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INTRODUCTION

Highly purified preparations of the various
plasma proteins have recently been made avail-
able by Edwin J. Cohn and his colleagues in the
Department of Physical Chemistry, Harvard
Medical School. Sufficient quantities of human
serum albumin have been prepared for an exten-
sive clinical trial of its therapeutic action in trau-
matic shock (1). The crystallization of bovine
serum albumin by Cohn and Hughes (2) has
made this protein available for comparison in a
state of even greater chemical purity.

In earlier papers of this series, the chemical
properties of the serum albumins of bovine and
human origin were described (2, 3). The differ-
ences between the size, shape, and net charge of
these two proteins are so slight that mixtures be-
have like homogeneous solutions in both the ultra-
centrifuge and the electrophoresis apparatus.
However, differences in chemical constitution and
in crystallization conditions, as well as immuno-
logical tests, conducted in our laboratory, indi-
cate that they are distinct proteins.

Scatchard, Batchelder, and Brown (4) have
carried out a study of the osmotic pressure of
serum albumin. No difference between albiumins
of bovine and human origin were found, as would
be expected from the fact that their molecular
weights and titration curves are closely similar.
From comparative measurements made on serum

1 This work, supported by grants from the Rockefeller
Foundation and from the Proctor and other funds of
Harvard University, was aided early in 1941 by grants
from the Committee on Medicine of the National Re-
search Council. It has subsequently been carried out un-
der a contract, recommended by the Committee on Medi-
cal Research, between the Office of Scientific Research
and Development and Harvard University.

albumin solutions and whole human serum, their
calculations indicate that the osmotic pressure of
0.8 gram of albumin is equivalent to that of 1
gram of the normal mixture of plasma proteins.

Solutions of serum albumin offer practical ad-
vantages in the treatment of traumatic shock, par-
ticularly under military conditions. Since albumin
is the most soluble and stable of the plasma pro-
teins, it can be dispensed in a highly concentrated
solution, which will withstand a fairly wide range
of temperature. A 25 per cent solution has a low
viscosity, so that it will pass readily through a
Seitz filter for sterilization and can be injected
easily through an ordinary intravenous needle by
gravity. Thus, conservation of space, immediate
availability for use without cross-matching, and
ease of administration are among its assets (5).
Furthermore, since albumin is largely responsible
for the colloid osmotic pressure of normal plasma,
and this pressure plays a major role in maintain-
ing the volume of circulating plasma, it has seemed
rational to use albumin in pure form to restore
blood volume depleted by hemorrhage or plasma
loss.
The experiments reported in this paper were

planned in order to study quantitatively the physi-
ologic effects of injections of concentrated solu-
tions of serum albumin in man.2 They form part
of a series of studies on shock, initiated in this
clinic under the direction of Dr. Soma Weiss.
Since it is generally agreed that the salient fea-
ture of traumatic shock is a diminution of the vol-
ume of circulating blood, it seemed important to
study the response of normal human subjects to a
measured loss of blood, produced by rapid vene-
section. A study of this response, carried out by

2A brief report of these experiments and their implica-
tions has already appeared (6).
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Ebert, Stead, and Gibson (7), provided the back-
ground and technique for our investigations.
The first few experiments on the use of human

and bovine albumin were performed by Stead
and Ebert (8). These preliminary experiments
proved that concentrated solutions of serum al-
bumin were effective in replacing lost plasma. In
the experiments to be reported below, we have at-
tempted to determine the effectiveness of concen-

trated serum albumin with sufficient quantitative
accuracy to justify comparison of its osmotic ef-
fect in vivo with that expected from the in-vitro

measurements of Scatchard, Batchelder, and
Brown (4).

MATERIALS AND METHODS

The subjects for these experiments were normal adult
males, in most cases medical students, whose intelligent
cooperation has been extremely helpful. On the day pre-
ceding the experiment, the subject was admitted to the
hospital soon after supper. The next morning, blood
samples for the control plasma volume and other deter-
minations were drawn. Following this, a rapid venesec-

tion of from 10 to 20 per cent of the total blood volume
was performed, generally in 10 to 15 minutes. Blood

TABLE I

Quantitative data on amounts of blood removed and replaced in different experiments

Fluid added or
Removal Replacement Plasma volumes retained by 1

Total gram t at 1 hour
-______-_____- __ ___ - _____ _________ ___________- ______ fluid

