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There have been relatively few attempts to
study the dynamic aspects of nitrogen metab-
olism from the standpoint of the intact overall
organism. The complexity of the problem pre-
cludes an exact mathematical description at
present, but models which purport to enable one
to compute values for nitrogeneous metabolic
"pool size and rate of incorporation of nitrogen
into the human have been devised by San Pietro
and Rittenberg (1) and Olesen, Heilskov and
Schoenheyder (2). The approach of San Pietro
and Rittenberg was to devise a model on biologic
grounds and describe the model by equations,
whereas that of Olesen and co-workers was to
derive a model from experimental data which
could be described by certain equations. The
latter, by extending the length of time of the
experiment, changed the nature of some of the
necessary assumptions of the San Pietro-Ritten-
berg type model. While there are certain ad-
vantages and disadvantages inherent in both
types of approach, it would appear that the San
Pietro-Rittenberg approach is as satisfactory as
any yet available.

The purpose of this study of the San Pietro-
Rittenberg model was to determine: I) the re-
producibility of calculated values for nitrogenous
metabolic pool size (P), rate of nitrogen incor-
poration into the protein of the organism (S),
and rate constant for metabolic pool turnover (B)
in one individual under the same experimental
conditions, and 2) the effects of variation of
caloric and protein content of the diet on the cal-
culated values. Further mathematical manipu-
lations of the original equations have led to an
expression which allows the computation of B at
any time, thus providing further insight into the

model.

METHODS AND MATERIALS

The patient was a 53 year old white female with histo-
logically proven lymphosarcoma of three and one-half years
duration. She had been treated with radiotherapy on a
number of occasions, the last course of treatment having
been completed six weeks before admission. At the time
of admission her spleen was palpable one finger-breadth
below the costal margin, but there was no significant
adenopathy or other evidence of lymphosarcoma. During
the 84 days of the study there was no evidence of tumor
growth and only a slight weight change. She was afebrile
during all eight studies. Radioactive iodine uptake and
protein bound iodine determinations were in the lower
range of normal.

Metabolic balance studies were performed during her
entire hospitalization (see Figure 1) by methods previously
described (3). Caloric expenditure determinations were
performed by the technique of Johnson and Newburgh (4).
Four pairs of duplicate studies of the model were performed
on four different diets. Diet I consisted of 1,800 calories
with 40 Gm. of protein; Diet II contained 1,200 calories
and 40 Gm. of protein; Diet III contained 1,200 calories
and 80 Gm. of protein; and Diet IV, 1,800 calories and 80
Gm. of protein. Two studies were performed on each diet,
the first after eight days of equilibration with the diet and
the repeat study eight days later. The first study on
Diet I was performed after 12 days of equilibration. Each
study was performed after the oral administration with
breakfast of 100 mg. of excess N as L-aspartic acid (1.508
Gm. of 63.0 atom per cent excess N¥ L-aspartic acid for
Studies 1 through 6, and 0.995 Gm. 95.5 atom per cent
excess N L-aspartic acid for Studies 7 and 8). L-Aspartic
acid was prepared by the method of Wu and Rittenberg
(5). Urine was collected at 20 minute intervals for the
first four hours, at 30 minute intervals for about the next
three hours, and at wider intervals thereafter (Table II).
The specific activity curve of urinary urea was determined
on urea isolated by xanthydrol precipitation (6). Urea
excretion was determined by the urease method followed
by Nesslerization (7). The ‘‘urea pool”’ was measured on
two occasions (Studies 1 and 4) by body water determina-
tion using tritium oxide' (8). Total nitrogen excretion
was determined by the Kjeldahl method (9).

