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INTRODUCTION

Since the volume of body water is maintained
within reasonable limits and the kidneys play
a dominant role in this regulation, it is implicit
that the existence of an abnormal volume is some-
how transmitted to the kidney. In turn, some
renal mechanism must be stimulated to alter the
volume and composition of the urine in a manner
that will tend to correct the abnormality. There
may be volume receptors as such or the responsive
mechanism may be stimulated by some function of
an abnormal volume. The one compartment of
body water whose volume is most readily altered
by changes in the others and whose constancy is
most important for a host of physiologic processes
is the circulating plasma. It is, therefore, impor-
tant to learn what alterations in renal function are
associated with changes in plasma volume and in
what manner these responses may be modified.

The volume of the plasma can be increased with-
out alterations in the volumes of the other com-
partments of fluid by the infusion of a solution
identical with plasma both with respect to filtrable
constituents and colloid osmotic pressure. Solu-
tions of gelatin, acacia, plasma, and albumin have
been used therapeutically with success for this pur-
pose. The infusion of a 25%o or 10%b solution of

1 Serum albumin used in this study was prepared by
the American Red Cross from blood of volunteer donors.
The conclusions are those of the authors and do not neces-
sarily reflect the policy of the American Red Cross.

2Aided by an institutional grant from the National
Heart Institute, U. S. Public Health Service, and Con-
tract V1001 M-1450 of the Veterans Administration.

8 Work done in part during the tenure of a Post-doc-
torate Fellowship, U. S. Public Health Service.

I4Work done in part while a Fellow of the Dazian
Foundation for Medical Research, and during the tenure
of a Life Insurance Medical Research Fellowship.

5 Present address: National Heart Institute, U. S. Pub-
lic Health Service, Bethesda, Md.

albumin will expand the volume of the plasma at
the expense of the interstitial fluid because such a
solution is hyperoncotic with respect to the plasma
of the recipient. Thus, by varying the concentra-
tion of the solution of albumin infused, an in-
crease in plasma volume with or without a change
in the interstitial fluid volume can be achieved.

Many investigators have studied this problem in
the experimental animal and in man with conflict-
ing results (1-5). This investigation is an attempt
to study the alterations in the metabolism and ex-
cretion of electrolytes and water promoted by ex-
pansion of the plasma volume with hyper- and iso-
oncotic solutions of purified salt-poor human al-
bumin.

EXPERIMENTALPROCEDUREAND METHODS

The experimental subjects in this study were two
healthy physicians (J. 0. and L. G. W.), one patient
with well-controlled Addison's disease (R.N.), and four
patients (B., B. B., S., and A.) with minor diseases un-
related to the cardiovascular-renal systems. Food and
water were restricted for a period of 10 to 14 hours
prior to each experiment except in L. G. W. 12-11-48
when fluids as such were restricted for 48 hours. Each
experiment was conducted with the subject in the re-
cumbent position, either on a couch or in bed, and was
of six hours' duration except as indicated. The experi-
ments were divided into three major periods: pre-infusion
control, infusion, and post-infusion. All urines were
voided specimens. Samples of blood were collected under
oil at the end of each period.

All of the experiments except those noted in the tables
as "evening studies" (L. G. W. 10-25-48 and J. 0. 2-149)
were started at about 8 A.M. The "evening studies" were
started at 6 P.M. after abstention from food and water for
10 hours.

No water was ingested during any of the studies where
4%, 5%, 6%, and 10% solutions of albumin were in-
fused, and in the experiments where 2,500 cc. of saline
were infused prior to the administration of 25% salt-
poor albumin. In all the other experiments in which a
25% solution of albumin was administered (except L.
G. W. 12-11-48) water was ingested at the rate of 100 cc.
an hour.
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The control studies were designed to mimic the experi-
ments under consideration in all details except for the
protein in the infusion fluid. The concentration of sodium
and chloride in 25%o salt-poor human albumin is 157 and
20 mEq./L respectively, and the water content is approxi-
mately 80%. The control infusion for 400 cc. of 25% salt-
poor human albumin was, therefore, 325 cc. of an aqueous
solution containing the same amount of sodium and chlo-
ride using appropriate amounts of NaCl and NaHCO,.
The control infusion for 1,000 cc. of 10% albumin in
saline was 1,000 cc. of normal saline. An equal volume of
5% glucose was used to control the experiment with 4%
albumin in 5% glucose, and an equal volume of normal sa-
line was used to control the studies with 4%, 5%, and
6% albumin in normal saline. Water was ingested at the
rate of 100 cc. an hour when this had prevailed in the
experiment for which the control study was performed.
In the other control studies no water was ingested.

The chemical methods and calculations have been de-
scribed in previous publications from this department (6-
9). In the calculations the value for the initial volume
of extracellular fluid (chloride space) was assumed to
be 20% of the body weight. The initial plasma volume
was assumed to be 5% of the body weight. The value
for total milli-osmols in the urine was calculated from
the equation: 2(Na + K) + urea. The percentage change
in plasma volume, PV2/PVI, was calculated from the
formula: Hgbl X 1 - Hkt2 X 100.Hgb2 1- Hkt1 10

In all the experiments, except L. G. W. 10-18 and
10-25-48 and J. 0. 10-20-48, the concentration of creati-
nine in the serum was determined and the clearance of

creatinine was calculated from the formula S.Y In the

three experiments, cited above, only the excretion of
creatinine was determined and the concentration of creati-
nine in the serum was assumed to be constant at 1 mgm.%
for the purpose of calculating the clearance of creatinine.

