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TICOSTERONE, DESOXYCORTICOSTERONE,17-

HYDROXY-11-DESOXYCORTICOSTERONE,
AND9-FLUOROCORTISOL*

By MAURICEM. PECHET,t BLAIR BOWERSt AND FREDERIC C. BARTTER

(From the Clinic of General Medicine and Experimental Therapeutics, National Heart Institute,
National Institutes of Health, Bethesda, Md.)

(Submitted for publication May 13, 1958; accepted December 4, 1958)

Prednisone and prednisolone,1 the first steroids
in this series (2), were shown to possess anti-
inflammatory activities much greater than those of
the parent steroids, cortisone and cortisol (3).
The present study was undertaken to delineate
further the change in physiologic function result-
ing from the introduction of the extra double bond.
A number of later reports of the metabolic effects
of three of these steroids are now available (4-6).

METHODS

Balance studies were carried out on three female pa-
tients with Addison's disease. In all patients the diag-
nosis had been established clinically, and confirmed by the
findings of control 17-ketosteroids and 17-hydroxycorti-
coid excretion of less than 1 mg. per day, not rising with
adrenocorticotropic hormone (ACTH). Each had been
maintained in good clinical condition with oral cortisone
and daily intramuscular desoxycorticosterone injections
until eight to 10 days before the first steroid was given in
these studies. No further supportive treatment was given.
The diet and fliud intake were kept constant throughout
each study. A liquid diet was used throughout the study
on L. M. B. and in one study on A. M. B. Stools were

* Part of this material has been presented previously
(1). The names "metacortandracin" and "metacortandra-
lone" have since been replaced by "prednisone" and
"prednisolone."

t Present address: Medical Service, Massachusetts
General Hospital, Boston, Mass.

t Present address: Harvard University, Cambridge,
Mass.

1 The trivial names, together with the chemical names,
of the steroids studied are as follows: prednisone, 17a,21-
dihydroxypregna- 1,4-diene-3,11,20-trione; prednisolone,
1lp, 17a,21-trihydroxypregna-1, 4-diene-3,20-dione; corti-
sone, 17a,21-dihydroxypregn-4-ene-3,11,20-trione; cortisol,
Ilp,17a,21-trihydroxypregn-4-ene-3,20-dione; desoxycorti-
costerone, 21-hydroxypregn-4-ene-3,20-dione; 9a-fluoro-
prednisolone, 9a -fluoro,1l1f,17a,21 -trihydroxypregna-1,4-
diene-3,20-dione.

collected in four or six day periods and urine in one day
pools. Stools, diets and urine were analyzed for ni-
trogen (7), phosphorus (8), calcium (9), potassium (10)
and sodium (10). Blood was drawn at appropriate in-
tervals for the determination of circulating eosinophiles
and serum sodium, potassium, carbon dioxide, calcium and
phosphorus. Studies of the acute effects of steroids on
circulating eosinophiles over four hour periods were also
done in one Addisonian and one normal subject. Four
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FIG. 1. THE EFFECT OF 1,4-DIENE STEROIDS AND THE
PARENT COMPOUNDSON CIRCULATING EOSINOPHILES
FOURHOURSAFTER INJECTION

Steroids were given intravenously over 10 minute pe-
riods. The average rate of depletion per hour has been
determined from the slope of the linear regression (11).
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FIG. 2. THE EFFECT OF 1,4-DIENE STEROIDS AND THE PARENT COMPOUNDS
ON NITROGEN, PHOSPHORUSAND CALCIUM BALANCES IN L. M. G.

Balance data in this and subsequent charts are plotted as follows: Intake
is plotted downwards from the 0 line, urinary values are plotted upwards
from the intake line, and fecal values are superimposed on them. Thus,
positive balance is indicated by a clear area below the 0 line and negative
balance by a shaded area above it.
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FIG. 3. THE EFFECT OF 1,4-DIENE STEROIDS AND THE PARENT COMPOUNDSON

NITROGEN, PHOSPHORUSAND CALCIUM BALANCES, SERUM PHOSPHORUS,CALCIUM
AND ALKALINE PHOSPHATASEIN E. C.
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The daily deviation from control is plotted cumulatively. The daily average rate
of nitrogen excretion has been determined from the slope of the linear regression (11).
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FIG. 6. THE EFFECT OF 1,4-DIENE STEROIDS AND THE PARENT COMPOUNDSON
SODIUM, POTASSIUMANDNITROGENBALANCES, SERUMSODIUM, POTASSIUM, CHLORIDE,
CARBONDIOXIDE, CREATININE CLEARANCEAND BODYWEIGHTIN L. M. G.

