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A relationship between potassium metabo- 
lism and the cardiac effects of digitalis has 
long been recognized. In isolated heart mus- 
cle preparations, digitalis action can either be 
enhanced or inhibited by appropriate changes 
of potassium concentration ( 1 ) . A number of 
investigators have reported that orally admin- 
istered potassium temporarily abolishes elec- 
trocardiographic manifestations of digitalis in- 
toxication in patients (2,3). Whether these 
represent transient pharmacologic effects or 
physiologic restitution of intracellular potas- 
sium depletion has not been established. Re- 
evaluation of certain clinical observations in 
terms of pre-sent understanding of electrolyte 
distribution suggests that diminution of myo- 
cardial potassium Concentration alters the re- 
sponse of the heart to digitalis. Increased 
sensitivity to digitalis to the point of toxicity 
is encountered after mercurial diuresis, acute 
myocardial infarction, pulmonary embolism, 
acute infections, etc. In each of these cir- 
cumstances, negative potassium balance has 
been observed either as a result of a mercurial 
induced loss(4) or as a part of the bodily 
response to acute stress( 5 ) .  Similarly, the 
normal! in contrast to the failing, heart is 
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resistant to  the development of signs of digi- 
talis intoxication. Recent work( 6) confirms 
the older observation( 7) that the failing heart 
is depleted of potassium to an extent which is 
dependent upon the degree of myocardial in- 
sufficiency. 

The present study is an attempt to deter- 
mine whether alterations in digitalis sensitivity 
can be demonstrated following changes in 
potassium metabolism encountered clinically. 

Material and methods. The subjects were 
10 patients in various stages of congestive 
heart failure who were maintained on a low 
sodium (20-25 milliequivalents) diet. During 
the control period, in 6 of the patients, the 
threshold of mild toxicity to a rapidly acting 
digitalis preparation, ouabain or acetyl stro- 
phanthidinO was determined. The electro- 
cardiographic criteria of digitalis toxicity were 
ventricular extrasystoles, impairment of 
auriculo-ventricular conduction, or alterations 
in the pacemaker. The short acting glyco- 
sides facilitate early electrocardiographic rec- 
ognition of digitalis toxicity and permit repe- 
tition of studies a t  more frequent intervals. 
When acetyl strophanthidin was used, a test 
dose of 0.6 mg was first given. Then, after 
lapses of at least 48 hours, a second dose of 
1.2 mg was injected, and if no toxic signs 
appeared, a final dose of 1.8 mg was given. 
Electrocardiograms were taken continuously 
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Ouabain was administered as follows: after 
two 0.25 mg doses, given at  a 30 minute in- 
terval, 0.1 mg was injected every 30 minutes 
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until signs of mild toxicity were noted. Before, 
and 5 minutes after each injection of ouabain, 
2 minute electrocardiographic records were 
obtained. After the final dose, which pro- 
duced evidence of toxicity, similar frequent 
electrocardiographic records were taken for at 
least 2 hours. A similar technic with the same 
glycoside was used to test digitalis sensitivity 
after the induction of alterations in body 
potassium by either of the following pro- 
cedures: in four patients (H.D., A.R., H.S., 
S.S.) by the adlministration of the mercurial 
diuretic Thiomerin, after 3 days of pretreat- 
ment with ammonium chloride, which is 
known to promote increased urinary potas- 
sium excretion(9), and in 2 (G.R. and LC.) 
by the administration of desoxycorticosterone 
acetate (DCA).B In 2 other patients (W.E. 
and A.F.) who had been depleted of potassium 
by vomiting, diarrhea and malnutrition, digi- 
talis sensitivity was tested with subtoxic doses 
of acetyl strophanthidin. Other experimental 
details are discussed below. 

Blood electrolyte levels and 24 hour urine 
excretions of creatinine, sodium, chloride and 
potassium were determined. Chemical analy- 
ses were performed by the following methods: 
chlorides by Van Slyke’s modification of Sen- 
droy ’s iodometric technic ( 10) , sodium and 
potassium on a lithium internal standard flame 
photometer ; and creatinine by Peter’s modi- 
fication of the Folin-Wu procedure ( 11 ) . 

Results. In each case with significant shifts 
of potassium changes in digitalis sensitivity 
were observed (Table I). The gross K bal- 
ance indicated in Table I refers to changes in 
urinary potassium excretion, which was rela- 
tively constant before the experimental pro- 
cedures employed to remove or replace body 
potassium. 

