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Previous studies utilizing I'sl' labeled human
serum albumin have revealed that approximately
60 per cent of the total exchangeable albumin of
nonedematous subjects is in extravascular loca-
tions (1, 2). Following intravenous administra-
tion, approximately 4 to 7 days are required for
essentially complete equilibration of the labeled
albumin between plasma and extravascular tissues
(2, 3). In almost all cases the plasma disappear-
ance curves, appropriately corrected for metabolic
degradation, manifest two major components with
half times of approximately 3 to 5 hours and 24 to
30 hours, respectively, suggesting that there are at
least two groups of albumin containing extravascu-
lar compartments which equilibrate with plasma
at different rates (2, 3). However, the distribu-
tion of extravascular albumin and the anatomical
sites of the rapidly and slowly equilibrating ex-
travascular compartments have not yet been quan-
titatively defined although previous studies utiliz-
ing massive doses of heterologous serum proteins
in rabbits established the presence of these pro-
teins in the extravascular phase of muscle 48 hours
after intravenous administration (4).

During the course of recent investigations on
the fate of Ils' labeled human serum albumin in
heart failure (3), the deaths of two subjects, 1 and
22 days, respectively, following the intravenous
administration of the labeled albumin, offered the
opportunity for post mortem analysis of radio-
activity in the various tissues. The times of death
were such that comparison between the two cases
yielded suggestive information regarding the dis-
tribution of iodoalbumin and the sites of the slowly
and rapidly equilibrating extravascular compart-
ments. Further observations were then made on
skin and muscle tissue removed during surgical
operations.

1 Dazian Foundation Fellow.
2 National Heart Institute Research Fellow.

METHODS

The subjects were hospitalized male patients on the
Medical and Surgical Services of the Veterans Ad-
ministration Hospital, Bronx, N. Y.

Patient V. P. had arteriosclerotic heart disease and
congestive heart failure and died suddenly with a myo-
cardial infarction 24 hours after the intravenous ad-
ministration of 112 juc of I' labeled human serum al-
bumin. Patient A. M. had rheumatic heart disease,
aortic insufficiency, congestive heart failure and persistent
proteinuria and expired in pulmonary edema 22 days
after receiving 107 gc of labeled albumin. In the interval
between administration of the tracer protein and the
deaths of the patients, serial blood samples were taken
and complete urinary collections were made. Ten drops
of Lugol's solution were administered daily to inhibit the
uptake of free iodide by the thyroid. The plasma con-
centration curves of I11 tagged albumin which were ob-
tained during life were extrapolated to the time of death
in each patient. In each case post mortem examination
was performed 24 hours after death at which time the
tissues were obtained for analysis.

Five specimens of muscle and three specimens of skin
were obtained during surgical procedures from five pa-
tients fifteen to twenty minutes after the intravenous
administration of I"1 labeled albumin. In addition, ten
muscle specimens and eight skin specimens were ob-
tained from twelve patients one to eleven days after ad-
ministration of I1" labeled albumin. Plasma samples
were obtained simultaneously with all surgical tissue
specimens which were taken primarily from the thoracic
and abdominal walls.

Representative samples of all tissues were trimmed of
large blood vessels, patted free of excess blood, placed
into Kimbal screw top culture tubes, and weighed. Care
was taken to strip all subcutaneous tissue from skin
samples. The tissues were then assayed for radioac-
tivity in a well-type scintillation counter with a sensi-
tivity of 1.00 X 10' cts. per min. per /Ac I".
The small vessel plasma contents of muscle and skin

were determined from the total radioactivities of these
tissues relative to those of plasma 15 to 20 minutes after
the intravenous administration of I' labeled albumin.
It was assumed that negligible quantities of the labeled
protein had passed into the extravascular spaces at this
time. The small vessel plasma contents of other tissues
were taken from the values given by Gibson, Peacock,
Seligman, and Sack (5). The albumin-I' contents of
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"bloodless" tissues at later times were then estimated by
applying these corrections for plasma content to the ob-
served total tissue radioactivities.
Serum albumin concentrations were determined ac-

cording to the method of Kingsley (6).