separate pipettes were filled with blood at the control
and each of five hours following the intravenous adcminis-
tration of the steroid and counted separately. Inulin and
para-aminohippurate clearances were used as measures

of glomerular filtration rate and renal plasma flow, re-

spectively, in one subject. In the other two, 24 hour
clearances of endogenous creatinine were used as an

index of glomerular filtration rate. Steroids were given
orally, one-quarter of the daily dose every six hours.

RESULTS

The results are shown graphically in Figures
1 through 13.

Inasmuch as anti-inflammatory activity is found
in association with eosinopenic and anti-anabolic
or catabolic activity, the effects of these steroids

on eosinophiles and on the constituents of proto-
plasm were examined.

I. The eosinopenic effect
Figure 1 shows the effects of single doses of

steroids administered intravenously on circulat-
ing eosinophiles. The 1,4-diene steroids were
four to six times as active as the parent com-

pounds.2 This was so for 1-dehydrocorticosterone

2 It was on the basis of these studies that the factor
"4" was originally chosen for the comparative study of
anti-inflammatory activities of prednisone, prednisolone
and their parent compounds in rheumatoid arthritis. In
fact (side infra), a higher factor is probably more cor-
rect.
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which lacks a hydroxyl group at carbon 17 as
well as for prednisone and prednisolone which
possess it.

II. Nitrogen metabolism
Prednisone and prednisolone, in doses of 30

mg. a day, caused an increase in urinary nitrogen
excretion and a negative nitrogen balance (Fig-
ures 2 through 4). The loss of nitrogen with 30
mg. of the 1,4-diene steroids was considerably
greater than that with the parent compounds,
cortisone and cortisol, at doses four or five times
as large. These results are summarized in Figure
5. As judged from the effects on nitrogen me-
tabolism, prednisone and prednisolone, admin-
istered orally, appeared to be 10 to 17 times

[parallel line assay method (11)1 as active as the
parent steroids.

III. Phosphorus metabolism
Prednisone and prednisolone, in doses of 30 mg.

a day, had little effect on phosphorus metabolism.
In all cases but one there was a transient fall in
urinary phosphorus on the first day of therapy
and a transient rise on the second day. In the
remaining case (Figure 4) urinary phosphorus
rose on the first day. In all cases but one urinary
phosphorus fell after therapy was stopped. In no
case was there a loss of phosphorus commensurate
[N:P = 0.068 Gm. per Gm. (12)] with the loss

of nitrogen. The effects of the 1,4-diene steroids
on phosphorus were quite comparable with those
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of the parent compounds at doses four or five
times as great. Wide fluctuations in fecal phos-
phorus, apparently not related to steroid thereapy,
induced corresponding fluctuations in phosphorus
balance and made it difficult to interpret. A rela-
tive retention of phosphorus during steroid-in-
duced nitrogen loss has been attributed to con-

comitant glycogen formation (13). On the other
hand, the phenomenon may represent the loss of
relatively phosphorus-poor protein.

IV. Calcium metabolism

With prednisone and prednisolone, in doses of
30 mg. a day, there was a transient fall of urinary

calcium in two cases (Figures 2 and 4) and no

change in the other (Figure 3). Fecal calcium
was lower than that in the control periods during
three of the four periods studied at this dose.
With cortisone and cortisol, in doses four to five
times as large, there was a fall of urinary calcium.
This was accompanied by sodium retention and
weight gain. There was a similar fall of urinary
calicum, with sodium retention, with prednisolone
at a dose of 120 mg. a day (Figure 2). The
calcium retention with cortisone, cortisol and with
the 120 mg. dosage of prednisolone did not persist
throughout treatment, the "escape" therefrom
closely paralleling that of sodium (vide infra).

SERLM
MEQ/L

140
No

130

r6
K

Cl.[ 100

rl.,^

A,_..

ft ^12 ^^

686



STUDIES WITH A NEWSERIES OF 1,4-DIENE STEROIDS. I.

2/21/55
A.B. 47 YR. I
AWSONIAN
00-19-94

MEEQ/24HR.
96-

72 SE

48

24-

0

24

48

72

96

120

144

48-

24

0 -

24

48

GM./24HR.

