and
Container Institute for the Armed Farces, and has been assigned mno. 52¢
in the series of papers approved for publication, The views or conclusions cen-
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as necessarily reflecting the views or indorsement of the Department of De-
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creased to 0.30 gm/kg. Because of the teehnigues involved TABLE 1
in these studies all of the animals employed were restricted Dict plan
in protein for variable lengths of time. SERIES 1 SERIES 11 BERIES I
In the experiments presented here the relationship be- ! Standardization Commereial 189 casein  Commercial stock,
tween nitrogen intake and utilization was examined in normal diet stock ? 189 2 fiayiz iny
" . . » easein, ays
adult rats restrieted to half the caloriec requirement. Caloric intake, Cal./day 6 47 58
Nitrogen intake, mg/day 460 o 270 315
PROCEDURE :
Restrietion

Male albino rats, Sprague-Dawley strain, were standardized Egg albumin, % of diet 0—;3-2 0—§§-2 0-90

¢ - s : ; Fat® ¢ of diet 5

) - } t}

for two weeks ars deseribed in the preceding paper (Callf)way ! Caloric intake, Cal/day o3 53 o5

and Spector, *55). Three series were conduecled: in series I, Nitrogen intake, mg/day

commercial stock diet was fed during the standardization f a 0 0 0
iod; i ies IT lete 18% in diet; and i i j b 69 81 162

period; in series II, a complete 18% casein diet; and in series : . 98 119 by

111, commereial stock diet for two days (until the shipping “ d 126 160 505

weight loss was recovered) and an 18% casein diet for the | ° 156 604

.. . ) . - - i

remaining 12 days. In each series body weight was maintained ; * Purina Laberatory Chow.

at 300 gm. ' * Hydrogenated vegetable fat.

After standardization, 5 or 6 control animals from each TABLE 2
series were sacrificed for tissue analysis. During the next | Body weight loss after 4 days of calorie restriction
4.day period an egg albumin diet was fed to supply half ' hERTES NITROGEW THTAKE WEIGH'T LO5 =
the previous caloric intake and graded levels of nitrogen as _ wg/day g E
shown in table 1. The nitrogen content of the diet was in- ' At 50% caloric requirement

e 11.8 = 0.3+

creased at the expense of suerose; fat, salts and vitamins ? 1 sg 1o+ 04
were held constant. In series I and II the diets eontained 30% 08 111+ 0.8
fat by weight and in series 111, 5%. The amounts of nitro- 126 106 = 0.6
) . . 10.5 = 0.5

gen fed in series T and I1 were at or below the normal re- - 15g 80+ 0.8
quirement, 160 mg per day; in series III the nitrogen con- ‘ 81 7.3 % 0.3
sumptions were inereased from 160 to 600 mg. In addition, ‘ 119 g‘g = g-:
fasted and protein-free fed eontrols were employed, Six ; - lﬁg 79+ 04
animals comprised each group in series I and IIT; 5 animals ‘ 162 63 =02
per group were used in series II. - C 347 7.5 = 0.4
: 505 7.4 0.2

* Vitamins were given by dropper daily to sapply the following amounts in 604 - 5602
micTograms: ; )

Thinmine 25; riboflavin 50; pyridexine 25; nicotinamide 200; calcium panto- f Fasting .
thenate 200; para-amino benzeic aeid 500; bietin 1; folic ncid 5; vitamin B, i I 17.0 T 2'2
1; vitamin X 10; and inositel 1 mg; choline chloride 10 mg; a-tocopherol 1mg; J I 1f-4 T 0-2
vitamin A 1,200 I.U.; vitamin D 20 10, B 111 : 15.1 % 0.

)
! t Standard error.
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Urine and feces were collected and analyzed in the manner
described in the preceding paper (Calloway and Spector,
'55), Livers were analyzed as before and total serum pro-
tein ns determined by the copper sulfate specific gravity
method (Phillips et al., ’50) was measured in series T

RESULTS
Body weight changes

Body weight losses were independent of the level of nitro-
gen fed during calorie restriction. Average losses of the
groups were 10.5 to 11.8% in series 1, 6.9 to 8.0% in series I,
and 5.6 to 7.2% in series III (table 2). Losses in fasted ani-
mals were greater. These variations in weight loss among
series are attributable to the diet fed during standardization
(Calloway and Spector, 53).

Nitrogen utilization

The degree of negative nitrogen balance was inversely
proportional to the nitrogen intake (fiz. 1, table 3). Positive
nitrogen balance was not attained although it was approached
in the group fed 604mg of nitrogen daily, approximately
2 gm per kilogram of body weight. The slope of the line in
figure 1 indicates that positive balance might be reached aft
higher intakes?® A difference in response among the three
eries is evident, the series IL groups being in less negative
balanee than those of series 1. At the 160 mg intalke, the
balanees were significantly different (p < 001) although the
balances were egsentially the same when no nitrogen was fed.

