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The present investigation of albumin metabo-
lism in Cushing's syndrome employing the I'3'-
labeled albumin turnover method (1) was under-
taken in view of clinical and experimental evi-
dence of significant effects of steroid hormones
upon protein metabolism. Previous reports have
described acute effects of large doses of gluco-
corticoids in human subjects (2-4). The effects
of chronic hyperadrenalism were examined in the
present work.

MATERIAL AND METHODS

Clinical inaterial
The following four categories of subjects were studied:

1) normal volunteers, 2) physically healthy hospitalized
schizophrenic patients, 3) cases of Cushing's syndrome
due to adrenal cortical hyperplasia; and 4) a patient with
Cushing's syndrome due to exogenous steroids.

1) Normiial volunteers. Thirteen subjects, 10 male, 3
female with ages ranging from 19 to 40 years.

2) Physically healthy hospitalied schizophrcnic pa-
tients. Ten subjects, 5 male, 5 female with ages ranging
from 17 to 39 years.

3) Cushing's syndromiie. Albumin turnover studies
were carried out on 4 women during the active stage of
clinically typical Cushing's syndrome attributed to bi-
lateral adrenal hyperplasia. Three of the 4 were studied
again after therapy and remission. The diagnoses were
supported by elevated urinary ketogenic steroids or cor-
ticoids (Porter-Silber chromogens). In MWI.W., adminis-
tration of prednisone was followed by suppression of uri-
nary 17-ketosteroid levels. In the other 3 subjects, in-
travenous ACTH was followed by an exaggerated rise
in plasma corticoids, considered indicative of hyperplasia
rather than tumor (5). None of the women exhibited
appreciable virilization. All had amenorrhea; the 3 of
pre-menopausal age resumed menstruation after therapy.

M.W., aged 36, had severe Cushing's syndrome with
osteoporosis and collapsed lumbar vertebrae, hyperten-
sion, intermittent hypokalemic alkalosis, and increased

* Supported by grants from the National Institutes of
Health, the American Cancer Society, and the National
Foundation for Neuromuscular Diseases, and by a re-
search contract with the U. S. Atomic Energy Commis-
sion.

requirement of insulin for diabetes mellitus which ap-
parently antedated the onset of hyperadrenalism. After
complete removal of enlarged adrenal glands, the pa-
tient resumed menstruation for the first time in several
years. She was given relatively large steroid doses in
an effort to minimize orthostatic hypotension and epi-
sodes of Addisonian crisis associated with intercurrent
infections. When restudied with IP3`-albumin 15 months
after total adrenalectomy, the patient was receiving 30 mg
cortisol, 0.5 mg 9-a-fluorocortisol, and 1 g tolbutamide
daily.

C.H., aged 50, had Cushing's syndrome of moderate
severity with hypertension but nio diabetes or osteoporo-
sis. She had facial rounding, cervico-dorsal and supra-
clavicular fat pads, and thin skin with a few pink striae.
She had been emotionally disturbed and required care
in a mental hospital during bo1th initial and follow-up
studies. She was restudied with P`31-albumin 10 months
after total adrenalectomy, while receiving 20 mg corti-
sone daily.

R.H., aged 32, had Cushing's syndrome of minimal
severity with hypertension but no impaired glucose tol-
erance or osteoporosis. She had some facial rounding,
hirsutism, amenorrhea, easy bruisability, and increased
pigmentation. Following irradiation of the pituitary
(4,080 r), the elevated urinary 17-ketosteroids and keto-
genic steroids fell to the normal range. Menses reap-
peared for the first time in 7 months. The patient's gen-
eral appearance was improved at the time of the second
I3_-albumin study 10 months after radiotherapy.

A.G., aged 38, had mild Cushing's syndrome with
ameniorrhea, facial rounding, acne, hirsutism, supraclavicu-
lar fat pa(ls, and ecchymoses. After removal of one hyper-
plastic adrenal gland, she underwent what was con-
sidered coincidental partial remission with return of
menses. During the next 6 years there were intermit-
tent manifestations of moderate activity of the disease.
This was followed by a severe re-exacerbation with hy-
pertension, glycosuria, and osteoporosis with a collapsed
lumbar vertebra. During the P13`-albumin turnover study,
the patient received radiotherapy to the pituitary with-
out diminution of the elevated urinary ketogenic steroid
values. Four months after the pituitary irradiation (ap-
proximately 4,000 r), there was general clinical improve-
menit anid recurrence of menises. The elevated urinary
ketogenic steroids fell to normal. A follow-up P`31-al-
humin study was not carried out.