9 -

91
KG.
481
46-

0

44i

I-DEHNDRO- Il-DESOXY-
Il-DESOXY- CORTISONE
CORTISONE
IOOMG/24HR IOOMG/24HR.

i. m), (i.m.),
1.

:RLIA1-
a

. .

9. FLUORO-
PREDNISOLONi

150pu G24HR
(p.o.) ,

9. FLUORO-
Ec' CORTISOL

5. MpGI24HR.
(p.o.) , SERUM

MEQ/L
*150

- Na 140
. 130l

l ,~~~~~~~~~~~~~
I

SER6M K.:

.e. M

5
K.

3

SERU c62 I rO r35
SERUM, ' * __--c~ ax 1100 25
SERUMCEl:
Ecu _ ,, ,,,Z, ,, ,, {, ,,,,,,,, ,, ,, ,, , ,, ,tttttttttttA - XttAtA -X- Xt/A; , ,

. ' . ! ' .: : : : : : :
. * .., .,_.

_ S___ * *
_-,6

. . . . .
. . . .

. . . . *

. . . . . *

I..t'.l.'l..l.'l..l..l..l..l:.l..l'.l..l'.l..l'.l..l
DAYS 75 78 81 84 87 90 93 96 99 102105 108 III 114 117 120123 126

FIG. 9. THE EFFECT OF 1-DEHYDRO-11-DESOXYCORTISONE, 9a-FLUORO-
PREDNISOLONEAND THE PARENT COMPOUNDSON SODIUM, POTASSIUM AND
NITROGEN BALANCES, SERUMSODIUM,
RIDE AND BODYWEIGHTIN A. M. B.

The amounts of calcium gained and lost were ap-
proximately those normally found in the volumes
of extracellular fluid (ECF) gained and lost con-
comitantly (Ca: Na = 0.36 mg. per mEq. in
ECF).

V. Potassium metabolism
Prednisone and prednisolone produced a tran-

sient increase of urinary potassium, with negative
balance, on the first day of therapy: With 120 mg.
of prednisolone a day this effect persisted for three

POTASSIUM, CARBONDIOXIDE, CHLO-

days. When treatment was stopped, there was
a transient decrease of urinary potassium, with
positive balance, for one or two days. The same
changes occurred with cortisone and cortisol at
four to five times the dose. The results are sum-
marized in Figure 12. These changes in potas-
sium balance were not accompanied by commen-
surate [N: K = 2.7 mEq. per Gm. (12) ] changes
in nitrogen balance and in most instances precede
by a day corresponding changes in urinary phos-
phorus.

l
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VI. Sodium metabolism
With prednisone and prednisolone, in doses of

30 mg. a day, there was a slight (Figures 7 and 8)
to moderate (Figure 6) rise in urinary sodium,
with negative sodium balance. With cortisone
and cortisol, at doses four to five times as large,
there was slight (Figure 8) to marked (Figures
6 and 7) sodium retention. In the experiment
with cortisone (Figure 7) there was "escape"
from sodium retention during therapy. With
prednisolone, at a dose of 120 mg. a day (Figure
6), there was early sodium retention followed by
"escape" such that there was substantial sodium
loss during the last two days of therapy. Similar
results were obtained by other workers (4-6).

With 1-dehydrodesoxycorticosterone acetate (1-
dehydro-DCA), at a dose of 3 mg. a day (Fig-
ure 8), there was moderate sodium retention.
With desoxycorticosterone acetate (DCA), at the
same dosage, there was the same degree of sodium
retention.

With 9a-fluoroprednisolone, at a dosage of 150
fg. a day (Figures 6 and 9), there was moderate
sodium retention in two subjects: With 9a-fluoro-
cortisol, at the same dose, there was the same de-
gree of sodium retention.

VII. Glomerular filtration rate (GFR)

With prednisone and prednisolone, in doses of
30 mg. a day, the inulin clearance rose in A. B.
(Figure 8), and the endogenous creatinine clear-
ance rose in E. C..(Figure 7) and in L. M. B.
(Figure 6). With cortisone and cortisol, in
doses four or five times as large, the correspond-
ing inulin and creatinine clearances rose in A. B.
and in E. C., but not in L. M. G. The fluctua-
tions in 24 hour creatinine clearances were such as
to render the changes of questionable statistical
significance; the observations on inulin clearance
with prednisone and cortisone were limited in
number. Figure 13 shows results of therapy with
prednisone and prednisolone, 60 to 70 mg. a day,
on inulin clearance in four other subjects with nor-
mal renal and adrenal cortical function: For two
of them the effect of cortisone and cortisol, at
doses four times as large, is also shown. With
both types of treatment comparable rises were
produced.

