
720 ALDOSTERONE, DCA, 

after spying. On the other hand 1 4  of 15 
rabbits treated with progesterone had 1 or 
more normal living fetuses a t  time of sacri- 
fice. None of 5 rabbits treated with 19-nor- 
testosterone showed any protection. With 17-  
methyl- 1 9-nortestosterone 1 rabbit had living 
fetuses and the other 4 had some further 
placental development although no fetuses 
remained. With 17-ethyl- 19-nortestosterone. 
9 had one or more apparently normal fetuses. 
Two more showed some further development 
after spaying but the young were resorbing 
at the time of sacrifice. Three additional 
rabbits showed no protection. IVith 17- 
propyl- 19-nortestosterone. 4 of the 5 rabbits 
showed normal development while the fifth 
showed decided fetal growth. although the 
young died before autopsy. The higher ana- 
logs have not yet been tested. 

I t  has been pointed out that. compared to 
progesterone. some of these compounds are 
much more effective when administered sys- 
temically rather than directly into the uterus. 
Preliminary data indicate that the oral activ- 
ity of this series, in general, is very marked 
with a high oral/parenteral ratio. These 
findings suggest that these norsteroids may 
be metabolized into more active compounds. 
Further studies on this series are in progress. 

S u ~ n w z a r ~ .  1. Progestational activity of a 

AND ELECTROLYTES 

series of 1 7-substituted 19-nortestosterone 
derivatives was investigated using both intra- 
uterine and systemic assays in rabbits. Sev- 
eral of the substances studied possessed a 
high order of progestational activity. This 
activity was not related to either androgenic 
or anabolic potency of these compounds. Of 
the compounds studied 1 7-butenyl appeared 
to be the most potent, possessing about 1 0  
times and 2 J 4  times the actkit\- of proges- 
terone in intrauterine and systemic assays, 
respectively. 2.  I'rogesterone-like activity of 
these 19-nortestosterones was further demon- 
strated by the ability of some members of the 
series to maintain pregnancy in ovariectom- 
ized rabbits. 
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Effects of Aldosterone and Desoxycorticosterone on Tissue Electrolytes." 
(23064) 

* DIXON M. WOODBURY AND ALAN KOCH f (Introduced by Louis S. Goodman) 
Department of Pharmacology, University of Utah College of Medicine, Salt Luke C i f y .  

Desoxycorticosterone ( DOC has been and administration of desoxycorticosterone 
acetate (DCA).  The recent research on al- 
dosterone, the natural hormone whose actions 

mimics, has revealed not only quanti- 
tative but also qualitative differences between 
the 2 steroids( 1 ) .  Inasmuch as the major 

used in replacement therapy for adrenal in- 
sufficiency for more than 20 years. A major 
portion of research on the salt-retaining func- 
tion of the adrenal cortex has consisted in a 
comparison of the effects of adrenalectomy 

*This study was supported by a grant from Satl .  biO1ogical Of these compo'lnds probably 
Inst. of ?&urologica] Dkea*s and Blindness and by is to modify transport, it seemed 
funds provided under contract wibh the USAF School 

t Public Health Research Fellow of N. Heart Inst. 

of interest to compare the effects Of the 
of Aviation Medicine, Randolph Field, Texas. steroids on cellular ion transport systems, 

For this purpose, the effects of administra- 
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TABLE I. Effect of DCA and Aldosterone on Total Electrolytes and Water in  Plasma, Brain, and 
Muscle of Mice.“ 

Plaslllx Brain Muscle 
S a  K C1 Na K C1 Na K C1 

H,O, $% -mEq/l-, H,O, % niEq/kg wet tissue H,O, % mEq/kg wet tissue 

Controls 93.13 159.0 3.83 123.4 79.76 42.43 105.5 28.69 76.44 23.88 108.7 15.84 
k . 2 5  k 3 . 8  k . 2  2 .9  k .55  e . 8 5  1 . 8  21.40 2.11 2.04  +.3 e . 3 3  

DCA 93.12 163.2 3.37 122.5 80.34 44.65 109.2 29.40 76.61 27.46 109.6 14.93 
2.01 21.8 e . 0 7  2 . 2  k . 0 3  2 .14  e.1 5.12  2 . 1 3  k1.28 k3 .3  k .12  

A1dOstt’- 92.71 169.8 3.71 125.3 79.88 44.17 107.3 30.00 76.74 26.07 113.8 18.39 
r01w k . 3 4  k 5 . 2  9 .25  k1 .3  2 . 5 9  1 . 9 0  2 . 8  2 . 1 6  21.03 k .44  k2 .7  k1 .95  