4) Cuishing's syntdromne due to exogenous steroids.
E.B., a 43 year old woman, had dermatomyositis verified
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by biopsy. The initial P`1-albumin study was done dur-
ing the third month of cortisone therapy (200 mg per
day). A later albumin study was carried out during the
second month of a higher dosage schedule (300 mg per
day). During both studies, the patient presented the
typical appearance of Cushing's syndrome with marked
facial rounding and "buffalo" obesity.

Methods

Total serum protein concentrations were determined
in duplicate by the biuret method, employing two or more
known standards prepared by dry weight or checked by
Kjeldahl analysis. The albumin values were obtained
by paper electrophoresis in duplicate with the standard
Spinco apparatus and Analytrol. The albumin con-
centration was determined at least twice in each sub-
ject, at the beginning and end of the turnover study,
with additional intermediate determinations in many in-
stances. The albumin values obtained in each subject
agreed within 0.4 g per 100 ml or less.

The radioiodinated serum albumin shipments were ob-
tained from E. R. Squibb and Sons or from Abbott
Laboratories. Immediately upon receipt of each lot
from Abbott Laboratories, carrier albumin (25 to 50 mg
Red Cross albumin) was added to the vial to minimize
radiation damage to the labeled protein (6). The Squibb
solutions were stated to contain about 10 to 15 mg protein
per ml, which was considered satisfactory from the
standpoint of self-irradiation.

Each hyperadrenal patient was studied simultaneously
with two or more control subjects to avoid any possible
discrepancies that could arise from different behavior it
vivo of individual shipments of radioiodinated albumin.
No variation between different lots was observed. Urine
collections during the first day after injection revealed
that amounts not exceeding 10 per cent of the injected
radioactivity had been excreted, a finding compatible with
absence of appreciable amounts of abnormal rapidly de-
graded components (1, 7).

After 1 day or more of iodine prefeeding (Lugol's solu-
tion, 15 drops daily), the subjects received 50 to 100 ,uc
of J?'1-labeled albumin by intravenous injection. Hepari-
nized venous plasma samples were obtained 10 minutes
after injection, and daily or three times weekly for three
or more weeks.

In several of the experimental and control subj ects,
24-hour urine collections were obtained during most or
all of the study period. The completeness of the col-
lections was verified by creatinine determinations.

The plasma samples of each subject were counted with
appropriate standards in a well-type scintillation counter,
usually at the conclusion of the study, thus obviating the
need for physical decay corrections. Other samples, in-
cluding urines, were corrected when necessary for physi-
cal decay.

The data on plasma radioactivity were treated as origi-
nally described (1). Disappearance curves were ob-
tained from semilogarithmic plots of the plasma radio-
activity against time (Figures 2 and 3). The rapid ini-

tial fall of the first few days, attributed to distribution
of the tracer throughout the "total exchangeable albu-
min pool," was followed by a gradual linear decline, the
exponential decay due to metabolic degradation. Lines
were drawn by inspection, or by the method of least
squares when the points showed appreciable scatter. The
half-time (TJ) of the slow component was obtained by
graphic analysis. From the Ti the equation, 0.693/Ti =
k, gave the fractional turnover rate, k, expressed as per
cent of the albumin pool replaced per day. The total
exchangeable albumin pool in grams was obtained by the
isotope dilution formula, employing the quotient:

total radioactivity injected
radioactivity per gram of albumin

The denominator was obtained from the zero time ex-
trapolation of the slow component which represented
plasma radioactivity if distribution had occurred in-
stantaneously upon injection. The product of the pool
and turnover rate yielded the degradation rate in grams
per day. The rate of synthesis should be the same as the
degradation rate under steady state conditions, which
were assumed to exist in the absence of significant clini-
cal alterations. The observed constancy of the serum
albumin concentration was compatible with this assump-
tion. The data for the albumin pools and degradation
rates were adjusted to 1.73 m2 surface area. The intra-
vascular albumin (circulating plasma albumin) in grams
was calculated from the 10 minute value for radioactivity
per gram of albumin used as the denominator in the iso-
tope dilution formula.

