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Futcher and Schroeder (1) and Warren and
Stead (2) suggested that changes in endocrine
activity might be present in congestive heart fail-
ure and might explain some of the symptoms such
as edema and sodium retention. Merrill, Mor-
rison, and Brannon (3) found an increased con-
centration of renin in the renal venous blood.
No other reports of endocrine changes in con-
gestive heart failure appear in the literature.
Since sodium and water retention are known to
occur following administration of adrenal cortical
hormones, especially desoxycorticosterone, stud-
ies were undertaken to determine if the urine of
patients in congestive heart failure contained in-
creased amounts of corticoid substances.

METHODS

Ten male patients with congestive heart failure were
selected at random from the Gallinger Municipal Hos-
pital. These represented four cases of hypertensive heart
disease, one of rheumatic heart disease, four of arterio-
sclerotic heart disease, and one of chronic cor pulmonale
associated with asthma. Their ages ranged from 28 to
70 years, and all but two were negroes. The study was
restricted to males to eliminate any possible interference
due to changes in the menstrual cycle. Six medical stu-
dents, none of whom had any evidence of heart disease,
were used as control subjects. Twenty-four hour sam-
ples of urine were collected without preservatives. In
the case of the heart failure patients these were col-
lected as soon after admission as possible, usually within
the first 48 hours. The first stage of extraction was car-
ried through in all instances within 12 hours after the
collection was made.

Urinary corticoids were extracted by the method of
Venning, Kazmin, and Bell (4); and the extracted mate-
rial was stored in the refrigerator until used. Before use
this material was taken up in 6 cc. of 10 per cent ethanol
so that each cubic centimeter of the resulting solution
represented a four-hour excretion of corticoids.

This material was assayed on young male rats of the
Sprague-Dawley strain, using the survival time of ad-
renalectomized rats as one method of assay (57). The
animals ranged in weight from 70 to 120 gm. Imme-
diately after adrenalectomy these rats were placed on a
diet of dog biscuit with 1 per cent sodium chloride and

5 per cent dextrose in their drinking water. After two
to four days they were considered ready for use. At 9:00
a.m. of the initial day they were divided into cages of
from five to ten rats and placed on a sodium-free diet
(Table I) with distilled water for drinking. At 1:00
p.m. of this day they were given subcutaneously their
first injection of 0.05 cc. of the alcoholic solution of corti-
coids. This was repeated at 12-hour intervals as long as
the animals survived. With each assay at least one cage
was given extract of normal urine and one cage was
given 10 per cent ethanol, using the same size dose. Each
cage of animals was checked every eight hours for deaths
and the survival time recorded in hours.

TABLE I

Sodium-free diet (29)
Casein (vitamin free)
Crisco
Starch
Dextrose
Salt mixture*
Distilled -water
Thiamine hydrochloride
Riboflavine
Calcium pantothenate
Pyridoxine
Choline
Niacinamide
Vitamin At
Vitamin K
Vitamin D:
Alpha tocopherol

* Modified Hubbell salt mixture
salts (30).

t 250,000 units per cc.
t 2 mg. per cc. of calciferol.
§ 50 mg. per cc.

450 gm.
200 gm.

1570 gm.
1750 gm.

100 gm.
250 cc.

25 mg.
50 mg.
50 mg.
25 mg.

500 mg.
0.5 mg.
0.2 cc.
10 mg.

0.3 cc.
0.1 cc.

made without sodium

Glycogenic activity was assayed by using male rats
weighing 140 to 180 gm. (8). These were adrenalec-
temized and placed on a diet of dog biscuits and a solu-
tion of 1 per cent NaCl. Three days following adrenal-
ectomy these rats were taken off food for 24 hours.
Starting at 6:00 a.m. on the day following this fast
they were each given 0.20 cc. of the pooled urinary
extracts (as described in the results) every hour for
seven consecutive hours. One to two hours after the
last injection they were given 0.2 gm. of sodium evipal
intraperitoneally, and approximately 1 gm. of liver was
removed and plunged into hot 30 per cent KOH. Using
the method of Good, Kramer, and Somogyi (9) the liver
glycogen was isolated and hydrolyzed and the resulting
glucose determined by the Shaffer-Somogyi method

45



ALVIN E. PARRISH

-* 04
0 0

V V

0%

A

00-

V A

eq

UOeoo00~C40

d~~~~f o o m m co

00

U) e

oo o >
> 0~-

.
-H -

- eq~~C c 00

o 00 0 U

CU 0

_W_

._
w-g- W 2

",nMul;xe

t-. 0%
CN

, 0 0
U))0%1 eq

m

'0 Tl

NO No

Ul) 0%o-eq U)

