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The purpose of this paper is to report studies
of excretion rates of isotopic nitrogen, N"1, fol-
lowing the ingestion of glycine in which the iso-
tope was chemically incorporated. The studies
were carried out on three patients with untreated
Cushing's syndrome, and on two of these patients
after receiving therapy in the form of X-ray to the
pituitary and testosterone propionate respectively.
The control studies on healthy volunteers and
studies on two of these volunteers after receiving
ACTHon three occasions are also reported.

MATERIALS ANDMETHODS

All subjects were maintained on a constant diet contain-
ing approximately 1 gm. of protein per kilogram of
body weight. The nitrogen balance was estimated by
analysis of an aliquot of a 24 hour urine specimen by the
macro Kjeldahl technique (1). An analysis of an ali-
quot of the diet was made at least once for each study.
The stool nitrogen was assumed to be 1.3 gm. daily (2).
Breakfast contained, in addition to dietary glycine, a meas-
ured amount of glycine which varied from 40 to 120 mg./
Kg. of body weight in different experiments. On the test
day, instead of an addition of the ordinary glycine, the
subject received an equivalent amount of additional gly-
cine in which isotopic nitrogen, N'', had been chemically
incorporated. The amount of N'' ingested varied from
1 to 3 mg./Kg. of body weight. Urine collections were
made every six hours for the first 48 hours, every 12 hours
for the next 48 hours, and a final 24 hour collection was
made on the fifth day.

An aliquot of each urine specimen was prepared for
the mass spectrometer by the method of Sprinson and Rit-
tenberg (3), utilizing the macro Kjeldahl technique with
mercuric sulfate as a catalyst, digestion being carried out
for 12 hours. The ammonia was distilled into hydro-
chloric acid, the nitrogen being liberated from the am-
monium chloride with sodium hypobromite in an ap-
propriate vacuum system.

The N''/N ratio was then determined by means of
the mass spectrometer of the Nier type with a single slit
beam with an accuracy of ± .002% atom excess.

'We wish to thank Miss Sarah Brent and Miss Sara
Crumley of the Dietary Department, University of Vir-
ginia Hospital, for their helpful assistance.

The rate of excretion of ingested NW' was determined in
the following subjects:

1. Eight studies on seven healthy volunteers-K. C.,
A. W., A. E., A. W., R. H., J. M., (d'); S. B. (v).

2. Four studies on two female patients (M. C. and D.
M.) with Cushing's syndrome in nitrogen equilibrium.

3. One female patient (E. D.) with Cushing's syn-
drome in slightly negative nitrogen balance.

4. Patient M. C. with Cushing's syndrome in positive
nitrogen balance while receiving 25 mg. of testosterone
propionate daily after pretreatment with testosterone
propionate 25 mg. daily for five days.

5. Patient E. D. with Cushing's syndrome in slightly
positive nitrogen balance five months after having re-
ceived X-ray therapy to pituitary.

6. Three studies on two healthy volunteers while re-
ceiving ACTH. In study No. 1 on A. W., the sub-
ject received ACTH 25 mg. every six hours for six
doses beginning at the time the N' was administered.
In study No. 2 on A. W., the subject received two 25
mg. injections of ACTH every four hours before the
N' was given, and 25 mg. every four hours for six doses
after the N' was given. ACTH induced negative nitro-
gen balance each time. Subject A. E. received four 25
mg. injections of ACTHevery four hours before the N'
was given and 25 mg. every four hours for four doses
after the No was given; nitrogen balance was main-
tained throughout.