RESULTS

A-Post mortem tissue examinations in subjects
V. P. and A. M.

Patient V. P. expired only 24 hours following
the administration of the tracer protein and there-
fore distribution was presumed to be incomplete
in the slowly equilibrating extravascular compart-
ments. At the time of death 40 per cent of the
iodoalbumin had left the blood stream. In pa-

tient A. M., distribution was complete at the time
of death (22 days following administration of al-
bumin-Il81), and specific activities of pleural fluid
and plasma were found to be identical (0.00150
per cent of administered albumin-I'8l' per gram of

albumin). Sixty per cent of the total exchange-
able albumin was located extravascularly.
The results of the radioactive tissue assays are

presented in Table I. With the exception of dura
mater in subject A. M., no organ in either patient
had a higher concentration of radioactivity than
the plasma. The thyroid and gastric glands in
subject A. M. might have shown a higher concen-

tration of radioactivity if the administration of
Lugol's solution had not reduced their capacity to
concentrate radioiodide released from the degraded
protein. The extremely high relative activity of
the dura mater in subject A. M. was probably due
to contamination from an external source.

The strikingly low concentration of iodoalbumin
in the livers of both patients is of particular in-
terest. The extravascular exchangeable albumin
content of the entire liver was equivalent to the
albumin contained in 77 ml. of plasma and 39 ml.
of plasma in patients V. P. and A. M., respectively.
Including blood content, exchangeable albumin

TABLE I

Tissue distribution of 111 labeled albumin

Subject V. P.* Subject A. M.t

Albumin Albumin
content of content of

Tissue cts./min-/gm entire blood- Tissue ds./min./gm. lesi organTissuects./mn./gm. less organ l_______ entir bood-n
Plasma cts./min./ml. in volume Plasma cts./min./ml. in volume

equivalents equivalents
Organ wt. Whole Bloodless of plasma Organ wt. Whole Bloodless of plasma

Tissue in gm. tissue tissue (ml.) in gm. tissue tissuet (Mi.)

Aorta 8.8 X 10-2 X104 30.9X102 X10"
Brain 1,440 1.6 0.5 7
Dura 14.4 187.0
Fat 8.4 15.6
Ileum 20.5 15.4 13.9 8.8
Stomach 14.7 10.7 63.0 58.0
Kidney 130,160 11.6 0.0 0 200, 210 16.2 3.5 12
Liver 1,690 15.0 5.7 77 1,430 14.8 3.3 38
Lymph nodes
Tracheal 10.3 22.1
Mesenteric 16.1

Lungs 610, 1080 14.6 3.7 50 630, 700 27.2 16.5 171
Muscle
Cardiac 630 760
noninfarcted 11.4 7.5 44 16.9 11.8 80
infarcted 18.3

Skeletal
psoas 4.4 3.3 10.5 7.9

Pancreas 175 12.1 130 21.0
Spleen 340 20.7 14.6 29 300 19.2 12.4 22
Testes 13.1
Thyroid 91.0
Bile 16.6
Pleural Fl. 45.8
Plasma 100.0 100.0

* Pt. V. P. expired 24 hours following intravenous administration of 1131 labeled human serum albumin.
t Pt. A. M. expired 22 days following intravenous administration of 1131 labeled human serum albumin.
t Whole tissue counts corrected for plasma content of tissue as described under Methods.
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TABLE II
Small vessel plasma volumes of skin and muscle

(per cent by weight of whole tissue) *

Subject Skin Muscle

N. D. 1.2 2.7
V. C. 2.8 2.9
H. M. 1.0 2.2
J.A. 2.9
A.F. 2.7

Mean 1.9 2.7

* Based on relative tissue/plasma radioactivities 15 to
20 minutes after intravenous administration of 1131 labeled
albumin.

present in the livers of these subjects was less
than 10 grams or at most, 3 to 4 per cent of the
total exchangeable albumin in the body.