In patient H.D. an 83 milliequivalent loss 
of potassium after ammonium chloride and 
Thiommin, without any significant changes in 

9. Gamble, 3. L., Chemical Aptatomy, Physiology 
and PathoEogy o f  ExtracelluEar Fluid, Harvard Uni- 
versity Press, Cambridge, Mass., 1950. 

ll Supplied by Schering Corp. 
10. Van Slyke, D. D., and Hiller, A., J .  Biol. 

11. Peters, J. H., J .  Biol. Chem., 1942, v146, 179. 
Chem., 1937, v167, 107. 

the serum potassium concentration, was as- 
sociated with markedly increased sensitivity 
to acetyl strophanthidin. In contrast, the 2 
patients (H.S. and S.S.) in whom these diu- 
retics induced no increase in urinary potas- 
sium excretion, failed to develop any signs of 
digitalis overdosage. 

In  patient A.R. after diuretics, 0.7 mg of 
ouabain produced toxicity. However, after 
daily oral administration of 100 milliequiva- 
lents of potassium citrate for a week, 1.3 mg 
of ouabain were required to achieve the same 
effect. Moreover, there was not only an in- 
crease in the threshold for digitalis toxicity, 
but also a marked reduction in the duration of 
toxic manifestation. Over a 2 month period 
patient A.S., while on a constant maintenance 
dose of digoxin, consistently developed severe 
toxicity the day following diuretic therapy. 
Oral administration of 67 m.eq. of potassium 
citrate on days when mercurials were given, 
prevented all signs of her usual toxicity 24 
hours later. 

Increased sensitivity to digitalis was ob- 
served in patients G.R. and L.C. after the 
daily administration of 20-25 mg of DCA for 
four and ten days, respectively. In patient 
G.R., who was on a complete metabolic bal- 
ance study, an 85 m.eq. potassium loss was 
sustained during the period of DCA admin- 
istration. In  patient L.C. there were no 
demonstrable changes in potassium excretion. 

There was no consistent lowering of serum 
K levels in any of these patients in whom 
potassium loss was induced and digitalis sensi- 
tivity was enhanced. One (A.F.) of the 2 
patients with malnutrition and gastrointes- 
tinal potassium loss was hypokalemic, where- 
as the other (W.E.) had a normal serum 
potassium concentration. Nevertheless, both 
exhibited profound digitalis sensitivity. In 
patient M.F., bigeminy due to an overdosage 
of digitalis could be abolished by oral potas- 
sium and reinduced by mercurial diuresis. 
Nine days after discontinuing digitalis, when 
diuretics no longer produced ventricular extra- 
systoles, 50 g of glucose and 25 units of in- 
sulin were injected intravenously over a 15 
minute period. The resulting decrease in 
serum potassium from 4.1 m.eq./l to 3.0 
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m.eq,/ 1 was associated with the development 
of severe digitalis toxicity, which was abol- 
ished by a single oral dose of 130 m.eq. of 
potassium citrate. She received no more digi- 
talis and 6 weeks later was fibrillating with a 
ventricular rate of 150. At this time. re- 
peating the same intravenous dose of glucose 
and insulin induced no signs of toxicity. 

This study suggests that de- 
pletion of potassium increases the sensitivity 
of the heart to digitalis. The absence of 
signs of digitalis overdosage when mercurials 
did not produce an increase in potassium ex- 
cretion demonstrates that the mercurial itself 
is not the responsible agent in those instances 
in which toxicity does ensue, Ordinarily, the 
reduction of ventricular extrasystoles after 
oral potassium begins within 30 minutes, is 
maximal a t  2 hours, and subsides within 4 to 
8 hours(3). This transient effect of K in the 
usual case with more persistent signs of digi- 
talis overdosage may represent the continuing 
operation of the factors which initially pro- 
duced the underlying intracellular potassium 
depletion. If potassium intake is maintained 
at  a high level. there may be no recurrence of 
ventricular extrasystoles. In patient -A.S., 
however, signs of digitalis intoxication oc- 
curred only after mercurial induced potassium 
loss. It is noteworthy that when the latter 
was corrected by orally administering potas- 
sium on the day of diuresis the digitalis in- 
duced premature beats usually occurring 24 
hours later, did not develop. 

From the present data, it would appear that 
the increased myocardial sensitivity to digi- 
talis observed after potassium losses probably 
results from alterations in intracellular potas- 
sium distribution. Changes in extracellular 
potassium concentration probably are not of 
primary importance, since there were no sig- 
nificant changes in serum K levels in all but 
two of the patients. The decreased tolerance 
to digitalis observed after DC.4 was not ac- 
companied by a demonstrable increase in 
potassium excretion in one of two patients. 
Vnless there is a synergism between this ster- 
oid and digitalis( 12), the altered digitalis sen- 

12. Zwemer, R. and Lowenstein, B. E., Science, 

Discussion. 

