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Evidence for a hormonal disturbance in those
diseases in which the accumulation of edema fluid
is a major clinical manifestation has, until re-
cently, been meager and the conclusions doubtful.
Thorn and Emerson (1), in 1940, observed the
exacerbation of ascites and edema during the pre-
menstrual period in a patient with glomerulone-
phritis and in a patient with cirrhosis of the liver
which suggests that gonadal hormones may at
least affect the course of edema in these diseases.
In 1942 Futcher and Schroeder (2), in their
demonstration of the impaired excretion of so-
dium chloride in congestive heart failure, sug-
gested that the cause might be increased venous
pressure or renal anoxia or "an endocrine mecha-
nism possibly involving the adrenal cortex."

In the last two years more substantial, although
indirect, evidence for a hormonal disturbance in
edematous states has been forthcoming. Parrish
(3) found in four of 10 patients with congestive
heart failure increased excretion of urinary corti-
coids which prolonged the life of adrenalectomized
rats. Deming and Luetscher (4) report greatly
increased sodium-retaining activity (by a bio-
assay method) in the urine of patients with mas-
sive edema due to nephrosis or heart failure. Al-
bert and Smith (5), following the administration
of ACTH, desoxycorticosterone, or cortisone to
normal individuals, found in five subjects who de-
veloped marked peripheral edema all the hemody-
namic changes of heart failure, except a decreased
cardiac output.
The present investigation affords further evi-

dence of a hormonal disturbance in certain dis-
eases in which edema fluid accumulates. It is

1 This investigation was supported in part by the Public
Health Research Institute of the City of New York, and
by Smith, Kline & French Laboratories.

well known that desoxycorticosterone diminishes
the excretion of sodium by the kidney and the
sweat gland (6) and recently it has been demon-
strated that desoxycorticosterone also diminishes
the excretion of sodium by the salivary gland and
the colon (7). There is evidence that the sweat
and salivary glands in the patient who is ac-
cumulating edema act in a fashion which re-
sembles excessive desoxycorticosterone-like ac-
tivity (8, 9). This study was designed to ascer-
tain whether the colon of the edematous patient
also acts in a fashion which resembles excessive
desoxycorticosterone-like activity.
The concentration of sodium in the sweat and

saliva is normally of sufficient magnitude to per-
mit measurement of a possible decrease. It is,
however, difficult to document a decrease in the
excretion of fecal sodium because the amount of
fecal sodium is normally quite small and variable
(10). In order to insure sufficient amounts of
sodium in the stool to be able to quantify a differ-
ence between the normal individual and the
edematous patient, a cation exchange resin was
fed (11). For proper interpretation of the data,
the mechanics of the action of the resin in rela-
tion to sodium in the lumen of the gut must be
considered (7). The exchange of ions on the
surface of the resin is almost immediate and the
pattern of electrolytes on its surface is dependent
on the number and nature of the electrolytes in
the surrounding medium (12, 13). In the small
intestine the resin is in equilibrium with a solu-
tion containing about 140 mEq of sodium per liter.
When more sodium ions leave the lumen of the gut
than enter, such as occurs in the colon, there is
a net reabsorption of sodium. In proportion to
the other ions present, there are fewer sodium ions
available for the resin in the lumen of the colon
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than in the lumen of the small intestine and a
new equilibrium is established in the colon be-
tween the sodium on the resin and that in solu-
tion in the colonic contents. The balance between
the transfers of sodium across the colonic mucosa
and the "attraction" of the resin for the sodium
eventually determines how much sodium is re-
tained on the resin and hence the amount of so-
dium appearing in the stool. The net transfer
(i.e., eventual reabsorption) of sodium across the
colonic mucosa in the normal individual may thus
be compared with the net transfer in the edematous
individual by a comparison of the amounts of
sodium removed by the resin in the stool.
The patients who were studied were selected

as representative of the severest type of sodium
retention. The criterion by which patients were
selected was that the daily urinary excretion of
sodium was negligible in relation to the dietary
intake. Of course there are edematous patients
who gain weight from day to day and who excrete
more sodium than the patients studied. Their
weight gain is correspondingly slower. For ex-
ample, if a patient ingests 5 grams of sodium
daily and excretes only 2, he would then regularly
gain weight, but if the intake is reduced to 1 gram,
the patient will no longer accumulate fluid and
might even lose weight by diuresis. Presumably
in patients who are able to excrete a moderate
amount of sodium in the urine the excretion of
sodium by the colon, salivary gland, and the sweat
gland is not sufficiently impaired to demonstrate
a difference from the rather wide range of normal
values. Patients whose urinary sodium excretion
was severely limited were therefore selected for
study in order to demonstrate a difference from
the normal.