1 The authors wish to thank Drs. N. Berlin and D.
Nathan for the body water determinations, and Mr. A.
McNish for mass spectrometer determinations.
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RESULTS AND DISCUSSION

The problem of understanding the model and
its limitations is that of relating the mathematics
to biological meaning. Because of the limita-
tions inherent in the assumptions on which the
mathematics is based, the values of B (rate con-
stant for metabolic pool turnover), P (metabolic
pool size as grams of N), and S (the grams of N
incorporated into the protein of the organism
per day) undoubtedly do not represent the true
values of these parameters of nitrogen metab-
olism as originally defined. The exact meaning
of the computed values cannot be defined, but
it seems probable that the values for P and S do
not represent the entire body, but only a portion,
i.e., its more dynamically active constituents.
Information pertaining to these constituents,
however, may be of equal or perhaps greater
importance than that pertaining to the entire
body. While the calculated value for P is quite
similar to the product of extracellular free amino
acid nitrogen and body water, a more correct
value of P is probably greater than this because
of the significantly higher intracellular concen-
tration of amino acids.

Stated in biological terms, there are six major
assumptions upon which the equations of the
San Pietro-Rittenberg model are based. The
assumptions inherent in the model are:

1) There is one nitrogenous metabolic (P) and
one urea (U) pool in the body, or there are X
pools in sufficiently rapid equilibrium to be con-
sidered as single pools.

2) The size of the nitrogenous metabolic pool
(P) and the urea pool (U) are constant during
the course of the experiment and urea and total
nitrogen are excreted at a uniform rate during
the day. It is important to realize that the
assumption of P and U being constant is only
necessary ‘‘during the course of the experiment.”
The measurements involving isotopes which are
used for the solution of Equation 16 (1) for B
and then the solutions of P and S are completed
in about five to six hours, although the non-
isotopic measurements (E. and E;)? are over a
24 hour period. It is probably safe to assume U
to be a constant. Whether there is significant

2 E, is the number of grams of urea nitrogen excreted

per day; Eq is the number of grams of total nitrogen ex-
creted per day.
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variation in P during the experiment is unknown,
but it seems likely that there is some temporary
increase in P following the ingestion of a meal.
In previous studies (1) the dose of nitrogen given
as isotopic amino acid was significant relative to
the computed size of the metabolic pool, whereas
in the present studies it varied between 4.0 and
9.7 per cent of the computed size of the meta-
bolic pool. The question arises as to whether
nitrogen equilibrium is necessary for the model
to be valid. It should be noted that D (grams
of dietary nitrogen per day) appears nowhere in
the equations used to calculate B, P and S. If
the basic assumption is made that P is a constant
during the course of the experiment, then the
model would theoretically be valid for positive
and negative nitrogen balance for the following
reasons: Stating that P is a constant is equiva-
lent to stating that D 4+ R =S 4 E;® The
assumption of P being a constant eliminates any
use of the diet as an individual variable, since it
is only important for D 4+ R = S 4 E,, which
in turn must be constant during the experiment.
The case of nitrogen equilibrium is merely where
D = E; and S = R. In positive nitrogen bal-
ance D > E; and S > R, but if P is constant,
then D 4+ R still =S 4 E;. F* would pre-
sumably be increasing by a value of D — E; or
S — R. If one assumes that P is only constant
during nitrogen equilibrium, then the model is
theoretically valid only for nitrogen equilibrium.
The patient reported in the present study was
very close to nitrogen equilibrium in the last four
studies (within 0.25 Gm. N per day on Studies
5, 6 and 7, and 0.5 Gm. N per day on Study 8)
(Figure 1) and in slightly negative nitrogen bal-
ance in the first four (1 Gm. N per day).

3) N after administration is instantaneously
distributed throughout the metabolic pool in the
same distribution pattern as unlabeled nitrogen.
This is intimately related to Assumption 1.
When a single labeled amino acid is used (as was
done here), this distribution of isotope through-
out the metabolic pool involves three separate
processes: a) the distribution of N'* among the
other amino acids of the metabolic pool by trans-

3D is defined as the grams of dietary nitrogen per day;
R is the number of grams of nitrogen returned to the
metabolic pool per day through breakdown of protein.

