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Quantitative Analysis of the Effects of Hypokalemia on the Transmembrane Potential of Mice Cardiomyocytes. Yang Suyu, Gao Qian,
Yan Li, et al. Department of Physiology, Institute of Basic Medical Sciences Chinese Academy of Medical Sciences, School of Basic Medicine
Peking Union Medical College, Beijing 100005 ,China

Abstract Objective To investigate the effects of hypokalemia on the transmembrane potentials of cardiomyocytes, aiming to clarify
ambiguous understandings and the detailed effects of hypokalemia on myocardial electrophysiology. Methods Isolated left ventricular pa-
pillary muscles of C57BL/6J mice were used as a model. The transmembrane potentials of ventricular myocytes were recorded intracellu-
larly using the standard microelectrode technique, and extracellular K * concentrations (in mmol/L) were set at 5.4 to 3, 2, 1 and 0.
Results Low extracellular potassium showed bidirectional effects on the resting potential (RP) : RP increased significantly when extracel-
lular K* concentration was reduced to 3mmol/L (P =0.000) , RP increased first and then decreased when extracellular K* concentrations
was reduced to 2, 1, and Ommol/L (P =0.000). Three mmol/L extracellular K* increased the action potential amplitude (APA) and
the maximal depolarization velocity ( Vmax) , and shortened the action potential duration (APD) at APD10, APD20, APD50 and APD90,
but prolonged the overall APD mainly due to a longer APD tail (APD90 — APD100). APA and Vmax decreased dramatically, and the AP
shape became a ‘ pygmy’ type configuration when extracellular K* concentration was at 2mmol/L. The excitability of cardiomyocytes di-
minished when extracellular K* concentrations was at 1 or Ommol/L. In addition, early afterdepolarization and triggered activities with two
configurations were observed during low extracellular K* and also showed dose — response and time — response relationships.
Conclusion Extracellular low potassium has bidirectional effects on the RP,APA and Vmax of ventricular myocytes. Mild low potassium
(K" 3mmol/L) increases the values of above three parameters, but severe low potassium (K* 2mmol/L or lower) decreases the three pa-

rameters. Low potassium accelerates early repolarization of action potential but slows down late repolarization. Extream low potassium (K *
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Immol/L or lower) abolishes cell excitability. Moderate to severe low potassium may induce early afterdepolarization and consecutive

triggered activities. The latter is likely the tachycardia at the cellular level, but does not mean that working cardiomyocytes have

acquired autorhythmicity. The study clarifies some ambiguous understandings on the electrophysiological effects of hypokalemia on cardio-

myocytes.

Key words Hypokalemia; Cardiomyocytes; Resting potential; Action potential; Triggered activity
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