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In previous reports from this laboratory it has
been shown that S35-labeled-methionine can be
used for the evaluation of certain phases of pro-
tein metabolism in the human subject (1, 2a).

Measurement of nonisotopic D- and L-methio-
nine in plasma and urine following infusion of DL-
methionine has also provided information con-
cerning normal and abnormal metabolism of this
material (2b).

In the present study, tracer amounts of S35_
labeled-methionine have been administered to three
normal adults, and to five patients-three with ac-
tive chronic liver damage, viral and non-viral; one
with "idiopathic" hypoproteinemia of more than
four years' duration; and one with severe, progres-
sive Cushing's syndrome of more than two years'
duration. All of these individuals were on abso-
lutely or relatively constant food intake preceding
and during much of the period of S35-labeled-
methionine study. Several were on long-term
balance studies, the results of which will be con-
sidered elsewhere.

METHODS

The methionine used in these studies was synthetic
DL-methionine labeled with SI', a pure negative beta
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(BuMed No. 007046), and from the Office of Naval Re-
search, under a contract between the latter and the Uni-
versity of California.
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3 Some of these and related data were submitted in
partial fulfillment of the requirements for a degree of
Master of Arts in Chemistry.
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emitter of low energy (0.17 MEV) with a half-life of 87.1
days. The labeled amino acid was dissolved in distilled
water, sterilized, and injected intravenously.

The quantities of S" and of total methionine received
by each individual are shown in Table I.

TABLE I

Dosage of SO-labeled-methionine in all individuals studied

MilirasVolume
Patient Age Sex Diagnosis Micro- MDLm of solu-

curies methionine tion in-
of Su' Jected

BAB 20 M Normal 50 157.00 10.00 cc.

KUY 26 M Normal 25 18.90 4.72 cc.

MOS 19 M Normal 50 42.00 10.46 cc.

PAR 49 M Cirrhosis 100 156.00 7.80 cc.

CUM 25 M Chronic viral 50 34.50 16.60 cc.
hepatitis

Chronic liver
HOL 22 M damage-etiol- 50 20.70 9.31 cc.

ogy unknown

ZIM 39 F Cushing's 25 9.14 4.00 cc.
syndrome

MAT 43 M Hypoproteinemia, 50 157.00 10.00 cc.
Study "idiopathic"
No. 1

MAT Hypoproteinemia,
Study 43 M "idiopathic" 25 24.50 6.10 cc.
No. 2

* One microcurie 3.77 X 10' counts per minute under
these experimental conditions.

All patients were in the fasting state for 12 hours before
and five hours after administration of the methionine.
Blood specimens were obtained at three-, five-, eight-, 12-,
and 24-hour intervals postmethionine during the first day,
daily thereafter for the following week in the majority,
and at fairly regular intervals thereafter for many weeks.
Fractional urine specimens were obtained the first day,
then specimens for 24-hour to 72-hour periods thereafter
as shown. Stools when obtained were collected in six-day
periods for 12 or more days.

The blood was fractionated according to the following
outline:
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1. Whole Blood-1 cc. hemolyzed with 5 cc. water.
Precipitated with 5 cc. of 20% TCA.'
Filtered and washed with 5% TCA four times,

washings added to filtrate.
Filtrate (WBPFF) for S' (plus inert sulfate car-

rier).
2. Plsma

filtrate-S5 (PPFF)

A. 1 cc. ppt. with 10% TCA plus inert sul-

(TPP)-washed
N

N/So with 5%9o
TCA; wash-
ings added to
original fil-
trate.

B. 2 cc. plasma plus 38 cc. of NajS04 (23%) incu-
bated for three to 24 hours at 37.50C. (Howe
method)-20 cc. filtrate (albumin)

pt. with 20% TCA' washed with
\ ,, 5% TCA until free of

N/S Su contaminating sulfate.

3. RBC-1 cc. triple-washed packed RBC (centrifuged
for 15 mini. X 2,500 RPM)-hemolyzed with 5 cc.
water.

Ppt with 5 cc. 20%TCA, washed four times with
/\ 5% TCA.

N/S Su (RBCP)
4. WBPFF(S") minus PPFF (S") equals RBCPFF

(S") (corrected for hematocrit)
5. TPP (N/S and S") minus Albumin (N/S and S")

equals Globulin (N/S and S").
6. In studies on Patient MAT, globulin resuspended in

saline, precipitated with 20% TCA, and washed with
5% TCA until free of contaminating sulfate.