4F is the number of grams of protein nitrogen in the
body.
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F16. 1. METABOLIC BALANCES IN A 54 YEAR OLD WoMAN WITH CLINICALLY INACTIVE
LyMPHOSARCOMA ON VARIOUS DIETS

The first seven bar graphs in the chart present balance data according to the general scheme proposed by Reifenstein,
Albright and Wells (14). Intake is plotted downward from the zero line; output in terms of feces and urine is then
plotted upward from the point representing intake. When total output touches the zero line, equilibrium or balance
is represented ; when output fails to reach the zero line, positive imbalance is represented; and when output extends
beyond the zero line, negative imbalance is represented. The ordinates of the nitrogen, potassium, phosphorus and
calcium graphs are so selected that equal heights represent the approximate ratios at which these elements exist in normal
protoplasm and bone, i.e., 3 Gm. of nitrogen to 8 mEq. of potassium to 200 mg. of phosphorus (protoplasm) and 400 mg.
of calcium to 200 mg. of phosphorus (bone). The ordinates of the sodium and chloride graphs are so selected that equal
heights represent the approximate ratios at which these elements exist in normal extracellular fluid, i.e., 150 mEq. of
sodium to 100 mEq. chloride.

Below the bar graphs, line graphs record the patient’s weight. The solid line connecting the closed circles records
the actual weight measured daily. The solid line connecting the open circles depicts the theoretical weight based on
considerations of the gain or loss of intracellular and extracellular fluid quantified by balances of nitrogen, potassium
and sodium. The broken line joining the closed triangles depicts the theoretical weight based on considerations of gain
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amination, b) mechanical mixing of these labeled
amino acids from one organ to another, and ¢)
entrance into cells. This assumption of instan-
taneous distribution of N¢ throughout the meta-
bolic pool is incorrect because of these consid-
erations. The first objection (the finite time
involved in transamination) could be partially
overcome by using a mixture of labeled amino
acids such as that obtained from hydrolysate of
labeled protein. Thus, transamination of the
isotope would have occurred prior to its admin-
istration to the patient. Intravenous adminis-
tration of the isotope would tend to decrease the
error of mechanical mixing. Since the liver re-
moves a large fraction of the administered dose
of labeled amino acid, it is probable that the
values computed from the model are to a large
extent a reflection of liver activity.

4) Nonurea nitrogen which is excreted (de-
noted by E,) comes directly from the metabolic
pool. This is true with several exceptions such
as uric acid and creatinine, which are not really
components of the metabolic pool as defined here.
Examination of the equations reveals that the
compartment of origin of Ex does not effect the
equations or the computed values, except for the
computation of S, where E. is subtracted from
BP. The calculated value of S is the total
amount of nitrogen leaving the metabolic pool
(BP), minus that excreted from the metabolic
pool into the urine (assumed in the model to
equal E,, but actually somewhat less than E,
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because certain components of E; such as uric
acid and so forth are not excreted from the meta-
bolic pool as defined here). This error tends to
decrease the value of S somewhat below the true
value. The above discussion pertains when S is
defined as the total amount of nitrogen incor-
porated into the organism per day. This would
include nucleic acids and other nonprotein mate-
rials. If S is defined as the grams of nitrogen
incorporated into protein only, then this assump-
tion introduces much less error, because the
computed value of S would not include these
nonprotein materials. The subtraction of the
nonmetabolic pool component of E; from BP
would decrease S by a value equal to the non-
protein nitrogen incorporated in the steady state.

5) The amount of isotope returned to the
metabolic pool from protein, which during the
course of the experiment had incorporated N5,
is negligible. This assumption corresponds to
neglecting the term Qdt in Equation 1 (1).
Since the crucial isotope measurements are made
in about six hours, it is not difficult to accept
this assumption on the basis of present day
knowledge. From the data of San Pietro and
Rittenberg (1) in Experiment DR-1, the value
of the integral of Q dt over a six hour period
is roughly estimated as about 5 per cent of the

administered dose of isotope (S—Eﬁ X 377) .

