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Pincus and his collaborators (1-4) have dem-
onstrated that there is a normal cycle of excretion
of neutral, lipid-soluble reducing steroids which
has a maximum between 7 a.m. and 11 a.m., de-
creases during the afternoon, and is at a mini-
mumduring the night. This corresponds to the
normal excretory cycle of other urinary constitu-
ents (5-13). It has also been shown that in con-

gestive cardiac failure (14, 15) and in cirrhosis of
the liver with ascites (16) there is a reversed di-
urnal cycle of water and sodium excretion, with
maximum values during the night in a high pro-

portion of the individuals studied. This investi-

1Reviewed by the Veterans Administration and pub-
lished with the approval of the Chief Medical Director.
The statements and conclusions of the authors are the
results of their own study and do not necessarily reflect
the opinion or policy of the Veterans Administration.

2This investigation was supported (in part) by a re-

search grant from the National Heart Institute, of the
National Institutes of Health, Public Health Service.

gation was designed to determine if the excretion
of steroids was also altered by these conditions.

MATERIAL AND METHODS

Ten normal male adults were used as controls.
Fourteen male patients with congestive heart failure, of
various etiologies and in differing degrees of decompen-
sation, and 12 male patients with cirrhosis of the liver
and ascites comprised the abnormal groups. Almost all
of the patients were on a standard hospital diet con-

taining a calculated 1,000 milligrams of sodium daily.
Diuretics were not used within 48 hours of the urine col-
lection periods, and no clinical evidence of urinary obstruc-
tion was present. Three consecutive, eight-hour, spon-

taneously voided urine specimens were collected from
each individual. The one collected between 6 a.m. and 2
p.m. was designated the morning specimen, the one col-
lected between 2 p.m. and 10 p.m. was designated the
afternoon specimen, and the one collected between 10 p.m.

and 6 a.m. was designated the night specimen. The time
of the night specimen was chosen so that it would coin-
cide most closely with the hours of sleep. The volume
of each urine was measured and the quantity of neutral

TABLE I

Normal subjects

Steroids* Water
Pt. Age Date- _ _ _ - _ _ _ - _ _ _ _ _ _ - _ _ _ -_ _ _ _-

Total Morning Afternoon Night Total Morning Afternoon Night

mg. % % % ml. % % %
C. D. 30 Feb. '51 2.95 52 22 26 f,165 54 14 32
W. A. 31 Feb. '51 3.25 45 25 30 1,550 61 16 23
S. B. 54 Mar. '51 3.23 38 37 25 1,190 45 34 21
E. M. 30 Mar. '51 3.43 45 29 26 1,070 65 20 15
W. M. 30 Mar. '51 2.62 39 30 31 1,425 50 19 31
R. G. 31 Sept. '50 2.51 40 29 31 1,822 37 30 33
W. F. 29 Sept. '50 2.60 50 30 20 1,230 54 32 14
G. M. 60 Apr. '51 2.63 38 33 29 1,065 40 30 30
M. L. 30 Mar. '51 4.35 37 33 30 1,370 33 31 36
W. B. 30 May '51 2.47 35 35 30 1,153 40 30 30

Standard deviation 0.59 5.8 4.5 3.5 240 10.6 7.5 7.7
Mean 3.00 42 30 28 1,304 48 26j 26

* Neutral lipid-soluble reducing steroids.
Boldface value for mean indicates that difference from mean night value exceeds 0.05 level of confidence.