The urine was analyzed for total (inorganic and
ethereal) sulfate, and S activity, using the method of
Fiske (3). Urine and stool were assayed for total sulfur
and S activity by initial oxidation with Pirie's reagent
(4). The sulfate formed by the oxidation was then deter-
mined as above by following the method of Fiske. The
urinary organic sulfur was calculated as the difference
between the total sulfur and sulfate sulfur.

Nitrogen was determined by the micro-Kjeldahl method
of Kirk (5) and albumin-globulin separation, as pre-

'Abbreviations used:
WBPFF-whole blood protein-free filtrate.
PPFF -plasma protein-free filtrate.
TPP -total plasma protein.
RBCP -red blood cell protein.
TCA -trichloracetic acid.
RBCPFF-red blood cell protein-free filtrate.
6 Although the TCA-precipitated albumin was washed

thoroughly to remove sulfate derived from Na2SOg, some
of the data suggested that the washing was not always
complete. In subsequent studies, separation of albumin
and globulin was carried out in a 2.2 Mpotassium phos-
phate buffer at pH 6.5.

viously noted, was initially carried out by sulfate pre-
cipitation and later by phosphate precipitation.

Counting
1. Preparation of samples for counting:
After precipitation of the sulfate with benzidine hydro-

chloride, the material was allowed to remain in the re-
frigerator for a period of at least two hours. The cold
material was then filtered through a filtration apparatus
similar to that used by Tarver and Schmidt (6). Instead
of using an alundum plate for support of the filter paper,
a 100-mesh stainless steel screen was substituted, which
increased the filtration speed and gave a more uniform
mat. In addition, it was found that Munktells No. OK
filter paper was the only entirely satisfactory paper that
could be used. The filtration tower used had an internal
diameter of 22 mm., giving an area of material to be
counted of 3.8 cm. The precipitation flask and precipi-
tant were washed four times with a total of 12 to 16 cc.
of 95% acetone, and the filter tower was removed. The
filter paper and precipitate were dried under an infrared
lamp, preparatory to counting. In the quantitative han-
dling of the material, it was necessary to wash the mate-
rial adhering to the filtration tower back into the original
precipitation flask with boiling hot distilled water. This
was then titrated. After the precipitate on the filter paper
had been counted, the filter paper and precipitate were
introduced into the same flask. The total sulfate present
was titrated. From these data the S content of the total
precipitated material was calculated and reported in terms
of specific activity (plasma) or per cent of the adminis-
tered dose (urine and stool).

Blanks were titrated throughout to correct for the
acidity remaining in the filter paper from the acid benzi-
dine dihydrochloride.

2. Counting procedure:
The material on the filter paper was counted directly

by the use of a thin-window Geiger tube (1.5 mg./cm.')
and an Autoscaler counting unit. Each sample was
counted for a sufficient length of time to give a statistical
accuracy of under 5%. Each count was corrected for
background, coincidence, decay, and self-absorption-using
the formula of Henriques, Kistiakowsky et al. (7) for the
latter correction. Mass absorption and geometry correc-
tions were not made, for the same tube was used through-
out, and the distance from sample to window was kept
constant.

CLINICAL SUMMARYOF PATIENTS

BAB, 20-year-old male (normal control), completely
convalescent from acute viral hepatitis clinically and
chemically. Prior to the study he had had 50 days of
full activity. His last abnormal finding (a positive cepha-
lin flocculation) was noted 13 weeks before the study was
begun. Plasma albumin was 5.43 gm./100 cc.; plasma
globulin, 2.43 gm./100 cc.

MOS, 19-year-old male (normal control), completely
convalescent from viral hepatitis.

KUY, 26-year-old male (normal control), no recent
disease.
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PAR, a 49-year-old male (chronic liver damage, non-
viral), clinical, histological (liver biopsy), and chemical
findings were characteristic of chronic, moderately active,
regenerative liver damage, at the time of this study.
(Albumin 4.63 gm.; globulin 4.07 gm./100 cc.; cephalin
cholesterol flocculation 3 plus; bromsulfalein retention 0%
(5 mg./kg. X 45 min.); total serum bilirubin .29 mg./100
cc.; glycogen storage test plus 28. (Normal 40 and
above.)