This is based on the assumption that the integral
of Qdt is a linear function of time, which is

or loss of intracellular fluid quantified by balances of nitrogen and potassium. The broken line joining the open tri-
angles depicts the theoretical weight based on considerations of gain or loss of intracellular fluid based on nitrogen balance

alone.

of uric acid.

The line graph below the weight curves represents the serum uric acid level and the bar graph, the daily excretion

The bar graphs at the bottom of the chart represent the patient’s basal metabolic rate and the closed circles the

respiratory quotient on selected days during the study (15).

The line labeled “standard bar” represents the Aub-

Dubois standard basal metabolic rate for a woman of the age and with the surface area of this patient and also the

respiratory quotient of a patient consuming an average mixed diet.
The Arabic numerals along the top and bottom of the chart refer to the four day metabolic balance periods of the

study and may be identified with the isotope studies and diets by reference to the arrows at the top of the chart and to

Tables I through V.

Note that low protein intake at both calorie levels was associated with weight loss and negative nitrogen imbalance.
High protein intake was associated with nitrogen equilibrium at both levels of caloric intake, but was accompanied by
caloric equilibrium and weight gain only when the caloric intake was high. The calcium balances suggest more reten-

tion of calcium on the high calorie, high protein, than on other regimens.
The actual and theoretical weight curves are practicably superimposable on one another.

Uric acid excretion rose

when calorie intake was increased while the patient ingested a high protein intake.
The basal metabolic rate declined dramatically on the low calorie, low protein regimen, rose on the high calorie, low
protein, and returned to standard when the calorie and protein intake were both high. The respiratory quotient was

lower on low than on high protein regimens.
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only an approximation. While this is not com-
pletely negligible, it introduces no great error
over this period of time.

6) The overall processes involved in the model
can be described by first order kinetics. This
problem has been discussed by Reiner (10, 11).

The rate constant for metabolic pool turnover
(B) can be computed in several ways. Before
discussing these methods it should be pointed
out that the model assumes B to be a constant
E.+S

P
to be constants. San Pietro and Rittenberg
solve for B by equating the derivative of the
expression for isotope concentration in the urea
pool to zero at the time of maximum isotope
concentration. This leads to the expression
E

IT“e‘(E“* max/U) = B e—Btmsx  (Casual examination

since B = where E,, S and P are assumed

would suggest that this is an identity in which
B = % , which would appear to be a contra-

diction of the original definition of B. It is
readily seen however, as shown in Figure 2, that

for a given value of t max (0.208 was used), when
%‘3 e~ (Eut max/U) jg plotted as a function of B, there
are two values of B which satisfy a given value

(1.23 for Study 2) of %’ e~ (Eutmax/U) helow the

maximum point of the curve. One of these is

E,
U ’
Figure 2 demonstrates the values of B which
satisfy the conditions in Study 2 where t max =

0.208 days and %—“ = 1.805.

Thus, the San Pietro-Rittenberg method allows
the computation of B at only one time point
during the experiment since the equation used
for this computation is true only at the time of
maximum specific activity of urea. An equation
which enables one to compute B at any time
(provided data for twice that length of time are
available) can be derived from the equation for
the concentration of isotope in the urea pool as
follows:

the other being the value sought here.

C. (as atom per cent excess, where Ao = grams
of N5 excess given at t = 0) =

1000 E,

VA0 Tu Bt _ o—(Eut/U)
P (E. — BU) (e € )-
Let

100MEs  _ < eB =
P (E. — BU) ’
Also let

te=2t; and

Cu (tZ) = Cu2e
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Then
Cu=x (ytl — Dtl)
Cu = x (y2 — D®) = x (y2r — D2t)
Cu 4+ xDM _ xy%
(Ca +xD#)z x2y2a
Cux + x2DMt = Cy? 4+ 2x D8 Cyy + x2 D

