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Although there is unanimity of opinion that the
nephrotic syndrome is characterized by protein-
uria, hypoproteinemia, edema and hyperlipemia,
there is considerably less agreement as to the
mechanisms which result in these findings. It is
now generally held that the proteinuria found in
this disease is related directly to the renal lesion
(1) and is not attributable to the excretion of ab-
normal plasma proteins (2). The cause of the
severe hypoproteinemia in this disease, however,
is a more controversial subject. The association of

proteinuria and hypoproteinemia as cause and ef-
fect has been postulated by a number of investiga-
tors (1-4) and the occasionally prodigious
amounts of plasma protein excreted by children
with the nephrotic syndrome makes the relation-
ship attractive. This concept, however, is not

universally accepted (5), and it has long been sug-
gested that the degree of hypoproteinemia may not

depend upon the severity of proteinuria alone (6).
This study was undertaken in an effort to de-

termine the factors responsible for hypoprotein-
emia in children with the nephrotic syndrome.
Since the concentration of a given plasma protein
in the circulation is dependent upon its rate of syn-
thesis, its rate of loss from the body whether by
catabolism or excretion or both, and its distribu-
tion within the body, an attempt was made to esti-
mate these quantities for albumin, y-globulin and
iron-binding globulin during various stages of this
disease.

METHODS

Patients: Six children with the nephrotic syndrome
were selected for study. The pertinent medical data are

summarized in Table I. It will be noted that three

1 Supported by grants from the National Institutes of

Health, U. S. Public Health Service (A-251), from the
Playtex Park Research Institute, and from the U. S.
Atomic Energy Commission.

recognizable stages of the disease were represented: 1)
Almost complete remission in Group I (one child with
residual proteinuria, but without hypoproteinemia, edema,
ascites or hyperlipemia); 2) partial remission in Group
II (two children with proteinuria, hypoproteinemia and
hyperlipemia but only minimal intermWttent local edema
and no recognizable ascites); 3) full-blown disease in
Group .III (three children with proteinuria, hypoprotein-
emia, anasarca, ascites and hyperlipemia).
These children were fully ambulatory throughout the

study, which took place during the summer months. No
evidence of infection was observed in these children dur-
ing the course of the investigation.
Method of study: Each of the six patients was first

given radio-iodinated albumin and, when the radiation in
urine and plasma had fallen to background level, radio-
iodinated y-globulin was injected. After the latter, when
background level was again attained in urine and plasma,
three of the children were given radio-iodinated iron-bind-
ing globulin. The proteins were injected intravenously;
the specific activities of these protein preparations were
such that no more than 1 mg. of iodoalbumin, 0.5 mg.
of iodinated y-globulin or 0.2 mg. of iodinated iron-bind-
ing globulin was injected per patient. The maximum
radiation employed in any given injection was 1.5 micro-
curies per kilogram body weight. Beginning 24 hours
prior to the administration of radio-iodinated albumin
and continuing throughout the period of study, the
children were given 10 drops of Lugol's solution three
times a day.

Radio-iodinated plasma proteins: Each lot of radio-
iodinated plasma protein used in this study was tested
for free and loosely bound radio-iodide by dialysis, by
precipitation of protein in 10 per cent trichloracetic acid
in the presence of suitable carrier protein, and by pre-
cipitation of specific protein in the zone of antibody ex-
cess with specific rabbit antiserum (7). Control studies
indicated that unbound or loosely bound radio-iodide
could be completely recovered in the dialysate or super-
natants of these procedures. The three methods gave
similar results.
One preparation of iodinated human plasma albumin ob-

tained from Abbott Laboratories, No. 806-169-50, was
considered satisfactory and was used in each of the six
patients; less than 2 per cent of the radio-iodide in this
preparation was unbound according to the above methods.
Using the quantitative precipitin reaction, the iodoalbumin
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TABLE I

Clinical and laboratory data during study period

Time
since

Urea onset
nitro- Serum Red blood of Gross

Age Weight* Height gen cholesterol cells (miU./ illness proteinuria
Patient (yrs.) (Kg.) (cm.) (mg. %) (mg. %) C. mm.) (mos.) Ascites Edema (gm./24 hr.)

Group I
R. S. B. 5-7/12 19.4-19.8 105 30 243-275 3.81-4.96 44t 0 0 1.0-1.6

Disappeared
12 mos. ago

Group II
A. B. 6-7/12 24.9-26.0 122 11 725-752 4.97-5.56 44 0 4 1.6-2.5

(ankles)
Disappeared
6 mos. ago

E. T. 6-6/12 23.4-23.5 119 34 1218-1318 2.91-3.33 56 0 4 9.2-9.6
(orbital)

Disappeared
10 mos. ago

Group III
K. S. 3-4/12 19.3-22.0 101 28 1302-1443 3.80-4.71 13 ++++ ++++ 2.4-4.5
S. L. 6-5/12 32.4-33.6 118 20 1260-1521 3.07-4.57 11 ++++ ++++ 9.0-9.2
D. W. 3-4/12 16.2-16.3 95 13 703-817 4.43-5.01 18t ++++ ++ 2.7-4.9