RESULTS

It should be noted that healthy subjects, known
to be in nitrogen equilibrium on a diet containing
approximately 1 gm. protein per kilogram of body
weight, excreted the ingested N15 at a remarkably
similar rate (Figure 1, Tables I and II). This
excretion of 25.9%o (S.D. ± 1.6) in 24 hours com-
pares favorably with the rate of 30%o reported by
Sprinson and Rittenberg (4). Our studies cor-
roborated Rittenberg's observation that the N'5
was mainly in the urea fraction. It is of interest
that the excretion rates were apparently unin-
fluenced by the range of tagged glycine ingested
from 40 mg./Kg. to 120 mg./Kg. in our hands
and 10 mg./Kg. by Sprinson and Rittenberg (4).
This constancy of N15 excretion on a "normal"
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FIG. 1. ACCUMULATIVEN' EXCRETION PLOTTEDAS PERCENTAGEOF N15 INGESTED IN
HEALTHYSUBJECTSIN NITROGENEQUILIBRIUM ON A STANDARDDIET

TABLE I

Daily nitrogen balance

Subject Wt. range Days before tag Days after tag(Kg.)

5 4 3 2 1 1 2 3 4 5

Normals
A. W. 1 95.4-97.7 -1.2 -1.4 -0.2 -0.3 -1.0 -0.2 +0.2 +0.4 +0.7 -1.1
A. W. 2 91.8-93.6 -0.2 -0.1 -0.2 -0.1 -0.1 -0.1 -0.7 -0.5 _
R. H. 1 73.6-74.2 0.0 +1.0 +0.9 -0.4 -1.4 +0.7 -1.4 +0.6 -0.4 -0.4
K. C. 77.8-78.3 +0.3 -1.1 +0.8 +0.7 +0.9 +0.6 -0.9 -0.3 _
S. B. 51.4-52.2 -1.2 -0.6 -0.8 -1.2 -0.4 -0.7 +0.3 -0.9 -1.2
A. E. 76.6-77.8 +0.8 +0.9 -0.5 -0.1 +0.6 +0.6 -0.2 -
J. M. 80.0-80.1 -3.8 -3.3 -2.1 -1.2 -0.3 -0.6 -0.3 +0.4 +0.1 _
A. W. 82.0-82.5 -1.0 0.0 -1.1 +0.7 -0.2 -0.6 -0.4 -0.2 +2.0 +1.6

Cushing's syndrome
M. C. 1 62.8-63.6 - +0.5 -0.1 -0.4 +1.4 +0.1 +0.4 +0.3 +0.3 +0.6
M. C. 2 63.5-63.8 -0.1 -0.2 -0.4 -0.4 -0.3 -0.5 -0.7 +0.6 +0.2 -0.7
M. C. 3 61.3-61.6 0.0 +0.2 -0.4 -0.5 -0.4 -0.5 -0.4 0.0 -0.2
M. C. 4* 63.4-65.0 +2.0 +2.3 +2.6 +2.6 +3.7 +3.0 +3.2 +2.6 +2.5 +3.1
E. D. 1 73.3-73.9 -1.7 -1.9 -1.5 -2.2 -1.4 -2.3 -1.4 -1.4 -2.4 -0.3
E. D. 2t 72.4-73.9 +2.3 +1.4 +2.6 +2.3 +1.6 +0.6 +1.6 +1.8 +0.9 +1.9
D. M. 66.7-67.5 +0.9 +1.2 -0.3 -1.2 +0.1 +0.6 +1.8 +0.7 -0.8 +1.2

Normals plus ACTH
A. W. 1 91.1-93.0 +1.3 +2.2 +1.1 +1.1 +0.6 -1.9 -4.4 -1.3 -2.7 -
A. W. 2 89.9-91.2 _ +0.7 +1.3 +3.5 -1.0 -6.4 -3.4 -2.3 -3.7 -1.6
A. E. 76.5-78.6 +2.0 +0.3 -1.9 +0.5 -1.7 +0.4 +0.8 +1.0 +0.1 1-

* Patient received testosterone propionate 25 mg. daily for five days previous to and during study.
t Five months after X-ray therapy to pituitary.
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protein intake in healthy subjects is most impres-
sive.