(:ul2

=1
T x

*= Cu2_ ZCuIDtl.
Now
Cu
t — U
yt=r t+D*
_ Cul Cu2
yu___x__l_Dtx+Eu_l_ Dt.
— t
But B = ——ln—l , thus at t;
—In <C“2 - Dn)
B = Cul
t1
— In (guz — eEut1/U) )
_ ul
= o
Cu2

where C., represents the ratio of isotope concen-
ul

trations in the urea pool at any two times which
are in a ratio of 2 to 1. All the assumptions of
the model (that B is a constant and so on) are
inherent in the above equation for B at any time
t1, since this equation is derived entirely from
the equation for C, from the model. If the
assumptions on which the model is based were
absolutely correct, the computed values of B
plotted at different times would produce a straight
line of zero slope, 7.e., a constant. B was com-

o— —e Study 3 O =8 ot t max. computed by the
San Pietro -Rittenberg method

O——20 Study 4 @=8 af t mox. computed by the 7
Saon Pietro- Rittenberg method ~

!
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F16. 3. CoMPUTED VALUES OF B AT VARIOUS TIMES
DURING STUDIES 3 AND 4

puted at various time intervals in all eight
studies.

The general shape of the curve from the dupli-
cate Studies 3 and 4 is demonstrated in Figure 3.
The values for the other studies, where the agree-
ment of duplicate curves was not quite so re-
markable, is shown in Table I. The computed
value of B starts very early as a large negative
value, increases rapidly to a positive value,
reaches a maximum and gradually declines.
Computation of B at various times from the

TABLE 1
Computed values of B at different times

Study. ... 1 2 3 4 5 6 7 8
Time after adminis-
tration of isotope
min days
25 0.0174 —80.2 —96.2 —-33.3 —61.1 —24.72 —26.73 —18.6 —30.53
50 0.0348 —18.6 —-31.7 —23.3 —251 —35.2 —19.74 — 3.83 —32.7
100 0.0696 — 142 —25.9 - 1.19 4.11 0.273 1.98 — 2.57 — 0.14
150 0.1041 6.03 6.32 6.17 8.05 5.41 7.53 9.58 15.33
200 0.1394 10.86 8.54 9.58 9.88 8.96 11.16 13.27 17.26
250 0.1736 11.76 9.54 10.31 10.47 13.1 12.16 13.34 21.03
300 0.2082 9.92 9.78 10.00 10.18 13.6 9.93 10.02 22.64
350 0.2431 8.0 9.04 9.04 9.12 10.18 7.78 7.75 16.53
400 0.278 6.52 8.44 7.56 7.75 7.00 6.42 6.42 9.88
500 0.347 5.18 7.39 5.99 5.90 4.08 5.04 4.69 5.18
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published data of San Pietro and Rittenberg (1)
and Crispell (12) produces similar curves.

The fact that the computed values of B vary
during the course of the experiment, as they do
when the experimental data are used to compute
B at different times, means that the experimental
data do not fit the equations of the model early
in the experiment. This is a reflection of the
fact that some of the assumptions on which the
equations of the model are based are somewhat
incorrect. The t max (time of maximum urea
specific activity) occurs at a time when there is
not great deviation of B from linearity with zero
slope, thus demonstrating that the use of t max
for computation of B is justified.

The erroneous assumption which explains the
early negative value of B is that of instantaneous
mixing of N throughout the metabolic pool.
If this assumption were correct, Ap would be
expressed by a curve of the exponentially de-
creasing type with no ascending limb. The slope
of this type of curve is negative throughout and
equal to —BAp. B for this type of assumed
curve has a constant positive value. Experi-
mentally, however, the curve of Ap has an ascend-
ing limb and a descending limb, where the as-
cending limb corresponds to the period when
isotope is entering P more rapidly than it is
leaving. The slope prior to the maximum value
of Ap is positive and corresponds to the period
when B is negative which gives a positive value
to the expression —BAp. The time at which
B = 0 is the time of maximum value of Ap.
Thereafter the positive value of B corresponds
to the negative slope of the curve of Ap. The
fact that B decreases gradually after reaching a
maximum value is a reflection of the fact that