* At the beginning and at end of study.
t At onset, had a course of ACTH without apparent effect.
t Oral cortisone had been given without effect on two occasions, the last time

could not be distinguished immunochemically from nor-

mal human plasma albumin (2).
Radio-iodinated human 'y-globulin was prepared with

human y-globulin, Harvard No. 159-4, isolated from
pooled plasma by low temperature-ethanol fractionation
(8). The human iron-binding globulin used, Harvard
No. 194-2x, was crystallized from Fraction IV-7 (9)
and has been immunochemically characterized (10). I"
was obtained as carrier-free NaI in sodium bisulfite; the
iodide and bisulfite were oxidized with nitrous acid and
the solution neutralized with sodium hydroxide (11). A
solution of 0.94 X 10 M I2 in 1.33 X 10' M KI was added
to the I" solution and this mixture was then added to a

solution of the protein in 0.2 M NaHCOs- Na2CO5 buf-
fer, pH 9.5 (12). The iodinated iron-binding globulin
was calculated to have an average of 3 atoms of iodine per
molecule and the iodinated 'y-globulin was calculated to

have an average of 1.5 atoms of iodine per molecule. The
proteins were dialyzed against several daily changes of
0.15 M KI and then against several daily changes of 0.15
M NaCl. Precipitation of protein with trichloracetic
acid or with specific antibodies revealed that less than 2
per cent of the total radioactivity of each preparation
was free or loosely bound. The iodoproteins could not
be distinguished immunochemically from the native ana-
logues used in their preparation (2).

Preparation of specimens for analysis: Urine collection
periods varied from several minutes at the beginning of
each protein study to several days at the end of each
study. Two or 3.0-ml. aliquots of urine were placed in
screw cap vials for counting; for routine estimation of

12 mos. before this study.

nonprotein radio-iodide, an additional aliquot of urine
was mixed with an equal volume of 20 per cent trichlora-
cetic acid, allowed to stand at 10 C for 6 to 24 hours,
centrifuged, and aliquots of the clear supernatant placed
in vials. Trichloracetic acid precipitation and immuno-
chemical precipitation gave almost identical results for
nonprotein radio-iodide. The difference between the total
activity of the urine sample and that of the nonprotein
radio-iodide in that sample was taken as the activity due
to intact radio-iodinated plasma protein.

After venipuncture, blood was allowed to clot and the
serum separated for counting. Serum rather than plasma
was used, since the same specimen that was assayed for
radioactivity could then be used for immunochemical
estimations.

In this report, serum and plasma concentrations of the
plasma proteins studied have been considered equivalent.
Periodically, aliquots of blood were mixed with sodium
oxalate for estimation of hematocrit.
Edema fluid was obtained near the termination of each

plasma protein disappearance study in the three patients
of Group III. A No. 19 spinal needle, 1.5 inches long
and with stylet in place, was inserted into the subcu-
taneous tissues of the leg in a dependent position; upon
removing the stylet, fluid without any traces of red cells
flowed freely directly into a centrifuge tube. Unfortu-
nately, serial sampling of edema and ascitic fluids was
not done.
Assay of radioactivity: A well-type, sodium iodide

crystal scintillation counter was employed which gave
9.4X 105 counts per minute per microcurie of I'. All
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specimens in 2.0 or 3.0-ml. aliquots were placed in 15 by
45 mm. screw cap vials for counting. Radioactive
standards were prepared for each iodinated plasma pro-
tein studied for each individual patient. Using the same
syringe and needle that had been used for the injection
and an aliquot of the same solution of radioactive protein
used in that instance, a dilution of the injected material
was prepared and aliquots of 2.0 and 3.0 ml. were placed
in vials as above; these served as standards for the
appropriate volume of unknown, thus avoiding problems
of decay and geometry.
Immunochemical methods: Rabbit antisera vs. crystal-

lized human serum albumin, human 'y-globulin and crys-
tallized human iron-binding globulin were prepared as
previously described (2, 10). The spectrophotometric
method was used for analysis of specific precipitates (7).
All specific protein values in this report are based on im-
munochemical estimations.

Determination of plasma volume: The plasma volume
in each instance was taken as the total activity injected
less the total amount of activity found in the urine in 12
to 16 minutes divided by the activity in the serum ob-
tained from venous blood taken in 12 to 16 minutes.
The total amount of activity in the urine at the end of
this period was always less than 0.5 per cent of the
amount injected, even in the patients of Group III, and
although the plasma volumes were not corrected for ca-
tabolism or extravascular diffusion of iodoprotein dur-
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ing this period of time, these corrections were of similar
order of magnitude.