TNUrea clearances were calculated from the formula,
regardless of the rate of urine flow.

RESULTS

The infusion of 50 or 100 gm. of a hyperoncotic
solution (25%o or 10%o) of albumin was invariably
associated with an increase in the concentration and
total circulating quantity of serum albumin and
an enlarged plasma volume (Table I). There was
a reciprocal fall in the concentration of serum glob-
ulin with a small and inconstant increase in total
circulating globulin. Since there were no signifi-
cant changes in the volume of the extracellular
fluid, the increase in plasma volume was associated
with a reciprocal fall in the volume of the inter-
stitial fluid.

The calculated increase in total circulating albu-
min agreed quite closely with the quantity injected
in six of nine studies. The discrepancies probably
represent the compounding of errors inherent in
the determinations involved. The percentage in-
crease in plasma volume varied from 20%to 51 %o,
but was not necessarily related to the quantity of
albumin injected. The increase in plasma vol-
ume per gram of albumin infused was greater when
the protein was administered in less concentrated
solutions (Tables I and II). The increase in
plasma volume expressed as cubic centimeters per
gram of albumin infused varied from 7.95 to 18.2
cc. with an average of 13.2 cc. when hyperoncotic
solutions were infused, and from 10.2 to 28.8 cc.
with an average of 18.9 cc. when hypo- or iso-
oncotic solutions were administered. Infusions of
hyperoncotic solutions of albumin after prior ex-
pansion of the extracellular space with 21/2 liters
of normal saline were associated with an increase
in plasma volume of 11.6 cc. per gm. There were
no consistent significant changes in the size of the
red cells as indicated by the values for Hgb/Hkt.

Infusions of hyperoncotic (25%o or 10%) solu-
tions of albumin in the experiments conducted in
the morning (Table III) were associated with no
consistent change in the clearance of endogenous
creatinine. The infusions were associated with
no change or a fall in the rates of excretion of
sodium and chloride when compared to the pre-
infusion control periods. There were no instances
where the rate of excretion of either of these two
ions was augmented. In contrast, in the control
study for L. G. W. 10-18-48, where the infusion
had the same volume of water and content of so-
dium and chloride as the 25%o solution of albumin,
the rates of excretion of sodium and chloride were
distinctly increased. This same difference in the
response to a non-colloid solution of equal volume
and salt content as compared to an infusion of a
10% solution of albumin in normal saline is evi-
dent by inspecting the results in experiment J. 0.
1-8-49 and its control (Table III).

It is more difficult to analyze the response in the
rate of excretion of water associated with the ad-
ministration of a 25%o solution of albumin, since in
all but one of these studies water was ingested at a
rate of 100 cc./hr., which would be expected to in-
crease the rate of flow of urine. In the experiment
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TABLE I

The effect of hyperoncotic solutions of albumin on the serum proteins and the volumes of the plasma and interstitial fluids

Conc. in seru
Intra -__PV_A_Total_A_Total

Study Period nDura-vnous Hkt Hgb Ik-t - Pergm. Acircul. Acirtul.tion albumin Total Albu- Globu- Hkt PV albumin albumin globulin IFV
protein min lii

L. G. W.
10-11-48

25%

L. G. W.
10-18-48

25%

L. G. W.
10-25-48

Evening study
25%

L. G. W.
12-11-48

Dehydrated
25%

J.O.
10-15-48

25%

J.O.
10-20-48

25%

J.O.
1-8-48
10%

J.O.
2-1-49

Evening study
25%

R. N.
1-13-49
25%

* Period of infusion.

L. G. W. 10-18 and its control (Table III) the
rates of excretion of water do not differ signifi-
cantly. In the one study where a 25%o solution
of albumin was injected and no water was taken
by mouth (L. G. W. 12-11-48) there was a de-
crease in the rate of excretion of water in the post-
infusion period. Comparison of the rates of ex-

cretion of water in the experiments J. 0. 1-849
and its control reveals that the hyperoncotic solu-
tion of albumin (10%o) provoked a mild anti-
diuretic response. It should be noted, however,

that this antidiuresis was associated with a decrease
in the concentration of total milliosmols in the
urine. These responses with respect to the rates
of excretion of sodium and water associated with
infusions of hyperoncotic solutions of albumin in
normal subjects are in striking contrast to the re-

sponses in patients with the nephrotic syndrome
and toxemias of pregnancy (10-13).

Two subjects (Table IV) were given an in-
fusion of 100 cc. (50 gm.) of 25%o albumin after
the extracellular space had been expanded with

I
II

III
IV

I
II

III
IV

I
II

III
IV

I
II

III
IV

I
II

III
IV

I
II

III
IV

III
III
IV

III
III
IV
II

,III
IV

Msn.
118
60*
60
60

120
57*
78*

120

120
59*
61*

120

120
60*
60*

120

120
60*
60
60

120
63*
58*

120

120
60*
60*

120

120
60*
60*

120

120
60*
60*

120

m.