TABLE III
Measurements used in computing B, P and S *

Study Diet Eu E¢ 18)
1 I 5.16 6.32 2.46
2 I 3.75 6.4 2.19
3 1I 4.85 5.17 2.46
4 II 4.19 5.22 2.43
5 111 7.66 8.98 3.51
6 II1 8.34 10.2 2.97
7 1A% 8.73 8.98 2,97
8 v 9.10 9.68 3.51

* E, is the number of grams of urea nitrogen excreted
per day; E. is the total grams of nitrogen excreted per day;
and U is the grams of urea nitrogen in the body.
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TABLE IV

Values of B, P and S as computed from the time of
maximum specific activity of urea *

Study Diet B P ) BP
1 I 10.5 1.77 12.3 18.6
2 I 10.36 1.65 10.7 17.1
3 1I 8.85 1.94 12.0 17.2
4 11 8.95 1.63 9.40 14.6
5 111 9.00 2.18 10.6 19.6
6 II1 9.05 2.52 12.6 22.8
7 v 10.00 2.60 17.0 26.0
8 v 14.24 1.80 159 25.6

* B is defined as the rate constant for metabolic pool
turnover and is expressed in units of days™. P is the
number of grams of nitrogen in the metabolic pool. S is
the number of grams of nitrogen incorporated into protein
per day. BP is the turnover rate of the metabolic pool
expressed as grams of nitrogen leaving the metabolic pool

per day.

the specific activity curve of Ap decreases less
rapidly after B max than the model would pre-
dict because of nonhomogeneity of the metabolic
pool, in addition to the fact that isotope is enter-
ing the metabolic pool from various sources.

The specific activities of urinary urea for all
eight studies are presented in Table II and the
data on urea excretion, total nitrogen excretion
and urea pool size are presented in Table III.
The values for B, P and S for all eight studies as
computed by the San Pietro and Rittenberg
method (1) are presented in Table IV. For
Studies 1 through 6, the reproducibility of the
values of B in duplicate studies is excellent.
Reproducibility of P and S is generally within
20 per cent of the larger value. The accuracy
of determination of the time of maximum isotope
concentration in urea (t max) is important, since
the computed values of B and P are relatively
sensitive to small changes in t max as compared
to E, and U. Thus, in Study 8, a decrease of
10 minutes in t max (from 210 to 200 minutes)
increases B from 14.24 to 15.3 and decreases P
from 1.80 to 1.69. In the present studies, the
frequency of determinations of urea specific ac-
tivity (every 20 minutes) enabled us to determine
accurately the t max.

It could be argued that since errors inherent
in the assumptions tend to decrease the value of
B, the most accurate value of B is the maximum
one. Using the maximum value of B from the
computed curve of B as a function of time and
the time corresponding to this value of B, the
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TABLE V

Values of B, P and S from the maximum value of B as a
function of time*

Study  Diet B P S BP
1 I 11.8 1.64 13.0 19.3
2 | 9.8 1.73 10.6 17.0
3 11 10.3 1.77 13.1 18.3
4 I1 10.4 1.46 9.9 15.1
5 I11 139 1.56 12.6 21.6
6 I11 12.2 2.06 15.0 25.2
7 v 14.0 2.18 21.6 30.6
8 v 22.7 1.18 17.0 26.7

*B, P, S and BP are defined in Table IV.

values of P and S have also been computed as
shown in Table V. Again with the exception of
Study 8, the reproducibility of computed values
is good.

Concerning the model in general, it is clear
that the experimental data do not fit the equa-
tions of the model, particularly during the early
part of the experiment (as shown by the varia-
bility of B computed at different times or by other
methods) because of the errors inherent in the
assumptions. The computed values, although
erroneous in terms of their original definitions,
are representative of these defined magnitudes.
The relative constancy of the values in one
patient under repeated study suggests that this
method of approach measures the same thing in
a particular individual from time to time. When
the same individual is studied under different
conditions, it seems probable that many of the
errors in the model will “cancel each other out”
allowing the effect of applied variables on the
physiology of nitrogen to be detected readily.
Previous studies using the model (12, 13) have
produced data in accord with physiologic ex-
pectations.

