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It has been observed that Ill' labeled human
serum albumin, administered intravenously to nor-
mal man, is ultimately distributed between extra-
vascular tissues and plasma in the approximate
ratio of 60:40 (1, 2). This ratio is not appreci-
ably altered in heart failure with edema (2), but
may be increased somewhat in hepatic cirrhosis
with ascites (1). One of the highest extravascu-
lar-intravascular ratios ever observed in this labo-
ratory was in a patient with myxedema, in whom
73 per cent of the iodinated albumin remaining
within the body at distribution equilibrium was in
the extravascular spaces (2). The high extra-
vascular albumin content in myxedema may be re-
lated to increased skin thickness since it has been
shown that skin contains a disproportionately large
fraction of the total extravascular albumin (3).
It therefore seemed of interest to evaluate whether
extravascular-intravascular shifts of serum albu-
min could be initiated in euthyroid subjects by the
administration of large doses of thyroid hormone.

It had also been observed previously that albu-
minuric subjects do not generally compensate for
renal losses by an increase in the rate of albumin
synthesis but do so rather by a decrease in the rate
of albumin catabolism (2). Because the possibility
of hepatic damage in nephrotic subjects has been
suggested (4), it also seemed of interest to evaluate
whether subjects with normal liver function would
respond with an increase in the rate of albumin
synthesis to the increased rate of albumin degra-
dation anticipated in response to excessive thyroid
hormone stimulation.

METHODS

Nine male patients at the Veterans Administration Hos-
pital, Bronx, New York, were subjects of this study.
The illnesses responsible for hospitalization are given in

1 Dazian Foundation Fellow, present address: Veterans
Administration Hospital, Manhattan.

2National Heart Institute Research Fellow.

Table I. There was no suspicion of thyroid disease nor
detectable proteinuria in any of the patients. Seven sub-
jects were maintained on a regular hospital diet, ad
libitum, throughout the study. Two subjects (R. W. and
S. K.) received protein supplements of 90 gm. per day
in addition to the regular diet.
The distribution and metabolism of albumin were stud-

ied by means of I' labeled human serum albumin. Fol-
lowing the intravenous administration of albumin-I,
observations of plasma and urinary I' were made for a
control period of 15 to 22 days, following which, ob-
servations were continued for another 13 to 22 days
while the subjects received 12 to 18 grains of desiccated
thyroid, U.S.P., per day (Figure 1). For the purpose of
reevaluating the distribution of albumin at the end of
this period, a second dose of albumin-I' was administered
and observations were continued for another 9 to 14 days
during continuing thyroid therapy except in patient D. C.
in whom thyroid hormone was discontinued at the time
of administration of the second dose of albumin-IM
The iodinated albumin used in these experiments was

prepared according to methods previously described (1)
and contained approximately one iodine atom per pro-
tein molecule. These preparations have previously been
observed to undergo a uniform rate of metabolic degra-
dation in vivo (1, 2). Since it has been shown that I`
labeled albumin of high specific activity may be damaged
sufficiently by radiation to result in rapid in vivo degra-
dation (5), the albumin-I' employed in this study was
prepared with relatively low specific activity (< 21.5
,uc. per mg.). Each patient received a total of 150 to
250 uc. intravenously in 2 injections. Lugol's solution,
10 drops 3 times a day, was administered daily to block
thyroidal uptake of IM'. Heparinized blood samples were
taken without tourniquet stasis 15 minutes, 2 hours, and
6 hours after injection, and at almost daily intervals
thereafter. Twenty-four-hour urine collections were ob-
tained daily except in an occasional instance when a
pooled weekend urine was collected. Plasma and urine
samples were assayed for radioactivity in a well type
scintillation counter with a sensitivity of 1.0 X 10' counts
per min. per itc. I` above a background of approxi-
mately 200 counts per min. Total serum protein con-
centration was determined by the Kjeldahl method and
serum albumin concentration was determined by the
method of Kingsley (6) at 3 to 7-day intervals through-
out the period of study.
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DESICCATED THYROID
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FIG. 1. TYPIcAL SET OF CURVES FOR PLASMA AND URINE DATA (PATIENT F. M.)
FOLLOWING ALDuMIN-IP ADMINISTRATION (Su: TEXT)