In four studies on two patients with Cushing's
syndrome on diets similar to the control subjects,
it was established that the patients were in nitro-
gen equilibrium (Table I). One additional patient
was found to be in negative nitrogen balance of
circa 2.0 gm. in 24 hours. All of these patients
showed a striking abnormality in the excretion
rates of the N15 (Figures 2 and 3, Tables I and II).
The rates were 48%o, 52%o, 47%o, and 42%o in 24
hours in the subjects in nitrogen equilibrium. In
the patient in negative nitrogen balance the ex-
cretion rate was 50% in 24 hours. It is worthy of
note that approximately 90%o of the N15 was in
the urea fraction of the urine in the subjects in
Cushing's syndrome as in the controls.

When testosterone propionate was administered
to the patient with Cushing's syndrome who was
in nitrogen equilibrium she went into positive ni-
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trogen balance and her N15 excretion fell from
the high abnormal levels (48%o and 51%o) toward
the normal (32%o) (Figure 2, Tables I and II).
When X-ray therapy was administered to a pa-
tient with Cushing's syndrome resulting in a
partial clinical remission, the negative nitrogen
balance became slightly positive and the high ab-
normal N15 excretion rate (507%o) fell toward nor-
mal (38%o) (Figure 3, Tables I and II).

On two occasions ACTH administration re-
sulted in negative nitrogen balance in a healthy
subject and the N15 excretions were abnormally
high, 36%o and 45%o, compared with his baseline
of 27%o (Figure 4, Tables I and II). ACTHdid
not disturb the nitrogen balance in another healthy
subject but despite this, the N15 excretion rose
from 27%o to 39%o (Figure 4, Tables I and II).

This striking alteration in the handling of in-
gested glycine despite the maintenance of nitrogen

-M.C. - Cushing's Syndrome
- M.C. - Receiving. T.P

D.M.- Cushing's Syndrome

6 12. 18 24 36 48
Hours

FIG. 2. ACCUMULATIVEN" EXCRETIONOF FOUREXPERIMENTSONTwo PATIENTS WITH
CUSHING'S SYNDROME(M. C., D. M.) IN NITROGENEQUILIBRIUM ON A STANDARDDIET.
ADDITIONAL CURVEON PATIENT (M. C.) RECEIVING TESTOSTERONEPROPIONATEIN POSI-
TIVE NITROGENBALANCE

The hatched area portrays the mean excretion rate plus or minus two standard deviations
in seven healthy subjects in nitrogen equilibrium on a standard diet.
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TABLE II

Nitrogen intake Urinary nitrogen

Subject Weight N" N" N" N"s accumulated excretion

24 hrs. Single 24 hrs. 6 hrs. 12 hrs. |8 hrs. 24 hrs. 48 hrs. 24 hrs.dose

(Kg.) (gm.) (mg.) (gm.) (mg.) (mg.) (mg.) (mg.) (mg.) (%)
Normals
A. W. 1 97.0 16.1 104 14.8 10.3 18.1 23.2 28.0 39.8 27.0
A. W. 2 93.5 16.1 104 13.2 10.5 18.9 24.3 29.3 39.4 28.1
R. H. 74.1 12.9 82 10.9 7.4 14.1 18.9 22.2 33.3 27.0
K. C. 77.9 14.9 33 13.0 3.3 6.1 8.9 12.8 27.0
J. M. 80.0 12.1 33 11.4 2.7 5.2 6.9 7.6 10.2 23.0
A. E. 77.3 14.3 180 12.5 16.2 32.9 43.3 49.9 27.5
A. W. 82.3 16.8 90 16.1 5.7 11.8 16.9 19.7 21.7
S. B. 51.6 8.5 150 7.6 14.6 28.2 35.7 38.6 26.0