Liver, spleen, and small intestine failed to
show any increase in concentration of iodoalbumin
relative to that of plasma between 1 and 22 days.
The other viscera showed varying increments,
but the total iodoalbumin content of these organs
was only a small fraction of the total exchange-
able albumin, even when the blood content is in-
cluded.
Both skeletal muscle and noninfarcted cardiac

muscle revealed a definite increase in "bloodless"
tissue radioactivity between the 1st and 22nd days.
However, since both patients were in heart failure
at the time of death, it was not possible to estab-
lish values for edema free muscle other than to
note that the maximum value was not greater
than about 10 per cent that of plasma. The higher
concentration of radioactivity in the infarcted
cardiac muscle is explained by the seepage of
blood into the infarcted area.

B-Muscle and skin samples obtained at operation
The mean plasma volumes of muscle and skin

as determined from tissues obtained 15 to 20 min-
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utes after Il'1 albumin administration were 2.7
per cent and 1.9 per cent, by weight, respectively
(Table II). Eighteen to 24 hours later "blood-
less" muscle had a concentration of only 0.6 per
cent that of the plasma but this value rose gradu-
ally over the next four to five days to 3.5 per
cent after which no further increase occurred
(Figure 1). "Bloodless" skin, however, showed
a more rapid initial increase, reaching a concen-
tration of 11.0 per cent relative to the plasma at
eighteen hours and this was followed by a further
gradual rise to 25 to 30 per cent by the end of 5
to 7 days (Figure 1).

DISCUSSION

Since the specific activity of labeled albumin in
accessible extravascular compartments such as
ascitic fluid (7) and pleural fluid (present stud-
ies) eventually becomes virtually equal to that in
plasma, it seems reasonable to conclude that al-
bumin-Il3' is distributed elsewhere in the same
manner as endogenous serum albumin, whatever
reservations may yet remain (2, 3) regarding the
relative rates of metabolism of endogenous albu-
min and albumin-I'31. Therefore, in the discus-
sion below, it is assumed that the distribution of
albumin-I813 reflects that of endogenous serum
albumin.

Albumin in ziscera
Since radioiodide is excreted rapidly following

its liberation from degraded protein (2), the con-
centration of radioactivity in tissues, under the
conditions of these studies, may be regarded as
due almost entirely to protein. In all tissues
except thyroid and stomach3 (which selectively

3Iodine concentrations in these organs was partially
inhibited by the administration of Lugol's solution.
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FIG. 1. EQUILIBRATION OF THE ALBUMIN OF MUSCLE AND SKIN WITH
PLASMA ALBUMIN

Tissue counts have been corrected for plasma content.
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concefntrate iodlne) nonprotein-bound radioiodine
contributes an insignificant contamination as in
plasma where 98 per cent or more of the radioac-
tivity can be shown to be albumin-Il31 (2). How-
ever, pathologic conditions were probably respon-
sible for higher than normal concentrations of
albumin-I'3" in some tissues of the subjects stud-
ied here at autopsy. The concentration of radio-
activity in the lungs of patient A. M. was prob-
ably elevated by the presence of vascular conges-
tion and pulmonary edema whereas the correction
for plasma content was based on normal lung tis-
sue. Also, patient A. M. had considerable pro-
teinuria (3 to 5 gm. per day) and at least some
of the albumin-I'3' in his "bloodless" kidney tissue
may have been due to protein in the renal collect-
ing system rather than in the interstitium. There-
fore, the total exchangeable albumin content of
normal viscera may be even lower than that ob-
served here. In subject A. M. the total extravas-
cular albumin content of heart, liver, spleen, kid-
neys, and lungs amounted to about one-tenth of
the circulating plasma content.

In view of the low hydrostatic pressure existing
in the portal venous system relative to the plasma
oncotic pressure, it has been suggested on theo-
retical grounds that the extracellular fluids of the
liver must maintain a high protein concentration
in order to resist desiccation (8). Although in
vivo studies in the human subject (2), in the dog
(5) and in the rabbit (9), have failed to demon-
strate significant hepatic extraction of Ills labeled
albumin from the first circulation (9) to the first
hour (2, 5) following its administration, the pos-
sibility of hepatic concentration at later intervals
had not been investigated. The observations
presented here indicate that even after 22 days
there is no appreciable quantity of exchangeable
albumin in the extravascular spaces of the liver
and hence the volume of the extracellular space
of the liver must be small. This is confirmed by
the lack of histologic evidence for a significant
interstitial space in hepatic parenchyma.

