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(From the Department of Medicine, Stanford University School of Medicine,
San Francisco, Cal.)

(Submitted for publication June 9, 1954; accepted July 7, 1954)

Patients with lipemic nephrosis, cardiac fail-
ure, and hepatic cirrhosis frequently accumulate
an excess of extracellular fluid, distributed in a
pattern characteristic of the underlying disease.
These patients commonly have a marked impair-
ment of sodium excretion, while glomerular fil-
tration may be low, normal, or even increased
(1-4). This impairment of sodium excretion
suggested the presence of a stimulus to tubular
reabsorption of sodium, such- as a sodium-retaining
hormone with an action like desoxycorticosterone.
Since the chemical nature -of the hormone was
unknown, a biologic assay was used to measure
the sodium-retaining activity of lipid extracts of
human urine.

Unusually high sodium-retaining activity was
present in the urine of some edematous patients
with cardiac and renal disease (5). In lipemic
nephrosis, this increased sodium-retaining activity
was reduced when diuresis followed the use of
cortisone, corticotrophin, or concentrated human
serum albumin (6, 7). Other observers, using
similar methods, have also found abnormal so-
dium-retaining activity in the urine of patients
with nephrosis, heart failure, cirrhosis, and toxe-
mia of pregnancy with edema (812).

When extracts of urine from patients with
lipemic nephrosis were fractionated by chroma-
tography, the sodium-retaining activity was found
to be more polar than desoxycorticosterone (13)
and to be concentrated in one fraction which
closely resembles aldosterone (14-16).

The present report summarizes our results
with material extracted by chloroform within 40
minutes after acidification of urine to pH 1.0.

1This project wuas supported by a research grant
(A-119) from the National Institute of Arthritis and
Metabolic Diseases, Public Health Service.

Although this readily hydrolyzed and extracted
material does not include all of the daily output
of sodium-retaining hormone, it contains a re-
producible fraction of the output. The results are
comparable to those obtained in other laboratories,
and can be used as a basis for examination of
several questions which have' ansen. For ex-
ample, what is the relation of the output of.sodium-
retaining activity to the presence of edema and to
the output of sodium and water? Does the so-
dium-retaining material excreted in several dis-
eases have the same chromatographic and physio-
logic properties? Some data related to these
questions will be presented here.

METHODS

Urine was collected as 24-hour specimens in a re-
frigerator without preservative. Sodium was deter-
mined by flame photometer. Each day's total specimen
was promptly frozen and held at -20° C. until extrac-
tion.

Urine was acidified to pH 1.0 with concentrated HCl
and was shaken with four successive portions of chloro-
form (not less than 100 cc. and at least 0.1 volume per
volume of urine). Emulsions were broken by centrifu-
gation. The extraction was completed within 40 min-
utes after the urine was acidified. The chloroform ex-
tracts were combined, washed with cold 0.1 N sodium
hydroxide solution and cold distilled water, dried over
anhydrous sodium sulfate, and evaporated to dryness
under reduced pressure at 400 C. The residue was
taken up in redistilled ethanol.

Sodium-retaining activity was determined by bioassay
(17). The results are expressed as the dose of de-
soxycorticosterone acetate (DCA) which would pro-
duce an equivalent effect on the excretion of sodium and
potassium by adrenalectomized rats. The amount of
extract given to each rat is expressed in minutes (e.g.,
20 minutes = 1/72 of the extract from a 24-hour specimen).

In certain instances, urine extracts increase 'the ex-
cretion of sodium by the adrenalectomized rats. When
this result is expressed as a dose of DCA, an estimate
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less than zero (minus sign) is obtained. A similar re-

sult is seen when cortisone, hydrocortisone, or corti-
costerone is tested in the bioassay (17).

The present results on normal urine show sodium-
retaining activity less than that found in earlier studies
(18), in which the small but definite sodium-retaining
effect of the injected solvent was overlooked and in
which a less satisfactory method of estimating dosage
was used.

RESULTS

Normal adults on unrestricted diets: Eleven
healthy subjects, whose ages ranged from 22 to 40
years, showed sodium-retaining activity between
+ 0.5 and - 7.2 (average - 2.8) pg. DCAper 20
minutes of extract (Figure 1).

Normal children: Five subjects, aged 3 to 11
years, on free sodium intake, showed sodium-re-
taining activity between + 0.5 and - 0.5 (average
0.0) pg. DCAper 20 minutes of extract.

Restriction of sodium intake to 11 mEq. per day
was followed by a systematic increase in sodium-
retaining activity in six normal adults (Table I).
A simple sign test suffices to demonstrate that the
increases in the series reflect real changes (at the
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FIG. 1. SODIUM-RETAINING ACTIVITY OF URINE EXTRACTS
Symbols: Normal adults: male O., female 0; Conges-

tive heart failure (C.H.F.): male 0, female 0; Adults
with lipemic nephrosis: male *, female 0; Children:
normal +, lipemic nephrosis X.

