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In  recent years, considerable attention has 
been devoted to the possibility that the ac- 
tions of cardiac glycosides may be related to 
effects upon the electrolyte content of the 
myocardium. Several investigations( 1-6) 
have indicated that a loss of potassium from 
the myocardium occurs in presence of toxic 
concentrations of these drugs. Other studies 
have demonstrated inhibition by cardiac gly- 
cosides of potassium uptake by red blood 
cells( 7,8) and skeletal muscles(9). It is not 
clear, however, if the positive inotropic action 
of cardiac glycosides is also associated with 
a change in intracellular potassium concen- 
tration. We have, therefore, investigated the 
effect of both “therapeutic” and toxic con- 
centrations of ouabain upon intracellular po- 
tassium content of isolated, contracting myo- 
cardium. 

Methods. Ventricle strip preparation. 
Strips were prepared from the right ventricu- 
lar wall of hearts of male guinea pigs (150- 
250 g) and stimulated a t  a frequency of 100/ 
min. a t  37.5”C. in a bicarbonate medium 
(pH 7.4) gassed with 1 % C02-99% 0 2  mix- 
ture as described previously ( 10). 

Determinatim of extracellular space. Ven- 
tricle strips were equilibrated in medium con- 
taining 1% (w/v) inulin (dissolved by gen- 
tle heating) for the 3 hour experimental pe- 
riod. Tnulin content of the blotted tissue 
was determined by the method of Ross and 
Mokotoff ( 1 1) , adapted to approximately 50 
mg of wet tissue, and extracellular (inulin) 
space then calculated. 

Determination of potassium. At the con- 
clusion of the experimental period, the ven- 
tricle strips were blotted with filter paper, 
weighed and total water determined by dry- 
ing at  110°C. Each strip was then digested 
for 10 minutes with 1.5 ml of 0.75 N HN03 
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in a boiling water bath(3). The extracts 
were filtered and potassium determined with 
a Baird Atomic KE’ flame photometer em- 
ploying an internal lithium standard. Intra- 
cellular potassium concentration was calcu- 
lated from the determined values of total 
water, extracellular space, total potassium 
and potassium concentration of the medium. 
Intracellular potassium concentration was de- 
termined for each strip, using the correspond- 
ing mean extracellular space values for strips 
in the absence of drug or which had been ex- 
posed to ouabain a t  various concentrations. 

Experimental procedure. Control strips 
were set up and stimulated for 3 hours, then 
extracellular space and potassium content 
were determined. Recause of their small size, 
separate strips were used for determination 
of potassium and extracellular space. Other 
strips were stimulated for a 2-hour period, 
ouabain was then added and the strips were 
stimulated for an additional hour after which 
extracellular space and potassium content 
were measured. 

Results. Ouabain at  a concentration of 
0.16 pg/m1 produced a marked increase in 
the force of contraction without any evidence 
of toxicity (e.g., spontaneous beats or in- 
crease in resting tension). Maximum increase 
in force (Table I) usually occurred within 
about one-half hour and was sustained dur- 
ing the remainder of the experimental period 
(one hour after addition of ouabain) . A simii- 
lar response occurred to a somewhat higher 
concentration of ouabain (0.33 pg/ml) , al- 
though 3 of a total of 1 7  strips showed evi- 
dence of toxicity (Table I) a t  this concentra- 
tion. With a consistently toxic concentration 
of the drug (1 pg/ml) there was initially a 
large increase in force of contraction to a 
mean value of about 110% of the initial force 
just prior to the point at which spontaneous 
contractions independent of the frequency of 
stimulation first appeared (the mean time to 
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appearance of first spontaneous contractions 
was 8 minutes and spontaneous frequency 
was about 250/min). The resting tension of 
the strips began to increase greatly a t  ap- 
proximately the time of first appearance of 
spontaneous contractions, and after approxi- 
mately an additional 5 minutes all visible 
contractile activity of the muscle ceased ex- 
cept for a slight quivering motion a t  a greatly 
increased resting tension. A concentration of 
ouabain of 0.16 pg/ml, therefore, produced a 

positive inotropic response such as that which 
occurs after therapeutic doses of such drugs, 
while a concentration of 1 pg/ml led to ob- 
vious evidence of toxicity. 

