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Effect of Quinidine, Ouabain, and Corticosteroids on Muscle Sodium, 
Potassium, and Water Content." (27492) 

K. KLEIN, R. GANELIN, PATRICIA ZELKOWITZ, PATRICIA HAYS A N D  

Department of Pediatrics, University of Pittsburgh Medical School and Children's Hospital 
of Pittsbtrrgh, Pa. 

CATHERINE RICHARDS 

The effect of various drugs and physical 
agents on rat muscle electrolytes and water is 
being studied in an attempt to explain their 
actions when administered to humans with 
the several variants of familial periodic par- 
alysis. Investigation of the effect of external 
cooling on rat muscle has furnished a possible 
explanation for the paralytic effect of cold in 
the hyperkalemic variant of familial periodic 
paralysis ( 1 :2 ) . 

The present report concerns the action on 
muscle water and electrolyte content of quini- 
dine, ouabain, ACTH, cortisone and triamci- 
nolone (9-alpha fluro- 16-alpha hydroxypred- 
nisolone). The effects of quinidine and oua- 
bain, or other agents of the digitalis group, on 
cardiac muscle electrolytes have been re- 
ported, but very limited and contradictory re- 
sul ts are available concerning skeletal muscle 
changes (3,4). 

Skeletal myopathies have been produced as 
toxic reactions in humans and animals given 
large doses of certain corticosteroids( 5,6,7). 
Excessive digitalis has been reported to have 
produced parlaysis in a young girl with rheu- 
matic heart disease(8). Two patients with 
a newly recognized syndrome of periodic par- 
alysis associated with premature ectopic ven- 
tricular beats have been seen recent1y.t In 
this syndrome digitalis precipitates skeletal 
paralysis. 

White male rats, 
140 to 2 0 0  g, were employed in groups of 6 in 
this study. Three to 4 groups were studied 
per experimental run. Standard rat chow 
and distilled water were allowed ad lib. Con- 
trol animals were injected with olive oil or re- 
ceived no injections. All injections were 
given subcutaneously in the back in 0.5 ml 
volumes. Muscles were removed under pen- 

Material and methods. 

* Supported by N.I.H. grant, P.H.S. 
t R. Klein, unpublished observation. 

tobarbital anesthesia 4 and 24 hours after the 
single injections and 24 hours after the last 
of multiple injections. Quinidine sulfate, 10- 
30 mg, was administered in propylene glycol, 
ouabain, 0.2-0.4 mg, cortisone acetate, 2.5- 
5.0 mg, and triamcinolone, 4 mg in olive oil. 
ACTH, 2.5-5.0 mg, was administered in 0.9% 
saline. 

The methods of processing and analyzing 
the muscle have been described( 1). In es- 
sence, the water content was determined as 
the difference between wet weight and dry 
weight after drying to constant weight in an 
105°C oven. The fat was extracted with 
petroleum ether and the redried muscle 
weighed once again. Nitric acid digests of 
the tissue were then made. Sodium and PO- 
tassium concentrations were determined on 
appropriate dilutions with a flame photometer. 
Chloride was determined by a Cotlove chlori- 
dometer. Serum electrolytes were determined 
by the same methods without preparatory 
treatment of the serum. 

Chloride in the muscles was assumed to be 
extracellular. Intracellular sodium and water 
were calculated as reported previously (2 ) .  

Results. The mean concentrations of water 
and sodium, potassium and chloride are re- 
ported in the tables per 100 g of dry fat-free 
solids (DFFS) and concentrations of intra- 
cellular sodium and potassium are also re- 
ported per liter of intracellular water. Mean 
values for all the control animals are given 
in Table I, Section A. Since there was some 
variation in control values between experi- 
mental runs, each treatment group is com- 
pared with the control groups measured si- 
multaneously. 

No difference in weight was noted between 
control animals and animals treated with any 
of the agents for one day or less. Animals 
treated with cortisone and ACTH for 3 days 
or more gained 5-10 g less than the untreated 
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animals, and the animals given triamcinolone 
actually lost 10-30 g .  The weight gain of 
animals given ouabain or quinidine was occa- 
sionally slightly less than that of the controls. 
The weight change of individual animals did 
not correlate with presence or degree of 
change in muscle contents. Measurements at 
4 hours after single injection of one of the 
drugs never differed from those 24 hours after 
a single injection and these results have been 
combined. 

Mean serum values for control animals 
were sodium--143, chloride--1 05 and potas- 
s i u m 4 . 5  meq/l. Concentrations in sera 
from the treated animals did not differ from 
these values. 

