Low Frequency Magnetic Fields — Induced Analgesia
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It was first reported in 1984 (Kavaliers et al 1984) that extremely low frequency magnetic fields
(ELFMF) abolished the enhanced nocturnal analgesic response to morphine in mice. Then
Kavaliers and Ossenkopp (1993) demonstrated that repeated naloxone treatments and exposures
to a 0.1mT 60-Hz ELFMF induced analgesia in snails. Betancur et al (1994) found similar
effects when mice were exposed to a static field (3-4mT) but the effect was dependent on
simultaneous exposure to full spectrum light. Prato et al (1997) confirmed the effects of light
modulation when exposure was to ELFMF (30 — 120 Hz, 40 — 280 uT). In 2000 Del Seppia et al
demonstrated that an acute exposure to shielding from ambient magnetic fields could also reduce
stress-induced analgesia while Choloris et al in 2002 not only replicated this effect of ambient
magnetic field shielding but also showed evidence that it was due to the shielding from the
ambient ELFMF and not the shielding from the ambient static geomagnetic field. In 2005 Prato
et al demonstrated that daily repeated magnetic field shielding induces analgesia similar to
repeated exposures to ELFMF (Kavaliers and Ossenkopp 1993). Koziak et al (2006)
demonstrated that this induced analgesia from repeated exposure to a shielded environment is
abolished by exposure to full spectrum light. More recently Prato et al (2009) have shown that
this effect of light on the effects of magnetic field shielding is wavelength and intensity
dependent. In fact the wavelength and intensity threshold effects are very similar to the effects of
light exposure on the ability of animals to use the geomagnetic field for orientation. Interestingly
the work (Thomas et al 1997) has shown that acute exposures to pulsed ELFMF can have
analgesic effects (See Del Seppia et al 2007 for an excellent review of this literature).

The physical detection mechanism for these analgesic effects has been extensively investigated
for the case of exposure to ELFMF above ambient (Prato et al 2005). The cumulative evidence
from a series of experiments involving approximately 6,000 snails suggested that the effects are
most consistent with the predictions of Lednev’s parametric resonance model (PRM) (Lednev et
al 1996, Prato et al 2000) which has some interesting similarities to the radical pair mechanisms
but involves ions in protein wells rather than electron transitions (Prato et al 1996a). However
this model does not explain light dependence.

The physical detection mechanism for these analgesic effect has been extensively investigated
for the case of repeated exposure to shielding from ambient magnetic fields. This is important as
this work strongly suggests that mice respond to a 50Hz magnetic field with a peak magnetic
field of 120 nano Tesla. This field intensity is comparable to that which most of the human
population is exposed to as a by-product of the generation, distribution and use of electrical
power. Experiments presently underway in the ELFMF and low frequency ranges from
nanoTesla to microTesla strengths suggest that the effects are inconsistent with iron particle
detection (e.g. magnetosomes/magnetite) and the free radical mechanism. Surprisingly, an
induced current mechanism is consistent with the data collected to date (Johnsen and Lohmann
2008).



In this tutorial this work will be reviewed and the need for future experiments on biophysical
detection mechanisms emphasized. Of paramount importance is the need for experiments in
humans to investigate if magnetic field shielding has similar effects to that seen in mice. Do
humans respond to 50Hz, 120 nanoTesla fields!?
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