The data on urinary radioactivity were treated by two
types of computation described by Rothschild, Schreiber,
Oratz and McGee (2) and by Berson, Bauman and Roth-
schild (7-9). One value for the albumin degradation rate
was obtained from the quotient:

per cent renal excretion per day
per cent injected radioactivity retained in the body'

which was multiplied by the total exchangeable albumin
pool (7, 8). A second value was the product of the
"metabolic clearance" of P`31-albumin and the mean se-
rum albumin concentration (2, 9). The results of both
methods based upon urinary data proved to be in reason-
able agreement with the values obtained from plasma
disappearance curves, which were used in Table I and
in Figures 1, 2 and 3. Extensive discussions of the
validity and limitations of P1`3-albumin turnover studies
have appeared previously (6, 7, 10-13).

RESULTS AND INTERPRETATIONS

The normal control and schizophrenic groups had
biological half-times of albumin turnover (mean +
standard deviation) of 13.4 + 1.3, and 13.5 + 1.3
days, respectively (Figure 1 and Table I). No sig-
nificant variation related to age or sex was observed.
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TABLE I

Albumin turnover data in Cushing's syndrome and control groups

Kinetic and isotope dilution data

Kinetics of
disappearance

Total ex-
Turn- changeable

Surface Serum over albumin Degradation
Condition Subject Sex Age Wt area Status albumin Ti rate pool rate

yrs kg mn2 g %c days %/c/day g g,/1.73 g/day g/dayl
mn2 1.73 m2

Cushing's M.W. F 36 66.0 1.65 Disease active; 3.8 7.7 9.0 170 178 15.3 16.0
syndrome osteoporosis

37 61.9 1.60 15 mos. after 2.7 10.8 6.4 208 225 13.3 14.5
adrenalectomy

Cusliing's C.H. F 50 65.0 1.62 Disease active; 4.7 9.7 7.2 250 267 17.9 19.1
syndrome

51 46.8 1.41 10 mos. after 4.3 14.3 4.8 266 326 12.9 15.8
adrenalectomy

Cushing's R.H. F 32 63.6 1.66 Disease active; 4.6 11.4 6.1 293 305 17.9 18.7
syndronme

33 63.2 1.66 10 mos. after 4.4 15.4 4.5 394 411 17.7 18.5
pit. irradiation

Cushinlg's A.G. F 38 56.6 1.58 Disease active; 3.6 8.5 8.2 179 196 14.6 16.0
syndrome osteoporosis

Active Cushiing's syndrome: Mean 9.3 7.6 223 237 16.4 17.5
S) 1.6 1.2 59 60 1.7 1.7
SEM* 0.8 0.6 29 30 0.9 0.8

Cortisonie L.B. F 43 75.0 1.78 3rd mo., 200 uiig 4.2 10.1 6.9 261 254 18.0 17.5
therapy cortisone daily;

43 75.0 1.78 2nd mo., 300 mg 4.7 8.6 8.1 261 254 21.0 20.4
cortisone daily

Normiial 13 Subjects: Mean 13.4 5.2 314 300 16.3 15.6
SD 1.3 0.5 48 37 2.9 2.2
SEM 0.4 0.1 13 10 0.8 0.6

Schiizophireniia 10 Subjects: Mean 13.5 5.2 323 318 16.6 16.4
SD 1.3 0.5 64 37 3.0 1.8
SEM 0.4 0.2 20 12 1.0 0.6

* Standard error of the mean.

The subjects with active Ctishing's syndrome had
significantly shorter half-times with a mean value
of 9.3 ± 1.6 days (p < 0.01). This acceleration
of albuminin tturnover was reversed by treatment of
the disease. As seen in Figures 1, 2 and 3 and in
Table I, the TA became appreciably longer, return-
ing to or toward the normal range in the three
subjects restudied during remiiission following
therapy. Repeated studlies in control subjects at
intervals as long as 1 year have revealed no de-
tectable change (14).