TABLE I

Effect of reduced sodium intake (11 mE*. per day) on
sodium-retaining activity of urine extracts

of six normal adults

Sodium-retaining activity
Normal Low sodium

diet diet
gg. DCA/ pg. DCA/

Patient 20 mi. 20 mix. Change

He +0.5 +6.3 +5.8
Wo +0.3 +5.5 +5.2
Dj -0.9 0.0 +0.9

Jl -2.4 +0.9 +3.3Ip -4.7 +1.6 +6.3
Sa -5.7 +0.8 +6.5

Mean -2.15 +2.52 +4.67

5 per cent level of significance) rather than ran-
dom fluctuation.2

Adults with edema due to heart failure, lipemic
nephrosis, and hepatic cirrhosis: Eight patients
with congestive heart failure and edema showed
sodium-retaining activity of 0 to 6.7 (average 3.7)
pg. DCA per 20 minutes of extract. Three
edematous adults with lipemic nephrosis showed
variably increased sodium-retaining activity. One
patient with Laennec's cirrhosis was studied to
relate the present findings with previous obser-
vations (10); sodium-retaining activity was 8.2
pg. DCAper 20 minutes. The diets of these pa-
tients contained 10 to 85 mEq. sodium per day.
There was no obvious relationship between so-

dium intake and sodium-retaining activity in this
small, heterogeneous group.

Children with edema due to lipemic nephrosis:
Thirteen patients showed a range of sodium-re-
taining activity between - 2.2 and + 9.6 (aver-
age 4.9) pg. DCAper 20 minutes of extract. The
diets contained 10 to 51 mEq. sodium per day.
Sodium-retaining activity showed no significant
change when a free sodium intake was given to
two patients.

Relation of sodium-retaining activity to renal
excretion of sodium: In Figure 2, sodium-retain-

2 More sensitive tests are possible. Each of the twelve
determinations has a standard error of approximately
2.0 sg., since all assays involved eight or nine rats. It
follows that the standard error of each difference is ap-
proximately 2.8 ;Lg., and that the standard error of the

average of six such differences is approximately 2ig
1.15 Ag. The average of the difference is 4.67 j&g., more

than three times its standard error, and thus highly
significant.

J
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FIG. 2. RELATION BETWEENURINE SODIUMAND SODIUM-
RETAINING ACTIVITY

Assays and symbols are the same as in Figure 1. The
logarithm of urine sodium is used empirically: compare
the linear response and uniform variance of V/Na or log
K/Na with dose of desoxycorticosterone in adrenalec-
tomized rats (17).
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FIG. 3. ABSENCEOF CLEAR RELATION BETWEENURINE
VOLUMEAND SODIUM-RETAINING ACTIVITY

Symbols in this and subsequent figures are the same

as those used in Figure 1.

ing activity is plotted against the sodium content
of the 24-hour specimen from which the extract
was made. The assays and symbols for diagnoses
are the same as in Figure 1. The inverse correla-
tion of sodium-retaining activity with sodium out-
put is clearly evident. It is apparent that the
relationship varies somewhat in different patients,
as might be expected with variations in the tu-
bular load of sodium and in the excretion and
estimation of sodium-retaining activity.

Relation to urine volume: The output of sodium-
retaining activity appears to be independent of
urine flow (Figure 3).

Chromatographic behavior of the sodium-re-
taining corticoid: When urine extracts from chil-
dren with nephrosis were chromatographed on
paper, sodium-retaining activity was concentrated
in a fraction which moved near cortisone in the
toluene and propylene glycol system (14). In
the benzene and aqueous methanol system, the
activity was associated with a corticosteroid whose
lower mobility allowed its separation from cor-
tisone. The chromatographic behavior of this
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The points each represent one extract; they approach,
but do not reach, the 45° line (x = y), which would in-
dicate complete recovery of the sodium-retaining activity
of the extract in this single fraction of the chromatogram.
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sodium-retaining corticoid corresponds to that
described for aldosterone (19).

In Figure 4, the sodium-retaining atvitye of
this chromatographic fraction is compired; with
the activity of the whole extract fromiwhich the
fraction was prepared. AppP piea75 r
cent of the activity of the whole -extrot was re-
covered in this fraction in the 22 cases studied.
Significaaqt sodium-retaining activity has not been
found in any other cbromtogphic fractions.