50

5050

50
50

50
50

50

50
50

50
50

50
50

50
50

gn. %
6.40
7.24
7.21
7.21

6.87

7.91
7.62

7.07

8.20
7.70

7.43

8.45
8.15

6.86
7.06
7.17

6.81

8.24
8.17

6.75

7.46
7.46

7.58

7.97
7.82

7.64

8.08
7.79

gm. %
4.15
5.17
5.06
4.90

4.45

5.94
5.76

4.52

6.10
5.82

4.27

6.29
5.92

4.59
5.15

5.17

4.61

6.23
6.06

4.35

5.34
5.40

4.77

5.89
5.95

3.77

4.95
5.18

gm. %
2.25
2.07
2.15
2.31

2.42

1.97
1.86

2.55

2.10
1.88

3.16

2.16
2.23

2.26
1.91

2.00

2.20

2.01
2.11

2.40

2.12
2.06

2.81

2.08
1.87

3.87

3.13
2.61

ol. %
46.0
40.4
38.6
40.1

45.2

42.0
40.5

42.0

37.0
38.7

46.3

38.7
40.5

41.9
37.6

34.9

39.6

35.6
36.7

44.9

35.7
38.8

41.8

35.6
38.0

40.4

30.7
35.3

gm. %
15.1
13.6
13.8
13.6

14.7

13.0
13.1

13.8

12.0
12.6

15.6

12.8
12.8

13.8
12.1

12.4

13.5

11.7
12.3

13.8

11.4
12.0

13.2

10.9
11.8

12.2

9.4
9.8

32.8
33.7
35.8
33.9

39.4

37.9
39.5

32.9

32.5
32.6

33.7

33.1
31.6

32.9
32.2

35.5

34.1

32.9
33.5

30.7

31.8
30.9

31.6

30.6
31.1

30.2

30.4
27.8

cc.

18.2

7.95

10.0

15.3

15.0

8.1

15.7

12.2

16.6

100
123
124
123

100

120
122

100

125
115

100

139
135

100
122

125

100

123
115

100

142
128

100

134
119

100

151
135

gm.

87.2

106.5

126.5

175

59.6

108

121

111.8

121

gm.

10.

-2.2

3.2

-6.3

2.5

9.7

22.7

-1

28

liters

-0.870
-1.110
-0.760

-0.475
-0.790

-0.890
-0.930

-1.38
-1.19

-0.885

-1.03
-1.12

-1.04
-0.52

-1.110
-0.630

-1.91
-1.32
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2,500 cc. of normal saline. These studies were

controlled by the administration of 200 cc. of nor-

mal saline in lieu of the albumin solution after the
initial expansion of the extracellular space. De-
spite prior expansion of the volume of extracellular
fluid, the infusion of a solution of 25% albumin
did not promote an increase in the rates of excre-

tion of sodium or water. On the contrary, the al-
bumin infusion clearly retarded the rate of excre-

tion of sodium, chloride, potassium, and water in
subject B. B.

Infusions of hyperoncotic solutions of albumin
at night were associated with a somewhat different
response than those observed during the morning
(Table V). The rates of excretion of sodium and
chloride in the control period are distinctly lower

than they were in the comparable period in the
morning. The infusion of 100 gm. of 259o al-
bumin in both subjects and the control infusion
were each followed by a slight increase in the rate
of excretion of sodium and a decrease in the rates
of excretion of both chloride and potassium. Ex-
amination of the rates of excretion of water in ex-

periment J. 0. 2-1-49 and its control reveals no

significant difference.
The responses provoked by infusions of iso-

and hypo-oncotic solutions of albumin are in
striking contrast to the foregoing (Table VI). In-
fusions of 2,280 cc. of 4%o, 5%, and 6%o solutions
of albumin in saline, and 1,825 cc. of a 4%o solution
of albumin in 5%o glucose promote a striking in-

crease in the rate of excretion of water. This di-

TABLE II

The eflect of hypo- and iso-oncotic solutions of albumin on the serum proteins and the volumes
of the plasma and interstitial fluid

Conc. in serum
Dura- Intra- _______ Hgb pv2 A PV A Total A Total AStudy Period tion venous Hkt Hgb H-t per gm. circul. circul. IFV

albumin Total Albu- Globu- t albumin albumin globulin
protein min lin

min. gm. gm. % gm. % gm. % mol% gm. % % cc. gm. gm. liers
L. G. W. I 120 6.93 3.78 3.15 45.5 14.4 31.7 100
1-12-49 II 60* 45.6

4% III 60* 45.6 7.19 4.77 2.42 35.5 11.5 32.4 148 20.2 125.2 16.4 -0.630
IV 120 7.37 4.29 3.08 39.0 13.0 33.3 124 -0.390

L. G. W. I 120 6.87 4.36 2.51 45.6 14.7 32.3 100
2-17-49 II 60* 57

5% III 60* 57 7.54 5.26 2.28 36.0 11.4 31.7 152 18.5 145.5 38.1 -0.510
IV 120 7.15 5.09 2.06 36.5 11.8 32.3 145 -0.510

L. G. W. I 120 7.26 4.86 2.40 44.5 14.8 33.3 100
2-24-49 II 60* 68.4

6% III 60* 68.4 7.97 6.34 1.63 33.5 13.1 39.1 135 10.2 146.5 -7.8 +0.08
IV 120 7.66 5.84 1.82 30.5 9.8 32.2 189 -1.919

J. 0. I 120 7.17 4.25 2.92 41.3 13.3 32.2 100
1-22-49 II 60* 37.5 6.79

4% III 60* 37.5 7.38 4.83 2.55 35.0 11.3 31.8 131 15.5 77.6 15.7 -0.460
IV 120 7.51 5.05 2.46 39.6 12.4 31.3 111 -0.110

J. 0. I 120 7.35 41.2 13.1 38.8 100
2-10-49 II 60* 6.58

Control for III 60* 6.57 39.6 12.2 37.9 110 +0.149
J. 0. 1-22-49 IV 120 7.39 41.1 13.3 39.4 99 +0.265