The mean value for the total exchangeable al-
bumin pool was significantly reduced in the cases
of Cushing's syndrome as compared with the nor-
mal (p < 0.05) and schizophrenic groups (p <
0.01). The albumin pools were smallest in M.W.
and A.G., the two subjects with the shortest half-
times and with the most severe clinical manifesta-
tions, which included advanced osteoporosis.
Nevertheless, there was no appreciable hypoal-
biuminemia.

Subject E.B., who was first studied while re-

ceiving 200 mg, and again while receiving 300 mg
cortisone daily for dermatomiyositis, also showed
accelerated albumin turnover, more pronounced
on the higher dose (Figure 1 and Table I). It
should be mentioned that dermatomyositis per se
was not found to be associated with abnormal al-
btiumin metabolism (14).

The total exchangeable albumnin 1)ool did not
change in E.B. on the two different (loses of corti-
sone. In contrast, each of the cases of Cushing's
syndromiie had a higher value for the albumin pool
when restudied after therapy. With the increased
albumin pool, A.W. exhibited an unchanged in-
travasctular fraction of the pool (34 per cent, first
sttudy; 33 per cent, second study). The serum
albumin concentration was diminished in associa-
tion with expanded plasma volume. The precise
cauise of this hypervolemic hypoalbutmiinemia, and
the possible contribution of excess salt and water
retention with high steroid dosage were not clear.
The other cases, C.H. and R.H., showed slight
diminutions of the serumiii albumnin concentration,
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opposite in (directioni to the increasedl values for
the albumin pools.

No consistent variationis in intraxascular-ex-
travascular distribution were observed. The mean
values + standard deviations for the intravascu-
lar per cent of the total exchangeable albumin
pool were: normal control group, 40.2 ± 4.2 per
cent; schizophrenic group, 41.2 + 7.2 per cent;
and active Cushing's syndrome, 38.5 + 5.4 per
cent.

It was not unexpected that the (legra(lation rates
in Cushing's syndrome, being the pro(lucts of
diminished pools and increased turnover rates,
revealed no marked deviations froml the normal
range. The values for albumin degraded and
synthesized daily revealed sonme diminution after
therapy in M.W. and C.H., but no appreciable
change in R.H. Subject E.B. showed an in-
creased degradation rate on the larger as com-
pared w%ith the smlaller dose of cortisone.
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OIn theoretical grotund(ls it lhas been sh1oNvil (12)
that the mlethodology employed probably results
in an overestimation of the total exchangeable al-
blumin pool and that, in general, this overestima-
tion beconmes miiore seriouis with shorter biological
half-timiies (12, 13). In the present study, the
lozwer valtues for albumin ool in active Cushing's
syndrome cannot be attributed to computational
error, since the associated short half-times would
tend to exaggerate the overestimation of total ex-
changeable albulnin.

The findings illtustrated accelerated albumin
turnover associated with the excess glucocorticoids
of spontaneous or exogenously indtuced Cushing's
syndrome. This abnormality was reversed by
definitive therapy and was accentuated by in-
creased steroid dosage. The extent of deviation
from normal appeared to be related to the severity
of the clinical mnanifestations.

NORMAL SCHIZO- M.W. C.H. R.H. A.G. E.B.
CONTROL PHRENIC CORTISONE

GROUP GROUP CUSHING'S SYNDROME THERAPY

FIG. 1. EFFECT OF CUSHING'S SYNDROMEUPONSERUMALBUMIN
TURNOVER.
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FIG. 2. I"'-LABELED ALBUMIN DISAPPEARANCECURVE IN CUSHING'S SYN-

DROMEIN SUBJECT M.W. (SEMILOGARITHMIC PLOT). The albumin pools and
degradation rates are adjusted to 1.73 m2 surface area.

Human subj ects started on large doses of glu-
cocorticoids have manifested acutely increased al-
bumin degradation, according to the reports of
Rothschild and co-workers (2), Grossman, Yalow
and Weston (3), and Blythe and associates (4).