Figure 5 shows that sodium-retaining activity
may appear in this fraction in nephrosis, in con-
gestive heart failure, and in hepatic cirrhosis.
Bioassay of a comparable fraction from the urine
of six adults and four children on a free sodium
intake showed no sodium-retaining activity in
doses equivalent to 20 to 167 minutes of extract.
The restriction of sodium intake to 11 mEq. per
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10 day may be followed by the appearance of appreci-
able sodium-retaining activity in this chromato-

- 8 graphic fraction (Figure 5).
6 The relationship between sodium output and the

sodium-retaining activity of this fraction sepa-
4 rated by paper chromatography is shown in Fig-

ure 6.
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FIG. 5. SODIUM-RErAINING ACTIVITY OF "E FRACTION"
FROM TOLUENE-PROPYLENEGLYCOL CHROMATOGRAMSOF

VARIOUS URINE ExTRACTS

'A material which increases the output of sodium in
the bioassay has been observed in the hydrocortisone frac-
tion (14). When this material was eliminated by chro-
matography from the fraction in which sodium-retaining
activity was sought, the latter fraction did not gain in
sodium-retaining activity, as if an interfering substance
had been removed; but the diuretic activity found in the
urine extracts of some normal adults was reduced or

eliminated (Figure 4).

DISCUSSION

If the bioassay of a sodium-retaining hormone
in the urine measures an effective mechanism for
conserving sodium, there should be a correlation
between the output of this hormone and the pa-
tient's output of sodium. The data presented
demonstrate such a relationship.

When greatly increased amounts of sodium-
retaining hormone appear, accumulation of sodium
and water in the body may result in edema.
Edema is not of itself necessarily associated with
a high output of sodium-retaining activity, how-
ever, since the output of sodium-retaining activity
falls with increasing sodium output before edema
is eliminated (Figures 1, 2; References 6, 7).

Increased output of sodium-retaining activity
may be stimulated in normal men by reduced
sodium in the diet. In this case, urine sodium is
low, while a very moderate reduction of extra-
cellular volume exists. It would appear that bio-
assay of sodium-retaining activity measures a
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mechanism for the conservation of sodium inde-
pendent of the state of hydration.

Sodium-retaining activity can be recovered in
a single chromatographic fraction of urine ex-
tract. The same fraction contains the activity ob-
served in lipemic nephrosis, in cardiac failure,
and in hepatic cirrhosis, As well as in normal men
on a diet low in sodium. In children with lipemic
nephrosis, this active fraction has been found to
contain a corticosteroid resembling aldosterone
in a number of physical and chemical properties
and in its ability to increase sodium reabsorption
by the renal tubules (14, 15).

The failure to demonstrate sodium-retaining
activity in extracts of normal human urine indi-
cates only that readily hydrolyzed complexes are
present in quantities too small to assay. More
prolonged hydrolysis at pH 1.0 releases assayable
quantities of sodium-retaining hormone from nor-
mal urine (20). Since this normal output disap-
pears in patients subjected to adrenalectomy (20),
it seems highly probable that the sodium-retaining
hormone arises in the adrenal cortex.

The output of sodium-retaining hormone does
not appear to be under the control of pituitary
corticotrophin (21). The stimulus to increased
output would appear best defined by an "inade-
quacy" of the circulation, including depletion of
plasma or extracellular volume, as suggested by
Peters (22). Since a number of the patients
studied were not able to accept a full normal diet,
it is possible that sodium intake was subnormal
even when there was no deliberate restriction.
Present experience indicates that the increased
sodium-retaining activity in disease is not de-
pendent upon low sodium intake alone, although
reduced sodium intake may further increase the
high levels observed.

SUMMARY

Forty-eight specimens of urine from normal
adults and children and from hospitalized patients
have been extracted with chloroform within 40
minutes after acidification to pH 1.0. The so-
dium-retaining activity of the extracted material
has been measured by bioassay. Significant so-
dium-retaining activity was observed in extracts
prepared from the urine of a number of edematous
patients with lipemic nephrosis, cardiac failure,
and hepatic cirrhosis.

Urinse extracts from normal men and women
often .had an opposite effect, tending to increase
the excretion of sodium in the adrenalectomized
rats, resembling the effect of hydrocortisone in
the bioassay used.

Increased sodium-retaining activity was found
in the urine of some normal men and women
when sodium intake was reduced to 11 mEq. per
day.

The level of sodium-reaining activity appeared
to be related to the daily output of sodium by the
patient, rather than to a specific disease, to the
state of hydration, or to urine flow.

The sodium-retaining activity of extracts of
urine from several patients with lipemic nephrosis,
cardiac failure, or hepatic cirrhosis was found in
the same chromatographic fraction of each ex-
tract tested. Some normal men on low sodium
diets showed increased activity in the same frac-
tion of the chromatograms. This fraction has
been observed to contain a corticosteroid which
is presumed to be aldosterone on the basis of its
chromatographic and biologic properties.
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