Muscle analyses 4 to 24 hours after single 
dose of quinidine revealed a significant differ- 
ence from control values only in the calcu- 
lated intracellular sodium which was de- 
creased, whether expressed per hundred gram 
DFFS or per liter of intracellular water (p< 
.01). The mean total sodium per hundred 
grams DFFS was the lowest of any group ex- 
cept the triamcinolone. The mean potassium 
per hundred grams DFFS was the highest 
noted. Neither measurement was significantly 
different from the simultaneous controls al- 
though the differences from the overall group 
of controls would be significant. 

After 3 to 5 days of quinidine treatment, 
muscle analyses revealed no differences from 
those of normal control rats save for increased 
muscle water. 

A single injection of ouabain was associ- 
ated with marked depression of water and po- 
tassium contents and concomitant increases 
in sodium content. When the same dose of 
ouabain was repeated for 3 to 5 days, these 
differences disappeared or were no longer sta- 
tistically significant. Fig. 1 illustrates differ- 
ences from control values for water, sodium 
and potassium of animals treated with single 
or multiple injections of ouabain and quini- 
dine. 

Administration of ACTH produced no sig- 
nificant changes in muscle content of electro- 
lytes or water, 

The only statistically significant difference 
from control values after a single injection of 
cortisone was the decrease in calculated in- 
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FIG. 1. Shaded area encompasses range of 2 SEM 
on either side of mean. Results from treated 
animals are presented in boxes representing means 
A 2 SEM. Results are plotted using control mean 

as a base line. 
FIG. 2. Construction is identical with that in 

Fig. 1. 

tracellular sodium concentration. On the 
other hand, when cortisone was given for 3 
to 5 days, intracellular sodium content did not 
differ from the normals but intracellular po- 
tassium content was significantly depressed. 
In  addition, muscle water was significantly 
less than that of control animals. 

The effect of triamcinolone did not vary 
whether the drug was used for one, 2, 3 or 5 
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days. The muscle content of both cations 
and water was significantly less than that of 
controls. Fig. 2 illustrates the differences 
from control values for animals treated with 
single or multiple injections of cortisone and 
t r iamcinolone. 

Discussion. The acute effects of ouabain 
and quinidine were qualitatively predictable 
from reports of their effects on cardiac mus- 
cle but the changes were surprisingly great. 
Muscle water and potassium were less and 
sodium more after one injection of ouabain. 
The effects of quinidine were in the opposite 
direction though not all were statistically sig- 
nificant. Aikawa et QZ. reported no diminution 
in muscle water content with digitalis ( 4 ) .  
Gertler et al. did not comment on this al- 
though in their experiment the cardiac water 
per kilogram of fat-free tissue was less for 
digitoxin-treated animals than for controls 
( 3 ) .  The lack of significant differences from 
the controls after 3 to 5 days of treatment in 
this study may have been the result of a 
compensatory reaction or may have been sec- 
ondary to drug toxicity. A1 though obviously 
sick animals were removed from the study, 
some of the treated animals gained slightly 
less weight than did control animals. On the 
other hand, the dosages roughly approximated 
those used with other animal species for 7 to 
10 days without toxicity and with demon- 
strable changes in cardiac muscle sodium and 
potassium. 

It would appear that the primary action of 
cortisone on muscle results in sodium leaving 
the cell. The reverse of this effect with po- 
tassium and water leaving the cell in animals 
treated 3 to 5 days might be secondary to 
toxicity from the drug. On the other hand, 
it could be explained by the separate effects 
of steroid directly on the muscle membrane 
and on the kidney. This was suggested by 
Woodbury to explain the divergent action of 
DOC and aldosterone in mice (9).  Four days 
treatment with aldosterone produced an ele- 
vated muscle potassium content without sig- 
nificant change in sodium. DOC, on the other 
hand, resulted in an increased intracellular 
sodium and no change in potassium. Wood- 
bury suggested the possibility that DOC had 
no direct effect on the muscle and that its 

renal sodium-retaining effect secondarily 
raised muscle sodium. This explanation could 
be adapted to suggest that cortisone acts di- 
rectly on the muscle membrane to cause so- 
dium to leave (and probably potassium to en- 
ter) the cell. This would explain the effect 
of a single injection. If the renal effect be- 
came predominant, the findings after 3 to 5 
days of cortisone administration could be ex- 
plained. This reasoning could also be offered 
to explain the changing effect of ouabain and 
quinidine with changing duration of treat- 
ment. 