Definitions of terms: For the sake of clarity, the follow-
ing definitions are given:
The body pool or total exchangeable pool of a given

plasma protein is the total amount of that protein in the
body which is available for exchange with additional or
newly synthesized molecules of that specific protein.
The turnover half-time of a plasma protein is the

amount of time required for half of the body pool of that
protein to be lost to the body through all channels of
loss. The turnover half-time due to catabolism (or uri-
nary loss) is the time required for half of the body pool
of the protein in question to be lost through catabolism
(or urinary loss). The fractional rate of catabolism (or
urinary loss) is that fraction of the body pool of a given
protein that is catabolized (or excreted) per unit time.
Turnover-time or half-life are expressions that are fre-
quently used instead of turnover half-time; the fractional
rates of catabolism and urinary loss are turnover rates.
The rate of synthesis, catabolism, or urinary loss is the

amount of protein that is synthesized, catabolized, or lost
in the urine per unit time, respectively.
The volume of distribution of a protein is taken as the

volume that a protein would occupy if the total exchange-
able pool of the protein had a uniform concentration
equal to the plasma concentration of that protein. It is
to be definitely understood that this term has no ana-

., 6 87
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FIG. 1. THE DISAPPEARANCE OF IODINATED PLASMA ALBUMIN FROM THE
CIRCULATION AFTER INTRAVENOUS INJECTION

In this figure and in all subsequent figures, the following symbols apply:

+ R. S. B.
O A. B.
o E. T.
* K. S.

S. L.

v D. W.
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TABLE II

Rates of urinary loss, catabolism, and synthesis of albumin, y-globulin and iron-binding globulin

Rena Estimated cumulative
clearance urinaryr losses Rates

Serum Plasma of specific
concentration volume protein Iodinated Nonprotein Urinary loss4 Catabolismi Synthesisi

Patient (gm. %) (ml.) (ml./min.) protein* iodidet (gm./day) (gm./day) (gm./day)

A: Albumin
I-R. S. B. 4.33 1405 0.015 0.15 0.85 0.95 5.38 6.33

JA.B. 0.86 1156 0.166 0.27 0.73 2.06 5.57 7.63
I tE. T. 0.77 1283 0.472 0.75 0.25 5.22 1.74 6.96

K. S. 0.58 749 0.236 0.32 0.68 1.96 4.17 6.13
III S. L. 0.40 1001 0.794 0.61 0.39 4.61 2.95 7.56

D. W. 0.61 701 0.246 0.27 0.73 2.15 5.81 7.96

B: -y-Globulin
I-R. S. B. 0.611 1236 0.004 0.07 0.93 0.035 0.465 0.500

JA. B. 0.390 1152 0.078 0.09 0.91 0.112 1.13 1.24
IE. T. 0.219 1388 0.148 0.69 0.31 0.466 0.209 0.675

K. S. 0.186 856 0.076 0.23 0.77 0.110 0.368 0.478
III S. L. 0.193 1008 0.134 0.52 0.48 0.372 0.343 0.715

D. W. 0.189 733 0.013 0.07 0.93 0.035 0.465 0.500

C: Iron-binding globulin
fA. B. 0.0280 1388 0.117 0.20 0.80 0.0472 0.189 0.236

I XE. T. 0.0285 1374 0.372 0.57 0.43 0.153 0.115 0.268

III-S. L. 0.0145 1191 0.360 0.48 0.52 0.0752 0.0816 0.157

* As fraction of total dose: A*/A.* in Equation (1).
t As fraction of total dose: 1-A*/As*.
t A. in Equation (1).
t A. in Equation (2).
A. in Equation (1).

tomical implications and does not indicate the extent of
distribution of the protein in the body; knowing the
plasma concentration of a protein, the volume of distribu-
tion indicates, among other things, the size of the body
pool.

RESULTS

I. Studies with Radio-iodinated Human Plasma

Albumin

A. The disappearance of iodinated plasma al-

bumin from the circulation: The disappearance of
radio-iodinated albumin from the plasma of the
six children is shown in Figure 1; it should be

noted that the ordinates are logarithmic. Simple
graphic analysis of these curves resulted in the bio-

logical half-life values for total body albumin that
are indicated in Table IIIA. The half-life of al-

bumin in the patient of Group I would appear to

be within normal limits (13, 14); the half-life of

albumin in the patients of Groups II and III would

appear to be greatly diminished.
Upon extrapolation of the exponential portions

of the disappearance curves to zero time, at first

glance it would appear that the children with
anasarca and ascites had abnormally large vol-
umes of distribution. Even correcting the curves
of Figure 1 by the method of Berson, Yalow,
Schreiber, and Post (14), the apparent volume
of distribution in the latter patients remained 7
to 10 times the plasma volume. Calculation of
the amount of albumin 2 actually present in edema

2For example, patient S. L.: Weight: 32 Kg. Height:
118 cm. Estimated edema-free weight: 20 Kg.
Hence, excess fluid = 32 Kg. -20 Kg. = 12 Kg. and of

this, 3 Kg. was ascites. If the normal interstitial fluid
space in humans is assumed to be roughly 20 per cent of
the body weight, the normal amount of interstitial fluid
in this patient in the edema-free state would be 20 per
cent of 20 Kg. or 4 Kg. The total interstitial fluid in
the edematous state less the amount of ascitic fluid would
then be (12 Kg.-3 Kg.) +4 Kg. = i3 Kg.; with an al-
bumin concentration of 0.01 gm. per cent, this fluid would
account for about 1.3 gm. of albumin. Three Kg. of as-
citic fluid with an albumin concentration of 0.02 gm. per
cent (2) would represent 0.6 gm. albumin. The total
extravascular-extracellular albumin would be 1.3 gn. +
0.6 gm. or 1.9 gn. Since the plasma volume was 1001
ml. and the albumin concentration in the plasma was 0.52
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and ascitic fluids and plasma, however, indicated

that most of the body albumin, as estimated from

such volumes of distribution, cannot be accounted

for in these spaces. This apparent discrepancy
cannot easily be explained on the basis of albumin
being bound to such structures as collagenous
fibers, nor can the discrepancy satisfactorily be at-

tributed to a "pool" of intracellular albumin (10).
At no time in any of the patients was the plasma
nonprotein radio-iodide more than 10 per cent

of the total activity of the plasma sample, and

hence the problem is not a result of counting non-

protein radio-iodide with radio-iodinated albumin.

gm. per cent, the total vascular albumin was 5.2 gm.