I ~~~~~Time added
Subject Blood Plasma Protein Volume Protein Protein Control After After ag e Averageconc. bleeding t albumin albumin

prcutgrams hus c. C. Perc.pe|cc. cc. |grams pcgram"s 1 gram I hram,

A. Experiments performed under conditions of dehydration (No food or fluid for 12 hours
preceding and 12 to 24 hours after venesection)

1. Control

M. Be. 527 291 18.9 0 0 12780 12489 2440 1
40 hours dehydrated 2750 20 261

I Hydrated 3220 96 780

2. RePlacement with reconstituted dried human plasma

Rh. 840 470 32.0 607 5.3 32.0 3430 1 2960 3610 1 650 20.3
40 hours dehydrated 3090 20 130
Normal hydration 3930 72 970

3. Replacement with human albumin

W. B. 1028 550 36 170 22.8 38.8 3490 2940 3450 | j 510 13.2|
W. M. 780 433 29 167 25.2 42.0 2960 2527 3280 j 753 17.9
A. L. 745 425 26 140 21.0 29.4 3030 2605 3210 1 605 20.5

17.2

4. Repacement with crystallized bovine albumin

T. R. 700 394 25.6 138 23.6 32.6 | 3560 | 3166 3700 1 534 16.4
40 hours dehydrated 3360 20 194
Normal hydration 3910 72 744

W.W. 690 394 26.4 116 23.6 27.4 1 3140*1 2746 3350 1 604 22.0
40 hours dehydrated 3140 20 394
Normal hydration 3930 72 1184

A. B. 600 346 25.0 103 23.6 24.3 1 2700 1 2354 2940 1 586 24.1
40 hours dehydrated 2750 20 396
Normal hydration 3000 72 646 20l
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TABLE I-(Continued)

Fluid added or
Removal Replacement Plasma volumes retained by 1

Total gramn at 1 hour

Protein After After Tim added
Subject Blood Plasma Protein Volume conc. Protein Control bAi | Afi Average Average

bleeing albminalbumin

I cc. | grams cc aams grams cc. cc- . hours Icc. gram | rhm

B. Experiments performed under conditions of normal hydration
Replacement with human albumin

M. Be. 912 517 34.6 134 23.8 31.9 2640 2123 2640 1 517 16.2
2500 20 377
3000 72 877

M. Bo. 1085 585 42.7 240 27.0 65.0 3780 3195 4060 1 865 13.3
3800 20 605
4280 72 1085 14.8

C. Experiments performed under conditions offorced hydration (Forced fluids by mouth with 10 to
14 grams of additional salt as tablets)

Replacment with crystallized bovine albumin

E. B. 688 400 26.4 95 29.3 27.8 | 3060 | 2660 3040 1 380 13.7
Forced hydration 3430 20 770
Normal hydration 3570 72 910

P. W. 850 463 32.0 102 29.3 29.9 1 3800 1 3337 3840 1 503 16.8
Forced hydration 3980 20 643
Normal hydration 3920 72 583

F. P. 730 400 26.4 115 23.6 27.2 1 3160* 1 2760 3240 1 480 17.6
Forced hydration 3260 20 500
Normal hydration 3590 72 830 |6O

Taking average of 11 men: 17.4
* Estimated from height because of technical errors.
t Calculated by subtracting the plasma bled from the control volume.
$ Total fluid added to plasma volume since bleeding, divided by the grams of injected protein.

samples were taken, and the albumin injection was
started immediately afterwards. This required from 20
to 40 minutes in different experiments. Blood samples
were taken at appropriate intervals, and 1 hour after the
completion of the injection, a second measurement of the
plasma volume was made. Subjects remained in the hos-
pital until the following morning, when the plasma vol-
ume was again determined. They were then discharged,
but returned 48 hours later for a final (fourth) plasma
volume determination. All subjects were followed care-
fully for 3 months. In different experiments, the size of
the venesection, the state of hydration of the subject, and
the type of concentrated serum albumin injected, varied.
Plasma volume determinations were made according to

the method of Gibson and Evans (9), using Gibson and
Evelyn's adaptation of the method to the photoelectric
colorimeter (10). Eight to 10 cc. of dye (0.1 per cent)
were injected intravenously from a calibrated syringe.
Eighteen to 20 minutes later, a series of 5 samples of
venous blood was drawn without stasis at 5-minute inter-
vals. The dye was reinjected for each successive plasma
volume determination in each subject.