Accelerated albumin turnover is by no means

confined to Cushing's syndrome. It is seen in thy-
rotoxicosis (11, 14) as well as in the hypopro-
teinemias associated with proteinuria (8, 13, 14)
and with gastrointestinal protein-wasting syn-

dromes (15-18). It is not, however, regularly
associated with either malnutrition (14, 19) or

debilitating illness. Subjects with marked wast-
ing, including patients with advanced carcinoma,

myotonic muscular dystrophy, and miscellaneous
muscle diseases did not have accelerated albumin
turnover, although some subjects had marked hy-
poalbuminemia and diminution of the total ex-

changeable albumin pool (14). This finding
would tend to exclude the possibility that the ac-

celerated turnover in Cushing's syndrome might
be attributable to nonspecific effects of severe ill-
ness. The close similarity of the findings in the
normal control and schizophrenic groups signi-
fies the constancy of albumin metabolism despite
emotional illness and wide variations in behavior.

The mechanism of the accelerated albumin turn-
over in Cushing's syndrome cannot be stated ex-

l
SUBJECT M.W. STUDIED BEFORE AND 15 MONTHSAFTER

TOTAL ADRENALECTOMY

-6 - ( TI2 z10.8 DAYS

AFTER 2 ALBUMIN POOL - 225 GRAMS
TURNOVERc 6.4%/DAY

CDEGRADATIONa14.5GRAMS/DAY

K-~~~~~~'

{ T2' 7.7 DAYS
ALBUMIN POOL 178 GRAMS

BEFORE TURNOVERa 9.0%/DAY
DEGRADATION 16.0 GRAMS/DAY
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plicitly at present. Certain inferences are war-

ranted, however. In the absence of significant
clinical alterations and with constancy of the se-

rum albumin concentration, the subjects were con-

sidered to be in a "steady state" during the several
weeks of each study. Therefore, the rate of syn-

thesis was presumed to be equal to the rate of deg-
radation. After therapy and remission, the com-

puted degradation rate fell in two of the three
cases; the albumin pool rose in each. Since the
total exchangeable albumin values were not mark-
edly diminished in active Cushing's syndrome
(Table I), it may be inferred that accelerated al-
bumin catabolism was at least partly compensated
for by increased synthesis of albumin.
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Conceivably, small discrepancies between syn-

thesis and degradation persisting over long periods
(months or years) may have led to the observed
diminution in albumin pool. However, since
Cushing's syndrome had been present for some

time, and since the follow-up studies were done
10 to 15 months after therapy, no definite state-
ment can be made concerning the precise sequence

of the changes. As noted previously, the smallest
albumin pools were found in the subjects with the
shortest half-times, M.W. and A. G., with the most
severe clinical manifestations, which included ad-
vanced osteoporosis.

An instance of compensatory increase in albu-
min synthesis is seen in Subject E.B. On the

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36

TIME IN DAYS
FIG. 3. 131-LABELED ALBUMIN DISAPPEARANCECURVE IN CUSHING'S SYNDROMEIN SUBJECT

C.M. (SEMILOGARITHMIC PLOT). The albumin pools and degradation rates are adjusted to 1.73
n surface area.

SUBJECT C.H. STUDIED BEFORE AND 10 MONTHSAFTER
TOTAL ADRENALECTOMY

TY2 14.3 DAYS

iAFTER ALBUMIN POOL z 326 GRAMS
A

2t_ TURNOVER- 4.8%/DAY
DEGRADATIONz 15.8 GRAMS/DAY

(T~ z 9.7 DAYS
BEFORE)ALBUMIN POOL 267 GRAMS - - -

) TURNOVERz 7.2%/DAY
DEGRADATIONz 19.1 GRAMS/DAY | _
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higher steroid dose there was an accelerated turn-
over with increased rate of degradation and pre-
sumably of synthesis, but the value for total ex-
changeable albumin remiiained unchanged.

Further evidence bearing on this point is avail-
able in the report by Rothschild and co-workers
(2) which describes the acute effects of 13 to 19
days of cortisol or prednisone administration. By
injection of a second I13'-albumin tracer during
the period of steroid medication, it was possible to
calculate a second total exchangeable albumin pool.
The diminution in albumin pool associated with
hormone treatment was definitely less than that
expected from the increased degradation rate.
Thus, in four miiale sul)jects, the authors reported
a mean figure of 59 g as the increase in albumin
degraded during steroid administration. Since
the nmean diminution in albutmin pool was only 31
g, the difference, 28 g, was attributed to increased
albumin synthesis. Even allowing for errors im-
plicit in the methodology, it would appear likely
from these data and from the present report, that
glucocorticoids increase albumin synthesis as well
as degradation under both short-term and long-
term conditions.