253



RALPH GOLDMANAND SAMUELH. BASSETT

A

V

oq
. m) a)00 U)_'O
oz MEME") C CE) N CC)

0tnNONm co)- U)0 t- 0 qU

U O co)0O~ 0% ' 0%U'0 CE) N

E)NCE CE N _ CE CE N N N N

bo|t-- -
°

- - N - -

-n oo om I._ 8 )0%' 0 CE U) - CE N U) u 0 U)0
mtn i0U) nU) N v m) E _

a CcO in0.8 g if) '0- )O N C. 0'I) 0

N N_ _N ) N-- N

mENN _ E_) N - -_ N
t-> t N _ " St

:9 e 0e0%0 0co W) O m k $w O °
NM W) W0 0 C 0m + N C

0U m| f) co C N N C 0 N +-0
°N -m N m m m

o Nif)og- - 0 N 0n - N) -WC_5 ~E N N N N N N N N 04

;5 NN NN -0 CEN_ N N N N N NO~ ~~
E U)O) U) U)U U)'w 0

N N N

4? U) 0U) ' N0

.0CE
*0 |N..EU) N - - - % 0 0 N + N OC C U

C| 4N CE) n E CE N E N m N CE)

| Q0 C.'C . @0 N NN%N 00 00 N ' '

N.!n )C)In_t I N N f)_N

U)~~~ ~ ~ ~ ~~ ~W) (

NE)E U) CE
_

ifif)ib N if N CE- f N ONb
0.40-.

'),
-4 -4 -4 .4 -4 .4 .4 .4 .4 -4Y) W) W) W) W) r r r Y, y)

. 4A a it w ci06 :3.l 4r. .41. .14 .14 :4 :4 :. x .1
I )'0 U)II) E~if) N '0 U)~U)U) U) .~

coI 4 ." b -4 m C4 ao _ 2 O t. t
| W)¢Q) W) k ^NW4 la ) W) W) V

I 3.; 3j (-; g4 (.6 mj ~ ~' ii

254

..

W -4

m
0. *0

0

(C)

0
0

)

Cd

0

V o

40

4)

lo 0

0

04J

- C_

0'...

004

00

4)p

co co

a co

uS4)O:

z ) -0U

0 M o

4)t
_C)CU

t &
.'

40 Q

ONQ

* -*^'

.



Il

DIURNAL VARIATION IN STEROID EXCRETION

0

od00.

4)00

cd.0

Co 4.

00U

-W.-~~~ .0 -

S cd od 7

~.0 0I1 U N4OIn 00 - 00
z UlX e + meeN

oaC
W

000 0%0co.o No'Ct
e

o~~ 00 00 en V"%O'14' V- MU)WU~~~ 00~ 00 e C'4 C0eId 4C' q* 000'-

in (O co i II-In (A00 00

t-
0

In
00 ' 00 k- 00tUl00 -

k- m0
-to t -.00 co0I0% t 0000 00IV 00~

o N qd '-4 ('4 %O co'4 CC'4000 in 000

.0

z 'C '-4 00'C 00 00400 ('4 Z'~('40o

S08 0o o NO 000 N6 a

olS U) 00 'C aO 00 0 0 in-4 00co i'O0

0000'C~~~-.00 '-400C400 00~~~ -' -4 C4

o in(' >en4 o4 In 00 N4oN

0 en 4 - 00 W-4NO0)'J'
('4

I 'C~~~~~~~~~~~~~~~~~~~~~l

('4 0000 ~~4 0000'-"IC '4 ON'40

i 00 00
%O

0% 0 %
k No e4'C0i

.co

0.9eo 00 0n( i00 -e0~' 00C 'n-NO00

0~~~0 4'.~ 00 'C n00 0%in00 '- 00'C00-

0 0X k-.0g "Mt( 0 0O

, o' 0 Cy.. eq g n 4in t

00 1e C14 eq 0 m+N N t

0%A0 %(4 0 0'~ 00'- 00 000'
~~00 ('1 00 ('400 ~C14 C4000100 ('4m4'-d0

38 %000 'C In.' k-0d4"t-00 0%(' 0000l4
- <0 c4i ('4 0000 (' V4('400c'10 00 C'4 00

0--

soSoeX o o OreY b Nem~~~~~0

e~~~~~- --0e0O~oO o

(S
o o)

00

-*

0
u) UO

u
o o¢!!