Experiments were performed only after a night in the
hospital. Subjects were up on their feet for a few
minutes on the morning of the experiment, but then were
recumbent for an hour or more before actual tests were
begun.8 On follow-up visits they remained recumbent
for at least 20 minutes before blood was drawn.8 Samples
were drawn into dry, sterile syringes, approximately 60
seconds after the release of the tourniquet, to avoid the
complications introduced by stasis secondary to venous
occlusion. One cc. of blood was mixed with a small
amount of dry potassium oxalate in each of 2 tubes, and
the oxyhemoglobin determinations made in duplicate from
these, using the Klett-Summerson photoelectric colorime-
ter. Hematocrit readings were determined kIydding 4 cc.
of blood to 1 cc. of 1.6 per cent potassium oxalate solu-
tion in special graduated 5 cc. tubes, which were spun 30
minutes at 3000 r.p.m. in an International centrifuge with
a head 26 cm. in diameter.

8 The importance of these precautions, pointed out to us
by Stead and Ebert, has been clearly indicated in a recent
paper by Perera and Berliner (11).
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FIG. 1. VENESECTION WITHOUT ALBUMIN-DEHYDRATION-CONTROL
Normal subject (M. Be.), bled 10.5 per cent of circulating plasma volume, used as a control. No

food or fluid for 16 hours preceding and 24 hours following venesection. Weight loss, 2.3 kgm.

The blood removed at venesection was measured in a

1000 cc. graduate, the volume of citrate anticoagulant
being deducted; the 50 cc. of blood removed in the con-

trol plasma volume determination was added to that re-

moved by rapid venesection to obtain the measured total
blood loss.

Non-protein nitrogen and total serum protein deter-
minations were made by Kjeldahl digestion and direct
nesslerization. Albumin was determined by salting out
the globulins by the Howe method (12) and Kjeldahl di-
gestion of the filtrate. These tests were performed in
duplicate.
The solutions of serum albumin used in these experi-

ments were prepared under the supervision of Professor
Cohn and his associates. The human serum albumin was

fractionated and purified by L. E. Strong, J. L. Oncley,
and their co-workers at the Harvard Plasma Fractiona-
tion Laboratory, and was then sterilized and bottled under
the direction of Drs. Elliott Robinson and Geoffrey Edsall
at the Massachusetts Antitoxin and Vaccine Laboratory.
The bovine plasma was fractionated by the same methods
under the direction of Dr. J. D. Porsche at the Armour
Laboratories, Chicago, and crystallized by Professor
Cohn and Dr. W. L. Hughes, Jr., at the Harvard Pilot
Plant. The albumin was dissolved in physiological saline
solution (ionic strength 0.15 M), buffered with sodium
bicarbonate to a pH varying from 6.0 to 7.4 in different

preparations. Its final concentration was approximately
25 per cent and was measured by Kjeldahl nitrogen de-
termination. The solutions were sterilized by Seitz filtra-
tion. Merthiolate was added to a final concentration of
1: 10,000 to the solutions of human albumin, but no pre-

servative was used in the bovine albumin solution. All
the preparations of albumin were tested in convalescent
patients, in doses up to 25 grams, for the presence of
pyrogens, before being used in these experiments.

RESULTS

A. Acute experiments
1. Control. Venesection and dehydration.

Since we used a more vigorous regime of dehydra-
tion than Ebert, Stead, and Gibson (7), it was

necessary to supplement their experiments with a

further study of the effects of venesection in a

subject deprived of food and water for 16 hours
before and 24 hours after bleeding. The data,
presented in Table I (A.1) and in Figure 1, are

self-explanatory. The diminished plasma volume
following venesection slowly and steadily in-
creased with a rapid increment when salt and
water were administered orally.

2 4 6 8 10 12 14 16 18
HOURS
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2. Control. Venesection and replacement with
human plasma; dehydration. As a further con-
trol, the effect of reconstituted dried human
plasma was studied for comparison with concen-
trated albumin (Table I, A.2; Figure 2). As
was to be expected, 607 cc. of human plasma
(protein content 5.3 grams per cent) produced
prompt hemodilution, due to an increase of the
plasma volume. Subsequently, with continued
dehydration, hemoconcentration developed, which
was relieved when the fluid intake became normal.