Mean 25.9 S.D. 1.6

Cushing's syndrome
M. C. 1 62.9 10.9 78 9.5 19.3 30.7 35.3 37.6 42.1 48.2
M. C. 2 63.7 10.9 39 10.1 9.9 16.2 18.9 20.2 23.5 51.7
M. C. 3 61.5 10.9 22 10.1 4.6 7.8 9.5 10.4 47.3
M. C. 4* 64.7 10.9 52 6.6 7.5 12.6 15.3 16.6 19.4 31.9
E. D. 1 73.7 14.0 120 15.0 26.3 45.0 54.7 60 71.4 50.0
E. D. 2t 73.8 14.0 180 12.1 30.3 51.9 63.8 69.2 38.3
D. M. 1 67.0 11.8 120 11.1 32.0 43.5 50.7 60.4 42.2

Mean 47.9 S.D.d3.5

Normals plus ACTH
A. W. 1 91.3 16.1 104 16.4 13.8 25.1 31.8 37.3 50.0 36.0
A. W. 2 90.0 16.0 104 20.9 17.2 31.9 40.1 47.0 60.2 45.3
A. E. 77.6 14.3 33 12.6 5.2 8.8 11.2 13.0 16.5 39.4

* Patient received testosterone propionate, 25 mg. daily for five days previous to and during the study.
t Five months after X-ray therapy to pituitary.

equilibrium parallels the observations noted above
in Cushing's syndrome.

DISCUSSION

The classical nitrogen balance study offers little
insight concerning alterations in intermediary
metabolism of amino acids and protein. Albright
(5) has called attention to the common finding of
"nitrogen balance" in Cushing's syndrome despite
the clinical evidence of a profound disturbance in
protein metabolism. A combination of nitrogen
balance studies with the ingestion of glycine tagged
with N15 offers new information in the study of
this problem and other problems concerned with
disturbances in protein metabolism.

Sprinson and Rittenberg (4, 6) offered a mathe-
matical analysis of the excretion rates of N15 in
healthy subjects following the ingestion of tagged
glycine. With full realization of the assumptions
involved, they postulated homogeneity of the
"metabolic pool" and calculated its size and also

the rate of tissue synthesis. Wepresented a pre-
liminary report of our data (7) using this type of
analysis. In the above analyses the rate of urea
excretion was not considered to be a significant
factor. Tarver (8) has criticized these assump-
tions and has pointed out that the size of the
metabolic pool appeared to be too large. Ritten-
berg and San Pietro (9) have reappraised the
problem and recalculated the size of the metabolic
pool after first determining the size of the urea
space. This newly derived pool size is consider-
ably smaller and more probable than the original
figures. Unfortunately the data presented here
will not permit analysis by this revised technique.

However, even without mathematical treatment
of the data we feel that it is of interest to report
the striking alterations in the handling of the
ingested N15 in Cushing's syndrome before and
after therapy and in healthy subjects following the
administration of ACTH. It seems reasonable to
conclude from the data presented that when ni-
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trogen equilibrium exists in Cushing's syndrome,
and following ACTHadministration, the observed
alteration from normal in N15 excretion indicates
that a larger fraction than normal of ingested gly-
cine nitrogen is converted to urea and excreted in
24 hours, and conversely, a smaller fraction is
utilized for synthetic or anabolic processes. In-
asmuch as the subject is in nitrogen equilibrium, it
may be assumed that the rate of tissue breakdown
equals the rate of tissue synthesis. When nitro-
gen balance is altered, as following testosterone
propionate, X-ray therapy, and ACTH therapy,
speculation may be unwarranted.

If one may generalize from the alteration in the
handling of the tagged glycine nitrogen, these
studies appear to suggest both decreased protein
synthesis and increased degradation of ingested
amino acids in hyperadrenocorticism, and offer
partial support to Albright's concept of the role
of antianabolism in this disorder. On the other
hand, Kinsell and associates (10) found no de-
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pression of the rate of incorporation of S35 into
,plasma protein following the administration of
methionine tagged with S35 in Cushing's syndrome.