1940, V91, 76. 

sitivity in this case may be a reflection of a 
shift in myocardial potassium(l3). I n  re- 
lation to total intracellular potassium, such 
shifts of cardiac electrolyte, leading to the 
altered response to digitalis, may be too small 
to be measured by available technics. 
.\ similar shift in myocardial potassium dis- 

tribution may be involved in the electrocar- 
diographic signs of digitalis intoxication ob- 
served after glucose and insulin when patient 
M.F. was still digitalized. The marked drop 
in serum potassium may have promoted a 
decrease in that fraction of myocardial potas- 
sium which is involved in the production of 
extrasystoles. In  patients who had never re- 
ceived any digitalis, analogous electrocardio- 
graphic changes have been observed without 
any previous digitalis therapy, after shifts of 
potassium induced by glucose injection in pa- 
tients with hypokalemia( 14) or familial per- 
iodic paralysis( 15), or by prolonged DCA 
administration ( 16). 

In  all previous studies, including our own, 
the influence of possible simultaneous changes 
in distribution of water and electrolytes other 
than potassium cannot be ruled out. How- 
ever, in preliminary experiments performed 
by one of us (B.L.) with Merrill in Boston it 
has been possible to control these variables. 
With the artificial kidney, by the selective 
removal of potassium, digitalis toxicity has 
been induced in digitalized patients, and then 
abolished by the restoration of the removed 
potassium. Further studies are in progress. 

Summary and conclusion. 1. I n  a series of 
patients in congestive failure, potassium de- 
pletion, either occurring spontaneously with 
malnutrition and gastrointestinal disorders or 
induced by mercurial diuresis after pre-treat- 
ment with ammonium chloride, was found to 
be associated with increased sensitivity to 
digitalis. 2. In  2 patients a similar decreased 
threshold of digitalis toxicity was observed 
after daily doses of 20 mg of desoxycorticos- 

13. Darrow, D. C., and Miller, H. C., J .  Clin. In- 

14. Gass, H., Cherkasky, M. and Savitsky, N.: 

15. Weston, R. E. and Mark, H., Unpublished Ob- 
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servations. 
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tmone acetate for 4 to 10 days. 3. In one 
digitalized patient, digitalis toxicity was pre- 

potassium were observed in 8 of 10 patients. 

cipitated by intravenous injection of insulh The authm gratefully acknowledge the advice 
and interest of Dr. Louis Leiter, and the technical 
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velopment of hypokalemia. 4. It is suggested 
that this increased myocardial sensitivity to 
digitalis probably results from alterations in 

significant changes in serum (or extracellular) 
intracellular potassium distribution since no Received March 27, 1951. P.S.E.B.M., 1951, V76. 

Hair Loss from Squalene." (18637) 

PETER FLESCH. (Introduced by P. Gyorgy) 
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In previous reports the reversible local de- 
pilatory action of the intermediary polymers 
(cyclic dimers) of chloroprene was described 
( 1,2). These compounds, when applied to the 
skin of laboratory animals, caused localized 
temporary cessation of hair growth with 
marked thickening of the epidermis and 
anomalous keratinization (3) .  In  vitro the 
dimers inactivated the free sulfhydryl groups 
of glutathione and of tissue homogenates in 
amounts which corresponded well with the 
in vivo depilatory concentrations. We have 
attributed the sulf.hydry1 inactivating action 
of the dimers to the unsaturated bonds in the 
molecule which alkylate the -SH group ac- 
cording to 'the equation: -CH = CH- + 
RSH- RS-CH-CH2-. The theory was 
advanced that naturally occurring unsaturated 
compounds may owe their effect upon kera- 
tinization to a similar chemical reaction (4). 
Such a compound is vit. A, a polymer of 
isoprene ; isoprene differs from chloroprene 
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in having a CH3 group in place of the C1 
atom of chloroprene. W e  have confirmed 
previous findings Ithat vit. A, in addition to 
causing generalized hair loss in animals( 5-7) 
and human beings( 8-10), has a distinct local 
depilatory effect(4,ll). However, vit. A had 
no demonstrable effect on free sulfhydryl com- 
pounds in vitro and it is possible ,that its 
depilatory action is due to a metabolic break- 
down product. 

The present paper deals with the localized 
reversible depilatory effect of another natural- 
ly occurring isoprene polymer, squalene. 
Squalene, an unsaturated hydrocarbon, is a 
normal component of human sebum( 12) and 
therefore it may have a direct effect on 
normal, as well as pathologic, hair forma- 
tion in man. 
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