Total body albumin in this patient, therefore, was 1.9 gm.

+ 5.2 gm. or 7.1 gm. The volume of distribution of al-

bumin as estimated from the plasma disappearance curve

after an attempt at correction (14) was 7100 ml.; the

body pool of albumin on this basis should have been

7100 ml. X 0.52 gm. albumin = 36.9 gm.
100 ml.

Thus, if the latter were correct, 36.9 gm. - 7.1 gm. or

29.8 gm. of albumin cannot be accounted for.

Direct examination of the edema fluids obtained
from the children in Group III, however, re-

vealed that in the period of exponential decline of
iodoalbumin in the plasma, the specific activity of
albumin in the edema fluid, in counts per minute
per gram of albumin, was roughly 30 times that
of the plasma; of the radioactivity in the edema
fluid, less than 10 per cent was due to nonprotein
radio-iodide. Multiplying the specific activity of

the albumin in edema fluid by the amount of en-

dogenous albumin present in the extravascular
fluids9 indicated that the total amount of radio-
activity present extravascularly at the time of
sampling the edema fluid was roughly 9 to 10

times that in the plasma.
Thus, it would appear that the large volume of

distribution obtained in each of the patients of

Group III represented the final volume of distri-
bution of the iodoalbumin administered and not

that of the body pool of endogenous albumin.
Actually, this situation should be expected in a

three- or more compartment open system such as

TABLE III

Turnover of total body albumin, y-globulin and iron-binding globulin

Approximate half-time of turnover

From Fractional rates
Specific protein Estimated total Equation Urinary of turnover

in vascular pool of specific From plasma (4) lost Catabolism:
compartment* proteint - TA disappearance tt} tel tat Urinary loss Catabolism

Patients (gm.) (gm.) (days) (days) (days) (days) (per day) (per day)

A: Albumin
I-R. S. B. 60.8 135.2 12.0 14.7 98.8 17.5 0.007 0.040

IIIA.B. 9.94 22.1 2.3 2.0 7.5 2.8 0.093 0.252
E. T. 9.88 22.0 2.0 2.2 2.9 8.7 0.237 0.079

(K. S. 4.34 9.6 1.8 1.1 3.3 1.7 0.204 0.434
III S. L. 4.00 8.9 2.1 0.8 1.4 2.1 0.518 0.331

D. W. 4.28 9.5 2.0 0.8 3.1 1.1 0.226 0.612

B: y-Globulin
I-R. S. B. 7.55 16.8 22.0 23.3 33.3 25.1 0.002 0.028

IIIA.B. 4.49 9.98 3.8 5.5 61.8 6.1 0.011 0.113
E. T. 3.04 6.76 3.7 6.9 10.1 22.4 0.069 0.031

K. S. 1.59 3.54 3.4 5.1 22.3 6.6 0.031 0.104
III S. L. 1.95 4.32 4.1 4.1 8.0 8.7 0.086 0.079

D. W. 1.39 3.08 3.3 4.5 61.1 4.6 0.011 0.151

C: Iron-binding globulin
IIJA.B. 0.389 0.864 1.7 2.5 12.8 3.2 0.054 0.219

lE. T. 0.392 0.871 1.9 2.2 3.9 5.3 0.176 0.132

III-S. L. 0.173 0.384 2.5 1.7 3.6 3.3 0.196 0.213

* Serum concentration X plasma volume.
t See text: TA = serum concentration X plasma volume * 0.45.
t Equation (3).
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was the case in these children; mathematical analy-
sis of such a system reveals that at no time will
uniform specific activities exist throughout the
system (15). Under these circumstances, plasma
disappearance curves cannot be used directly for
estimation of the half-life or the volume of distri-
bution of a body pool of endogenous protein (15).
These findings, however, do not militate against

the assumption that radio-iodinated albumin is a
suitable tracer for endogenous albumin. While
the body pool of albumin in these children was

presumed to be in a steady state in that the pool
contained constant amounts of albumin with a

given anatomical distribution in the body, it is
almost unnecessary to state that the pool was in a

continuous state of flux; albumin was lost from
the pool by catabolism or excretion and was con-

stantly replaced by newly synthesized albumin
molecules. As will be shown later, intravenously
administered iodoalbumin behaves as does newly
synthesized albumin.

