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ABSTRACT 
 
CD-1 mice were placed singly in identical sham/control and µ-metal boxes both with opaque acrylic inner 
linings. Animals in sham and µ-metal boxes without internal fields were compared to animals in the µ-metal 
box, which were exposed to peak fields of 125 nT, 250 nT, 500 nT, 1.25 µT, 2.5 µT and 25 µT for 1 h/day 
during the light cycle for 5 consecutive days. Hotplate latency was tested before and after each exposure. In 
all cases, the pulsed magnetic field exposure significantly reduced or completely attenuated the magnetic 
field shielding induced nociception seen in the ‘no magnetic field’ condition. 
 
INTRODUCTION 
 
It has been recently shown that if mice are placed in an electromagnetically shielded environment for one 
hour per day, for consecutive days that analgesia is induced between days 3 – 7, peaking at day 5 [1]. This 
decreased nociception seems to be opioid medicated as it is eliminated by the opioid antagonist naloxone.  
There is also evidence that this effect is not caused by the shielding of either the ambient electric field or the 
static component of the geomagnetic field. This suggests that it may be caused by the shielding of the very 
weak ambient time changing magnetic fields primarily in the extremely low frequency (<300 Hz) range. The 
present investigation was conducted to observe the effects of exposure to an extremely weak (125 nT to 25 
µT) specific pulsed magnetic field on magnetic field shielding induced nociception in CD-1 mice. 
 
MATERIALS AND METHODS 
 
CD-1 mice were placed singly in: a) sham/control box made of opaque acrylic; or b) a µ-metal box of the 
same dimension as the sham box and lined with the same opaque acrylic. The µ-metal box was fitted with 4 
single-wound coils in a Merritt configuration. When electrically energized, they produced a horizontal 
magnetic field along the long axis of the mouse transparent acrylic cage, which had been inserted into the 
boxes within the coils.  All mice were exposed each of 5 consecutive days, and pre- and post-exposure tested 
for nociceptive latency.  Each experiment was completely randomized over 4 continuous 5 days of testing 
with the results of the four 5-day runs combined for analysis. Two separate experiments were performed.  
Five groups of animals (N=60, sham = 20, other groups = 10) were studied in which a sham group and a µ-
metal box group without internal fields was compared to 3 groups in the µ-metal box with peak fields of 125 
nT, 250 nT, and 500 nT. In the second experiment (data not shown here), the 5 groups were identical except 
the peak fields were 1.25 µT, 2.5 µT, and 25 µT.  Animals were randomly exposed to their respective 
conditions for 1 hour per day during the light cycle for 5 consecutive days.  Hotplate latency (level of 
nociception, the longer a mouse stays on the hotplate, the greater the induced nociception) was tested before 
and immediately after each exposure and was measured as the time delay (or latency time) to an aversive 



surface at 50° C.  The pulsed magnetic field parameters (except for peak amplitude) were identical to those 
known to induce analgesia in mice when the peak amplitude is 200 µT [2]. 
 
RESULTS AND DISCUSSION   
 
In all cases, the pulsed magnetic field exposure significantly reduced or completely attenuated the magnetic 
field shielding induced nociception seen in the ‘no mf’ condition. Fig. 1 details the data from experiment one.  
The data from experiment two (not shown here) continues the trend of attenuating the typical magnetic field 
shielding induced nociception (analgesia). Under shielded conditions, a 125 nT peak field produced a 
significant attenuation of analgesia equivalent to that achieved with naloxone. We estimate from 
measurements made, that the maximum time changing field from the 125 nT peak field is 2.5 x 10-4 

Tesla/sec. This is comparable to the Tesla per second produced by a 0.7 µT peak 60 Hz magnetic field. This 
suggests that delivery of therapy in an electromagnetic shielded environment could require much weaker 
fields than in an ambient EM environment. 
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Fig. 1.  Mice (N=60, sham = 20, other groups = 10) were exposed for 1 hour during the day cycle to either an 
enclosed acrylic box (sham), mu-metal mf-shielded enclosure (ambient mf attenuated by a factor of 125) 
with no added magnetic field (no mf), or a specific pulsed magnetic field at 125, 250, or 500 nT (nanoTesla) 
peak while inside the mf-shielded. In the ‘no mf’ condition, we see a typical increase of latency (sec spent on 
a 50°C hotplate before an aversive behavior, pre-exposure (open symbol) versus post-exposure (closed 
symbol)).  Error bars represent the standard error of the mean. 
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