Concerning dietary changes, the specific ques-
tions approached here were: I) What are the
changes resulting from doubling the protein in-
take at two different levels of caloric intake?
2) Are kinetic changes in the organism mediated
through changes in rate constants, pool sizes or
both? The present data, although of a prelimi-
nary nature, suggest that the rate constant (B)
for metabolic pool turnover is relatively constant
and unaffected by changes in both caloric and
protein intake over the range of dietary variation
and period of time studied (Table III). The
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metabolic pool size (P) and turnover rate (BP)
appear to increase somewhat when the dietary
protein is increased from 40 Gm. per day to 80
Gm. per day. The mean value of P in Studies 1
through 4 (Table IV) differed significantly from
that of 5 through 8 at the 5 per cent level by the
“t test.”” The rate of incorporation of nitrogen
(S) (Table IV) appears to be unaffected by
dietary changes until both nitrogen intake and
caloric intake are raised (Studies 7 and 8). The
mean value of S for Studies 7 and 8 differed
significantly from that of Studies 1 through 6
by the ‘‘t test’ at the 1 per cent level.

S did not change significantly when the per
cent of protein in the diet was doubled with
maintenance of constant caloric intake (Studies
5 and 6). If caloric expenditures were equal on
Diets II and III [and measurements by the tech-
nique of Johnson and Newburgh (4) suggest that
they were], then a greater fraction of the caloric
demand was provided by protein on the higher
protein diet (Diet III). This is to be expected
and is in keeping with the increased urea and
total nitrogen excretion observed on Diet III.
The relative constancy of S on both diets also
suggests that the additional protein was used to
meet caloric needs and not for incorporation. It
is well known that during starvation calories are
furnished through breakdown of protein. Since
synthetic processes require caloric expenditure,
one would expect caloric needs to supersede to
some extent synthetic processes. Here the indi-
vidual maintained a steady state because the diet
contained sufficient total calories including pro-
tein to meet caloric needs, some of which were
derived from protein.

Since the total nitrogen excretion on Diets 111
and IV was the same, and the urea excretion was
slightly greater on Diet IV (Table I111), one might
expect the same or slightly less nitrogen available
for incorporation on Diet IV. The greater incor-
poration into protein (S) calculated therefore
corresponds to more rapid turnover of the meta-
bolic pool (BP) associated with the higher caloric
intake.

Although S increased somewhat in Studies 7
and 8, the patient was in nitrogen equilibrium.
This raises the question of whether high nitrogen
and high caloric intake can increase protein turn-
over when there is no demonstrable increase in
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the amount of protein in the body. It is of
interest that this patient, after discharge from
the hospital, gained 7 Kg. over the course of
several months. The question also arises as to
whether increased protein turnover is a prelude
to positive nitrogen balance. Considerably more
study will be necessary before these questions
can be answered definitively.

SUMMARY

1. The mathematical model of nitrogen metab-
olism devised by San Pietro and Rittenberg (1)
has been examined from the theoretical and ex-
perimental standpoint.

2. The reproducibility of calculated values for
nitrogenous metabolic pool size (P), rate of incor-
poration of nitrogen into protein (S), and rate
constant for nitrogenous metabolic pool turnover
(B) in one individual under the same conditions
is adequate enough to suggest that the effect of
variables on the kinetics of nitrogen metabolism
can be readily determined.

3. The effect of variation in both caloric and
protein content of the diet was determined while
the patient was on a metabolic balance study.
The rate constant for nitrogenous metabolic pool
turnover does not appear to vary significantly
with the changes of diet studied here. Increased
protein intake appears to increase the size of the
nitrogenous metabolic pool (P) somewhat. The
calculated rate of incorporation of nitrogen into
protein (S) increased when both the caloric and
protein intake were increased, even though the
patient remained in nitrogen equilibrium. This
raises the question as to whether increased caloric
and protein intake can increase protein turnover
prior to the onset of positive nitrogen balance.
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