3. Venesection and replacement with concett-
trated albumin solutions (25 per cent). These
experiments are arranged in groups according to
the state of hydration of the subject and the type
of concentrated albumin injected. The data are
presented in Table I, with sample experiments
from the groups represented in Figures 3 and 4.
By "normal hydration" is meant an intake of fluid
as desired while on a low caloric diet, free of fat.
The state referred to as "dehydration" consisted
of 40 hours without food or water; of this period,
12 to 16 hours preceded the injection of albumin,
and 20 to 24 hours followed. During "forced
hydration," 2 grams of sodium chloride were given
by mouth at 4-hour intervals to a total of 10 to 14
grams, while fluids totalling 2,000 to 4,000 cc.
were taken by mouth, except during the 4 hours
required for the plasma volume determinations,
venesection, and albumin injection. The concen-
tration of albumin, as injected, was approximately
25 per cent in an isotonic buffered saline solution.

Comparison of the results in groups A.3 and
A.4 (Table I) shows that there was no significant
difference between the responses observed at 1
hour after the injection of human or bovine al-
bumin. Figures 3 and 4 illustrate this similarity,
although the size of the venesections and state of
hydration were not strictly comparable. In each
case, the plasma volume increased promptly fol-
lowing the administration of concentrated albumin,
as shown by a fall in the values for hemoglobin
and hematocrit and a rise in the plasma volume,
as determined by the dye method. This rise in all
cases was considerably greater than the volume of
the concentrated albumin solution injected, indi-
cating that extra fluid had been added to the cir-
culating plasma from the body's own reserves.
The experiments in group C were devised for

TABLE II

Sodium and potassium studies in normal subjects after
venesection of 10 to 20 per cent of the blood volume, followed by
injection of albumin as 25 per cent solution. Nofood intake;
normal or limited water intake

Time in
relationtoAlu Sem
albumin i.v. Bleed- Albu Serum

Subject albilmi X i.v. ing inJeC _ _\ potas-ing injec- siumtion So-. Potas-
Before After dium sium

hours cc. grams m. eq. per lir per
hour

A. Subjects dehydrated for 15 hours preceding and
20 hours following albumin

M. Be. 1 527 0 143.9 4.5
(con- lj 143.8 4.4
trol) 20 143.8 4.5 2.1

T. R. 1 700 33 145 5.4
1 146 4.6

20 140 10.1 2.4

W. W. 1 690 26 144 4.5
it ~~144 4.5

20 145 4.7 1.5

A. B. 1 600 24 138 4.9
it ~~140 4.8

20 138 4.7 2.7

B. Subjects without food intake but normal hydration

M. Be. 1 912 32 141.2 4.5 5.5
lj 143.9 4.2 3.7
4i ~~~~~~~~1.9

M. Bo. 1 1085 65 145.1 2.9 3.2
2.3

2 146.9 3.7 4.4

comparison with those of groups A.3 and A.4, to
determine whether mild dehydration would alter
the response to concentrated albumin. That there
was no significant difference between the responses
observed at 1 hour, under conditions of relative
dehydration or under conditions of forced hydra-
tion, is obvious from the comparison. In Figure
5, the responses of hydrate,d and relatively de-
hydrated subjects are compared graphically on a
scale, using percentage deviation from the normal
starting values. The average values for the 3 sub-
jects in each of groups A.4 and C are used. The
responses charted for the control subject who was
dehydrated, but received no albumin, represent
the results in a single individual (Figure 1; Table
I, A.1). The chart is therefore not subject to
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PERIOD CONTROL BLEED- PLASMA AFTER PLASMA END OF PLASMA
ING INJECTION DE- l HYDRATION VOLUME

TOTAL 7.0-. * 4000 CC.
SERUM*/
PROTEIN * P.V.
GMS.%Y 6.0-

_______ * ~~~3750
SERUM 5.0**
ALBUMIN
GMS--0/o ~~~~P.v.-

4.0 m
-*:<f- - 0M1 t3500

HEMAT144- -18
(4CELLS) * P.V. f

40 - 3250

38-Pfl 0

36 *I
*. P.. m3000

HGB. 15Mj m
GMS. %/ ______

14 -

13 1 ~~~~~~~~~~~~~~~2750
12 ___

11 36 2 4 6 8 1012 14 181820 48 72
TIME MIN. MINUTES HOURS HOURS ____

FIG. 2. RECONSTITUTED HUMAN PLASMA AFTER VENESECTION-DEHYDRATION
Normal subject (Rh.), bled 13.7 per cent of circulating plasma volume, followed by injection of 607 cc. (con-

taining 5.3 per cent plasma protein, or 32 grams) reconstituted dried human plasma (citrated). No food or
water for 16 hours preceding and 24 hours following venesection.