PROCEDURES

A cation exchange resin was fed to two groups of pa-
tients. The first, considered the control group, con-
sisted of patients who were suffering from a variety of
chronic diseases without evident disturbance in their wa-
ter balance. The second group consisted of patients who
were actively accumulating edema fluid because of con-
gestive heart failure or cirrhosis of the liver. Both
groups received the same regular ward diet without the
privilege of adding salt. The edematous patients never
excreted more than 5 and usually excreted less than 1
mEq of sodium per day in the urine. The plasma so-
dium concentration in these edematous patients was es-
sentially normal (135 to 140 mEq per liter) except for

one patient (CER, Table I), whose plasma sodium
ranged from 128 to 132 mEq per liter.

Forty-five grams of carboxylic resin in the ammonium
form or in a combination of the potassium and ammonium
forms (ratio of one part of potassium to two of ammo-
nium) were fed daily to both groups. Stools were col-
lected and analyzed for sodium, potassium, and nitrogen.
To make certain that samples of stool were representa-
tive of the period of feeding resin, analyses were not be-
gun until four days after beginning resin therapy. The
study was conducted on the wards of a chronic disease
hospital and it was quite difficult to insure complete stool
collections. For this reason, fecal sodium and potassium
were expressed in terms of excreted nitrogen. The daily
fecal nitrogen was assumed to be the same for both
groups of patients since they were on the same diet.
This mode of expression avoids the errors of incomplete
stool collections and erratic bowel movements but does
contain the error of the variability in fecal nitrogen ex-
cretion (14). The latter error was thought to be smaller
under the circumstances of the investigation. In order to
use units which were in some way representative of the
daily fecal excretion of sodium and potassium the data
have been expressed in mEq of sodium or potassium per
gram of nitrogen.

Stools were dried under infra red light. Triplicate ali-
quots of the dried feces were treated with concentrated
sulfuric acid and ashed in platinum crucibles at 700° C.
The ash was dissolved in hydrochloric acid and analyzed
for sodium and potassium. Separate aliquots of the dried
feces were analyzed for nitrogen and ammonium. All ni-
trogen values have been corrected for ammonium and
represent ammonium-free nitrogen.
Sweat was collected in rubber gloves. The gloves and

arms were prepared according to the procedure suggested
by Leslie and Levin (15). The patient was attired in
hospital pajamas and covered with two woolen blankets.
The lower extremities were placed in a whirlpool bath
at 420 C. After a 20 to 40 minute immersion in the bath
the gloves were removed and the accumulated sweat
poured into a vial.

Saliva was collected in the following manner. The
mouth was first rinsed with distilled water and the sub-
ject was given paraffin to chew. The saliva collected dur-
ing the first minute's chewing was discarded. Two sepa-
rate samples were taken in the second and third minutes.
The values reported are the means of the sodium content
of these two samples.
Sodium and potassium were determined with an in-

ternal standard flame photometer (16). Nitrogen was
determined by the micro-Kjeldahl procedure and am-
monium was determined according to Summerson's modi-
fication of the Van Slyke and Cullen procedure (17).