S. I 123 6.68 3.37 3.31 41.1 12.3 29.9 100
6-5-50 II 57* 30 6.67 3.53 3.14 37.0 11.3 30.5 117 -0.020

4% III 61* 30 6.55 3.70 2.85 34.8 10.4 29.9 131 20.6 60 33 -0.060
IV 61
V 55 6.85 3.82 3.03 38.3 12.0 31.4 107 +0.740

B. I 134 6.63 3.82 2.81 48.2 15.6 32.4 100
6-5-50 II 119* 30 6.79 4.40 2.39 40.0 12.9 32.3 140 28.8 101 23.1 -0.405

4% III 54* 30
IV 56 6.82 4.20 2.62 43.2 13.5 31.3 127 +0.420

* Period of infusion.
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TABLE III

The effect of infusion of hyperoncotic solutions of albumin on the concentrations of extracellular electrolytes,
clearances, and rates of excretion of water and solutes in the urine

Extracell. H20 Rates of excretion in urine Clearances

Study Period Dura- | N Cl K H O | Na C |_| CrtionToaNa Cl K H20 Na Cl K Urea Total Creatin. Urea
~~~~~~I--~ ~ ~ ~ mOm

min. mEgIL mEqIL mEq/L cc./1° mEq/11 mEq/10 mEq/1° mM/I° mM/1° cc./misn. cc./misn.
L. G. W. I 118 115 92.4 12.6 14.4 4.5
10-11-48 II 60* 113 130.0 14.5 13.4 2.3

25%-50 gm. III 60 114 352.0 12.7 13.1 2.6
IV 60 111 65.0 13.2 15.1 3.8

L. G. W. I 120 146 115 201.5 17.4 19.6 4.3 20.7 64.1 126 87.3
10-18-48 II 57* 405 18.7 18.5 5.8 19.5 68.5 107 82.0

25%-100 gm. III 78* 146 111 169.2 15.2 12.7 5.1 15.6 56.2 124 68.0
IV 120 145 111 141 17.8 18.6 2.5 16.5 57.1 113 75.0

L. G. W. I 120 140 7.3 10.4
Control for II 60* 380 15.9 20.5

10-18-48 III 60* 135 15.9 16.4
IV 120 182 10.9 11.3

L. G. W. I 120 148 117 4.6 49.5 12.6 12.0 4.4 116.9
12-11-48 II 60* 58 12.9 9.8 6.3 106.1

25%-100 gm. III 60* 150 116 4.2 51 9.5 6.3 6.4 102.5
Dehydrated IV 120 149 115- 4.2 28.5 3.4 4.6 3.8 107.0

J. 0. I 120 144 115 66 15.2 15.2 4.0
10-15-48 II 60* 147 115 90. 15.3 14.4 6.9

25%-50 gm. III 60 205 10.7 10.5 4.7
IV 60 144 113 158 16.1 16.6 1.7

J. 0. I 120 141 111 150 11.1 15.4 9.9 22.2 64.2 132 67.8
10-20-48 II 63* 161.4 13.1 13.9 11.4 21.4 70.4 123 65.4

25%-100 gm. III 58* 143 112 289.2 6.3 5.1 6.7 15.4 41.4 94 48.7
IV 120 144 113 292.5 7.1 4.9 3.1 16.1 36.5 112 50.8

J. 0. I 120 142 116 4.2 61 11.6 14.6 7.0 17.6 54.8 132.1 58.5
1-8-49 II 60* 78 8.5 11.1 12.1 15.8 57.0 121.2 54.7

10%-100 gm. III 60* 144 118 4.2 50 6.5 6.8 7.0 13.9 40.9 124.2 48.3
IV 120 145 116 4.2 49 10.3 9.9 3.0 14.3 40.9 125.0 49.8

J. 0. I 120 58 11.3 13.1
Control for II 60* 94 19.6 20.5

1-8-49 III 60* 126 25.0 26.3
IV 120 145 29.3 29.2

R. N. I 120 143 109 3.8 95 17.8 16.8 6.1 13.1 60.9 108.5 39.4
1-13-49 II 60* 97 16.2 14.6 6.9 13.2 59.4 110.5 39.6

25%-100 gm. III 60* 142 110 3.6 70 7.2 6.6 7.6 10.9 40.5 102.3 38.8
IV 120 143 108 3.7 71 9.1 7.9 5.6 11.1 40.5 102.5 39.1

* Period of infusion.

uresis of water occurred during the second hour rate of excretion of potassium was increased when
of the infusion period and was always distinctly saline was the diluent for the albumin. The diu-
larger than the rate of excretion of water in the resis of water was not dependent on a decrease in
comparable period of the control study. This di- the concentration of sodium in the extracellular
uresis was not associated with a significant increase water since it occurred with both 5% glucose and
in the clearance of endogenous creatinine. Al- normal saline as the diluent.
though the rates of excretion of sodium and chlo- In the post-infusion period there was a decrease
ride are also increased, they do not differ signifi- in the rate of excretion of water and salt. This
cantly from the rates of excretion of these ions in may be related to the fact that the large loss of wa-
comparable periods of the control studies. The ter in the urine causes an increase in the concen-
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TABLE IV

The effect of infusion of hyperoncotic solutions of albumin on the concentrations of extracellular electrolytes, clearances, and
rates of excretion of water and solutes in the urine in normal subjects with expanded extracellular volumes

Conc. in extracell. H20 Rates of excretion in urine Clearance
Study Period Duration

Na Cl K H20 Na Cl K Creatinine

min. mEqIL mEqIL mEqIL cc./1° mEq/1° mEq/1° mEq/I1 cc./min.
B. B. I 249 145 118 3.9 60.7 17.3 15.6 3.0 99

2-13-50 II 116* 148 120 3.9 196.6 43.3 42.7 3.2 93.6
25%-50 gm. III 89t 147 120 3.5 357 63.9 60.8 4.8 97.8

IV 72 148 120 3.8 210 37.3 35.9 2.8 86
V 88 146 117 3.6 112.5 26.4 25.7 2.5 102

B. B. I 253 37.5 10.9 9.3 2.4
Control for II 123* 155 27.9 27.3 2.7

2-13-50 III 52T 397 54.5 53 4.8
IV 60 525 76.6 77.2 8.1
V 109 161.8 33.2 33.5 3.7

A. I 62 147 114 4.3 91.8 10.5 12.7 6.5 163
12-14-49 II 117* 148 117 4.0 74.4 12.1 11.7 3.4 105.3

25%-50 gm. III 56t 146 115 3.8 128.8 21.8 21.0 4.2 100
IV 63 147 118 4.0 123.9 20.8 19.2 3.6 97.2
V 118 145 115 3.8 92.6 16.4 16.5 2.5 97.4

A. I 68 68 10.4 14.2 5.7
