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Abstract: 

Increased exposure to magnetic emissions by wireless devices and use of magnetic fields in the treatment of neurodegenerative disorders such as Parkinson’s disease raise the issue of possible benefits and risks of magnetic excitation on biological systems. The present study offers a novel approach to study the effects of magnetic exposure on neurotransmitter secretion through the use of targeted magnetic fields and ion-specific frequencies. Based on the cyclotron resonance model which allocates a specific frequency range for the selective movement of biologically relevant ions, we predicted that frequencies that only mobilize CA2+ ions would induce changes in neurotransmitter secretion. Biological preparations included primary dissociated adrenal chromaffin cells, good models for the study of catecholamine exocytosis. Carbon fiber amperometry and 

whole-cell patch clamp were used to monitor neurotransmitter release and Ca2+ influx. Chromaffin cells in physiological saline and Ca2+-free medium were exposed for 5 min to a 2.7 µT magnetic field, with frequency sweeps of 30-60 Hz (targeting many ions) and 44-48 Hz (targeting Ca2+ ions). Cells were then stimulated with 

80 mM K+, and exocytosis monitored using amperometry in physiological saline. Magnetic exposure increased catecholamine quantal size (non-exposed controls: 330,000 ± 37,000 (mean ± s.e.m.) molecules; 30-60Hz group: 566,000 ± 48,000 molecules; 44-48Hz group: 506,000 ± 45,000 molecules) and event width (controls: 0.0739 ± 0.0053 sec; 30-60Hz group: 0.0957 ± 0.0063 sec; 44-48Hz group: 0.099 ± 0.0059 sec); and decreased interspike interval (controls: 3.488 ± 0.6165 sec; 30-60Hz group: 3.3263 ± 0.8545 sec; 44-48Hz group: 

1.31129 ± 0.1295 sec; n=controls: 45 cells, 1,087 quanta; 30-60 Hz group: 66 cells, 1,694 quanta; 44-48 Hz: 46 Hz, 1,517 quanta). In Ca2+-free medium, there were no differences in response between exposed and non-exposed cells. Thus, extracellular Ca2+ was necessary for the observed effects. Whole-cell patch clamp showed magnetically exposed cells had a higher Ca2+ influx (174.1 fC/pF for non-exposed controls; 253.6 fC/pF for 

30-60Hz, p<0.05 by 1-way ANOVA, n=12 cells per group). Furthermore, it was found that Mg2+-specific frequency exposure (74-78 Hz) resulted in a decrease in amplitude (controls: 11.29 ± 1.35 pA; 74-78 Hz group: 6.94 ± 0.48 pA) and interspike interval (controls: 1.88 ± 0.26 sec; 74-78 Hz group: 1.34 ± 0.10 sec; 

n=controls: 168 cells, 6,595 quanta; 74-78 Hz group: 124 cells, 3,593 quanta). The recorded effects were again abolished in Mg2+-free medium. As the magnetic fields used in this study are significantly below safety limits as per the International Commission on Non-Ionizing Radiation Protection, the findings raise questions on the effects of low strength, low frequency magnetic fields on cell viability, particularly neuronal viability. An increase in catecholamine quantal size and frequency could lead to neurotoxicity via increased free oxygen radicals and oxidative stress.
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