MAT, a 43-year-old male ("idiopathic" hypoprotein-
emia), admitted one year before the present study with
an extreme degree of ascites and anasarca, associated with
marked hypoalbuminemia, and normal or slightly de-
creased serum globulin. Explcratory laparotomy revealed
a normal liver and spleen and no obstruction to the tho-
racic duct. Renal function was normal. With plasma
and albumin infusions, his edema disappeared rapidly and
his general health improved. At no time did his serum
albumin become normal. During the first year of study,
withdrawal of plasma or albumin therapy resulted in a
gradual return to his initial state. Subsequently it was
found that a very high protein intake would maintain his
serum albumin at a level of about 2 gm. At this level
he manifested only moderate peripheral edema.

Balance studies, using (a) a high protein diet, (b) a
diet in which the protein equivalent was derived from oral
hydrolysate (Amigen), and (c) a diet in which the pro-
tein equivalent was derived from intravenous hydrolysate
(Amigen), failed to supply the answer to the mechanism
of the hypoproteinemia. The only positive statement
permissible was, that of all agents observed, preformed
serum protein alone produced rapid (although temporary)
improvement in his disease, so presumably the basic defect
related to impaired anabolism or abnormal catabolism of
serum albumin.

Except for the continuously low serum albumin (al-
bumin 1.90 gm./100 cc.: globulin 1.63 gm./100 cc., when
the present study was begun), his other laboratory find-
ings were normal.

ZIAf, a 39-year-old female (Cushings syndrome). This
woman, after a long period of misdiagnosis, was finally
correctly evaluated by Dr. Minnie B. Goldberg of San
Francisco, who kindly permitted this study. ZIM had
Cushing's syndrome, with all of the usual clinical and
chemical findings, of approximately two years' duration,
referable to a large (280 gin.) tumor of the left adrenal
cortex. The study to be described was carried out a few
days before the removal of the tumor; as a result, only
a three-day evaluation was possible.

The patient died of pulmonary edema five days after
operation. S' content of material obtained at operation
and at autopsy is discussed elsewhere (8).

CUM, 25-year-old male (hepatitis, chronic, viral, ac-
tive), had a severe attack of acute hepatitis in August
1946, from which he has never fully recovered chemically,
clinically, or histologically (9, 10). During the period of
observation he was not on a balance regimen but did re-
ceive a relatively constant, high protein intake. Serum
albumin was 3.68, serum globulin 3.30 gm./100 cc. at the
time of the study.

HOL, a 22-year-old male (liver damage, chronic, etiol-
ogy unknowm), at the time of this study was convalescing
from an earlier hemorrhage referable to bleeding from
esophageal varices. He had a definitely enlarged liver
and spleen, and had significant bromsulfalein retention
immediately prior to this study. At autopsy (he died as
the result of a spleno-renal shunt procedure), he was
found to have relatively slight histologic evidence of liver
damage, but did have considerable splenic enlargement and
fibrosis. The only known etiologic factor in this man was
alcoholism, which at his age was of itself probably insuf-
ficient to account for his pathology.

The patient was on the same high protein intake as
CUMabove. At the time of the study his serum albumin
was 4.26 gm., serum globulin 2.7 gm., cephalin choles-
terol flocculation, 0 in 24 hours, total serum bilirubin
0.80 mg./100 cc., thymol turbidity 1.9 units and brom-
sulfalein retention 8.5% (5 mg./kg. X45 min.).

RESULTSOFTHES85-LABELED-METHIONINE STUDIES

As noted under "METHODS," the Howe method
(11) was used in the early studies for fractiona-
tions of the albumin and globulin fractions of the
plasma protein. In later studies, the phosphate
method was used (12). Because of the unreli-
ability of the data obtained with the Howe pro-
cedure (due to contamination with sulfate from the
sodium sulfate used for precipitation), only S85
content of total plasma protein will be considered
at this time. The S35 studies, in relation to red
cell proteins, will also be considered in another
report.

Metabolism of S35-Labeled-Methionine in Normal
Controls

In Figure 1 are shown the data obtained in the
three normal individuals during the first 24-28
hours following the administration of the tracer
dose of S83-labeled-methionine. It is apparent
that:

1. Maximal incorporation of S35 into plasma
protein was attained at eight hours in all three
controls. There was little change during the
following 16 hours. The actual amounts of S35
present during this period were strikingly similar
in all three individuals.