Control for II 119* 88.2 17.8 20.6 4.5

12-14-49 III 54t 138.6 31.8 32.2 3.6
IV 68 113 27.9 27.5 2.8
V 119 100.9 27.2 25.5 2.6

Period of infusion of 2,500 cc. normal saline.
t Period of infusion of 200 cc. 25% albumin.
t Period of infusion of 200 cc. normal saline.

tration of proteins in the serum similar to that ob-
served with infusions of hyperoncotic solutions of
albumin.

Infusions of 1,500 cc. of a 4%o solution of albu-
min in saline containing 200 milli-units of a pos-
terior pituitary preparation were unassociated
with a diuresis of water, or any significant altera-
tion in the rate of excretion of sodium, chloride, or
potassium (Table VII).

DISCUSSION

A review of the previous investigations on the
alterations induced in the composition and rate of
flow of urine promoted by increasing the volume
of the plasma reveals many seemingly conflicting
results. Knowlton (1) and Podhradszky (14)
reported a diminished rate of flow of urine with in-
fusions of solutions of colloid in contrast to saline
in rabbits and dogs. However, Metcalf (15) and
Orloff and Blake (16) reported an increase in the
rate of excretion of water in dogs in response to
infusions of plasma and concentrated human serum
albumin.

Reports of the responses of the normal human
subject to infusions of 25%o salt-poor human albu-
min are also at variance. Goodyer, Peterson, and
Relman (17) observed a reduction in the rate of
excretion of water, sodium, and chloride with no
significant change in the clearance of mannitol.
More recently, Elkinton and his associates (2)
described an increased rate of excretion of sodium
in normal subjects with similar infusions. They
also found no changes in the rate of glomerular
filtration as measured by the clearance of mannitol,
inulin, or endogenous creatinine. Cargill (3) in-
fused normal hypertensive and nephritic subjects
rapidly with 25%o albumin and reported an in-
crease in the clearance of inulin and PAH. It is
impossible, at this time, to reconcile these conflict-
ing results.

There may be less variability in the reported re-
sponses to iso-oncotic expansion of the plasma
volume. Eggleton, Pappenheimer and Winton
(4) compared the diuretic response in anesthetized
dogs to an increase of glomerular filtration brought
about by a 5 mm. Hg increase in capillary pressure,
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TABLE V

The effect of infusion of hyperoncotic solutions of albumin at night on the concentrations of extracellular electrolytes,
clearances, and rates of excretion of water and solutes in the urine

Conc. in Cxtracell. H20 Rates of excretion in urine Clearances

Study Period Dura-

tionToa
Na Cl K H20 Na CI K Urea Total Creatin. Urea

min. mEqIL mEqIL mEqIL cc./11 mEq/1 °mEq/10 mEq/1° mM/1° mM/1° cc./min. cc./min.
L. G. W. I 120 143 112 58 4.4 4.3 1.9 15.1 27.7 121 52.5
10-25-48 II 59* 60 5.9 2.8 2.3 15.1 31.5 122 52.6

25%-100 gm. III 61* 144 111 336 6.4 2.1 5.4 18.0 41.6 120 60.3
IV 120 142 113 221 4.9 3.5 2.6 16.6 31.6 106 57.6

J. 0. I 120 146 112 4.5 26 4.8 5.4 3.2 11.9 27.9
2-1-49 II 60* 38 6.0 5.4 3.9 14.4 34.2

25%-100 gm. III 60* 145 111 4.1 40 4.7 2.0 4.0 16.2 33.6
IV 120 144 112 4.1 70 2.5 1.9 1.9 15.6 24.4

J. 0. I 120 23.5 2.6 3.7 2.6
Control for II 60* 46 6.9 7.4 4.8

2-1-49 III 60* 30 3.7 3.2 2.3
IV 120 24 3.0 2.0 2.1

* Period of infusion.

TABLE VI

The effect of infusion of hypo- and iso-oncotic solutions of albumin on the concentrations of extracellular electrolytes,
clearances, and rates of excretion of water and solutes in the urine

Conc. in extracell. H20 Rates of excretion in urine Clearances

Study Period Dura-tionToa
Na Cl K H20 Na Cl K Urea mosm. Creatin. Urea

min. mEqIL mEq/L mEq/L cc./1i mEq/i° mEq/i° mEq/1i mM/1i mM/i10 cc./min. cc./min.
L. G. W. I 120 146 115 4.4 60.5 10.3 13.4 4.2 15.0 44.0 122.1 49.2
1-12-49 II 60* 220 20.8 22.9 9.9 19.3 80.7 128 65.8

4%albumin III 60* 148 121 4.4 810 41.4 39.2 10.4 17.0 120.6 124.5 58.1
in saline IV 120 150 122 4.4 208.5 31.2 33.7 7.6 14.4 92.0 115.5 50.5

L. G. W. I 120 147 111 4.6 68 14.2 15.3 5.1
2-17-49 II 60* 241 17.0 17.3 9.9

5%albumin III 60* 148 115 4.0 460 24.3 22.7 10.3
in saline IV 120 149 115 4.3 200 20.3 21.6 7.3

L. G. W. I 120 152 112 3.8 50.5 10.9 13.8 4.1
2-24-49 II 60* 90 17.1 17.2 7.7

6%albumin III 60* 151 116 3.9 570 30.9 24.2 9.6
in saline IV 120 154 118 3.9 177.5 11.5 13.9 5.6

L. G. W. I 120 61 11.8 10.8 3.7
Control for II 60* 220 22.5 22 5.6

4%, 5%, 6% III 60* 208 30.3 30.3 5.4
albumin IV 120 282 49.6 54.8 10.2

J. 0. I 120 148 116 4.1 41 7.6 7.2 2.3 16.9 36.7 123
1-22-49 II 60* 142 109 3.5 145 10.3 9.0 3.7 22.2 50.2 121

4%albumin III 60* 143 110 3.3 900 9.3 5.1 3.5 21.9 47.5 129.1
in 5%glucose IV 120 146 112 4.1 300 10.5 9.1 2.5 17.5 43.5 110.5