B. Calculation of rates of catabolism, urinary
loss and synthesis of albumin: It should be care-

fully noted that, in the calculations which follow,
several assumptions were made: 1) Radio-iodi-
nated albumin is a suitable tracer for native albu-
min under the conditions of these studies, that in
every way it behaves as does native albumin and
is handled by the body as is native albumin; 2)
nonprotein radio-iodide appearing in the urine is
derived from catabolized albumin, i.e., the iodoal-
bumin is not simply deiodinated, but the molecule
is catabolized in a manner analogous to the catabo-
lism of native albumin; 3) the patient was in a

steady state with respect to total circulating albu-
min and total body albumin.
That the patients could be considered to be in a

steady state with respect to the amount of albu-
min in the body and in the circulation during the
time period of this study was indicated by the fol-
lowing: 1) The maximum variation in serum al-
bumin concentration as determined immunochemi-
cally throughout the study was ± 10 per cent; 2)
the plasma volumes at the beginning of the study
as estimated with iodoalbumin agreed reasonably
well with those determined at the end of the study
period using iodo-y-globulin (Table II); 3) the
maximum weight gain over this period was 1.2
kilograms in the case of S. L., 0.1 and 2.7 kilo-
grams for D. W. and K. S. The weight gain in

these children was presumably due to accumulation
of edema and ascitic fluids which have an exceed-
ingly low protein concentration (2). The maxi-
mum weight gain in the remaining children was
0.1 to 1.1 kilograms.
The cumulative urinary excretion of radio-

iodinated albumin and of nonprotein radio-iodide
in these patients is plotted in Figures 2 and 3.
Correcting for the loss of iodoalbumin from the
system because of blood sampling, 2 per cent to
3 per cent of the total dose, the estimated frac-
tion of the total dose represented by urinary loss
of iodoalbumin is charted in Table IIA.

If one assumed that albumin, when synthesized,
enters the vascular 3 compartment before being
distributed generally to the interstitial fluid, then
it can be shown that the total albumin synthesized
per unit time, A., can be obtained from the follow-
ing expression:

A =
A.*

or A= = A
Ae A* or/A*A.f (1)

where A0 is the amount of endogenous albumin
lost in the urine per unit time, A.* is the total
dose of radio-iodinated albumin, A* is the amount
of radio-iodinated albumin lost in the urine after
an infinite time period, and Af* is the fraction of
total dose of labelled albumin lost in the urine as
labelled albumin.
The amount of native albumin appearing in the

urine, A,, was estimated immunochemically and
the results appear in Table IIA. The amount of
albumin synthesized per day was then calculated
from Equation 1 and charted in Table IIA. As-
suming that the loss of albumin from the body is
due either to catabolism or urinary excretion, the
amount of albumin catabolized per day, A,, was
calculated:

Ac = A. - Ae (2)

It will be noted that the amount of albumin
synthesized per day as calculated for these chil-

8 The bulk of evidence appears to indicate the liver as
the source of albumin; it would then appear that this
assumption is not unreasonable. Even assuming for a
moment that the protein in question was synthesized
and passed into the circulation via the lymphatics, the
protein is transported to the circulation before passing
into the interstitial fluids in general. The latter would
probably be more to the point for -y-globulin, since this
protein appears to be synthesized in the plasma cells of
lymph nodes (16, 17) in addition to other sites (18).
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FIG. 2. THE CUMULATIVE URINARY EXCRETION OF RADIO-IODINATTED AL-

BUMIN (CURVES ASCENDING FROM TIME ZERO) AND 1.00 MINUS THE CUMU-
LATIVE URINARY EXCRETION OF NONPROTEIN RADIo-IODIDE OF A PATIENT
WITH FULL-BLOWN NEPHROTIC SYNDROMIE COMPARED WITH THAT OF THE

PATIENT WHO RECOVERED FROM THIS DISEASE (ORDINATES ARE LOGA-
RITHMIC)
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FIG. 3. THE CUMULATIV URINARY EXCREON OF RADIO-IODINATED AL-
BUMIN (Cums ASCENDING FROM TIn ZEO) AND 1.00 MINUS THE CmU-
LATIVE URINARY EXCRETION OF NONPROTEN RADIO-IODDE OF TWO PATINTS
OF GROUP II (UPPER CHART) COMPARE WITH THAT OF TWO PATIENTS OF
GROUP III (LOWER CHART) (ORDINATEs ARE LOGARITHMIC)



METABOLISM OF PLASMA PROTEINS IN THE NEPHROTIC SYNDROME

dren is in the upper limits of the normal range
(14).

C. Crude turnover rates of body albumin due
to catabolism and urinary loss: If the albumin in
the vascular compartment represents about 45 per
cent of the total body albumin, TA (13, 14, 19),
the half-time of turnover of body albumin due to
catabolism, t4, and urinary loss, t4i, can be cal-
culated (Table IIIA):

t~1 TA TA
2= A/0.693 and Ae= A/0.693 (3)

If tti is the half-life for total body albumin, then:

tt~- (A0 + TA = t12 te2 (4)
(AC + Ae)/0.693 t42 + t (2

The fractional rate of catabolism of albumin is
the fraction of total body albumin that is catabo-
lized per unit time, or A,/TA. Similarly, that
fraction of total body albumin lost in the urine per
unit time is the fractional rate of urinary loss.
These fractional rates are tabulated in Table IIIA.