2. The excretion of urinary organic sulfur in
the two controls, in whom quantitative urine col-
lections were obtained, is nearly complete at the
end of eight hours. As will be noted later, D-
methionine probably accounts for most of this or-
ganic sulfur.
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3. The excretion of urinary total sulfate occurs

at a rather constant rate during the first 24 hours
in both of the individuals in whom quantitative
urine collections were obtained.

In Figure 2 are shown the S35 findings during
a period of many days following administration
of the S55-labeled-methionine. It appears that:
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1. The rates of disappearance of S35 from plasma
protein in all three normal individuals are com-

parable. The rate of disappearance over the first
four days may be somewhat more rapid than that
which occurs over the subsequent days and weeks.
Measurable amounts of activity are still present
at the end of eight weeks.
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FIG. 1. So DATA OBTAINED IN NORMALINDIVIDUALS
In the urinary organic and inorganic sulfur graphs, the columns represent the actual amount excreted at

a given time, and the line graphs represent the cumulative excretion up to that time. It is apparent that
maximum incorporation of S' into plasma protein has occurred during the first eight hours, and that total
catabolism of administered S"-labeled-methionine (as represented by the excretion of S'-labeled-sulfate)
occurs at a constant rate over the first 28 hours.

50

-
-

i5 NORMAL CONTROLS
URINARY TOTAL SULFATE

-0 EXCRETION 'a!

241



242

6

- an

_t
4

3

0 2

0
l

0

125

3 10 a 10

a a

751 7

o o
Q

KINSELL, MARGEN,TARVER, FRANTZ, FLANAGAN,, HUTCHIN, MICHAELS,, MCCALLIR

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64
DAYS

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64

FIG. 2. SI DATA IN NORMALCONTROLSOVERA PERIOD OF SEVERALWEEKSFOLLOWINGTHE ADMINISTRATION
OF SI-LABELED-METHIONINE

As in Figure 1, the urinary data are so graphed that the columns represent excretion at a given time and the
line graphs represent cumulative excretion up to that time. It is apparent that all three normal controls metabolize
S"U-labeled-methionine in a comparable fashion
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2. Negligible amounts of Sn5-labeled-organic-
sulfur are found in the urine after the first 48 hours.

3. The rates of excretion of S35-labeled-sulfate
in the urine in the two individuals so studied are
highly comparable. As one would expect, the ac-
tual daily excretion of urinary inorganic S85 be-
comes progressively less over a period of 44 days.

Metabolism of S85-Labeled-Methionine in Pa-
tients with Metabolic Abnormalities

Incorporation of S85 into plasma protein during
the first 24 hours (Figure 3)

Examination of Figure 3 reveals the following:
1. In three patients with chronic liver damage,

it appears that the amount of S35 incorporated into
plasma protein during the first 24 hours is signifi-
cantly less than that occurring in normal indi-
viduals.
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2. The rate of incorporation of S85 into plasma
protein in a patient with Cushing's syndrome is
considerably greater than that which occurs in the
normal controls (this same finding has recently
been noted in other patients with Cushing's syn-
drome) (8).

3. The rate of incorporation of S85 into plasma
protein in a patient with "idiopathic" hypopro-
teinemia appears to be in excess of that found in
the normal controls. A duplicate study performed
in this patient one year after the initial study gave
quite comparable findings. It should be noted
that this patient had a total serum -protein which
was less than half the normal, and that conse-
quently, the administered dose of S85-labeled-
methionine was greater in relation to the total
plasma protein mass, than was the case in the
other individuals studied. The implications of this
will be discussed (see below).

0 4 8 e2 20 24 28 32 36 40 44 48 52 56 60 64 68 ?2 To
DAYS

FIG. 4. RATEOF DISAPPEARANCEOF S'-LABELMD-METHIONINE FROMTHE. PLASMAPROTrIN AFTER THE INITuL
24-HOUR PERIOD

The initial values represent the concentration of S' in plasma protein at the end of the first 24 hours following
the administration of S"-labeled-methionine.
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Disappearance Of S58 from plasma protein after
.the initial 24-hour period

The data presented in Figure 4 represent plasma
protein S35 concentrations in the same individuals
considered in Figure 3, subsequent to the initial
2-hour period. It appears that:

1. The rate of disappearance Of S815 from the
total plasma protein in patients with chronic liver
damage does not differ greatly from that noted in
the normal controls. The actual plasmaSBLD 5 con-
centration is at all times less in these individuals
than in the normal controls. This latter observa-
tion is attributable to the initially slower rate of
incorporation of S35 into plasma protein in patients
with chronic liver damage as compared to normal
controls (see above).

c. This portion of the study in the patient with
Cushing's syndrome was too short to permit of in-
terpretation. The patient was operated (for the
removal of an adrenal tumor) at the end of four
days, and the study was discontinued for teiat
reason. Longer studies in other patients are under
way.

