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ABSTRACT 

Diphenylhydantoin has no effect 04 the+activity 

of human myocardial microsomal (No , K ) - ATPase 

or on the inhibitory action of ouabain. 

There is now a great deal of evidence that microsomal (Na+, K+) - ATPase 

supports the activity of the sodium pump (1). In vitro, digitalis glycosides cause a 

characteristic inhibition of the activity of the enzyme in microsomal preparations taken 

from a wide variety of tissues including the myocardium (2 - 6). Toxic doses of digitalis 

have been shown to cause a loss of potassium from the heart in man and animals (7 - 9) an 

action which is consistent with the effects of inhibiting the sodium pump. 

Clinically, diphenylhydantoin has been found to be of value in the treatment of 

dysrhythmias caused by digitalis intoxication (10 - 13) and, more recently, Helfant et al. 

(14) have shown that in dogs the reversion of the dysrhythmias induced by digitalis is 

accompanied by a reversal of the myocardial loss of potassium. These authors have suggested 

that the diphenyl hydantoin acts on the myocardial cell by reversing the inhibition of 

Waft K+) - ATPase caused by digitalis. 

We have tested this hypothesis by studying the effects of diphenyl hydantoin sodium 

on human myocardial microsomal (Na+, K+) - ATPase in vitro. 
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EXPERIMENTAL 

The enzyme preparation has been made from post mortem material using a technique 

similar to that published previously (15). The assay mixture contained: 3m M Mg C12; 

1OOm M NaCl; 1Om M KCI; 2m M ATP (di sodium salt adjusted to pH 7.4 with Tris) and 

5Om M Tris - HCI buffer pH 7.4 in a total volume of 1 ml. The difference between the 

activity found in the above system and one containing ld’M ouabain was taken as the 

#la+, K’) - ATPase activity. Both reactions were started after 5 minutes pre-incubation 

at 37oC with 0.08 mg microsomal protein. The reaction was stopped with 0.2 ml perchloric 

acid after 30 minutes incubation at 37oC. The release of inorganic phosphate was 

measured by a modified method of Berenblum and Chain (16). Protein was determined by 

the method of Lowry et al. (17). 

The results are expressed as/u moles inorganic phosphate I iberated/hour/mg protein. 

RESULTS 

The figures shown in thetables are the means of three parallel experiments. Table 1 

TABLE 1. 

Effects of various concentrations of Diphenyl hydantoin on 

Human Myocardial microsomal (Na+, K+) - ATPase and Mg*- ATPase 

Results expressed asp moles inorganic phosphate liberateed/hour/mg protein 

Concentration of 

diphenyl hydantoin 
(Na+, K’) - ATPase Ms *- ATPase 

0 3.95 1.38 

1 O-4M 3.92 1.51 

1 O-3M 4.05 1.44 

1 O-2M 3.86 1.43 
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shows the Mg 
++ 

and (Na+, K+) activity of the preparation with and without 

diphenyl hydantoin. Diphenylhydantoin had no effect on (Na+, Kf) or Mg +’ ATPase 

activity. Table 2 shows the inhibitory effects of ouabain in various concentrations on 

the (Na+, K+) - ATP ase activity of the preparation with and without diphenylhydantoin. 

Diphenylhydantoin has no influence on the inhibitory action of ouabain. 

TABLE 2. 

The effect of Diphenylhydantoin on the inhibition of 

Human Myocardial microsomal (Na+, K+) - ATPase by Ouabain 

Results expressed as/ moles inorganic phosphate I iberated/hour/mg protein 

Ouabain Activity without 

concentration diphenylhydantoin 

0 1.48 

1 O-6M 0.94 

1 O-5M 0.79 

1 d4M 0.00 

Activity with 

1 r2M diphenyl hydantoin 

1.48 

0.96 

0.80 

0.00 

DISCUSSION 

We conclude from these experiments that the action of diphenylhydantoin on the 

cardiac dysrhythmias and loss of potassium caused by digitalis glycosides is not mediated 

by any influence on myocardial microsomai (Na+, K 
+ 

) - ATPase. 

Similar studies (18) have recently shown that diphenylhydantoin has an inhibitory 

action on microsomal (No+, K+) - ATPase prepared from rat and guinea pig brain, an 

action which may be related to the anticonvulsant properties of the drug. The present 
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studies indicate that such an effect does not necessarily apply to tissues other than brain. 

ACKNOWLEDGEMENT 

We thank Dr. J.A.L. Gorringe of Parke Davis and Company for the gift of 

diphenyl hydantoin sodium. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

J.C. Skou, Prog. Biophys. molec. Biol . , 14, 131 (1964) 

J.V. Auditore and L. Murray, Arch. Biochem. Biophys., 99, 373 (1962) 

A. Schwartz, Biochem. Biophys. Res. Commun., 9, 301 (1962) 

K.S. Lee and D. H. Yu, Biochem. Pharmacol . , lF, 1253 (1963) 

K.G. Kennedy and W.G. Nayler, Comp. Biochem. Physiol., 16, 175 (1965) 

T. Nakao, Y. Toshima, K. Nagano and M. Nakao, Biochem. Lphys. Res. 
Commun., 19, 755 (1965) 

H. K. He/lens, T. J. Regan, F. N. Talmers, R.C. Christensen and T. J. Wada, 

J. clin. Invest., 35, 310 (1956) 

T. J. Regan, F. N3almers and H.K. Hellens, J. clin. Invest., 35, 1220 (1956) 

B. Rayner and M. Weatherall, Brit. J. Pharmacol . , 12, 371 (1957) 
H. Bernstein, H. Gold, L. Tzu-Wang, S. PappelbauF V. Bazika and E. Corday, 

J. Amer. Med. Ass. 191, 695 (1965) 

R. D. Conn, New EngrJ. Med., 272, 277 (1965) 

G.C. Ruthen, Amer. Heart J., 70775 (1965) 

M. G. Moshal, M. Nellen and PTFolb, South African med. J., 41, 389 (1967) 

R.H. Helfant, M.A. Ricciutti, B. J. Scherlag and A.N. Damato2mer. J. 

Physiol . , 214, 880 (1968) 

K. Gibsonand P. Harris, Cardiovascular Research, 2, 367 (1968) 

I. Berenblum and E. Chain, Biochem. J., 32, 286 0938) 

0. H. Lowry, N. J. Rosebrough, A. L. Farrand R. J. Randell, J. Biol . Chem., 193, - 
265 (1951) 

18. M.D. Rawson and J. H. Pincus, Biochem. Pharmacol., “, 573 (1968) 

REFERENCES 

78 