It would appear that the use of an extravascu-
lar albumin of 55 per cent of the total body albu-
min was not in serious error (+ 5 per cent) in
patient R.S.B., as indicated by the extrapolation in
Figure 1. This figure, 55 per cent, would repre-
sent an upper limit for extravascular albumin for
the children of Group II (2, 19). Based on al-
bumin determinations in an earlier series of 20
edematous children with active nephrotic syn-
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drome, it was found, as shown above, that extra-
vascular albumin in patients of Group III con-
stituted about 30 per cent of the total body albu-
min. Using the figure of 55 per cent, the total
body albumin of the children of Group III was
probably overestimated; the fractional rates of
catabolism and urinary loss for these children,
therefore, were actually greater than indicated.

It would appear from the data in Table II that
hypoalbuminemia in the patients of Group II
could be on a basis of massive albuminuria (pa-
tient E.T.) or a markedly increased fractional rate
of albumin catabolism (patient A.B.), although
elements of increased catabolism and urinary loss
were apparent in both patients. The markedly
severe hypoalbuminemia seen in the children with
ascites and anasarca, however, was apparently the
result of combination of both severe albuminuria
and greatly increased fractional rate of catabolism
of albumin.

It is obvious at once that, without accurate fig-
ures for extravascular albumin and total body al-
bumin, these calculations are only approximate,
but the significance of even these crude estima-
tions is apparent.

II. Studies with Radio-iodinated Human y-Glob-
ulin

A. The disappearance of iodinated y-globulin
from the circulation after intravenous injection:

DA Y5
FIG. 4. THE DISAPPEARANCE OF IODINATED y-GLOBULIN FROM THE CxRCULA-

TION AFTER INTRAVENOUS INJECTION (ORDINATES ARE LOGARITHMIC)
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FIG. 5. THE CUMUTLATIVE URINARY EXCRETION OF RADIO-IODINATED

-y-GLOBULIN (DASHED LINES) AND 1.00 MINUJS THE CUMTULATIVE URINARY
EXCRETION OF NONPROTEIN RADIO-IODINE ( SOLID LINES ) OF THE PATIEN-TS
OF GROUPS I AND II (UPPER CHART)
TIENTS OF GROUP III (LOWER CHART)

All six children were given radio-iodinated human
y-globulin intravenously, and the disappearance
of this labelled protein from the circulation is
shown in Figure 4. Estimation of the half-life
of the protein in each patient by graphic analysis
resulted in the values shown in Table IIIB; the
half-life values appeared to be within normal lim-
its for patient R.S.B., but markedly shortened for
the children of Group II and III.
The apparent volume of distribution estimated

by extrapolation to zero time (Figure 4) appeared
within the normal range for Groups I and II, but

COMPARED WITH THOSE OF THE PA-

in the case of Group III, the extravascular vol-
ume of distribution appeared to be 5 to 6 times
the plasma volume even after "correction" for
possible variations in catabolism (14). Examina-
tion of edema fluids, after the logarithmic phase
of disappearance of labelled protein from the
plasma had been attained in the children with
anasarca and ascites, revealed that the specific ac-
tivity of the y-globulin in these fluids was some 8
times that of the serum. As in the case of iodi-
nated albumin, this factor apparently would: 1)
Increase the half-life of iodinated y-globulin in the
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circulation through a feedback; 2) indicate a much
larger volume of distribution for iodinated y-globu-
lin than is actually the situation for native .y-globu-
lin in these patients.
The biological half-life of this preparation of

radio-iodinated y-globulin in three normal children
was 17 to 22 days.

B. Rates of catabolism, urinary loss and syn-
thesis of y-globulin: The same assumptions which
were necessary for the albumin calculations were
applied to the study of -y-globulin. The cumula-
tive urinary excretion of radio-iodinated -y-globu-
lin and of nonprotein radio-iodide for these chil-
dren are shown in Figure 5; it is to be noted that
both coordinates are linear simply to indicate how
these losses appear on this type plot instead of a
semilogarithmic plot.

Calculations based on the same considerations
of urinary losses as detailed for radio-iodinated
albumin resulted in the values for catabolized and
synthesized y-globulin indicated in Table IIB.
It would appear from the data that in the nephrotic
syndrome, synthesis of y-globulin may be normal
or somewhat accelerated.

C. Crude turnover rates of total y-globulin due
to catabolism and urinary loss: Using the same

arguments as for iodinated albumin, the half-
times of turnover of total body y-globulin attribu-
table to catabolism and urinary loss were esti-
mated, as well as the corresponding fractional
rates of turnover (Table IIIB). It would appear
that in one patient of Group II and two patients
of Group III, catabolism was of greater influence
in keeping the patient in a hypogammaglobuline-
mic state than was urinary loss; in one patient of
Group II, E. T., the urinary loss of y-globulin
appeared to exert the greater influence, and in
S. L., both urinary loss and catabolism were of
equal influence.

III. Studies with Radio-iodinated Iron-binding
Globulin

Three patients were given radio-iodinated hu-
man iron-binding globulin intravenously and the
plasma disappearance studied; these patients were
the two children of Group II and one child of
Group III, S. L., The rates of catabolism, syn-
thesis and urinary loss of iron-binding globulin
and the turnover rates of this protein due to ca-

tabolism and urinary loss were calculated and are
charted in Tables IIC and IIIC. The biological
half-life for this radio-iodinated iron-binding
globulin preparation in a normal child was 12
days.