:M2"A)u:9^0 00^*
0000

V-

*0
.0

'W

1)I
_ _o ..0000 00 '

k- 14-.4NOLnin in tn WI) ~~~o 14t lw in I" l~~t 'C

~ 1 4 ~ r$:2
~4 :4 -

*0 0.
U)-~ v

Elb

14'
El

04

4'

255

04)

10
0
U

101

00

o

@00J4_4)

'0

01

4) 4o_

-- ..4

. 0

4-'

(A xJ >

bl8

cSo
4)J

0o

') 4&

z 80

ox
*.O

I



RALPH GOLDMANAND SAMUELH. BASSETT

lipid-soluble reducing steroids 8 determined by the method
of Heard, Sobel and Venning (17). In almost all of the
specimens obtained from the cardiac and cirrhotic pa-
tients, the quantity of excreted sodium was determined by
means of the Beckman flame photometer and the quantity
of excreted creatinine was determined by the Bonsnes and
Taussky (18) modification of the Jaffe reaction.

RESULTS

The tables summarize the clinical data and the
results. The total amount of the excreted sub-
stance is indicated in the first column of each
group, and the succeeding three columns indicate
the amount excreted in the morning, afternoon and
night periods, respectively, expressed as per cent
of the total amount excreted.

Table I indicates the results obtained in the
normal subjects. All demonstrated a morning
maximum steroid excretion, and most had a morn-
ing maximum water excretion. The average 24-
hour excretion of steroids was 3.00 milligrams.

The pattern of excretion of steroids, water, so-
dium and creatinine in 14 patients with congestive
cardiac failure is seen in Table II. The average
24-hour excretion of steroids was 2.96 milligrams,
which was remarkably close to the normal value.
However, the distribution of the excreted steroids
showed a definite alteration: in only four studies
was the maximum excretion in the morning, and
in two of these, the patients (E. P. and E. J.) were
very well compensated by intensive therapy. The
steroid pattern resembled the excretory cycles of
the water, sodium and creatinine. It can be seen
that the fluctuations in excretion of steroids, water
and creatinine from period to period are of the
same order, but that excretion of sodium shows
more marked variations.

The observations made on 12 patients with cir-
rhosis of the liver and ascites are seen in Table III.
The results compare closely to those of the cardiac
group. The average 24-hour excretion of ster-
oids, 3.32 milligrams, is slightly higher than for
the other two groups. However, these differences
are not statistically significant. It can be seen
that the excretory cycle is abnormal in most in-
stances, that the fluctuation in the water, creatinine
and steroid cycles is less than normal, while fluctu-
ation in the sodium cycle is proportionately greater,
and that most of the variations in excretion of the

S Hereafter referred to as steroids.

observed substances from period to period are in
the same direction. Despite the apparent trend,
the differences in the creatinine values are not sig-
nificant, and cannot be interpreted to demonstrate
a nocturnal increase in the glomerular filtration
rate.

DISCUSSION

Most studies on diurnal variation in urinary ex-
cretion have concerned the normal patterns. These
patterns have been well documented, and there is
general agreement among investigators that the
maximum output of water, sodium, potassium,
chloride, urea and creatinine is during the day,
with a peak either just before or just after noon
(5-13). Recently, a number of studies on ab-
normal variations have appeared, especially per-
taining to the nocturnal diuresis found in patients
with congestive cardiac failure (14, 15). Wehave
recently shown that there is a similar nocturnal
diuresis in cirrhosis of the liver with ascites (16).
Although a nocturnal increase in renal plasma
flow has been demonstrated in congestive cardiac
failure (14, 15), which is associated with an in-
creased glomerular filtration rate, this does not
necessarily explain' the entire mechanism of the
nocturia. To our knowledge no similar studies of
renal plasma flow and glomerular filtration rate
have been performed on patients with cirrhosis
of the liver. In both of these conditions a noc-
turnal diuresis of water and sodium has been ob-
served, but in our series (16) most of the patients
exhibited no consistent associated diuresis of
potassium.

