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The purpose of this paper is to report studies
of the protein synthesis rate and the size of the
metabolic pool using the amino acid, glycine la-
beled with isotopic nitrogen N-15. Employing the
technique described by San Pietro and Rittenberg
(1) studies were made on six patients with pri-
mary myxedema, four of them before and during
the administration of I-triiodothyronine.? Five
healthy volunteers, one of whom received I-tri-
iodothyronine, are also included in this report.

The N-15 glycine method used in this study is
based upon the assumptions that dietary amino
acids interact with tissue constituents at a rapid
rate (2) and that a dietary amino acid either is

used for protein synthesis or is oxidized and its

nitrogen excreted.
Figure 1, modified from San Pietro and Ritten-
berg, illustrates the technique. The metabolic
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pool (P) is defined as the mixture of nitrogenous
compounds derived from the diet and from the
breakdown of tissues. Dietary nitrogen enters
this pool where part of it is used for protein syn-
thesis. Another part is converted to urea, mixes
with the urea already present and is excreted in
the urine. The small amount of non-urea nitro-
gen can be disregarded. The total urea in the
body constitutes the urea pool. For the steady
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TABLE 1
Per cent excess of N urine urea nitrogen
Patient Elapsed time (minutes) after injection of N gls;cine
Myxedema Therapy 15 20 30 40 45 60 75 90 105 120 150 180 240
R.P. None .006 018 .034 .043 .054 .058 .061 .070 .063 .063
@ 105 Gamma T3 daily—10 days 015 1037 057 .070 .073 .072 .072 .068
35 Gamma T3 daily—6 months  .011 028 081 054 .061 .047 .064 .066 .066 .064
35 Gamma T3 daily—14 months
70 Gamma T3 daily—1 month .021 041 .061 .066 .067 .067 .065
E. V. None 047 .061 .075 .078 .079 .079
Q 105 Gamma T3 daily—10 days .138 .121 .114 .116 Jd14 111
53 Gamma T3 daily—2 months  .035 .094 141 144 .140 .130 .134 .132 .131 .130 .122
53 Gamma T3 daily—7 months
70 Gamma T3 daily—1 month .012 040 043 .045 .043 044 043
H. P. None .009 033 .044 .048 .051 .053
Q 105 Gamma T3 daily—10 days .010 035 .053 .054 .061 .064 .066 .065 .067
B. W. None .020 079 .059 .074 .073
Q 35 Gamma T3 daily—5 days .020 .045 .114 .095 .095 .087 .090 .093
].QS. None .021 .037 043 .047 .046 .051 .052
V.G None .020 .054 .073 .076 .080 .083 .085 .067
Q
Normal
G. H. None 012 .053 071 .064 .061
<y
L’o" G. None .013 .066 .148 .120 112
L;;" T. None .003 034 .039 .041 .039 .039 .040
S. A. None .038 .054 .053 .052 .053 .054 .050 .044
d 105 Gamma T3 daily—10 days .095 .097 090 .144 .086 .065 .063 .063 .066 .066 .064
S'C;I;I' None .006 .039 .073 .065 .078 .088 .084 .079 .077

state, dietary nitrogen equals nitrogen excretion
and the rate of protein breakdown equals the rate
of protein synthesis.

The small amount of the N-15 labeled amino
acid glycine which is introduced into the metabolic
pool at time zero will be used for protein synthesis
or oxidized to urea and excreted. The relative
distribution of the N-15 between the protein and
urea pools will be a function of the rate of urea
excretion and the rate of protein synthesis. If
one excretory pathway, e.g., urea (Figure 2), can
be completely defined, then it is possible to cal-
culate the rate of protein synthesis and the size
of the metabolic pool. This calculation is based
upon the assumption that the total transfer of ni-
trogen from any pool is proportional to the size
of that pool. Since the rates of protein synthesis
are different in various organs, it is emphasized
that this protein synthesis rate is taken as the
algebraic sum of all the synthetic rates for the
whole organism. ' ‘

MATERIALS AND METHODS

All subjects were maintained on a constant diet con-
taining 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 and
a six-day stool specimen by the macro-Kjeldahl tech-
nique (3). An analysis of an aliquot of the diet was
made at least once for each study. The patients were
all studied while on a metabolic unit and the healthy
volunteers carried on their customary activities but were
fed on the metabolic unit.