DISCUSSION

The results indicate that the introduction of a
double bond at position 1-2 increases the eosin-
openic and anti-anabolic or catabolic activity of
steroids originally possessing these properties.
These properties are always associated with oxy-
gen functions at carbon 11 and carbon 17. When
these are not present, eosinopenic and anti-anal-
bolic or catabolic properties are absent.

With the 1-2 double bond in the absence of an

oxygen function at carbon 11 (1-dehydro-1 1-

desoxycortisol, see Figure 9), no anti-anabolic or

NORMAL CORTISONE 120MG PREDNISONE 30 MG

FIG. 1,1SCHEMATO ILLUSTRATE THE DIFFERENT EF-

FECTS OF A 1,4-DIEN-E STEROID (PREDNISONE) AND THE

PARENTCOMPOUND(CORTISONE) ON RENALFUNCTION

The arrows represent sodium, the upper one repre-
senting filtered sodium, the middle one reabsorbed sodium
and the lower one urinary sodium.
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catabolic activity was found. With the 1-2 double
bond in the absence of an oxygen function at car-
bon 17 (1-dehydrocorticosterone, see Figure 1),
eosinopenic activity appeared in a steroid whose
parent compound lacked this property. The
data in Figure 10 suggest that corticosterone also
acquired the ability to promote a water diuresis
with the introduction of a 1-2 double bond; this
property is associated with the anti-anabolic or
catabolic activity of steroids. It thus appears that
enhancement of anti-anabolic or catabolic (and
anti-inflammatory) activity by 1,2-dehydrogena-
tion depends upon the presence of an oxygen atom
at carbon 11.

M
4 HRS,

+60

+50

+40

+ 30

+20

+10
AV. OF

CONTROL
-10

-20

-30

-40

-50

-60

CORTISONE
ANDL

CORTISOL

FJ/

.01
DAYS

I\I/
3 4 0 2 3 4

FIG. 12. THE EFFECT OF 1,4-DIENE STEROIDS AND THE

PARENTCOMPOUNDSON URINARY POTASSIUM, ExPRmssED
AS A DEVIATION FROMTHE AVERAGEOF THAT OF THE

CONTROLPERIODS OF THE FIRST FoUR DAYSON AND THE

FIRST FouR DAYS AFTERm TREATMENT
The data include all the studies reported by the present

paper and studies in normal subjects.

C,"
PER CENT

51S

20

15 -

10.

5-

OJ
o 2 4 6 8 10 12 14
DAYS OF TREATMENT
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FUNCTION

The property of anti-anabolic or catabolic ste-
roids to increase the glomerular filtration rate ap-
peared to be enhanced in the 1,2-dehydrogenated
steroids in parallel with the enhancement of anti-
anabolic or catabolic activity itself.

Whereas 1,2-dehydrogenation thus affects the
properties of 11,17-oxygenated steroids quan-
titatively by increasing anti-anabolic or catabolic
activity, it appears to affect them qualitatively as
regards sodium metabolism. Whereas sodium
retention generally occurs with the parent com-
pounds, cortisone and cortisol, sodium loss is
regularly seen with the 1,4-diene derivatives,
prednisone and prednisolone.

To explain the difference in the effects on so-
dium metabolism it is not necessary to postulate
that unsaturation at carbon 1-2 affects tubular
sodium transport directly: In the comparison of
DCA with 1-dehydro-DCA no such effect was
apparent. The sodium loss produced with the 1,
4-dienes is more likely a result of the increase in
glomerular filtration rate, and thus of tubular
sodium "load," which these steroids produce.
This effect is correlated with anti-anabolic or
catabolic activity of steroids (14). Since 1,2-
dehydrogenation enhances this type of activity,
it could confer on a steroid the ability to cause
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sodium diuresis without having any effect on its
ability to potentiate tubular sodium transport.
Figure 11 represents this concept diagrammati-
cally. If prednisone, at a dosage of 30 mg., can
increase glomerular filtration rate as much as
cortisone, at a dosage of 120 mg. (as our data
suggest), it can produce sodium loss if the effect
on tubular transport, milligram for milligram, is
the same in the two steroids. When 9a-fluoro-
prednisolone was compared with 9a-fluorocortisol,
in doses too small to affect glomerular filtration
rate (Figures 6 and 9), the effects on sodium bal-
ance were the same.