The work of Pincus and his collaborators dem-
onstrated that normally there was a maximum ex-
cretion of steroids during the morning, a de-
creased excretion during the rest of the day, and
a minimum during the night. They believed that
the morning increase was not due to increased fil-
tration alone, since the excretion of steroids showed
a greater proportionate increase than did the ex-
cretion of creatinine. The variation was consid-
ered to be the result of the increased stress due to
resumption of activity after sleep. They noted
that specific stress situations were associated with
an increase in adrenal cortical steroid excretion
occurring within a short time following the ap-
plication of the stress.
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The present studies confirm the nature of the
steroid excretory cycle in normal individuals.
However, there is a fairly consistent relationship
between the excretion of steroids, water and cre-
atinine, suggesting that there may be a similar ex-
cretory mechanism for each, and that under these
conditions excretion may be related to the filtra-
tion rate. A similar relationship is seen in con-
gestive failure and cirrhosis, although there is
displacement in the time of peak excretion. This
shift in the cycle cannot be attributed to periods
of excessive stress, first because the total steroid
excretion is no greater than in the normals, and
second because there is no evidence of an altered
stress cycle. It may be suggested that in some of
the patients with congestive cardiac failure noc-
turnal episodes of paroxysmal dyspnea and in-
somnia may be related to increased stress; how-
ever, patients who slept soundly during the col-
lection period also demonstrated increased noc-
turnal steroid excretion. None of the patients
with cirrhosis showed evidence of disturbed sleep
other than that caused by the inconvenience of the
nocturia itself. It is apparent either that more
steroids are being presented to the kidney during
the night, or that the kidney is relatively more
efficient in excreting the steroids at that time.

From the data it appears that the amount of
steroid excreted in 24 hours is relatively constant,
and that the values for patients with congestive car-
diac failure and cirrhosis of the liver are not signifi-
cantly different from the normals. Abnormal pat-
terns of diurnal urinary excretion of water, so-
dium, and creatinine are associated with similarly
abnormal patterns of steroid excretion. It does
not seem possible to determine from the data
whether this abnormal excretory pattern for water,
sodium and creatinine results from the pattern
of steroid excretion, or whether the rate of ster-
oid excretion is itself governed by the same al-
ternate factors. In addition to the absence of evi-
dence of increased adrenocortical activity, there
was no evidence of an alteration in the stress cycle
of these patients. Gaunt, Birnie and Eversole (19)
have reviewed data demonstrating that an ade-
quate amount of cortical hormone is necessary for
water diuresis. However, they point out that at
the same time as there is increased cortico-steroid
there is usually an increased retention of sodium.
While this may be true on an overall balance, fluc-

tuations in sodium excretion during the day are in
the same direction as fluctuations in steroid excre-
tion, rather than in the opposite direction as would
be expected.

CONCLUSIONS

1. The average 24-hour excretion of neutral
lipid-soluble reducing steroids was 3.00 milligrams
in ten normal adults, 2.96 milligrams in 14 pa-
tients with decompensated or recompensated car-
diac failure, and 3.32 milligrams in 12 patients with
cirrhosis of the liver and ascites.

2. In all of the normal controls there was a sig-
nificant morning maximum excretion of steroids.
In both of the abnormal conditions studied the pe-
riod of maximum excretion was most commonly
observed in the afternoon or during the night.

3. With few exceptions, the excretion of ster-
oids in cardiac failure and cirrhosis was propor-
tional to the excretion of creatinine within the
limits of error of the methods. This suggests that
the excretion of steroids may be proportional to
the glomerular filtration rate.

4. Since the total steroid excretion is within
normal range, there is no evidence of increased or
abnormal stress as a cause of the abnormal steroid
excretory pattern. It is possible that the glo-
merular filtration rate is proportional to adreno-
cortical activity as measured by steroid excretion.
However, it seems more probable that the urinary
content of the steroid is proportional to the ex-
cretory rate.

5. In the normal and abnormal states studied,
the water excretion generally paralleled that of
creatinine and steroids, while the sodium excre-
tion showed more marked variations, usually, but
not invariably, in the same direction.
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