OBSERVATIONS

In the control group of eight patients without
evident disturbance in their degree of hydration
who received carboxylic resin, the mean fecal so-
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TABLE I

Fecal excretion of sodium and potassium during resin administration
Comparison of the normal with the edematous patient

Normal Edematous

Pt. Resin form No. obs. Sodium Potassium Pt. Diaknosist Resin form No. obs. Sodium Potassium

mF-gl mEql mEqi mEqi
gram N* gram N* gram N* gram N*

CNT NH4 9 25.3 65.4 FAG CL K*NH4 2 12.2 54.3
CHG NH4 10 26.3 42.7 HAM CHF NH4 3 13.4 121.7
AST NH4 8 33.2 53.3 FAG CL NH4 4 14.5 33.8
KRS NH4 7 38.0 53.5 STP CHF KeNH4 2 15.4 31.0
KRS K*NH4 7 40.2 74.4 HEN CL NH4 16 20.0 61.8
CRW NH4 6 52.8 90.0 POL CHF K-NH4 2 20.5 97.8
LST NH4 6 53.2 53.1 CER CHF NH4 2 20.8 80.2
BRD NH4 3 59.2 144.0 OST CHF NH4 1 22.1 38.2
CHE NH4 7 63.9 69.8 POL CHF NH4 3 24.7 57.5
LST K.NH4 7 64.2 61.3 KNS CHF NH4 15 25.9 67.6

Mean 45.6 70.8 Mean 19.0 64.3
Standard deviation a14.9 -29.0 Standard deviation =14.8 :1:29.1

* Mean of stated number of observations.
t CHF, Congestive heart failure; CL, Cirrhosis of the liver.

dium excretion of 10 sets of observations was
45.6 + 14.9 mEq per gram of nitrogen (Table I).
In the group of eight patients who were accumulat-
ing edema fluid because of cirrhosis of the liver
or congestive heart failure, the mean sodium ex-
cretion of 10 sets of observations was 19.0 ± 4.8
mEq per gram of nitrogen. The values for the
fecal excretion of sodium were essentially the
same in a given individual whether he was receiv-
ing the ammonium resin or the ammonium-potas-
sium mixture (KRS, LST, FAG, POL, Table I).
The data indicate that under similar conditions of
diet and resin administration the net transfer of
sodium from the lumen of the colon to the sur-
rounding blood stream is greater in the edematous
patient than in the normal. The resin is conse-
quently less effective in retaining sodium in the
stool in the edematous patient than in the normal
patient.
The mean fecal excretion of potassium was ap-

proximately the same in the control group and
the edematous group. The amounts of potassium
excreted seemed to have little relation to the
amounts of sodium excreted. In a given indi-
vidual, however, somewhat more potassium was
excreted in the stool when potassium was incor-
porated in the resin (KRS, LST, FAG, POL,
Table I).
Sodium excretion by the sweat and salivary

glands was measured in three patients of the group

who were accumulating edema. Two patients
were suffering from congestive heart failure and
one from cirrhosis of the liver. In each patient
the concentration of sodium in the sweat and
saliva was much reduced as compared to normal
values (Figure 1). In 10 samples of hand sweat
in seven normal individuals taken at various times,
the mean concentration of sodium was 39 mEq per
liter, range 15 to 75 mEq per liter. In two pa-
tients accumulating edema fluid, the concentration
of sodium in the sweat was 8 and 13 mEq per
liter. In 30 samples of saliva taken at various
times in nine normal individuals, the mean concen-
tration of sodium was 35 mEq per liter, range 10
to 61 mEq per liter, whereas in the three edema-
tous individuals the concentrations of sodium in
the saliva were 8, 7, and 5 mEq per liter. The
data are few but are in agreement with similar

COMPARISON OF THE NORMAL () WITH THE EDEMATOUS PATIENT (A

KIDNEY

FATIENT DIAGNOSIS MEOIDAY
OST CONGEST. FAIL 0.6- 27
STP CONGEST FAIL 0 I- 5.0
HEN CIRRHOSIS 0.3- 23

COLON
(RESIN ADMINISTRATION)

MEO/GMIMTROGEN
22
'5
20

SWEAT
GLAND
MEO/UT

13

NORMAL (MEAF4 46 39
(RANG 25.0-lOQ0 25-6 15-

FIG. 1. NET SoDIuM TRANSFER

SALIVARY
GLAND
MECIVUT

5
7
8

35
10-6

453



EUGENE Y. BERGER AND J. MURRAY STEELE

data in the literature (8, 9, 18) and are presented
only to have measurements in the same patient
who fails to excrete expected amounts of sodium in
the stool. The edematous patient, then, as com-
pared to the normal, alters the transfer of sodium
by various organs, the kidney, the colon, the sweat
and salivary glands, in such a fashion as to limit
the loss of sodium from the body.