0 'O

'O 'O
'I

0% Ue U 00 0% -
C- Id N0 U) U)H-H -H -H -

00 '0 U .4 VO t-
o - + U) U)_ _

0 :,, e n rea , t e0

0 _ V)> 1 . O
g UO %UvdU. > V
cd -. - Cd - Cd a-cd c;-a Cd

.O d

O3a '-x C.)a)>. t° U°S*
__ __ - - ¢<-.¢

+ +
Quljn + + ++

awej asind Go o o 0O Os co_

00 00 0 800 0 _0 0 0

e-Po0 z o o oo oo

+ +
isuIpa~ + + + + +

_____+ + ++ +++ +++

,eaudoqlo + + + +
+ + 00 +0 + 000

al~ei dsad co 0 in |t0 0 '°

ATM~atuoi~daH (X r3 P4 I4 (z4 IM 94 (MO

eqmm0m m m

+ +
ATTeatuolpICO3 + + + + +

+ + + + + ++ + +
salpasv osow~svj 0 + 00D00 0 000

+ + + +
euwoap + + + + + +

+ + ++ +++ +++
UOIinl a

A 6 6 .66 6 dA
VO ) eq VO "

* -
Co

C~ 0 0Cd0c~~~~~~' I3 13 > >

Ao- o 4NV

be 0 '01- 0 0,U o 0 e o

-~~~ U44)
eq ' ) ' 0 ' U) '

4i
0
v
4j
co

C~
~ . P~:i~ 4C

46

CU

Cd

f0

Kd
0%
v

cd

CdU

a

U)

cn
9

CICUW

CU

0
._

4-.0

U)w

U)
I-E

U)
CU

*O)
*.4 4)

4-)

.d Df

tr
110 4enztr

6.



ADRENALCORTICQIDS IN HEART FAILURE

(10). The results were then expressed as mg. of glu-
cose per 100 gm. of body weight.

The statistical significance of the data was determined
by obtaining the value of "P" corresponding to the cal-
culated value of "t" for the difference between the means

of the results obtained in the experimental and the con-

trol animals (11).

RESULTS

The effect of urine extracts on the survival time
of adrenalectomized rats on a sodium-free diet is
summarized in Table II. Four urine extracts of
patients with congestive heart failure produced a

significant prolongation of the survival time of
adrenalectomized rats over that of normal sub-
jects when these were assayed simultaneously.
The remaining six did not. Correlating this with
the clinical findings, it can be seen that these
former four patients were sicker than the re-

mainder with one exception, E. J. Three of the
four had orthopnea, all had three to four plus
peripheral edema, and three to four plus pulmon-
ary edema. Clinically, E. J. would also fall into
this group; but his urine did not prolong the lives
of the experimental animals significantly. Of the
former group, three had arteriosclerotic heart dis-
ease and one had chronic cor pulmonale. In the
latter group there were four cases of hypertensive
heart disease, one of arteriosclerotic heart disease,
and one of rheumatic heart disease.

In order to show that adrenalectomized animals
would live under the conditions of the experiment
if given one of the cortical hormones, 12 adrenal-
ectomized rats were given subcutaneously 0.5 mg.

of desoxycorticosterone acetate in propylene glycol
twice daily. The procedures used were the same

as those used in animals receiving injections of
urine extracts. There were no deaths during the
desoxycorticosterone injections which were con-

tinued for 216 hours. After these injections were

stopped the animals lived an average of 194
109.1 hours. The long survival time of these rats
subsequent to discontinuing the desoxycorticos-
terone was possibly due to the slow absorption of
the hormone in some animals.

In order to show that the lives of adrenalecto-
mized animals would not be prolonged by the
solvent (10 per cent alcohol) alone, 25 animals
were given 10 per cent alcohol using the same size
dose and procedures as with those animals receiv-
ing urine extracts. These animals lived an aver-

age of 108 + 38.0 hours. This value is approxi-
mately the same as the average for the survival
time of animals receiving normal urine extracts
(95.3 ± 44.3 hours).

In practically all animals receiving the urinary
extracts there were observed toxic reactions.
Animals became sluggish within two to four days
after beginning the injections. Rats weighing less
than 70 gm. were not used since it was found that
they died very early in a trial run (50.5 hours).
Room temperature could not be controlled satis-
factorily, and some animals died on cold nights.
These factors are probably responsible for the large
standard deviations in some instances.