Plasma volume and total exchangeable albumin (TEA)
were determined by methods previously described (1).
The rate of metabolism of serum albumin was de-

termined by several different means. Methods employ-
ing the rate constant of decrease in plasma concentra-
tion of albumin-It after distribution equilibrium or the
rate of urinary excretion of I' released by degradation
of albumin-I' have been previously described (1) and
yielded essentially identical values. However, the validity
of these methods depends upon the maintenance of steady
state conditions. During the control period, serum al-
bumin concentrations remained constant, and for prac-
tical purposes it may be assumed that steady state re-

quirements were satisfied. Under these conditions the
rate of synthesis is equal to the rate of degradation.
However, during the experimental period of thyroid ad-
ministration, changes in the distribution and the rate of
degradation altered the steady state so that the validity
of these methods is vitiated. Therefore, the following
method, the validity of which is independent of the steady
state, was employed for comparison of albumin degrada-
tion during control and experimental periods. Since
radioactivity excreted in the urine in the absence of pro-

teinuria represents IF released by metabolic degradation
of albumin-I`, the amount degraded each day was cal-

culated as the product of the apparent renal clearance of

plasma I' ("metabolic clearance") and the plasma con-

centration of albumin (Figure 2).8 The total amount de-
graded over each period was then obtained from the sum

of the daily values.4 The quantity of albumin synthe-

It has been shown previously that the urinary excre-

tion of I' reflects very closely the degradation of albu-
min-I' owing to the very rapid rate of renal excretion of
the I' released by protein degradation compared to the
rate of degradation itself (1). "Metabolic clearance"
methods have also been used in the study of thyroid hor-
mone degradation (7).

4 In subject P. M. the second dose of albumin-I' was

administered 4 days after observations on the degrada-
tion of the first dose of albumin-IF were discontinued.
In subject T. M. the total exchangeable albumin was cal-
culated from the space of distribution of albumin-I' 7
days following the administration of the second dose.
In both instances the mean daily albumin degradation dur-
ing the last 5 days of the treatment period was assumed
to continue into these 4 and 7-day periods. Although the
rate of albumin degradation may have been slightly higher
than the mean of the previous 5 days, this would not have
introduced a significant error in the values for total al-
bumin degraded during thyroid hormone administration.
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REINJECTION OF
ALBUMIN -1131

DESICCATED THYROID +
0.8gm/ DAY

MEAN 'LAE DURING / X X X
CONTROL PERIOD 034L/dy A xX

v W Itvp X X1X

MEAN VALUE DURING

.ONTROLPERIOD 422X.m/e B

MEAN VALUE DURING

CONTROL PERIOD 144gm/day
i

X
x A

C

O2 4 6 8 10 12

...LJX XX X X X

a I I

6
.~

414 16 lb 20 22 24 i6 28 30 32 34 36 38 42
TIME IN DAYS -

FIG. 2. PATIENT F. M. DAUY URINARY CLEARANCI (" M ouCC 'AR.NcE") oF PLAsM I' (CURVE A),
SERUM ALBUMIN CONCENTRATION (CuVE B), AND QUANTITY OF ALBUMIN DEGiumim DAIY (CURVE C)
Following thyroid hormone therapy, there was an appreciable increment in the quantity of albumin degraded

even though the concentration of serum albumin decreased.

sized during thyroid administration was obtained from
the difference between the total amount degraded and the
change in total exchangeable albumin during this period.
During the control period the amount synthesized was
taken to equal the amount degraded.