The total body urea was determined by the method of
San Pietro and Rittenberg (1) using urea labeled with
isotopic nitrogen N-15 (160 per cent atom excess)
(Figure 2). Approximately three days after determin-
ing the total body urea, the subject, while in the fasting
state, was given 400 mg. of N-15 glycine (32.0 per cent
atom excess) intravenously at 8:00 am. One healthy
volunteer (S.H.) was given the glycine orally. The
urine was then collected over the next four hours at ap-
proximately twenty-minute intervals, and the remainder
collected to complete a twenty-four-hour specimen
(Table I).. :

An aliquot of each urine specimen was prepared for
the mass spectrometer by the method described by
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TABLE 11
Daily nitrogen balance—GMS

During therapy

During therapy

Before therapy

Patient

35 Gamma T3 daily—6 months

-1.0 —02 —0.7 —0.6 —0.6

105 Gamma T3 daily—10 days

-11 —-1.0 —-12 -29 -53 —45 —53 —55 —6.9 —6.9

Myx-
edema

0.0 +0.6
then 70 Gamma T3 daily—6 weeks

-3.0 —-1.3 —-03 —-04 —05 —1.0 —1.1 —0.4

-0.8

R.P.&® 406 +2.0 409 +1.2 407 +1.0 +2.2 +1.9 +1.4 +1.8

35 Gamma T3 daily—16 months;
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436 —02 —14 —09 —-3.1 -25 —2.7 —52 —44 -3.1

35 Gamma T3 daily—10 days

0.0 405 —09 —2.3 +0.2

+03 409 -1.3 +1.8 —01 -—-0.2 403

+2.2 +2.8 +2.5 +2.2 +1.8 423 421 1.7 +2.1 422

B.W.¢
E.V.

105 Gamma T3 daily—10 days

+29 413 -08 —1.8 —-3.1 -32 —32 —42 -26

—-1.6 -0.7 —1.2

Q

53 Gamma T3 daily—7 months
70 Gamma T3 daily—1 month

0.0 —0.7

0.0 —-0.1

—-0.2

+0.2 +06 408 +06 +1.0 +1.2 408 +0.4 +1.2 402

V.G. ¢

Normal

105 Gamma T3 daily—10 days
-1.0 —-0.7 —-0.7 —14 —-14 -12 -09 —-2.0 -2.0

00 —-1.7 —1.0 —-1.1

-06 +04 +04 -06 +1.2 403

S.A. @

Sprinson and Rittenberg (4). The N-15/N-14 ratio was
then determined by means of the mass spectrometer (Con-
solidated Nier type) with a single slit beam with an ac-
curacy of = .002 per cent excess.

The studies were carried out in the following sub-
jects:

1. Five studies on five healthy volunteers—L. G.,
G. H, L. T, and S. A, (J) and one study on S. A.
while receiving l-triiodothyronine 100 micrograms daily
over a ten-day period.

2. Fourteen studies on six patients with primary myx-
edema—R. P. (&), H. P, E. V,B. W, V.G, and J. S.
(?) in positive nitrogen balance (Table II).

3. Patients R. P, E. V., and H. P. were studied while
receiving 100 micrograms of l-triiodothyronine daily for
ten days for the first time; and patient B. W. while re-
ceiving 35 micrograms daily for the first time.

4. Patient R. P. was restudied after having been on
35 micrograms of l-triiodothyronine for six months and
again after receiving 35 micrograms daily for sixteen
months and 70 micrograms daily for six weeks. Pa-
tient E. V. was restudied after receiving 53 micrograms
daily for two months, and again after receiving 53 micro-
grams daily for seven months and 70 micrograms daily
for one month.

RESULTS

The protein synthesis rate, expressed as milli-
grams of nitrogen per Kg. per 24 hours, was de-
creased in the patients with myxedema as com-
pared with the healthy volunteers. The average
rate for the six patients with myxedema was 354
mg. nitrogen per Kg. per 24 hours (Range 180 to
470 mg. nitrogen) as compared to 756 mg. ni-
trogen per Kg. per 24 hours (Range 610 to 970
mg. nitrogen) for the healthy volunteers (Table
IIT). The pool size (P) was not consistently
altered.

Five of the patients with primary myxedema
were in slight to moderate positive nitrogen bal-
ance as determined by classical nitrogen balance
technique (Table II). The administration of
I-triiodothyronine in daily doses of 105 micro-
grams to patients R. P., E. V., and H. P. resulted
in markedly negative nitrogen balance. The pro-
tein synthesis rate in patient E. V. measured dur-
ing this period did not change, while that of H. P.
also measured during this period tended to de-
crease, 490 mg. nitrogen to 318 mg. of nitrogen
per Kg. per 24 hours. Patient B. W. received
only 35 micrograms of Il-triiodothyronine daily
for six days and there was no change in nitrogen
balance or in the protein synthesis rate during this
time.