DISCUSSION

It is apparent that in children with the nephrotic
syndrome, hypoproteinemia is accompanied by a
reduced plasma protein pool. For adequate inter-
pretation of the data, it is essential to know
whether a reduction in the plasma protein pool
occurred as a result of an increased fractional rate
of catabolism or whether body requirements de-
manded the catabolism of a certain minimum
amount of plasma protein. In the latter instance,
a reduced plasma protein pool resulting from other
causes, such as urinary loss, would give rise to an
increased fractional rate of catabolism.

Severe reduction in the total body pool of
plasma protein in dogs by plasmapheresis (20, 21)
and in mice by chronic bleeding (20), did not in-
crease the fractional rate of catabolism of homolo-
gous plasma albumin. Similarly, the extreme or
complete reduction in the body pool of a single
plasma protein due to failure in synthesis, such
as in congenital agammaglobulinemia (22) or
congenital afibrinogenemia (23), does not result
in any increase in the fractional rate of catabolism
of that protein. In addition, it will be noted that
in patient E. T., despite a marked reduction in
total body albumin and y-globulin, the fractional
rate of catabolism of these proteins was not mark-
edly increased. Available evidence indicates that
the increased fractional rate of catabolism of
plasma protein reported here was not secondary
to a reduced plasma protein pool.

In the steady state, the rate of albumin synthe-
sis must equal the rate of loss of albumin from
the total body pool. It would appear from the
data presented that hypoalbuminemia in children
with the nephrotic syndrome is due to an increase
in the fractional rate of loss of albumin from the
body pool of greater magnitude than any increase
in the rate of synthesis, and that this increase in
turnover of total body albumin may be the iesult
of a combination of two factors: 1) An increase in
the fractional rate of catabolism of albumin; and
2) albuminuria. Moderate hypoalbuminemia,
such as that seen in the two children without mani-
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fest ascites but with minimal edema, apparently
can be due either to: 1) A relatively severe al-
buminuria with a moderate increase in the frac-
tional rate of albumin catabolism; or 2) a greatly
increased fractional rate of catabolism of albumin
in association with but a relatively moderate de-
gree of albuminuria. In children with ascites and
anasarca, however, the fractional rate of albumin
catabolism and the renal loss of albumin are both
greatly increased. In the child who had recovered
from the nephrotic syndrome, but who still had a
mild proteinuria, the rate of albumin catabolism
was apparently within normal limits.
The hypogammaglobulinemia found in this dis-

ease can similarly be explained by an increase in
y-globulin turnover due to an increase in the frac-
tional rate of catabolism of y-globulin and by losses
of y-globulin from the circulation through the
renal glomerulus. Thus, almost all of the children
of Groups II and III showed increased fractional
rates of catabolism; in one child of Group II
(E. T.), the increase in turnover of body y-globu-
lin could be attributed to renal loss rather than
to any increase in catabolism.
The deficiency in circulating iron-binding glob-

ulin seen in children with the nephrotic syndrome
(24) apparently is attributable to the same factors
found for y-globulin and albumin; viz., renal loss
and an increase in the fractional rate of catabolism
of this protein.
The rates of synthesis of albumin and iron-

binding globulin in these children, in grams per
unit time, were found to be at the upper limits
of the normal range. While the rates of synthesis
of y-globulin also were generally found to be within
normal limits, in one child the rate of synthesis
was definitely above normal. Certainly, the rates
of synthesis determined are somewhat lower than
the 2.5 to 5-fold increase in plasma protein syn-
thesis suggested by others (1, 25). This is in
accord with the finding that in animals kept on
diets normal in protein content and who have
been severely depleted of plasma protein by
plasmapheresis or by chronic bleeding, the rate
of synthesis of albumin was the same as that in
normal controls (20).
Using S85-methionine (25) and N'5-glycine

(26), other investigators have found an increased
incorporation of these labels into new plasma pro-
tein in the nephrotic syndrome; this has been in-

terpreted as indicating a greatly accelerated rate
of plasma protein synthesis in this disease. It has
been indicated in this report, however, that the
turnover rates of the plasma proteins studied may
be greatly increased during the nephrotic state
and that the concentrations of these proteins in
the plasma were much lower than normal; under
these circumstances, and especially in the presence
of a reduced amino acid pool (27), the rate of
label incorporation as measured by the rapid in-
crease in specific activity need not necessarily re-
flect an increased rate of synthesis of these pro-
teins in terms of grams per day.