strict interpretation, but does indicate trends that
were consistent. The differences observed were
those to be expected in any group of normal indi-
viduals. Those who were kept dehydrated after
albumin injection showed progressive, mild hemo-
concentration, finally interrupted by the adminis-
tration of fluid, while those given excess quantities
of salt and water showed hemodilution. Neither
group displayed untoward symptoms.
A study was made of the potassium in the

serum and urine of 4 dehydrated subjects and 2
subjects who were normally hydrated but who
submitted to larger venesections and injections.
The determinations were performed through the
kindness of Dr. James L. Gamble.4 The results
are shown in Table II. There was no increase in
serum potassium 1 hour after the injection of al-
bumin was completed. In only 1 subject (T. R.)
was there a rise after 40 hours' dehydration, 20
hours after the administration of albumin, al-

4 Miss E. A. MacLachlan and Miss K. R. Fahey per-
formed the determinations.

though the subject was ambulatory and asymp-
tomatic. The potassium output in the urine was
not significantly increased in the 24 hours follow-
ing albumin injection. Therefore, in neither urine
nor serum was there evidence of mobilization of
potassium from the cells.

B. Follow-up studies
The subjects were carefully followed, at fre-

quent intervals, for 3 to 4 months in order to rule
out possible harmful effects of the concentrated
albumin solutions. All subjects were given a
complete physical examination before the experi-
ment and, at the end of the follow-up period, as
well as a number of interim examinations. Com-
plete urinalysis and blood examinations were in-
cluded and in a few cases reticulocyte counts were
made during the first 2 weeks after bleeding. The
physical findings have not been abnormal in any
of the subjects, before or after the experiments.
Urinalysis by ordinary methods failed to show any
proteinuria after the injections. Even when ex-
tremely sensitive precipitin tests, using potent
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FIG. 3. CONCENTRATED HUMAN ALBUmiN AFTER VENESECTION-NORMAL HYDRATION
Normal subject (M. Be.), bled 19.5 per cent of circulating plasma volume, followed by injection of 32 grams

(134 cc. of 24 grams per cent) of human serum albumin. Normal food and fluid intake except during 4 hours of
procedure.

rabbit antisera, were performed, a trace was
found, during the period soon after injection, in
the urine of only 1 subject receiving bovine al-
bumin. No abnormalities of the sediment were
noted. Marked concentration of the urine oc-
curred during the period of dehydration and sub-
sequent hydration until the fluid deficit was re-
stored.
We were particularly concerned with the rate

of blood regeneration. The time required for the
hematocrit and hemoglobin values to return to
their prebleeding levels varied in different sub-
jects. In all, however, approximately normal
values were restored in 8 weeks or less. Ferrous
sulfate, in doses of 0.2 gram, 3 times a day, was
administered to all for the first 3 weeks in order
to provide an adequate supply of iron for hemo-
globin formation. The maximum reticulocyte re-
sponses varied from 1.5 to 3.2 per cent in the 7
subjects tested and were seen 4 to 10 days after
bleeding. This was comparable to the reticulocyte
response to bleedings of similar size in 4 trans-
fusion donors who received no albumin. There

was no depression of the level of serum protein
or of serum albumin in this period.