Patient E. V. was restudied after having re-
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TABLE III
L Patient Wt. Therapy S P U
Myxedezﬁa Kg. T3 Mg./ Kg./ 24 Hrs. Mg./ Kg Gms
R.P.O" | 85.2 180 7.0 8.3
80.1 105 Gamma Daily - 10 Days 370 9.0 7.9
83.0 35 Gamma Daily - 6 Months 370 4.0 6.6
80.0 35 Gamma Daily - 14 Months
70 Gamma Daily - 1 Month 412 6.5 6.2
E.V.Q 70.0 350 17.4 5.6
66.5 105 Gamma Daily - 10 Days 328 4.2 5.0
66.0 53 Gamma Daily - 2 Months 482 7.0 3.9
73.0 53 Gamma Daily - 7 Months
70 Gamma Daily - 1 Month 1300 22.4 3.9
H.P. Q 77:0 None 490 21.0 6.1
74.0 105 Gamma Dally - 10 Days 318 10.0 7.6
B.W.Q 60.5 None 403 8.6 5.6
60.0 35 Gamma Daily - 6 Days 400 4.5 5.5
J.S g 62.5 None 470 19.0 7.0
V.G.Q 66.8 None 233 11.5 6.1
Normal
$H O" | 76 670 15.0 4.1
L.T.0" | &1 970 17.0 5.7
G.H.O" | 711.8 850 13.0 5.0
L.Gc.o" | 717.3 610 12.0 5.0
s.a. 07 | 1.0 680 10.0 5.4.
72.0 105 Gamma Daily - 10 Days - 126 2.5 6.5

* T-3-L-triiodothyronine, S-protein synthesis rate, P-metabolic pool, U-urea pool.

ceived 53 micrograms of triiodothyronine daily
for two months. There was a small increase in
synthesis rate, 328 to 482 mg. nitrogen per Kg.
per 24 hours. She was still in minimal negative
nitrogen balance at this time. After receiving 50
micrograms daily for seven months and 70 micro-
grams daily for one month the synthesis rate had
increased to 1300 mg. nitrogen per Kg. per 24
hours. At this time she was in nitrogen equi-
librium.

Patient R. P. was restudied after receiving 35
micrograms of I-trilodothyronine daily for six
months. The synthesis rate had increased from

180 to 370 mg. nitrogen per Kg. per 24 hours.
After receiving 35 micrograms daily for sixteen
months and 70 micrograms daily for six weeks re-
study showed a synthesis rate of 412 mg. nitrogen
per Kg. per 24 hours. He was in nitrogen equi-
librium on the day the last study was carried out.

The administration of 105 micrograms of I-tri-
iodothyronine daily for ten days to a healthy vol-
unteer (S. A.) caused no definite decrease in
weight and very minimal negative nitrogen bal-
ance but decreased the synthesis rate from a pre-
treatment level of 680 to 126 mg. nitrogen per:
Kg. per 24 hours.
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DISCUSSION

The protein synthesis rate expressed as milli-
grams of nitrogen per kilogram per twenty-four
hours was consistently decreased in the six pa-
tients with primary myxedema (Figure 3, Table
IIT) as compared to the healthy volunteers. This
occurred despite the fact that the patients with
myxedema were in moderately positive nitrogen
balance by classical nitrogen balance studies.

During the first few days that I-triiodothyronine
was first administered there was no consistent
change in the protein synthesis rate (Table IIT).
In three patients there was little or no change while
in one there was an increase toward the normal.
The results obtained during this period may not
be valid because the steady state has been dis-

turbed and a new one not yet established as mani-

fested by the increasing negative nitrogen bal-
ance (Table IT).

The continued administration of I-triiodothyro-
nine to two myxedematous patients with the at-
tainment of the euthyroid state and a new steady
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state as shown by nitrogen equilibrium resulted
in a return to a normal protein synthesis rate in
one and a marked increase with a return toward
normal in the other (Figure 4).

DuToit (5) has obtained results in vitro simi-
lar to these reported here by studying the effect
of thyroid hormone on the incorporation of the
amino acid alanine into the proteins of.rat liver
slices using alanine tagged with radioactive carbon,
C-14. Thyroidectomy markedly reduces the in-
corporation rate and the administration of thy-
roxine to the athyreotic animal restores the in-
corporation rate to normal. He reports no stud-
ies of the effect of thyroxine on normal animals.

From the above animal studies and the results
we have obtained in patients with myxedema it
would appear that the absence of the thyroid hor-
mone results in an overall decrease in protein syn-
thesis which is corrected by the administration of
thyroid hormone. By the present technique we
are not able to calculate the rate of breakdown of
tissue protein. Olesen, Heilskov, and Schgn-
heyder (6) have recently introduced a new mathe-
matical interpretation of data of this kind. By
extending the period of observation over 360 hours
rather than 24 hours it is possible to calculate, in
addition to pool size and protein synthesis rate,
the rate of protein breakdown. Data are being
collected according to this technique in patients
with myxedema as it seems important to try to
delineate what is happening in the relatively acute
stage when the patient is in profound negative ni-
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trogen balance yet the protein synthesis rate
showed little change (Table II, Figure 4). This
could mean that “myxedematous tissue” is being
catabolized and excreted and that there is a lag
period before new normal tissue is formed. The
present data are only suggestive and need confir-
mation by the technique of Olesen, Heilskov, and
Schgnheyder (6).