3. The rate of disappearance of Stn5 from the
plasma protein in the patient with idiopathicc" hy-

)> DAYS

SULFUR, FOLLOWING INTRAVENOUSADMINISTRA-
IONINE (CUMULATIVE CHART)
the first 48 hours is probably D-methionine.

poproteinemia occurred at a vastly greater rate
than was the case in the normal individual. The
S"5 content of plasma protein at the end of 24 hours
after methionine administration in this patient was
approximately two and one-half times that noted
in the normal. At the end of three weeks, the SI"
content of plasma protein in this patient was am
proximately two-thirds that noted in the normal.

Urinary excretion of S"5-labeled-organic sulfur
(Figure 5)

In all individuals studied, including the normal
controls, the urinary excretion of S"-labeled-or-
ganic sulfur occurred most rapidly during the
first eight hours following the administration of
the labeled methionine and had almost ceased af-
ter the second day. In previously reported studies
with non-isotopic DL-methionine (2b), it was
found that a large portion of administered D-
methionine was excreted in the urine over this
same period, whereas extremely little L-methio-
nine was excreted at any time. The material which
comes through in the urine as S"5-labeled-organic
sulfur has yet to be identified, but in view of the
foregoing, it is probable that most of the urinary
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isotopic organic sulfur is D-methionine. Further-
more, in the work just mentioned, using non-la-
beled methionine, it has been found (with one ex-
ception) that the urinary excretion of D-methio-
nine appears to bear no relation to pathological
states; viz., there is as great a variability in normal
individuals as there is in individuals with patho-
logical entities.

In Patient PAR, one of the nfen with chronic
liver damage, it will be noted that when testos-
terone propionate was administered (14 days after
the initial administration of the labeled methionine),
there was an immediate resumption of excretion of
labeled organic sulfur in the urine. This occurred
at the same time that the patient went into strongly
positive nitrogen and sulfur balance in response
to the anabolic effect of the testosterone. The pos-
sible interpretation of this finding is discussed later
(see below).

Urinary excretion of S85-labeled-total-sulfate
Urinary total sulfate serves as an index of ca-

tabolism of the administered S85-labeled-methio-
nine. In Figure 6 are shown the sulfate data in the
patients described above. One notes that:

URINARY TOTAL S
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1. In the normal controls less than 5%o of the
administered dose of S85-labeled-methionine is
catabolized and excreted during the first 24 hours.
Thereafter the rate of catabolism and excretion
of the administered methionine progressively de-
creases, so that by the end of the fifth week the
normal individual has catabolized and excreted
approximately 25%o of the administered dose of
S85-labeled-methionine. If one adds to this the
approximately 10%b of the administered S.5 which
was excreted as organic sulfur, it appears that at
the end of five weeks, about one third of the
original S35 has been excreted in the urine, plus a
small amount in the stool. If one adds to the ex-
cretion figures the loss through decay of the S85, it
is apparent that approximately 50% of the original
amount of S35 is still present in the body at the end
of five weeks.

2. In the patients with chronic liver damage,
approximately 10 %o of the administered dose has
been catabolized and excreted at the end of the
first 24 hours (twice that of the normals). By
the end of the second week, the one patient with
chronic liver damage in whom urinary inorganic
sulfate data are available for that period of time,

FIG. 6. ExcmioxN OF SW-LAmEED-ToTAL-SuLFATz IN THE URINE
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had catabolized and excreted approximately 28%o
of the original amount S35-labeled-methionine as
compared to catabolism and excretion of ap-
proximately 18%o in the normal controls.

3. The patient with "idiopathic" hypoprotein-
emia, during the first 24 hours metabolized
and excreted approximately 6%o of the adminis-
tered dose of S35. By the 32nd day, he had ca-
tabolized and excreted approximately 32%o of
the administered dose as compared to a figure of
23%o in the normal controls.