DISCUSSION

The injection of concentrated albumin, at rates
of approximately 5 cc. per minute, was tolerated
in almost all subjects without any untoward symp-
toms. With 2 preparations of human albumin,
some epigastric and precordial distress was noted,
but these were prepared by a different technique,
as an experiment. With no preparation of either
human or crystallized bovine albumin, made ac-
cording to the standard procedures that have now
been developed, has discomfort been noted during
the injection. Some subjects complained of a
slight metallic taste "like kerosene," but this was
never noted with any preparation which did not
contain merthiolate, and presumably was due to
that substance. Two or 3 urticarial wheals ap-
peared in a few subjects given bovine albumin,
but these were also observed when reconstituted
dried human plasma was used; none was noted
with human albumin. On the whole, the injection
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FIG. 4. CONCENTRATED BOVINE ALBUMIN AFTER VENESECTION-DEHYDRATION
Normal subject (T. R.), bled 11.0 per cent of circulating plasma volume, followed by injection of 33 grams

(138 cc. of 23.6 grams per cent) of crystallized bovine serum albumin. No food or fluid intake for 16 hours
preceding and 24 hours following venesection. Weight loss, 2.4 kgm.

of concentrated albumin solutions seemed simple
and safe under the circumstances of the experi-
ments.
We shall not discuss the immunologic problems

raised by the administration of bovine albumin.
These have been considered in another communi-
cation in a preliminary manner (13), but no final
conclusions can be drawn until much more exten-
sive experiments with crystallized preparations of
low globulin content have been completed in order
to determine to what extent it will be safe to use
a protein of animal origin for therapy in man.
The rapidity with which hemodilution occurred

following the administration of concentrated al-
bumin solutions was very striking. Most of the
changes had already taken place within 15 minutes
after the cessation of the injection, but further
hemodilution occurred slowly for a period of an
hour or so. The plasma volume was determined
about 1 hour after injection to allow for this, but
no later, in order that the changes found could be

ascribed to the albumin injected and not to the
regeneration of plasma protein by the patient
himself.
One objection that might conceivably be raised

to our use of the hematocrit as an index of im-
mediate changes is that lowering of the hematocrit
value may have been due to shrinkage of the red
cells produced by the hypertonic albumin solution.
However, the hemoglobin values ran parallel to
the hematocrit readings, and the plasma itself be-
came only slightly hypertonic according to the
serum protein values. Furthermore, suspensions
of equal quantities of red cells, in albumin solu-
tions of from 5 to 10 per cent concentration, have
been prepared, and these have all given the same
hematocrit reading.
The effect of the injection of concentrated al-

bumin on the values for the blood proteins was
about as expected, allowing for inevitable errors
in the methods for their measurement. Fifteen
minutes after injection, the plasma protein value
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FIG. 5. COMPOSITE CHART TO COMPARE GROUPS A.4 AND C.1
The average values for the 3 subjects in each group are plotted against the

values for the single dehydrated subject used as a control. The scale used is one
of percentage deviation from the normal starting values for each subject. All
subjects except the control received crystallized bovine albumin. There was no
fluid intake in any subject during the 4-hour experimental period, beginning with
the first plasma volume determination.

tended to be higher than before, with the increase
in the albumin fraction. Within an hour, the pro-
tein value usually fell back toward normal, but
the proportion of albumin to globulin returned to
normal more slowly, often requiring as much as
24 hours. There was no essential difference in
this response with either bovine or human al-
bumin. Later determinations of the serum pro-

tein values, over the 3 to 4 months' follow-up
period, showed no decrease of serum albumin nor
increase in serum globulin values, such as one
might expect had liver damage occurred from the
injection of either homologous or heterologous
protein in such high concentrations. The serum
concentration of bovine albumin was carefully fol-
lowed by quantitative immunologic measurements,
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which will be reported subsequently. It disap-
peared from the blood stream gradually over a
period of several months.
An attempt has been made to correlate our ex-

periments with the previously mentioned studies
of Scatchard, Batchelder, and Brown (4) on the
osmotic pressures of serum and serum albumin.
For this purpose, we calculated from our data the
amount of fluid added to the plasma in 1 hour by
the injection of a given dose of concentrated al-
bumin. This value was divided by the number of
grams injected to obtain a figure for the number
of cc. of fluid added to the plasma by each gram
of albumin injected. These values appear in the
last column in Table I and vary from 13.2 to 24
cc. in all experiments, with an average of 17.4 cc.