Triamcinolone showed no reversal of effect 
in times and doses employed. Possible fail- 
ure of more prolonged treatment to accom- 
plish this need not necessarily suggest lack of 
dichotomy in the action on renal and muscle 
membranes but might merely indicate contin- 
uing predominance of the muscle effect of the 
very large doses. 

In all these experiments there was a ten- 
dency for muscle water to vary directly with 
muscle potassium. Thus potassium concen- 
tration per liter of intracellular water tended 
to deviate less from the control value than po- 
tassium concentration per 100 g DFFS with 
either increasing or decreasing potassium con- 
centration. 

A single injection of ouabain 
depressed rat muscle water and potassium, 
and increasd its sodium contents. Quinidine 
acted reciprocally but only the depression of 
intracellular sodium was statistically signifi- 
cant. Muscle analyses after 3 to 5 daily in- 
jections revealed no significant changes from 
control values. Single injections of cortisone 
also depressed intracellular sodium, but daily 
injections for 3 to 5 days were associated with 
loss of water and potassium from the muscle 
with a return to normal sodium concentration. 
These animals when treated for 3 to 5 days 
gained less weight than did untreated animals. 
Triamcinolone in single or multiple injections 
produced marked depressions of muscle water, 
sodium and potassium. Animals treated with 
this agent for more than 2 days lost weight. 

Summary. 
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Studies on 'Regulation of Plasma Iron in Dogs with Turpentine 
Abscesses. (27493) 

JONAS M. GOLDSTONE,* IRVING KUSHNER AND JOHN W. HARRIS 
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Hypoferremia occurs acutely in both man 
and animals as a result of sterile or pyogenic 
inflammation( 1,2). The drop in plasma iron 
occurs within the first 24 hours after onset of 
inflammation and persists for the duration of 
inflammation. It has been shown that radio- 
active iron administered to animals with 
acute inflammation in amounts exceeding the 
iron binding capacity of the circulating plas- 
ma is taken up largely by the reticulo- 
endothelial systems of the liver and spleen 
(3 )  as is the iron of senescent red cells(4). 
The studies by Freireich(4) indicate that 
during acute inflammation there is a defect 
in the release of iron from the tissues to the 
plasma. The mechanisms responsible for 
these changes in iron metabolism and for the 
resulting hypoferremia are unknown. This 
phenomenon-a local inflammatory process 
acting at  a distance upon target tissues-sug- 
gested that a humoral factor might mediate 
the alterations in iron distribution responsible 
for this hypo ferremia. 

Preliminary investigations by Cartwright 
et  al. ( 1 )  suggested that the sterile empyema 
fluid produced in a dog by intrapleural instal- 
lation of turpentine induced a lowering of the 
plasma iron when injected into normal dogs. 

*This investigation was carried out during the 
tenure of a Postdoctoral Fellowship from Nat. 
Inst. of Allergy and Infect. Dis., U.S.P.H.S. This 
investigation was supported in part by a U.S.P.H.S. 
research grant from the National Advisory Counci!, 
Arthritis and Metab. Dis. 

This report and the above considerations 
prompted a search for a potent circulating 
factor in dogs with subcutaneous turpentine 
abscesses which would be capable of lowering 
the plasma iron of normal recipient dogs 
when administered in relatively small vol- 
umes. 

Materials and methods. Sterile abscesses 
were produced in mongrel dogs (weighing ap- 
proximately 1 1  kg) by subcutaneous injection 
of 2 ml of turpentine at the base of the scap- 
ula. Blood was collected in acid citrate-dex- 
trose solution from normal dogs and from 
dogs with sterile abscesses, and plasma was 
separated by centrifugation at  3000 rpm at  
room temperature. Jf not used at once, 
plasma was frozen and stored at -20°C. 

The animals were in the fasting state at 
time of injection of turpentine, collection of 
blood and infusion of plasma. Bacterial cul- 
tures of plasma used for infusion were nega- 
tive. Recipient animals did not have post in- 
fusion pyrexia or other ill effects. Plasma 
iron levels were determined by the method of 
Schade et aZ.( 5 ) .  

Results. Fasting morning serum samples 
were obtained from 3 normal dogs over a 15- 
day period and iron levels were determined. 
The results are shown in Fig. 1 .  A marked 
fluctuation in iron level was noted; in one 
case as much as 200 p g  per 1001 ml from one 
day to the next. 

In another series of experiments, 45 ml of 
acute phase plasma (approximately 8% of re- 