It is recognized that an alternative interpreta-
tion would fit the observations reported here;
namely, that hyperadrenocorticism is associated
with an increased turnover rate of protein in gen-
eral; that is, increased synthesis and increased
degradation.

However, our interpretation of the data seems
more reasonable and is in general accord with
isotope studies of protein metabolism and adrenal
function in animals.

Friedberg (11) observed that the administra-
tion of dehydrocorticosterone to adrenalectomized
animals depressed the rate of incorporation of
methionine sulfur (S35) into tissue protein.

White, Hoberman, and Szego (12) injected
glycine tagged with N15 and reported a higher
N15 content in the tissues of adrenalectomized
fasted mice than in the normal fasted animals.

- E.D. - Cushing's Syndrome
-- E.D. - After X-Ray

6 - 12 18a 24 30 36 42 48

Hours

FIG. 3. AccUMULATIVE NU ExcRETIoN IN PATIENT (E. D.) WITH CUSHING'S SYNDROME
IN Two EXPERIMENTS

Untreated, the patient was in mild negative nitrogen balance; five months after X-ray
treatment, was in mild positive nitrogen balance.

The hatched area is as described in Figure 2.
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Gm Experiment I(AW.) Experiment I(A.E.)
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FIG. 4. ACCUMULATIVEN1' EXCRETIONRATES IN THREEEXPERIMENTSONTwo HEALTHY
SUBJECTS (A. W., A. E.) ON A STANDARDDIET WHILE RECEIVING ACTH

The mode of administration of ACTHand the alterations in nitrogen balance in each
experiment are portrayed.

The hatched area is as described in Figure 2.

Clark (13) fed glycine tagged with N15 to nor-

mal and adrenalectomized rats. He injected cor-

tisone and studied urinary excretion rates. With-
out publication of the data, he reported, "In the
animals receiving cortisone there was a decrease
in protein synthesis as compared to the control
animals."

Hoberman (14) injected fasted rats with gly-
cine tagged with N15 and studied urinary excre-

tion rates after hormonal manipulation of various
sorts. It is germane to this paper that among his
conclusions he states, "the biochemical reactions
leading to the formation of protein are accelerated
in adrenalectomized and hypophysectomized rats"
and finally, "the synthesis of body proteins is
diminished in those animals in which the adrenal
cortex is hyperactive." He subjected his data to
mathematical treatment somewhat similar to
Sprinson and Rittenberg (4), and hence it is open

to the same criticism.
Marshall and Friedberg (15) reported that

ACTHadministration to hypophysectomized rats

decreased the uptake of the C14 label of carboxyl
marked glycine in muscle and kidney protein.

Barton (16) has injected glycine-2-C14 into
normal and adrenalectomized mice. He has found
in either case that prior injection of a small dose
of adrenal cortical extract will inhibit the abrupt
rise in the specific activity of the uncombined
glycine in the liver, and the catabolism of the gly-
cine is increased.

SUMMARYANDCONCLUSIONS

1. The rate of N15 excretion in the urine follow-
ing ingestion of tagged glycine has been determined
on healthy subjects in nitrogen equilibrium on a

standard diet.
2. In four studies on patients with Cushing's

syndrome an increased rate of excretion of N15
was noted while the subject was in nitrogen equi-
librium. In one patient in negative nitrogen bal-
ance, there was a similar degree of alteration in
N15 excretion.

3. An X-ray induced partial remission in one
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case of Cushing's syndrome and testosterone pro-
pionate administration in another resulted in posi-
tive nitrogen balance and a fall in the N15 excre-
tion rate toward normal.

4. Administration of ACTHon three occasions
to two healthy subjects resulted in negative ni-
trogen balance on two occasions only. In all
these studies the N15 excretion rate was similarly
increased.

5. It is suggested that these data support the
concept that hyperadrenocorticism may be char-
acterized by an increased rate of degradation of in-
gested amino acid and decreased protein synthesis.
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