SUMMARYAND CONCLUSIONS

The effect of unsaturation by 1,2-dehydrogena-
tion on the activity of 21-carbon steroids was ex-
plored with balance and renal studies in three
patients with Addison's disease. Unsaturation at
carbon 1-2 resulted in an increase in anti-anabolic
or catabolic properties in those steroids with oxy-
gen at carbons 11 and 17 (for example, cortisone
and cortisol) and in the appearance of such prop-
erties in a steroid with oxygen at carbon 11 but
not at carbon 17 (corticosterone).

Unsaturation at carbon 1-2 resulted in a loss
of sodium-retaining properties in those steroids in
which it enhanced anti-anabolic or catabolic prop-
erties, when given in doses large enough to in-
crease the glomerular filtration rate; this loss of
sodium-retaining properties is ascribed to the
"glomerulotubular" imbalance so induced.

REFERENCES

1. Pechet, M. M. The metabolic effects of metacortan-
dracin and metacortandralone in man: A new series
of A, '-diene steroids. J. clin. Invest. 1955, 34, 913.

2. Herzog, H. L., Nobile, A., Tolksdorf, S., Charney,
W., Hershberg, E. B., Perlman, P. L., and Pechet,
M. M. New anti-arthritic steroids. Science 1955,
121, 176.

3. Bunim, J. J., Pechet, M. M., and Bollet, A. J. Stud-
ies on metacortandralone and metacortandracin in
rheumatoid arthritis. J. Amer. med. Ass. 1955,
157, 311.

4. Gjjrup, S., Killmann, S. A., and Thaysen, J. H. The
metabolic effects of prednisone in patients with
rheumatoid arthritis. Acta rheum. scand. 1956, 2,
223.

5. Nabarro, J. D. N., Stewart, J. S., and Walker, G.
Clinical and metabolic effects of prednisone. Lan-
cet 1955, 2, 993.

6. Rosen, P. S., Carter, A. J., Dauphinee, J. A., Gornall,
A. G., and Ogryzlo, M. A. Metabolic effects of
metacortandracin (prednisone) and metacortandra-
lone (prednisolone): Comparison with ACTH,
cortisone, hydrocortisone, and 9a-fluorohydrocorti-
sone. Canad. med. Ass. J. 1956, 74, 501.

7. Folin, 0. Laboratory Manual of Biological Chem-
istry, 5th ed. New York, Appleton-Century Co.,
Inc., 1934.

8. Fiske, C. H., and Subbarow, Y. The colorimetric de-
termination of phosphorus. J. biol. Chem. 1925,
66, 375.

9. Fiske, C. H., and Logan, M. A. Determination of
calcium by alkalimetric titration. II. Precipitation
of calcium in the presence of magnesium, phosphate,
and sulfate, with applications to analysis of urine.
J. biol. Chem. 1931, 93, 211.

10. Berry, J. W., Chappell, D. G., and Barnes, R. B.
Improved method of flame photometry. Industr.
engin. Chem. (Analyt. Ed.) 1946, 18, 19.

11. Finney, D. J. Statistical Method in Biological Assay.
New York, Hafner Publishing Co., 1952.

12. Reifenstein, E. C., Jr., Albright, F., and Wells, S. L.
The accumulation, interpretation, and presentation
of data pertaining to metabolic balances, notably
those of calicum, phosphorus, and nitrogen. J. clin.
Endocr. 1945, 5, 367.

13. Bartter, F. C., Fourman, P., Albright, F., Forbes,
A. P., Jefferies, W. M., Griswold, G., Dempsey, E.,
Bryant, D., and Carroll, E. The effect of adreno-
corticotropic hormone in panhypopituitarism. J.
clin. Invest. 1950, 29, 950.

14. Liddle, G. W., Pechet, M .M., and Bartter, F. C.
Enhancement of biological activities of cortico-
steroids by substitution of halogen atoms in 9a
position. Science 1954, 120, 496.

690