In a study of protein and carbohydrate metabo-
lism in nephrotoxic nephritis induced in rats,
Drabkin and Marsh (28) have just reported a
similar increase in incorporation of C14 in tissue
proteins as well. They concluded that an in-
creased turnover of body protein occurred in the
nephrotic rat. They also concluded that the meta-
bolic adjustments found in the rat were related to
proteinuria in that the metabolic pathways were
channeled into increased protein synthesis in an
attempt to adjust to renal excretion of protein
(29). In several of the children reported here,
the fractional rate of catabolism, however, was of
greater influence on the turnover of plasma pro-
tein than was the fractional rate of renal excre-
tion, and protein synthesis was not greatly in-
creased in any.
During the course of this report, the reader has

been subjected to a seemingly inordinate series
of assumptions which may be true only within
certain limits. For simplification, in the presen-
tation of the results of this study, it was assumed
that the radio-iodinated plasma proteins used in
this investigation were satisfactory for studying
the catabolism of the native proteins. This was
done with full realization that this assumption
may not have been strictly true. In children with
congenital agammaglobulinemia, for example, it
has been found that the rate of catabolism of radio-
iodinated y-globulin is considerably faster than
that of unlabelled y-globulin (22). To test this
possibility, Table IV was constructed assuming
that the catabolized fraction of the native albumin
had been overestimated by a factor of 2; it can be
seen that the general conclusions reached need
not be radically changed. If, by unusual circum-
stance, the iodinated albumin had been catabolized
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TABLE IV

Rate of turnover of endogenous albumin if the fraction of albumin catabolized had been overestimated by a factor of 2

Rates Fractional rates
Approximate half-time of turnover

A* A* 1 A*X Urinary Catabo- of turnover
1-- 1-_ 1-- } Synthesis loss lism Urinary Catabo-.2 A."'/2 A. / (gm-/ (gmi.I (gm.! t.i t.j t. loss lism

Patient (From Table IIA) day) day) day) (days) (days) (days) (per day) (per day)

I-R. S. B. 0.57 0.43 1.67 0.95 0.72 56.2 98.8 13.0 0.007 0.005

fA. B. 0.63 0.37 3.27 2.06 1.21 4.7 7.5 12.8 0.093 0.055
lE. T. 0.87 0.13 6.00 5.22 0.78 2.5 2.9 19.6 0.237 0.035

'K. S. 0.66 0.34 2.97 1.96 1.01 2.2 3.3 6.7 0.204 0.105
III S. L. 0.80 0.20 5.76 4.61 1.15 1.1 1.4 5.4 0.518 0.129

LD. W. 0.63 0.37 3.41 2.15 1.26 1.9 3.1 5.1 0.226 0.133

more slowly than the native albumin, the fractional
catabolic rate for the iodinated albumin would
have had to fall to less than %th of its normal rate
to alter the conclusions.

SUMMARY

Six children in various phases of the nephrotic
syndrome were given tracer doses of radio-iodi-
nated human plasma albumin and radio-iodinated
human y-globulin intravenously in sequence.
Three of these children were then given intrave-
nous injections of radio-iodinated human iron-
binding globulin. The disappearance of specific
radio-iodinated plasma protein from the circula-
tion and its cumulative appearance in the urine
were studied; the urinary excretion of nonpro-
tein radio-iodide was also investigated. Unlabelled
albumin, y-globulin, and iron-binding globulin in
serum and urine, and in several instances in edema
fluid, were estimated immunochemically and the
renal clearances of these proteins determined.

Calculations indicated that the half-time of turn-
over for native plasma albumin could not be esti-
mated from the plasma disappearance curves of
the radio-iodinated analogue in the edematous pa-
tient; in the phase of exponential disappearance
from the circulation, the specific activity of the
given protein in the extravascular fluid was found
to be 8 to 30 times that in the plasma. The large
apparent volume of distribution obtained by extra-

polation of the exponential portion of these curves

is, at least in part, a reflection of this difference
in specific activities and while the extrapolation
indicates the volume of distribution of the radio-
iodinated plasma protein during this phase, it does
not measure the volume of distribution of the na-

tive protein in the steady state.

The deficiencies of albumin, y-globulin and iron-
binding globulin seen in the plasma of children
with the nephrotic syndrome are due to an in-
creased fractional rate of catabolism of these pro-
teins in association with renal losses. Moderate
hypoalbuminemia without apparent ascites but
with minimal edema may be associated with either
a greatly increased fractional rate of catabolism of
albumin or a severe degree of albuminuria; severe
hypoalbuminemia with ascites and anasarca is the
result of both greatly increased catabolism and
severe albuminuria occurring simultaneously.
The rates of synthesis of albumin, y-globulin

and iron-binding globulin in these children were
at the upper limits of the normal range except that
in one instance, an increased rate of y-globulin
synthesis was found.
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APPENDIX

The system considered in these children for the calcula-
tion of the rate of synthesis of endogenous plasma protein
is a simple one in which the endogenous or carrier protein
enters and leaves the system at a rate, A., and is excreted
from the system at a rate, A.. If R* is the radioactivity
in the system at any given time, R* is a function of time:

R* = '(t)

and has a rate of change:

dR* d&(t)
dt dt

Assuming the tracer behaves like the carrier:

A, dR* A.d .(t)
A. dt A. dt
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Solving for the amount, A*, of tracer excreted from time
0 to T:

TA,dR* ATA dc?(t)
fo A. dt fo A. dt

A* A5 db(t) T

A., dt lo

If at t = 0, 4>(t) = A,*, where A.* is the total amount of
radioactivity injected and at t = o, cI(t) = 0, then

A* = A *

or

A*/A*
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