TABTAR IT. Eft& of DCA and Aldosterone on Extracellular and Intracellular Distribution of Electro- 
lytes and Water in  Brain and Muscle of Mice.” 

r ~ Intrncellular concentra tion --> 
Extracell. In t r  ace11 . 

c:1 *pace, 54 H,O, 7 mEq/kg cell water -7 Intracell. Extracell. 
N a  K Na K 

Rr:iin Musele Brain Muscle Brain Muse. Brain Muscle Brain Muscle Brain Muscle 

Controls 20.59 11.40 59.17 65.04 15.0 8.2 177.0 166.5 12.0 20.4 45.6 42.8 
k1.22 +.30 21.75 k1.96 24 .5  -1-1.4 k3 .9  +.3 +3.9 23.8 23.6 22 .5  

I 

DCA 21.22 10.80 59.12 65.81 15.7 14.3 1.83.4 166.1 10.7 12.0 53.5 48.5 
2 . 0 8  2 .09  1.05 k.04  2 . 7  -1-2.4 k.1 25.1 k . 6  f2.1 21.0 k . 5  

rone -1.24 -+l.lCi k . 8 4  -1-1.13 e . 2  k3.6  1 1 . 3  k7 .0  2 . 7  237.4 23 .7  k1 .4  
Aldosttl- 21.09 12.92 58.79 63.82 12.7 5.49 181.3 177.5 13.7 56.0 47.9 46.8 

* V:tlues given are inem k stand. error. 

tion of aldosterone and DCA on electrolyte 
composition of plasma, brain, and muscle 
were determined. 

Nethods. Thirty-six mice (Carworth 
Farm, CF #1 strain) weighing between 35 
and 45 g were divided into 3 approximately 
equal groups. The groups consisted of ( 1 )  
controls, (2)  animals given DCA, and ( 3 )  
animals given aldosterone. All groups were 
injected by the subcutaneous route once daily 
for a period of 4 days; the control group re- 
ceived 0.1 ml of isotonic sodium chloride solu- 
tion containing “Tween 80,” the DCA group 
received 0.5 mg of DCA suspended in the 
same vehicle, and the aldosterone group$ re- 
ceived 20 pg of aldosterone dissolved in 0.1 
ml of isotonic sodium chloride solution for 3 
days and 8 pg of aldosterone on the last day. 
Sixteen hours after their terminal injection, 
the mice were anesthetized with 2.4 mg pento- 

$ T8he authors wish to express their appreciation to 
Dr. R. E. Knauff, Upjohn Co. for the gift of aldo- 
sterone. 

barbital sodium (about 60 mg/kg) , blood was 
drawn from the inferior vena cava into hepar- 
inized syringes and immediately centrifuged, 
and cerebral cortex and hind leg muscle were 
collected in tared bottles after blotting to re- 
move superficial blood. Electrolyte deter- 
minations were performed on pooled samples 
comprising the plasma or tissue from 4 mice. 
The content of water, sodium, potassium, and 
chloride was determined in plasma, brain, and 
muscle samples according to methods previ- 
ously described ( 2). Intracellular water and 
electrolyte concentrations were calculated by 
the method of Hastings and Eichelberger (3 ) .  

Results. The data obtained are summar- 
ized in Table I, which presents the analytical 
results for total plasma and tissue electro- 
lytes, and Table 11, which presents the cal- 
culated intracellular values. The adminis- 
tration of DCA resulted in an elevation of 
Na concentration and a lowering of K con- 
centration in plasma, chloride concentration 
was unchanged. In brain, chloride space, 
which is assumed to measure extracelhlar 
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volume, was unchanged. The concentration 

ratio of brain Xa ( 2) did not change sig- 

nificantly. whereas the concentration ratio of 

brain K ( --:) was markedly elevated. I n  
K c 

A,. muscle, -- was elevated, despite a reduction 

of -. The reduction in the concentration 

ratio of muscle S a  was related to a significant 
elevation of intracellular S a  concentration. 

Aldosterone elevated the plasma S a  con- 
centration markedly and lowered the plasma 
K concentration slightly. In  brain. aldoster- 
one did not affect the chloride space: it low- 
ered intracellular S a  concentration and 

Sa,, K,. 
slightly raised -- and -. In muscle, al- 

Sa , .  Kl. 
dosterone definitely lowered intracellular S a  

S a c  
and markedly increased - ratio. and K ac- 

Sa, ,  
cumulation occurred. although only to a niod- 
erate degree. 