RESULTS

Clinical observations and laboratory data which
are not related to albumin metabolism are given in
the Appendix. It is only necessary to note here
that all subjects developed clinical evidence of
hypermetabolism akin to that observed in hyper-
thyroidism within about 2 weeks following initia-
tion of thyroid therapy.
Data pertaining to albumin metabolism are sum-

marized in Table I. During thyroid administra-
tion all subjects showed a fall in total serum pro-
tein concentration, the mean value decreasing from
7.03 + 0.20 grams per 100 ml. to 6.26 ± 0.37
grams per 100 mL Serum albumin concentration
fell from 4.62 + 0.31 grams per 100 ml. to 4.19 +

0.29 grams per 100 ml. Plasma volume increased
in all subjects with a mean change of + 10.4 per
cent.
An increase in the overall apparent space of

distribution accompanied by a proportionately

greater fall in serum albumin concentration re-
sulted in a decrease in TEA of 17 gm. During
the control period intravascular albumin was 145
gin. and extravascular albumin 205 gm. After
thyroid therapy the values were 143 and 189 gm.,
respectively, indicating that the slight loss of ex-
changeable albumin was derived exclusively from
the extravascular compartment.
During thyroid administration there was an in-

creased metabolic degradation of albumin in all
subjects. This was suggested in the increased uri-
nary excretion of I1s3 (Figure 1, Curves B, D).
Although the serum albumin concentration fell,
the marked increase in the fractional rate of albu-
min I1's degradation more than compensated for
this fall, leading to an increase in the quantity of
albumin degraded. Determination of the "meta-
bolic clearance" of albumin I'll (Figure 2 and
Table I) confirmed the increase in the absolute
amount of albumin undergoing metabolic degrada-
tion. The mean value of this increase was 81
grams with a range of 32 grams to 165 grams
(Table I). Since loss of total exchangeable al-
bumin averaged 17 grams during the same period,
the average amount of extra albumin synthesized
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during thyroid hormone therapy was 64 grams.
Augmented albumin synthesis thus amounted to
about 79 per cent of the increase in albumin degra-
dation. In individual subjects the increase in al-
bumin synthesized during thyroid treatment pe-
riods of 12 to 22 days ranged from 22 to 128
grams.

DISCUSSION

Previous observations in treated myxedema
have established alterations in serum protein con-
centration and distribution. Thompson, Thomp-
son, Silveus, and Dailey (8) noted a decrease in
serum protein concentration when thyroid hor-
mone was administered to two subjects with myx-
edema, and Boothby, Sandiford, Sandiford, and
Slosse (9) observed a negative nitrogen balance
following thyroxine administration in myxedema
and concluded that extravascular sites were the
source of the lost protein. Thompson (10) ob-
served a decrease in blood volume in myxedema
which returned to normal with replacement ther-
apy, and Gibson and Harris (11) noted an in-
creased blood volume in hyperthyroid subjects.
Schwartz (12) and Lewallen, Rall, Berman, and
Hamel (13), employing Il-i labeled albumin, ob-
served a decrease in extravascular albumin in
myxedematous subjects treated with desiccated
thyroid. The present study is consistent with these
observations and indicates further that the reversal
of the abnormalities present in myxedema is not
simply referable to correction of a metabolic de-
fect due to lack of thyroid hormone but also that
similar changes can be induced by excessive
amounts of the hormone even in the absence of
such a defect. This is in accord with the widely
held concept that thyroid hormone does not pro-
duce any qualitative changes in metabolism but
acts as a regulator for the quantitative control of
autonomous functions. However, the present
studies do not rule out the possibility that the
changes induced in myxedematous patients and in
euthyroid subjects are mediated through quali-
tatively different mechanisms. Since the precise
mechanism of action of thyroid substances has not
been definitely established, speculation on this
point seems unwarranted at present.
Of special interest is the observation that, un-

der the influence of thyroid hormone, albumin
production by the liver increased to a level which