J. 0. I 120 146 114 4.6 40 7.1 8.5 5.3
Control for II 60* 138 111 4.1 45 7.4 8.6 5.9

1-22-49 III 60* 139 112 4.2 240 6.6 5.9 2.7
IV 120 141 112 4.2 173 11.7 12.6 4.0

* Period of infusion.
Total volume of infusions-L. G. W.: 2,280 cc.; J. O.: 1,875 cc.
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TABLE VII

The effect of infusion of hypo-oncotic solutions of albumin on the concentrations of extracellular electrolytes, clearances, and
rates of excretion of water and solutes in the urine under the influence of exogenous posterior pituitary hormone

Conc. in extracell. H20 Rates of excretion in urine Clearance

Study Period tionrTota
Na Cl K HsO Na Cl K Urea Total Creatinine

min. mEqIL mEqIL mEqIL cc./1° mEq/1 mE/1° mEq/l0 mM/t° mM/1° cc.min.
B. I 119* 142 117 4.0 79.2 17.6 18.4 9.5 20.9 75.1 105

6-5-50 II 54 53.3 12.2 12.3 4.6 13.6 67.2 103
III 56 142 116 3.8 48.2 12.4 12.6 3.5 12.5 44.3 85

B. I 116t 80.2 18.4 20.9 8.3 21.5 74.9
Control for II 60 65 16.1 17.2 5.0 16.6 58.8

6-5-50 III 57 89.5 24.1 23.9 4.5 20.4 77.6

S. I 57* 141 116 4.1 65.2 11.8 11.7 9.7 12.8 55.8 99.2
6-5-50 1I 61* 141 117 3.9 65.9 14.9 10.7 8.2 12.0 58.2 104

III 61 56.0 14.7 12.5 4.9 13.1 52.3 99.6
IV 55 142 117 4.1 306 13.5 14.4 4.5 19.1 55.1 95.5

S. I 61t 88.5 23.9 21.2 7.9 16.3 79.9
Control for II 60t 95.0 31.4 26.9 6.6 16.6 90.6

6-5-50 III 65 83.0 28.0 33.1 4.2 15.3 79.7
IV 51 241 26.5 26.8 4.9 18.9 81.7

Period of infusion of 1,500 cc. 4%albumin in normal saline with 200 milli-units post. pituitary hormone.
t Period of infusion of 1,500 cc. normal saline with 200 milli-units post. pituitary hormone.

and the equivalent increase, in filtration induced by
lowering the colloid osmotic pressure of the plasma.
The infusion necessary to reduce the colloid os-
motic pressure, of course, also increased the vol-
ume of the plasma and interstitial fluid. The diu-
resis induced by dilution was 15 times as great as
that induced by the equivalent change in capillary
pressure. They concluded that the dilution pro-
moted specific changes in renal tubular function
resulting in a decreased reabsorption of water.
Wilson and Harrison (5) studied the effects of
rapid infusions of 900-1,955 cc. of reconstituted
human plasma in normal subjects. They observed
an increase in the clearances of PAH and creati-
nine and a diuresis of water. The clearance of
creatinine can hardly serve as a measure of the rate
of glomerular filtration in this study since plasma
levels were increased to 12-20 mgm.% by injec-
tion of this substance. Despite this, in three sub-
jects to whom the infusions were administered
more slowly (i.e., 22.5-30 cc./min.) there was a
diuresis of water in two with no alteration in the
clearance of creatinine.

It is clear that the manner in which the volume
of the plasma is increased and other more subtle
variations may condition the response to this al-
teration in terms of the rates of excretion of water
and electrolytes. In the present study there was a

decrease in the rate of excretion of sodium, and
sometimes water, in normal subjects when the
plasma volume was expanded with concentrated
solutions of albumin. These changes were not re-
lated to alterations in the rate of glomerular filtra-
tion as measured by the clearance of endogenous
creatinine. An increase in the volume of the
plasma achieved in this manner is, of course, as-
sociated with a contraction of the interstitial fluid
volume and a rise in the colloid osmotic pressure
of the plasma. In contrast to normal subjects, pa-
tients with the edema of the nephrotic syndrome
(10-13) respond with increased rates of excretion
of water and salt with this type of infusion despite
the same changes in plasma volume, colloid os-
motic pressure, and decrease in the volume of the
interstitial fluid. There are, to be sure, quantita-
tive differences in these alterations in the two
groups. The volume of the interstitial fluid is
contracted to an even greater extent and the in-
crease in colloid osmotic pressure of the plasma is
thereby mitigated in the edematous subjects. This
is clearly demonstrated by comparing the increases
in plasma volume expressed as cubic centimeters
of plasma volume increase per gram of albumin
infused in the two groups of subjects. The average
increase was 20.6 cc. in the edematous patients
(13), 13.2 cc, in the present study, and 9 cc. in the
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studies of Goodyer, Peterson, and Relman (17).
Prior expansion of the extracellular volume with
physiological saline in normal subjects did not
modify the responses to infusions of hyperoncotic
solutions of albumin; in these studies the average

increase in plasma volume was 11.6 cc. per gm.