The percentage of nitrogen ntilization, shown in table 3,
was caleulated by the formula: *

Per aent utilization :Absorbed N-(Urinary l‘i;l;;'::szsgon protein-free regime)
% 100. This formula is the same as that derived by Allison

3 An attempt was made to feed pure cgg z2lbumin but the data are omitted
because the animals had to be foree-fed and giarrhea was marked. However,
under these conditions positive balance was obtained at an intake of 750 mg of

nitrogen per day.
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and Anderson (’45) for obtaining nitrogen balance index
but in this case expresses nitrogen ufilization as percentiage
of that absorbed; since the term ‘‘nitrogen balance index’
has a specific derivation its use has been avoided here. The
application of the formula in this instance differs from that
of the originators in that a group of animals fed a protein-
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Fig. 1 Nitrogen balanee during 4 days of 50% calorie restrietion,

free diet provided the base line rather than each animal
serving as its own control. This technique was seleeted in
order to obviate the possible complication of even a short
Period of protein restrietion. In each series percentage util-
ization diminished as the dietary level of niirogen increased,
representing progressively larger fractions of dietary pro-
tein expended for erergy. In no case, however, was there
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TABLE 3

Nitrogen utilization during f days of ealorie restriction
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quantitative exeretion of dietary protein, ie., zero ufiliza-
tion. In the groups of series II, ufilization was superior to
that obtained in T and IIJ; when the intake was 160 mg of
nitrogen daily the values were 55% as compared with 41 and
38%.

Analysis of these data in terms of what they represent in
body economy shows that feeding half the ealoric require-
ment reduced hody losses by 32*to 39% as compared with
fasted animals. When the normal nitrogen requirement was
met in addition, further savings of 48 to 68% were induced.
At the highest level shown, 604 mg daily nitrogen intake, the
reduction of nitrogen deficient was 87% above that due to
calories alone. In order fo inerease the net protein saving
from 52 to 87%, however, the intake had to be raised 377%
and the concomitant increase in wrinary nitrogen exeretion
was 291%.

The nitrogen retention reflected in the percentage utiliza-
tion recorded here is markedly less than that reflected in the
nitrogen balance indexes of egg albumin as reported: 0.91
in man, 1.14 in the dog and 0.94 in the rat under conditions
of full feeding (Rutgers, '46-"50). The reason for the di-
vergence of these data is not clear. Allison (’51) has stated
that ¢¢. . _ indexes are essentially constant and independent
of the magnitude of the protein sfores .. .”” and are un-
affected by 50% ecalorie deficit. Other factors to be con-
sidered as sources of variance are: (1) the variation in the

-base line of proteinfree feeding and {2) the preceding diet

of the animals,
sequent paper.

These factors will be elaborated in a sub-

Tissue composition

From table 4 it may be ohserved that there were distinct
differences among the livers of control groups of the three
series. These differences were based largely upon the size
of the organs, since there was no significant difference in
percentage content of moisture or of nifrogen. In the first
series the livers weighed an average of 10.3 gm, 342 gm per
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100 gm of body weight; in series 11, these valnes were 12.0
and 4.03 gm; and in series 1II, 14.0 and 4.62 gm. Because
of the similarity in percentage nitrogen content, this variation
in organ size resulted in significantly different total amounts
of liver nitrogen (p < 0.05).

TABLE 4

Liver composition of rats fed varying amounts af nitrogen and calorics

KITROGEN

SERTES Nf:ﬁf;i" “1:1{-‘ :E;{Gu'r MOISTURE ml
mg/day gm % o myg
Control
I 480 10.3 70.2 12.0 369 = §*
IT 270 12.0 72.3 12.2 404 = 14
II1 315 14.0 72.3 12.8 406 *= 17
After 4 days of 50% ecaloric restriction
I 0 10.2 72.4 12.6 354 =9
69 10.6 72,6 12.5 264 8
93 10.3 72.3 12.5 358 =+ 10
126 10.3 72.3 12.6 356 *+ 14
156 9.8 72,5 12.8 350 * 10
Ir 0 8.5 68.8 11.5 304 =7
81 8.9 67.6 11.1 318 = 4
119 9.2 67.0 111 337+ 15
160 9.7 67.7 11.0 346 =12
IiI [ 5.9 72.8 12.4 335 *= 17
162 10.6 72.6 12.4 262 = 10
347 10.5 71.9 12.2 360 == 17
505 11.4 724 12.3 386 = 7
604 11.3 72.0 121 383 & 12
After 4 days of fasting
I3 T4 §7.0 11.5 280 += 15
II% 8.9 72.3 12.7 i312 %6

t Standard error.

1t is readily apparent that after restri(:,tion the.re were no
significant ehanges from control liver mt_rogen in the first
series where that control value was low; In the second and
third series where measurable losses were encountered, those
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losses tended to diminish with inereasing nitrogen intake, but
the response was not mniform. The process of restriction
served to eliminate the aberrant character of the series; that
is, among the groups given 160 mg of nitrogen there were no
significant differences and among the protein-free groups
only the extremes (I vs. II, p==0.003) were different. There
was no correlation between nifrogen utilization as measured
by nitrogen balanee and by the changes in liver nitrogen con-
tent.

Neither kidney weight nor total serum protein showed
significant changes as a result of either caloric restrietion
or alteration in dietary nitrogen. Kidney weight averaged
2.1 gm in controls and 2.0 gm after fasting; serum protein was
7.0 gm % 1initially and 6.9 gm % after fasting.

SUMMARY

Diets supplying graded amounts of egg albumin nitrogen,
zero to 604 mg per day, were fed to normal adult rats limited
to 50% of calorie requirement for 4 days. Nitrogen utilization
was measured by nitrogen balance and by alteration in liver
nitrogen content. '

The degree of negative nitrogen balance was inversely pro-
portional to nitrogen intake but positive balanee was not
attained. Nitrogen utilization diminished as the level of
dietary nitrogen increased from 52 to 61% at 70 to 80 mg
daily to 17% at 604 mg, indicating increased use of dietary
protein for energy: Supplying half the ealoric requirement
reduced the nitrogen deficit 32 to 39% as compared with
fasting and the addition of dietary nitrogen produced up fo
87% sparing beyond that of the calories alone.

There was no significant correlation between liver pitro-
gen loss and nitrogen balance.
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