Scatchard and his associates (4) found that 0.8
gram of albumin exerted the same osmotic pres-
sure as 1 gram of total plasma protein. The aver-
age serum protein figure in our subjects was 6.8
grams per cent, which with 0.2 gram per cent
fibrinogen would give an estimated circulating
plasma protein figure of 7 grams per cent. Using
thertio, 0.8 albumin

the ratio, ..lui a 5.6 per cent al-1 plasma protein'
bumin solution should be isosmotic with such a
plasma. On this basis, each gram of albumin in-
jected would be expected to add 18 cc. of fluid to
the circulation. The close correspondence of our
findings in vivo with the expected findings based
on accurate in zitro measurements is very grati-
fying. The errors inherent in our methods, par-
ticularly the determination of plasma volume, are
considerable. However, the number of experi-
ments is sufficient to give a fairly valid average,
and the trends in all the experiments are con-
sistent. The fact that both in vitro and in vivo
measurements give essentially the same results
indicates that the ability of albumin to draw fluid
into the circulation may be predicted fairly ac-
curately from its in vitro osmotic pressure, pro-
vided the capillary permeability is normal. The
combined data form the basis for the arbitrary
selection of 25 grams of serum albumin in 100 cc.
of buffered saline as the standard, unit dose. Be-
cause each gram should add 18 cc. of fluid to the
circulation, this dose is approximately equivalent
to 450 cc. of normal circulating plasma, or 500 cc.
of citrated plasma, as usually prepared.

No conclusion may be drawn from these experi-
ments that solutions of concentrated albumin are
necessarily superior to isosmotic solutions, but evi-
dence is presented to show that concentrated solu-
tions of albumin will draw fluid into the blood
stream rapidly without doing harm, after blood
loss and relatively mild dehydration. It is worth-
while to point out certain differences between these
concentrated albumin solutions and 4-times con-
centrated plasma (14, 15). The viscosity of con-
centrated plasma is much greater than that of
concentrated albumin, because of the presence of
the globulins (16). The total osmotic pressure
of concentrated plasma is far greater, because of
the presence of concentrated electrolytes, while
the salt concentration in our albumin solutions, as
now prepared, is approximately isotonic. How-
ever, the colloid osmotic pressure of 25 per cent
albumin solution is greater than that of 4-times
concentrated plasma. These and other chemical
differences may necessitate a separate evaluation
of the physiologic response to the 2 agents.

It is obvious that albumin solutions lack many
important functional constituents of plasma, which
are present in the globulin fractions. These de-
ficiencies probably make it unwise to administer
albumin in very large doses, repeatedly, over a
short period of time. However, in emergencies,
albumin solutions have great practical advantages
in their instant availability, ease of administration,
and potency in restoring the colloid osmotic pres-
sure, and thus the circulating blood volume.

SUMMARY

Concentrated solutions of human and crystal-
lized bovine albumin were injected into normal
subjects after removal of 10 to 20 per cent of the
blood volume by venesection. Their state of hy-
dration was varied. Quantitative measurements
of the changes in plasma volume were made by
means of the dye method and by repeated deter-
minations of the values for serum protein, hemo-
globin, and hematocrit reading. The measure-
ments indicated that:

1. Concentrated albumin solution (25 per cent)
would draw fluid into the blood stream.

2. Each gram of albumin drew an average of
17.4 cc. of fluid into the circulation in an hour, in
11 subjects, with a spread of 13.2 to 24 cc. This
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is in good agreement with the value expected from
in vitro studies of the osmotic pressure of human
and bovine serum albumin. The in vitro and
in vivo measurements together form the basis for
the selection of the unit dose of 25 grams of al-
bumin, which should add to the circulation a vol-
ume of fluid equivalent to 450 cc. of circulating
plasma or 500 cc. of citrated plasma.

3. Mild variations in the state of hydration did
not affect the availability of this fluid.

4. The serum and urinary potassium values
were not significantly increased following the in-
jection of concentrated albumin solutions under
the conditions of these experiments.

5. No significant immediate or delayed harmful
effects were observed in the subjects, who were
carefully followed for a period of 3 months after
the injection of albumin.

6. No essential difference was observed between
human and crystallized bovine albumins in their
ability to draw fluid into the circulation.

7. There is ample evidence that concentrated
human albumin is a safe and effective therapeutic
agent. No statement regarding the safety for in-
travenous use of crystallized bovine serum albumin
of low globulin content can be made until more
extensive clinical tests have been completed in
order to determine to what extent and under what
circumstances it will be safe to use a protein of
animal origin for therapy in man.

Inclusion of this paper in this number of the Journal of
Clinical Investigation was made possible by the Josiah
Macy, Jr. Foundation, at the request of the editors, in
order to provide prompt publication of results of investi-
gation particularly relevant to military medicine.
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