of infused albumin. It seems unlikely, therefore,
that the volume of the interstitial fluid per se in-
fluences the rates of excretion of sodium or water.

The question must be seriously raised as to
whether a rise in plasma colloid osmotic pressure

may be a stimulus for an increase in the reabsorp-
tion of salt and water by the renal tubules. Under
ordinary circumstances an increase in the colloid
osmotic pressure of the plasma is a reflection of de-
hydration associated with hemoconcentration.
Greiner and Podhradszky (18) have suggested that
a rise in plasma colloid pressure might activate the
osmoreceptor mechanism of the supra-opticohy-
pophyseal system. However, it is quite likely that
the receptor organ for the posterior pituitary gland
lies in an extravascular position. Moreover, if it
were within the vascular tree it would be difficult
to conceive that the minor contribution to a change
in total osmotic pressure afforded by small vari-
ations in protein concentration could significantly
influence this receptor. In addition, an antidiuresis
does not always follow an infusion of a hyperon-
cotic solution of albumin, and when it does there is
a reduction in the total milli-osmolar concentration
of the urine. This is quite unlike what is observed
with the antidiuresis promoted by the hormone
of the posterior pituitary gland (19).

It is intriguing to speculate that a receptor or-

gan lying within the vascular tree with the same

characteristics of permeability as the endothelium
could be specifically stimulated by the colloid
(oncotic) pressure. Such an organ might be
termed an onco-receptor. If the response to stimu-
lation of such a mechanism were an increased reab-
sorption of sodium by the renal tubules, an in-
creased reabsorption of water might follow as a

consequence.

The retention of sodium and chloride associated
with infusions of concentrated albumin appears not

to be mediated through the action of the adrenal
cortex. Subject R.N. is a patient with Addison's
disease of 12 years' standing. He did not respond
with an eosinopenia nor an increase in the excre-

tion of 17-ketosteroids in the urine following large

doses of ACTH. An infusion of 25%o albumin was
associated with a distinct decrease in the rates of
excretion of sodium and chloride in this patient
(Table III).

There was no decrease in the rates of excretion
of sodium associated with the infusion in normal
subjects of hyperoncotic solutions of albumin in
the evening studies (Table V). The rates of ex-
cretion of sodium and chloride in the control period
were lower in the evening than in the morning
studies, which is a reflection of the diurnal variation
in mineral excretion (20, 21). There is, as yet,
no valid explanation for the diurnal variation.
However, this difference in response to an infu-
sion of concentrated albumin at two different times
of day emphasizes the importance of controlling
this factor in studies involving the metabolism of
electrolytes and water.

The increase in plasma volume associated with
infusions of hypo- and iso-oncotic solutions of al-
bumin promoted a striking augmentation in the
rate of excretion of water with no essential change
in the rates of excretion of sodium and chloride,
when compared with the control studies. There
is no evidence in these studies that this diuresis
need be associated with an increase in the rate of
glomerular filtration. Moreover, the diuresis of
water was independent of the concentration of so-
dium in the serum and the rate of excretion of this
ion. The fact that there was an antidiuresis fol-
lowing an infusion of a liter of 10%o albumin mili-
tates against the possibility that the diuresis ob-
served with hypo- and iso-oncotic solutions of al-
bumin is due to a dilution of circulating posterior
pituitary antidiuretic horrnone. The lack of a diu-
resis associated with infusions of 25% and 10%o
solutions of albumin rejects the possibility that the
albumin might inactivate pituitary antidiuretic
hormone.

There remain two alternative explanations. An
expansion of the plasma volume unassociated with
any other measured alteration may be a direct stim-
ulus for decreased reabsorption of water by the
renal tubules, or it may, in some manner, suppress
the production of antidiuretic hormone by the
posterior pituitary gland. The absence of the usual
diuretic response to an infusion of a hypo-oncotic
solution of albumin when exogenous posterior pitu-
itary hormone is incorporated in the infusate is
compatible with the latter explanation.
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It may be possible to explain the different re-
sponses in the excretion of water and salt to in-
fusions of hyperoncotic solutions of albumin in the