Discussion. The important effects of the 
2 steroids on cellular electrolytes may be 
stated briefly. DCA elevated the K ratio 
without changing the S a  ratio significantly in 
brain, whereas in muscle, the K ratio was ele- 
vated only slightly and the S a  ratio was re- 
duced. In contrast, aldosterone elevated I( 
and Na ratios in both brain and muscle. The 
absence of an effect of DCA on brain Xa dif- 
fers from previously reported findings and 
may be presumed to be related to the short 
period of treatment and the low dose used. 
In sufficient dosage, DCA produces a definite 
dcgease iv , intracellular Xa and an increase 
* in .- the Na ratio in brain(4.5). 

The unequal partition of electrolytes across 
nerve and muscle membranes is consequent 
to active extrusion of Na from cellular fluid 
(6 ,7) .  Further, evidence is accumulating 
which indicates that this extrusion is not a 
simple ion pump, but that it is linked in some 
way to K influx. Thus, both in frog muscle 
and invertebrate nerve, i t  has been shown 
that Na efflux is reduced in the absence of ex- 

K, 
Sa ,  

Sa, .  

ternal K( 8,9). More indirect evidence for 
such a coupled system has been obtained in 
mammalian spinal motoneurons ( 10) and in 
cerebral cortex.$ Accordingly, i t  would be 
predicted that the administration of an agent 
that enhances ion transport would cause in- 

creases in - and - in both brain and 

muscle. 
It is evident that aldosterone fulfills these 

predictions and there seems to be no difficulty 
in accepting the role of this hormone as a 
substance that promotes ion transport. In 
the case of DOC, although the effects on brain 
fit into the general hypothesis, those on mus- 
cle do not. The paradoxical finding that the 
administration of ,DCA causes a decrease in 
Sa,, K, 

and a relatively minor effect on - in 
Sa,. K, 
muscle has been noted by previous authors 
( 11.12) and is corroborated by the results 
presented here. 

Either of 2 proposed mechanisms could be 
advanced to explain the. effect of DOC on 
muscle electrolytes. It is possible that DOC 
simply acts differently on muscle than on 
brain and that its actions on muscle cause a ,  
reduction of electrolyte transport. It is also 
possible that the synthetic steroid is suf- 
ficiently different chemically from aldosterone 
that, although it mimics the hormone at  some 
sites, i t  has no direct action on muscle. If 
this is the case, the variations in electrolyte 
composition which are observed after DCA 
administration must be secondary to its ef- 
fects a t  other sites. Thus, the administration 
of DCA causes a loss of K from the body 
through both the kidney and the gut(12-14) 
and. as a result, plasma K concentration falls. 
Inasmuch as the membrane potential deter- 

mines - rather than the cellular K concen- 

tration and inasmuch as Plasma K concentra- 
tion falls, K would be expected to shift from 
muscle cells into the extracellular fluid. The 
K ratio would either remain constant or be 
elevated slightly even though K has been lost 

Xa, & 
Sa,  Ke 

& 
K c, 

$ Unpublished observations. 
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from muscle. In  association with this loss of 
K, muscle cells would gain Na, as demon- 
strated by the work of Heppel( 15,16). This 
hypothesis, that the changes in muscle elec- 
trolytes observed after the administration of 
DCA result from an indirectly induced K 
loss and not from a direct effect of the steroid 
on the muscle membrane, could be tested in 
several ways. An indirect method would be 
the examination of the changes in muscle 
electrolytes induced by aldosterone and DCA 
in animals in which plasma K concentration 
is not allowed to fall. The observations of 
Ferrebee et al. ( 11 ) indicate that the adminis- 
tration of K salts prevents DCA-induced Na 
accumulation in muscle and may be taken as 
supportive evidence for the second hypothesis. 
A more direct test would be the measurement 
of muscle membrane potentials after treat- 
ment with each of the two steroids. In  this 
connection, preliminary findings of J. W. 
Woodbury and KochO show that the resting 
potential of isolated frog sartorius muscle is 
unchanged by immersion in Ringer's solution 
saturated with DCA. 

Thus, several independent lines of evidence 
suggest that DOC is devoid of direct effect 
on muscle and that the changes in muscle 
electrolyte composition which are observed 
are the passive result of actions of the steroid 
at other sites. In  contrast to this, aldosterone 
appears to be capable of enhancing electro- 
lyte transport a t  all sites which have been 
studied. 

Summary. Plasma, brain, and muscle 
electrolytes were determined in mice given 
DCA and aldosterone. DCA increased the 

concentration ratio of K ( 2 ) without af- 

fecting the ratio of Na in brain; it 

increased the concentration ratio of K moder- 
ately in muscle and decreased the concentra- 
tion ratio of Na. Aldosterone increased con- 
centration ratios of Na and K in both brain 
and muscle. An explanation of this difference 
in the effect of the ltwo steroids on skeletal 
muscle electrolyte is proposed. 
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