The promotion of increased gluconeogenesis by
adrenal cortical hormones has been the subject of
much work since the animal experiments of Long,
Katzin, and Fry (20) and the clinical observations
of Albright (21). The detailed study by Hober-
man (22) employed N"5-glycine in fasting rats
treated with cortisone, as well as in rats with
increased endogenous steroid production in re-
sponse to cold stress. The findings indicated that
excess glucocorticoids caused acceleration of the ca-
tabolism of body protein to amiiino acids, as well
as the catabolism of amino acids to urea, but
caused reduction of the synthesis of body protein
from amino acids. The patients with Cushing's
syndrome given N"5-glycine by Parson, Crispell
and Ebbert (23) revealed a markedly increased
rate of N15 excretion in the urine, despite main-
tenance of nitrogen equilibrium as shown by bal-
ance study.

The evidence of the protein-wasting action of
the adrenal cortical hormones refers to the over-
all effect upon the bo(ly, but does not require the
assumption that the same processes occur in the
different tissues. Direct evidence to the contrary

is provided by animiial experiments showing net
protein anabolismii in somiie tissues simultaneously
with catabolism in others. Silber and Porter ob-
served wastage of nitrogen from the carcasses of
cortisone-treate(l rats, with concurrent increase in
the total protein of the liver and other viscera as
well as increased plasma albumiiin concentration
(24). Clark carried out analyses of the carcasses
and livers of control and cortisone-treated rats
which were given N"5-glycine (25). The lower
N1 content in carcass protein of the cortisone-
treated animlals indicated dimiinished protein syn-
thesis. In contrast, the liver protein nitrogen
an(l N'\ were increased in the treated rats, as
Nere the serum protein concentration and its N15
content. The increased urinary nitrogen and N"5
excretion observed was attributed to the reduced
protein synthesis in the carcass which outweighed
the increased hepatic activity in serum and liver
protein sy nthesis. The increased metabolism of
the lixver was viewed as probably a "compensa-
tory" reaction. Stuch may also be the case in the
present study in which increased hepatic albumin
synthesis presumilably tended to offset increased
(legradation.

This difference in the behavior of liver as coIml-
pared with muscle and carcass protein is not en-
tirely unexpected. Earlier work such as the N'5
glycine studies of Shemin and Rittenberg (26),
and Sprinson and Rittenberg (27) revealed the
greater protein tturnover of the livrer as compared
'with the less metabolically active tissues of the
carcass. It would appear, then, that hepatic syn-
thetic mlechanisnms either have the ability to com-
pensate, or perhaps are directly stimnulated by ex-
perimiiental or clinical hyperadrenalism. In con-
trast, impaired ability to compensate for increased
catabolism in less active tissues wouild produce the
protein-wasting seen in the osteoporosis, muscle
atrophy, thin skin, and diminished fibrous tissue
repair of Cushing's syndrome.

In the present group of patients who showed
no appreciable virilization, the abnormalities were
ascribed to the demonstrated excess of 17-hy-
droxycorticosteroids, which were not subjected
to further analysis, such as chromatographic sepa-
ration. The findings in virilizing adrenal dis-
orders and the effects of the adrenal androgen, de-
hy droisoandrosterone (28), remain to be explored.
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SUMMARY

1. 1131-labeled albumin turnover studies were

carried out in four patients with Cushing's syn-

drome due to adrenal cortical hyperplasia and in
control subjects.

2. In active Cushing's syndrome there was a

short biological half-time of the tracer, signifying
accelerated turnover.

3. This abnormality was reversed after therapy
and remission.

4. Cushing's syndrome due to the administration
of cortisone also revealed accelerated albumin turn-
over, more pronounced with a larger dose.

5. The total exchangeable albumin pool was re-

duced in Cushing's syndrome, and was smallest
in the two subjects with the shortest half-times and
with the most severe clinical manifestations.

6. Excess glucocorticoids were considered to
have produced accelerated albumin catabolism,
partly comiipensated for by increased synthesis.
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