normal subject and the patient with the nephrotic
syndrome. The response to expansion of the
plasma volume per se appears to be a diuresis of
water. However, when the expansion of the
plasma volume is achieved in the normal subject
with a hyperoncotic solution of albumin, the diure-
sis of water is prevented, perhaps, by the associated
increase in colloid osmotic pressure of the plasma
which promotes an increased reabsorption of so-
dium, and consequently, water. In the nephrotic,
on the other hand, the increase in plasma volume
is greater, the rise in colloid osmotic pressure is
thereby mitigated, and since tubular reabsorption
of sodium is already nearly maximal, it can not be
enhanced. Since tubular reabsorption of sodium
can not be increased very much, the stimulus for
water diuresis afforded by the expanded plasma
volume is not inhibited.

In another investigation (13) it was demon-
strated that the increase in the rate of excretion of
sodium in the nephrotic associated with the infu-
sion of a hyperoncotic solution of albumin occurred
when the concentration of sodium in the extra-
cellular water was increased as a consequence of
the initial diuresis of water. The diuresis of water
in the normal subject associated with infusion of
an iso-oncotic solution of albumin is not followed by
an increase in the rate of excretion of sodium.
This may result from the fact that the large ex-
cretion of water causes an increase in the concen-
tration of protein in the serum. This rise in col-
loid osmotic pressure promotes an increase in the
tubular reabsorption of sodium and secondarily
terminates the diuresis of water.

The present investigations are obviously incon-
clusive concerning the mechanisms responsible for
the observed responses to infusions of hyper- and
iso-oncotic solutions of albumin. Further work is in
process in an attempt to define these mechanisms.
The working hypotheses are that uncomplicated ex-
pansion of the plasma volume initiates a diuresis
of water by suppressing the activity of the posterior
pituitary gland, and that an acute increase in the
colloid osmotic pressure of the plasma leads to an
increase in renal tubular reabsorption of sodium
through some unknown mechanism.

SUMMARYAND CONCLUSIONS

1. The intravenous administration of hyper-
oncotic solutions of albumin to normal human sub-
jects in the morning results in a decreased rate of
excretion of sodium and chloride which is some-
times associated with a decreased rate of excretion
of water.

2. The decrease in rates of excretion of sodium
and chloride is due, presumably, to an increase in
renal tubular reabsorption of these ions, since
there were no significant alterations in the clear-
ance of endogenous creatinine. This increase in
renal tubular reabsorption of salt is apparently
not mediated via the adrenal cortex, since it was
clearly observed in a subject with well validated
Addison's disease.

3. The increase in plasma volume resulting from
infusions of hyperoncotic solutions of albumin is
derived from the interstitial fluid. However, the
magnitude of the increase in plasma volume is not
sufficient to prevent a significant increase in the
concentration of albumin in the serum. The re-
sultant increase in colloid osmotic pressure of the
plasma may be the stimulus that promotes the in-
creased reabsorption of sodium and chloride. An
increase in oncotic pressure could be an effective
stimulus if there were an onco-receptor which re-
sided within the vascular tree.

4. These phenomena are not observed when the
infusions of hyperoncotic solutions of albumin are
administered in the evening. The differences be-
tween the morning and evening studies may be re-
lated to the diurnal variation in the rates of excre-
tion of water and electrolytes. The modifying
influence of the time of day on these experiments
emphasizes the importance of considering the vari-
ous circumstances that may condition a response
with respect to the metabolism of electrolytes and
wa,ter.

5. Experimentally induced expansion of the
extracellular volume by approximately 2 liters
does not modify the responses to the infusion of a
hyperoncotic solution of albumin.

6. Infusion of iso- and hypo-oncotic solutions
of albumin promotes a striking diuresis of water
with no alteration in the rate of excretion of salt
or clearance of endogenous creatinine. This di-
uresis appears to be due to a decreased reabsorp-
tion of water in the renal tubule. It is suggested
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that simple iso-oncotic expansion of the plasma
volume suppresses the secretion of the posterior
pituitary antidiuretic hormone.
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