4. The shortness of this portion of the study
on the patient with Cushing's syndrome makes
impossible legitimate interpretation of data.

S35 content of protein-free filtrate of plasma
In all patients studied, a rapid fall occurred over

the first three hours. Thereafter, the S35 disap-
peared from the plasma protein-free filtrate at a
gradually decreasing rate. Measurable amounts
were still present at the end of 24 hours in all pa-
tients studied, but negligible amounts were present
at the end of 48 hours and thereafter. Testos-
terone propionate administration produced no
change in the S35 content of the plasma protein-
free filtrate in Patient PAR.

S35 content of the stool (Table II)
It is apparent that small but appreciable amounts

of the administered S35 are excreted into the stool.
It is of interest that the patient with "idiopathic"
hypoproteinemia had the greatest amount of any
of the three individuals whose fecal S85 has been
quantitated. Considerably more data will have
to be obtained before one can determine whether
this finding has any significance.

In vitro incorporation of S35 into plasma protein
Incubation of plasma with S35-labeled-methio-

nine (600 counts/cc. of plasma/minute) at 37.50
C., followed by precipitation and washing of the
plasma protein as outlined under "METHODS," re-

TABLE II

Fecal excretion of SWin three of the individuals studied

BAB PAR MAT
"Idiopathic"(Normal) (Cirrhosis) hypoproteinemia

Period 1 (six days) 0.91% 1.53% 1.98%
Period 2 (six days) 0.45% 0.43% 1.20%
Period 3 (six days) 0.47% 0.21% 0.75%
Period 4 (six days) 0.32% 0.17%

suited in complete lack of incorporation of S35 in
the plasma protein at intervals of three, eight, 24,
48, and 72 hours.

DISCUSSION

S35-labeled-methionine represents a research
tool which can be used safely in the human sub-
ject for the evaluation of protein metabolism in
general, and sulfur metabolism in particular. S33
appears to have many of the advantages of isotopic
carbon and to be free of the serious disadvantage
represented by the 5,000-year half life of C14. Fur-
ther, S35 has certain specific metabolic advantages
that C14 does not possess.

The data presented above indicate that S35
quantitation, when carried out properly, yields re-
producible and comparable results in normal indi-
viduals. Considerable deviations from the nor-
mal are observed in individuals with specific meta-
bolic abnormalities. In the following pages will
be presented those interpretations of the data
which, to us, appear justified.

Evaluation of S35 Data
By definition, the biological incorporation of

sulfur or any other element into protein tissue
represents anabolism. During the first eight
hours following the administration of S85-labeled-
methionine, there is a steadily rising titre of
plasma-protein-S35; in other words, the concentra-
tion of plasma-protein-S35-precursor is such that
more S35 goes into than comes out of plasma pro-
tein. During the period eight to 24 hours a near
equilibrium is achieved, i.e., a plateau is ap-
proached. Thereafter, the rate of loss of S85 from
plasma protein (i.e., its dilution by non-isotopic
sulfur) exceeds the rate of incorporation, and the
plasma protein concentration of S35 falls. It will
be recalled that theSS5 concentration in the plasma
protein-free filtrate reached levels too low to per-
mit of measurement within 48 hours after S85 ad-
ministration. At this time one may assume that
all S35 which has not been excreted is incorporated
in various organs and tissues-and that available
precursor of S35-labeled-plasma-protein approaches
zero. Hence the decreasing concentration of S35
in plasma protein after the initial 48-hour period
may be regarded as an index of the rate of catab-
olism of plasma protein. Certainly this is true in
a comparative sense (i.e., normal vs. abnormal),
and perhaps in an absolute sense. The absolute
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interpretation of the "anabolic limb" of the curve
(i.e., the first eight hours) is not permissible at the
present time. Demonstration of a constant mathe-
matical relationship between a specific precursor
and plasma-protein-S35 may make such interpre-
tation possible. Until such information is avail-
able, one is justified in speaking of relative rates of
anabolism, i.e., normal vs. abnormal, under stand-
ard conditions.7

Metabolic evaluation of patients with liver damage

Anabolism of plasma protein appears to be di-
minished in all such individuals studied. The in-
crease in S8504 excretion in these patients during
the first 48 hours can be attributed to catabolism
of that portion of the isotopic methionine which
is not incorporated into protoplasm.