DISCUSSION

The accumulation of edema in those patients
who continually gain weight from day to day is due
chiefly to the retention of sodium, chloride, and
water ingested by the patient and not excreted by
the kidney. The primary difficulty appears to
be the retention of sodium. A disturbance in wa-
ter excretion does not seem to be the basic diffi-
culty. Although the patient with congestive heart
failure or cirrhosis of the liver may eliminate a
test dose of water more slowly than the normal in-
dividual (19-21), drinking large amounts of water
daily does not aggravate the edema of congestive
heart failure (22). Nor does it appear that the
kidney has any difficulty in excreting the chloride
ion as the edematous patient can excrete am-
monium, potassium, or calcium chloride easily
and sometimes with an increased amount of wa-
ter (23). However, the urine of the patient who
is actively accumulating edema fluid such as the
type of patient reported here, contains only small
amounts of sodium irrespective of the amount or
form of sodium ingested. Under normal circum-
stances the kidney regulates the sodium content
of the body by balancing the output against the in-
take. Why the kidney fails to do so in certain
diseases is a point of controversy.
Many factors are known to affect the renal ex-

cretion of sodium. Alterations in filtration rate
(24), renal arterial and venous pressure (25-27),
oxygen tension (28), and plasma volume (29) are
factors which have been investigated as individual
entities and have been demonstrated to influence
the renal excretion of sodium. The controversy
resides in the relative importance of these factors
and in the manner in which they play a role in the
development of edema. The disturbed cardiovas-
cular dynamics found in congestive heart failure
are absent in cirrhosis of the liver, and the renal
plasma flow and glomerular filtration rate are

within normal limits (30). Nevertheless, in both
these diseases where the patient is actively ac-
cumulating fluid there is evidence that several
organs act to suppress the excretion of sodium. It
is not to be inferred that organs other than the
kidney contribute to any great extent to the ac-
cumulation of edema in congestive heart failure
and cirrhosis of the liver. The data serve only to
illustrate the fact that the suppression of the ex-
cretion of sodium in these diseases is a phenome-
non which is common to various organs.
The fact that desoxycorticosterone has the

ability to induce a similar disturbance in the
transfer of sodium across the kidney, colon, sali-
vary and sweat glands, suggests that the accumu-
lation of edema in both cirrhosis of the liver and
congestive heart failure is due, at least in part, to
an excess of desoxycorticosterone-like hormone
or to a deficiency of a possible antagonist. De-
soxycorticosterone-like activity occurs as a nor-
mal physiological process when there are excessive
losses of sodium from the body or when the dietary
intake of sodium is sharply restricted (31-33) and
is manifested by limiting the excretion of sodium
from the body by several organs. The diminished
excretion of sodium found in diseases where
there is active accumulation of edema fluid re-
sembles the normal mechanism for the conserva-
tion of salt. The question is why the normal
mechanism for limiting the escape of sodium from
the body goes awry in these diseases. It is not
known whether the biochemical stimulus is the
same for the normal conservation of salt as it is
in congestive heart failure and cirrhosis of the
liver or whether it is the same or different for
these diseases. It is clear that in these edematous
states four organs, across which the transfer of
sodium can be measured, act in concert to limit the
escape of sodium from the body. The accumula-
tion of edema in these widely divergent clinical
states would seem then to be due in part to a
disturbance in hormonal balance.

CONCLUSIONS

With the use of cation exchange resin it has been
demonstrated that the colon of the edematous pa-
tient retains sodium to a greater degree than the
colon of the normal subject. This suppression of
sodium excretion is part of a generalized phe-
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nomenon involving the kidney, sweat gland and
salivary gland. The inference is drawn that the
accumulation of edema in congestive heart failure
and cirrhosis of the liver is at least partly mediated
through a disturbance in the hormonal control of
sodium excretion.
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