The profound negative nitrogen balance and de-
crease in weight (Figure 5) produced by I-tri-
iodothyronine in the patients with myxedema have
been previously reported (7). A similar effect has
been reported using dessicated thyroid or thyroxin
(8, 9). The administration of l-triiodothyronine
in a daily dose of 105 micrograms for ten days to
a healthy volunteer (S.A.) produced very mini-
mal negative nitrogen balance and no weight loss.
However, there was a marked decrease in the pro-
tein synthesis rate from 680 mg. nitrogen per Kg.
per 24 hours before therapy to 126 mg. nitrogen
per Kg. per 24 hours while receiving the drug.
From this single study it would appear that an ex-
cess of thyroid hormone also decreases the rate of
protein synthesis. We are now studying patients
with hyperthyroidism to see if they demonstrate
this abnormality.

Rupp, Paschkis, and Cantarow (10) have shown
that in the thyroidectomized rat physiological doses
of thyroxine decrease nitrogen excretion which
they interpret as a protein anabolic effect. Large
amounts of thyroxine given to the intact rat caused
increased nitrogen excretion or a protein catabolic
effect. Our results in man presented here are con-
sistent with the above studies in the rat.

@8 Stool N
23 Urinary N

F16. 5. NITROGEN BALANCE StUDY ON PATIENT R. P.

Results plotted so that below the dotted line is positive
nitrogen balance and above the dotted line is negative
nitrogen balance.
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CONCLUSIONS

1. The protein synthesis rate as measured by
the N-15 glycine technique was decreased in six
patients with primary myxedema.

2. The administration of l-triiodothyronine re-

_stored the protein synthesis rate to a normal level.

3. The administration of triiodothyronine to a
healthy volunteer also decreased the rate of pro-
tein synthesis suggesting that an excess of thyroid
hormone will also decrease the rate of protein syn-
thesis.

4. This N-15 glycine technique appears to offer
insight into protein metabolism in man which is
not obtainable by classical nitrogen balance stud-
ies.

REFERENCES

1. San Pietro, A., and Rittenberg, D., A study of the
rate of protein synthesis in humans. I. Measure-
ment of the urea pool and urea space. II. Meas-
urement of the metabolic pool and the rate of pro-
tein synthesis. J. Biol. Chem., 1953, 201, 445, 457,

2. Borsook, H., Deasy, C. L. Haagen-Smit, A. J,
Keighley, G., and Lowy, P. H., Metabolism of C*-
labeled glycine, L-histidine, L-leucine, and L-lysine.
J. Biol. Chem., 1950, 187, 839.

3. Hawk, P. B., Oser, B. L., and Summerson, W. H,,
Practical Physiological Chemistry. 12th ed., Phila-
delphia, The Blakiston Co., 1947.

4. Sprinson, D. B.,, and Rittenberg, D., The rate of
utilization of ammonia for protein synthesis. J.
Biol. Chem., 1949, 180, 707.

5. DuToit, C. H., The effect of thyroxine on phosphate
metabolism. Symposium on Phosphorus Metabo-
lism, Baltimore, Johns Hopkins Press, 1952, Vol.
II, p. 597.

6. Olesen, K., Heilskov, N. C. S., and Schgnheyder, F.,
The excretion of ®N in urine after administration
of *N-glycine. Biochem. et Biophys. Acta, 1954,
15, no. 1, 95.

7. Asper, S. P, Jr., Selenkow, H. A., and Plamondon,
C. A, A comparison of the metabolic activities of
3,5,3’-L-triiodothyronine and L-thyroxine in myx-
edema. Bull. Johns Hopkins Hosp., 1953, 93, 164.

8. Boothby, W. M., Sandiford, I., Sandiford, K., and
Slosse, J., The effect of thyroxin on the respira-
tory and nitrogenous metabolism of normal and
myxedematous subjects. I. A method of studying
the reserve or deposit protein with a preliminary
report of the results obtained. Tr. A. Am. Physi-
cians, 1925, 40, 195.

9. Byrom, F. B., The nature of myxoedema. Clin. Sc.,
1934, 1, 273.

10. Rupp, J., Paschkis, K. E., and Cantarow, A., Influ-
ence of thyroxine on protein metabolism. Endo-
crinology, 1949, 44, 449.



