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lesions; a t  the same time it produces pro- 
nounced fluid-accumulations in the periton- 
eum, pleura and subcutaneous tissues, with 
multiple hemorrhages, nervous disturbances 
and a high mortality. The syndrome is re- 
garded as essentially similar to that previ- 
ously produced by other investigators through 
combined treatment with DOCA and renin. 
The ability of thyroxin to produce cardiac 
and renal damage under these conditions- 
unlike the comparable effects of STH-is 
not prevented by adrenalectomy. 
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The effect of steroids upon tissues other 
than the components of the pituitary-adrenal 
and renal axis has been studied by many 
workers, including Ingle, Szego and Eisen- 
berger (1-3) .  Previous studies(4,S) have 
shown that under certain conditions proges- 
terone and cortisone exert a negative inotropic 
action ( i .e .  contractility) on the heart. With 
a simple electronic system perfected in this 
laboratory, we have measured a previously 
unreported inotropic effect of 9-alpha fluoro- 
hydrocortisone$ (9-a FF) on isolated cat 
papillary muscle. This synthetic hormone 
was chosen for this study because of its 
marked mineralocorticosteroid and glucocorti- 
costeroid activity (6). 

Methods. The cat papillary muscle prepa- 
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ration employed was that first described by 
Cattell and Gold( 7). Cats anesthetized with 
ether were killed by cardiectomy. At least 2 
and sometimes 3 papillary muscles, varying 
from 2-15 mg in weight, were removed from 
the right ventricle. These muscles were in- 
dividually dissected, leaving the chorda ten- 
dinae and some valvular tissue attached to 
one end, and a tab of myocardium to the 
other. The papillary muscle was thus iso- 
lated without causing tissue injury. A hook, 
which also served as one electrode on a muscle 
holder, was placed through the chorda ten- 
dinae. From the other end of the muscle a 
suture attached to the papillary: myocardia1 
juncture was tied to an extension on the pin 
of an electronic transducer tube (RCA 5734). 
The transducer tube transformed slight me- 
chanical displacements into electrical poten- 
tials which were in turn picked up by a di- 
rect-writing Smborn EKG instrument. A 
control and a treated muscle were stimulated 
in two identical chambers which were at- 
tached to the electronic system in such a man- 
ner that both control and experimental ob- 
servations could be recorded simultaneously. 
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TABLE I. Results Obtained with 9-alpha fluorohydrocortisone. 
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:> chiinistra tion. 

Kre bs- Ringer bicarbonate solution enriched 
with dextrose was used as the perfusing me- 
dium. The perfusing solution in which both 
the control and experimental muscles con- 
tracted contained 0.1 ml/'liter of carrier-free 
Na22 (half-life 2.6 years).$ A mixture of 
957% O2 and 5% CO, was bubbled through 
the buffer by means of a sintered glass filter 
fixed to the base of the muscle chambers, 
The muscles were stimulated throughout the 
experiment at  60 times per minute and main- 
tained at  a constant temperature of 38°C and 
recordings taken at intervals. 9-a FF in small 
amounts (0.5-1.0 pg. ml as indicated in 
Table I ) ,  was added to the buffer bathing one 
of the muscles. At the conclusion of an ex- 
periment, the muscles were carefully dis- 
sected from the chorda tendinae and myo- 
cardial tab, washed and weighed rapidly then 
digested in H2S04 and the total radioactivity 
determined in a well counter. The uptake of 
isotopic S a  was expressed in counts sec.., G. 
and then in terms of the ratio of radioactivity 
of the samples treated with 9-a FF to that of 

$ Specific activity = 496 mc/G., (<0.02 yg/ml) ; 
contaminating Na = 0.52y/liter ; (a negligible quan- 

the control samples. 
Results. Fig. 1 shows the effect of adding 

9-a FF to the perfusing fluid of 7 muscles, 
(see Table I, expt. 1-7) .  The average values 
of these 7 experiments are plotted in terms of 
% height of the initial contraction and were 
measured at  intervals throughout the experi- 
ments. The broken line represents data from 
the treated samples and indicates a marked 
positive inotropic effect on comparison with 
mean control values represented by the solid 
line. 

Results from individual experiments are 
tabulated in Table I. The positive inotropic 
effect is demonstrated in each experiment 
upon the addition of 9-a FF. Furthermore, 
the Na2? content of each treated muscle was 
increased on comparison with its control from 
the other chamber. 

These data are presented as 
evidence that marked positive inotropic ac- 
tivity is exhibited by a steroid substance, 
other than the glycosides or aglycones. In 
addition, it has been shown that under the 
influence of 9-a FF, measurable changes in 
isotopic sodium content take place in the con- 

Discussion. 

tity in a buffer containing 140 mEq/L. of sodium). tracting muscle. The possibility that the in- 
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FIG. 1. Epper curve shows positive inotropic ac- 
tion when 9-a FF is added. Vertical lines repre- 
sent calculated stand. error. Lower curve shows 

the mean of 11 control experiments. 

crease in counting rate of muscles treated with 
9-a FF might represent an exchange was con- 
sidered. However, it does not seem likely 
that the concentration of intracellular sodium 
in heart muscle, which has been reported to 
be from 13.7 to 22.9 mM/K (rat)(8), could 
show an apparent rise to values which in some 
cases are over % that of the buffer (140 
mEq./L.), by a process of exchange alone. 
Unfortunately, we were unable to obtain di- 
rect chemical measurements on the sodium 
uptake because of the minute size of the mus- 
cles studied. It is possible that part, or all 
of this increase in the treated muscles is a 
reflection of a marked rise in the intramuscu- 
lar extracellular fluid. The high sodium con- 
tent of the controls is in agreement with the 

observation by Reiter(8) that exercise in- 
creases the sodium content of heart muscle. 
In  addition, Fliickiger and VerzAr (9) have 
presented evidence that steroid effects on glu- 
cose metabolism may be associated with the 
regulation of muscle electrolyte content. 
Present work in this laboratory is aimed at 
establishing the microanatomic site of this 
change in electrolyte distribution and to de- 
cide whether this change represents the muse 
or the effect of the reported positive inotropic 
action. 

Szmmary. ( 1 )  A new method is described 
for quantitating inotropic effects in the cat 
papillary muscle preparation. (2) When 9- 
alpha fluorohydrocortisone (9-a FF) is added 
to the perfusate in a concentration of 0.5 to 
1.0 pg/ml there is observed a direct effect on 
the muscle as manifested by a marked posi- 
tive inotropic action and an increased uptake 
of radioactive Na. 

We wish to thank members of the Radioisotope 
Service of the Denver V. A. Hospital for their tech- 
nical advice and the use of their counting equipment. 
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