nearly compensated for the increased albumin
utilization, as a result of which no appreciable
negative albumin balance occurred. This is in
contrast to previous observations in proteinuric
subjects that a decrease in the rate of albumin
degradation rather than an increase in the rate of
albumin synthesis was the mechanism by which
the body generally compensated for the renal losses
(2). It was not clear whether the failure to in-
crease the rate of albumin synthesis in these
cases represented a pathologic or physiologic limi-
tation, since a protein synthesizing defect in ne-
phrotic proteinuria has previously been suggested
(4). However, it has recently been demonstrated
that the low serum protein bound iodine levels
frequently observed in nephrosis are associated
with a diminished rate of metabolism of thyroxin
(14). It would then seem that the diminished
degradation and limited synthesis of albumin in
proteinuria are compatible with normal liver func-
tion in a hypometabolic state. The maintenance
of a low serum albumin concentration in the pres-
ence of significant proteinuria actually minimizes
protein loss in the urine and consequent depletion
of tissue proteins since albumin excretion would
be expected to increase with increased albumin
concentration, even if there were no rise in the
rate of plasma albumin clearance by the kidneys.
Thus, a decrease in albumin degradation without
stimulation of albumin synthesis appears to be an
economical means of conserving body protein in
the presence of proteinuria. Because of the di-
rect stimulation of catabolism, a similar mechanism
is not possible in thyrotoxicosis. Hence, the body
adapts to protein deficit in different ways depend-
ing upon the manner in which this deficit is
acquired.
The present study indicates that, at least under

the influence of excess thyroid hormone, the nor-
mal liver is able to elaborate increased amounts of
serum albumin. Whether or not the normal liver
can increase its output under euthyroid conditions,
assuming the demand is created by increased loss
or utilization, cannot be answered by these data.
Whipple and Madden (15) observed a rapid
restitution of serum protein concentration follow-
ing plasmaphoresis in dogs and attributed this to
an increased rate of protein synthesis. However
since the rate of protein degradation was not stud-
ied, the possibility that replenishment of protein
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stores was effected by significant slowing of pro-
tein catabolism rather than by acceleration of
synthesis cannot be excluded.

SUMMARY AND CONCLUSIONS

1. Methods are described for the quantitative
evaluation of albumin degradation and albumin
synthesis under non steady state conditions.

2. The distribution and metabolism of albumin-
18l were studied in nine subjects before and after
the administration of large doses of desiccated thy-
roid. Clinical and laboratory evidence of hyper-
metabolism developed during thyroid administra-
tion in all subjects.

3. There was a decline in total serum protein
concentration in all subjects with a fall in both
albumin and globulin fractions. The total intra-
vascular albumin remained essentially unchanged
due to a concomitant increase in plasma volume.

4. The fractional rate and absolute amount of
albumin degraded daily increased in all subjects.
However augmented albumin synthesis resulted in
only a small loss of total exchangeable albumin.
This loss was sustained almost entirely by extra-
vascular sites.

APPENDIX

Incidental observations

Since there is a paucity of data on experimental hy-
perthyroidism in human subjects, the following observa-
tions are recorded. In all subjects the first symptoms
of hyperthyroidism appeared in about two weeks. Tremor
was noted in 7 subjects and heat intolerance in 4. Ap-
petite was noticeably increased in 3 subjects but dimin-
ished in 1 patient. None of the subjects developed diar-
rhea, and only 1 subject noticed an increase in bowel
movements. Five of the 9 subjects complained of oc-
cipital headache present on arising and lasting for sev-
eral hours, which is not commonly reported in associa-
tion with hyperthyroidism. This symptom could not be
attributed to hypoglycemia since fasting blood sugar
values were normal and the headaches were not relieved
by food. There were weight losses of 8 to 19 pounds
over the 13 to 25-day periods of thyroid administration in
all of the 5 subjects in whom weights were recorded.
Blood pressure values remained essentially unaltered
during thyroid therapy. The resting heart rate in-
creased to 96 beats per minute or more in 8 of 9 sub-
jects. The basal metabolic rate increased from +22 per
cent to + 49 per cent above the control level with a mean
rise of + 37 per cent. In three subjects in whom serum
protein bound iodine concentrations were obtained, values
ranged from 9 micrograms per cent to 14 micrograms

per cent during the period of thyroid administration.
Control values were not obtained but the normal range
in this laboratory is 3.8 to 7.5 micrograms per cent.
Total serum cholesterol concentrations were depressed
to approximately 60 per cent of the control values, and
no abnormalities in serum bilirubin or cephalin floc-
culation were noted in 3 subjects. However, in these
3 subjects the thymol turbidity fell from 3.2, 3.4, 1.6 to
1.1, 2.0, 0.5 Shank-Hoagland units, respectively.
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