Based on the clinical and experimental findings,
the urine extracts were pooled into two groups.
Group A consisted of those patients who were the
sickest and whose extracts resulted in a significant

TABLE III

Comparison of glycogenic activity of urine extracts from
normal subjects and from heart failure patients

Extract Average liver glycogen ,.op,,(mg./100 gm. of rat)

Control urine 0.985-1.56* (W)t
Experimental urine:

Group A 27.18 -8.27* (5) <0.01
Group B 24.13 49.04* (5) <0.01

* Standard deviation of the group.
t Numbers in parentheses represent number of animals

assayed.

increase in survival time in adrenalectomized rats
(urine extracts of patients C. C., C. D., R. L., and
C. Corn.). E. J. was also placed in this group be-
cause clinically he belonged there and it was felt
the survival time produced by his extracts was
similar to that of this group although it was not
statistically significant. Group B consisted of
those patients who were not so sick and whose ex-
tracts resulted in no increase in survival time
(urine extracts of patients W. N., I. D., H. D.,
T. B., and F. S.). These two pooled groups were
used in the assay of the glycogenic activity of the
urine extracts. The results are given in Table III.
Both groups show a marked increase of glycogenic
activity over that of control urine extract. The
slight difference between the two experimental
values was not evaluated because of the small num-
ber of animals used.
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DISCUSSION

The results of this study indicate that there is
an increase in the urinary excretion of corticoids
in patients with congestive heart failure. Of the
ten patients studied, four who appeared clinically
to be the sickest, excreted substances which pro-
longed the life of adrenalectomized rats while the
remaining six did not. There was one patient
who clinically belongs in this group whose urine
extracts did not prolong the life of adrenalecto-
mized rats. Both of these groups of patients,
however, excreted an increased quantity of gly-
cogenic corticoids. An increase of corticoid sub-
stances in the urine has been considered as an in-
dication of increased adrenal cortical activity (4-
7). There is, however, in these patients another
factor which must be considered. All but two of
the patients had liver enlargement; and since the
liver plays an important role in the inactivation of
steroid hormones (12), the question arises that in
these cases there might have been enough liver
damage to cause only an apparent increase in cor-
ticoid secretion rather than a true increase in cor-
ticoid production. Some authors (13) report
liver dysfunction in a large percentage of patients
with heart failure, but this cannot be correlated
with the degree of failure (14).

Increased adrenal cortical activity in other in-
stances is believed to be the result of a reaction to
various "non-specific stimuli" (15). Of these
anoxia has been shown to produce increased
adrenal cortical activity (15-18) and Langley and
Clarke (16) believe that disturbances in acid-base
balance resulting from hyperventilation can stimu-
late the adrenal cortex. Both anoxia and hyper-
ventilation are present in patients with heart fail-
ure and the increase in corticoids found in this
study possibly represents adaptation to these non-
specific stimuli.

With an increase in adrenal cortical activity so-
dium retention would be expected, since some of
the cortical hormones, especially desoxycorticos-
terone, act on the renal tubules to promote the re-
absorption of sodium from the glomerular filtrate
(19, 20).

Other investigations (21-23) indicate that the
primary cause of sodium retention in heart fail-
ure is a decrease in renal blood flow and glomeru-
lar filtration which results from a shunting of blood

away from the glomeruli secondary to renal vascu-
lar changes. Merrill (21) and Mokotoff, Ross,
and Leiter (22) have concluded that there is no
increase in the reabsorption of sodium in heart
failure but that its reabsorption is proportional to
the glomerular filtration rate. This suggests either
that the adrenal corticoid production is not in-
creased sufficiently to affect sodium reabsorption
in heart failure or that the adrenal corticoids act
on the renal vascular system. Experimental evi-
dence to support the latter is inconclusive. Tal-
bott, Pecora, Melville, and Consolazio (24) stud-
ied renal function in patients with Addison's dis-
ease and believe that the decreased renal function
observed was due to a decreased tone of the ef-
ferent arterioles of the kidney and that this was
corrected following the administration of desoxy-
corticosterone. No changes in renal function were
observed in normal individuals following the ad-
ministration of desoxycorticosterone acetate. Wa-
terhouse and Keutmann (25) believe that in Ad-
dison's disease desoxycorticosterone produces a
vasoconstrictor effect on the vascular system of
the kidney. Other investigators have produced
changes in the kidney with desoxycorticosterone
(15, 20, 26, 27). Swingle (28) believes that
desoxycorticosterone may affect the tone of ar-
terioles. At the present time it seems more likely
that the increase in corticoid excretion represents
a result rather than a cause of the symptoms seen
in heart failure. However, because of the close re-
lation between clinical symptoms and the increase
in corticoid excretion, further investigation is to
be undertaken.

SUMMARY

1. The urine of ten patients in congestive heart
failure was studied for the presence of adrenal
corticoids and compared with normal control urine.

2. Of these ten patients, four showed an in-
crease of corticoids over that found in normal
urine which prolonged the life of adrenalectomized
rats.

3. An increase in corticoids with glycogenic
activity was observed in urine obtained from heart
failure patients over that of urine obtained from
normal control subjects.

4. The possible place of increased adrenal cor-
tical activity in heart failure is discussed.
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