The mean intracellular potassium concen- 
tration of the strips in presence of concentra- 
tions of ouabain which increased the force of 
contraction without evidence of toxicity 
(0.16 and 0.33 pgj'ml) did not differ signifi- 
cantly from that of control strips (P>O.l, t 
test). On the other hand, a toxic concentra- 
tion of ouabain (1.0 pg/ml) caused a signifi- 
cant decrease ( 2  1 % ) in intracellular potas- 
sium concentration by comparison with con- 
trol strips (P<O.Ol). Intracellular space 
was not affected by ouabain at  concentrations 
of 0.16 or 0.33 pg/ml, but was increased sig- 
nificantly ( P < O . O I )  a t  a concentration of 
1 .O pg/ml. 

Discussion. The effect of therapeutic con- 
centrations of cardiac glycosides upon potas- 
sium content of the heart has long been dis- 
puted. and a decrease, an increase or no 
change( 1 2 )  have been reported. In many of 
the studies reporting a loss of this ion, how- 
ever. clear evidence of a positive inotropic 
action without toxicity was lacking. Vick 
and Kahn(4) state that detectable losses of 
potassium from guinea pig hearts occurred 
with concentrations of ouabain producing a 
positive inotropic action. Their data showed 
a small and almost identical potassium loss 
over a wide range ( 10-75%) of positive ino- 
tropic action, but no statistical evaluation 
was presented. Later work( 5 )  indicated that 
low concentrations of dihydro-ouabain, which 
produced a substantial positive inotropic ac- 
tion. resulted in at  most a small loss of po- 
tassium for a brief period after which the 
ventricles were in potassium balance for sev- 
eral hours. Vick concluded that the positive 
inotropic action was not due to a loss in 
potassium, as several non-steroid lactones 
caused potassium loss without producing an 
increase in the force of contraction. Brown 
et QZ.( 13) have shown recently that potas- 
sium loss occurred for a brief period only 
after injection of a cardiac glycoside into the 
circulation of heart-lung preparations in 
which cardiac failure had been induced with 
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pentobarbital. The significance of this fleet- 
ing effect with respect to the positive ino- 
tropic action is unknown. There is also no 
clear evidence in the work of Hajdu(3) that 
concentrations of cardiac glycosides produc- 
ing increases in the force of contraction of 
frog heart without toxicity caused potassium 
loss, although concentrations producing con- 
tracture in 20-25 minutes did result in such 
loss. Loss of potassium occurring after ex- 
posure of guinea pig hearts to K-strophan- 
thoside was followed within a few minutes by 
contracture ( 14). 

Our studies indicate clearly that there is 
no significant change in intracellular potas- 
sium concentration or total potassium con- 
tent in the presence of concentrations of 
ouabain producing a marked increase in the 
force of contraction but no evidence of tox- 
icity. The view that an alteration in the po- 
tassium balance of the heart is related to the 
positive inotropic action is, therefore, unten- 
able in our opinion unless loss of potassium 
from only certain regions of the heart oc- 
curred, in which case such loss might not 
have been detectable when total potassium 
was determined. 

On the other hand, a significant decrease 
in intracellular potassium concentration and 
total potassium occurred in our experiments 
in presence of a toxic concentration of oua- 
bain. Loss of potassium from cardiac tissue 
after toxic doses of cardiac glycosides has 
been reported by a number of other workers 

Summary. Intracellular concentration and 
total amount of potassium in isolated guinea 

(1-6). 

pig ventricle strips in the presence of both 
therapeutic and toxic concentrations of oua- 
bain have been investigated. A concentration 
of the drug which produced an increase in the 
force of contraction without evidence of tox- 
icity did not alter either intracellular concen- 
tration or total amount of this ion in the 
heart. A toxic Concentration of ouabain which 
produced automaticity and a marked increase 
in the resting tension, followed by decline in 
force of contraction to zero, caused a mean 
decrease of 2 1% in intracellular potassium 
Concentration. 
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