Consideration of the metabolic defect in a patient
with "idiopathic" hypoproteinemia

Diminished plasma protein could result from a
number of possible causes-impaired food intake,
impaired absorption, excess urinary excretion of
protein or amino acids, diminished protein anab-
olism, or increased protein catabolism. All ex-
cept the last two possibilities had been eliminated
in Patient MATby other metabolic studies. For
the following reasons we believe that one may
safely conclude that in MATthe basic defect is one
of hypercatabolism:

1. His rate of incorporation of S35 into plasma
protein is at least as fast as normal, or faster. The
data as graphed (Figure 3) indicate a rate of in-
corporation more than twice normal. It will be
recalled that MAT's plasma protein was approxi-
mately half normal. If the amount of S85 incor-
porated into plasma protein bears a direct linear
relationship to the total plasma protein content,
all the S85-plasma-protein figures in this man

T Webelieve the term "turnover" can be misleading in
the evaluation of metabolic data obtained with the use of
isotopes. "Turnover" by definition implies metabolic equi-
librium, i.e., anabolism=catabolism. It is obvious that
such a concept is untenable during periods of growth
(hyperanabolism), or senescence (relative hypercatabo-
lism). Wethink it is desirable to use the terms "ana-
bolism" and "catabolism" rather than "turnover," so long
as one bears in mind that, at least at the present time,
these terms represent comparative rather than absolute
values.

should be divided by 2 to make them comparable
with the normal control. Since the total muscle
mass in this man (in terms of physical findings
and creatinine excretion) approached the normal,
and since less than 10%o of the administered S85_
labeled-methionine. normally appears in plasma
protein, it is probable that a figure of considerably
less than 2 should be used for such correction.
In any event there is no evidence of impaired
plasma protein anabolism, as compared to the
normal.

2. The rate of disappearance of S35 from plasma
protein, regardless of any correction figure, is
greatly in excess of the normal.

3. The urinary excretion of S3504 is well in ex-
cess of the normal. This increase in the rate of
excretion appears after the first 24 hours and is
progressive (Figure 6). It may well be that the
physiologic abnormality in this man is analogous
to that occurring in patients with hemolytic ane-
mia-i.e., hypercatabolism, not compensated by
hyperanabolism.

The protein metabolic defect in Cushing's syn-
drome

Diminished protein mass is an impressive part
of Cushing's syndrome. Albright has raised the
question as to the mechanism and has presented
the evidence for and against the concept of "anti-
anabolism" ( 13).

If the rate of anabolism of plasma proteins in
this disease is at all representative of the metabolic
defect in the fixed tissue proteins, one may con-
clude that the protein metabolic defect is not one
of antianabolism, and hence is presumably one of
hypercatabolism. Additional evidence in support
of this concept is presented elsewhere (8).

Metabolic effects of testosterone propionate

Testosterone propionate administered to Pa-
tient PARproduced a protein anabolic effect, i.e.,
his urinary nitrogen, sulfur, potassium, and phos-
phorus excretions diminished. Further, there ap-
peared to be a transfer of S35 from tissue into
plasma protein (Figure 7).

The rate of urinary S8504 excretion was altered
very little (Figure 6), but immediate resumption
of urinary excretion of organic sulfur occurred
(Figure 5). This latter finding was most unex-
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pected. Until the nature of the organic sulfur has
been determined its significance must remain ob-
scure. It seems probable that testosterone stimu-
lates the anabolism of specific tissues, and that
other tissues are broken down to supply "raw ma-

terials." Since the renal threshold for L-methio-
nine is very high, it is probable that some other
sulfur-containing compound is responsible for the
urinary organic S85.

SUMMARY

S35-labeled-methionine can be used safely in the
human subject for investigative purposes.

The incorporation of this material into plasma
proteins in normal individuals occurs at a pre-

dictable rate. This is equally true of its later
disappearance from plasma proteins and its rate
of excretion as S35-labeled-sulfate in the urine.

In patients with chronic liver disease, with
"idiopathic" hypoproteinemia, and with Cushing's
syndrome, significant deviations from the normal
pattern are observed. The findings suggest that
there is no impairment of protein anabolism in pa-

tients with Cushing's disease; that there is a sig-
nificant defect in protein anabolism in the presence

of liver disease; and that in one variety of "idio-
pathic" hypoproteinemia a very excessive rate
of catabolism of plasma protein occurs.
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