Albumin in skin and muscle

The concentration of exchangeable albumin in
whole skin exclusive of its blood vessel content is
about 25 to 30 per cent that in plasma. If the
serum albumin of skin is located solely in the in-

TABLE III

Major sites of albumin distribution

Per cent of total
exchangeable

albumin

Plasma 40
Skin 18
Muscle 15
Heart, lungs, liver, kidney, spleen 4

Total accounted for in above sites 77

terstitial fluid, estimated at 60 per cent of skin
weight (10), then the concentration in this fluid
is about 45 per cent that in plasma or normally
about 2.0 grams per 100 ml. Estimates of total
skin mass vary greatly but the most reasonable
values appear to be about 6 to 7 per cent of body
weight (11, 12). Since the plasma volume is
about 4 per cent of body weight (13) and con-
tains about 40 per cent of the total exchangeable
albumin in the body, the total albumin content of
skin accounts for about 18 per cent of the total
exchangeable albumin. The high albumin con-
centration in whole skin is undoubtedly related
to the large volume of extracellular fluid in this
tissue and may explain the relatively large quan-
tity of extravascular albumin observed in a myx-
edematous subject reported elsewhere (3).
The concentration of exchangeable albumin in

extravascular compartments of muscle is only 3.5
per cent that in plasma, but since muscle con-
stitutes 40 to 45 per cent of body weight (11, 14),
this tissue accounts for about 15 per cent of the
total exchangeable albumin. Assuming that all
the albumin of muscle is located in the interstitial
fluid estimated at 10 per cent (15) to 16 per cent
(16) of muscle, its concentration in this fluid is
then approximately 35 per cent to 21 per cent of
the plasma concentration or normally about 1.5
grams to 0.92 gram per 100 ml., respectively.

Table III summarizes the data pertaining to
the major sites of albumin distribution. Almost
four-fifths of the total exchangeable albumin can
be accounted for in plasma, skin, muscle and the
thoracic and abdominal viscera listed. The re-
mainder must include that present in other viscera,
subcutaneous tissue, fat, lymphatic trunks. and
bone marrow. Mixing of intravenously adminis-
tered iodoalbumin with the extravascular albumin
pools of muscle, certain viscera, and at least an ap-
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preciable portion of skin, requires 4 to 5 days for
complete equilibration. These observations are
in agreement with the half times of disappearance
following direct injection of albumin-Il3' into
skin and muscle (2). Other viscera, such as liver
and spleen, and possibly some compartment of
skin have albumin pools which appear to equili-
brate with plasma albumin within a day or less.
It must be emphasized that the half times of the 2
compartments of distribution observed in the
plasma disappearance curves previously described
(2) and discussed above are not the half times for
equilibration of the 2 groups of extravascular
compartments brought to light by the character-
istics of the plasma concentration curves. The
latter half times cannot be calculated from the
plasma disappearance curves alone (7).

SUMMARY AND CONCLUSIONS

1. Tissue radioactivities were determined at
autopsy in two patients who died 1 and 22 days
following the intravenous administration of IJ3"
labeled albumin and in surgical specimens of skin
and muscle obtained from human subjects 15
minutes to 11 days following iodoalbumin ad-
ministration.

2. Plasma and the extravascular spaces of skin,
muscle and the large thoracic and abdominal vis-
cera account for 75 to 80 per cent of the total ex-
changeable albumin. Skin and muscle contain
one-half of the total extravascular albumin. The
extravascular space of the liver contains less than
1 per cent of the body's total exchangeable al-
bumin.

3. Four to 5 days are required for essentially
complete equilibration of the extravascular ex-
changeable albumin pools of skin and muscle with
plasma albumin.
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