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-CI-IANGES IN THE ELECTROCARDIOGRAMS OF RATS AND DOGS 

EXPOS.ED TO DC MA.GNETIC FIELDS 

An evaluation of cardiovascular performance in 
magnet.1c fields (MF) is being undertaken. Exposure of 
experimental animals to D.C. MF is achieved at_the Magnetic. 
Testing Facility (MTF) a.t Berkeley. The MTF permits the 
bioassay of MF from 0.5 to 22,000 gauss. Cardiovascular 
performance is evaluated as a-function of the MF strength. 
Since the vector characterislics of MF may be a factor 
influencing cardiovascular. function, the positional 
arrangement of an.imals in a MF is being tested. In practice, 
ea~h test animal is in~erted between the poles of a magnet 
in a selected orientation that locates the heart in the 
center of the MF. The ·electrocardiogralTl. (ECG) is mea.sured 
with platinllI!l.needle electrodes attached to the animal. 
The ECG is recorded before, during and following the 
application of a MF. The interval between summits of the 
R waves allows the average heart rate to be obtained. The 
average respiratory rate measured from the baseline 
shifts in the ECG trace. The amplitudes of the P, Q, R, 
Sand T waves are taken from the ECG records, as well as 
the P-Q intervals. Rectal temperature is measured with a 
non-magnetic thermistor. · 

The major change in the ECG pattern induced by a 
MF is an increase in the amplitude of the T wave·of rats and 
dogs. This is a confirmation of the observation first made::_ 
by Beisher and Knepton (Aerospace Medicine 35: 939-944, 
1964) on squirrel monkeys in which a 70,000gauss field 
caused about an 80 percent rise in the T wave. In our rat 
study a·20,ooo gauss field increased the T wave by about 
450 percent; the dog's T wave was increased 750 percent 
by a 16,000 gauss field. These biomagnetic effects appear 
to be reversible. 

Our experiments with rats and dogs were designed to 
test for the presence of a magnetic sfrength threshold (MST) 
to evoke T wave enhancement. MST is defined as the minimum 
number of gauss to produce a measurable change in the T wave 
amplitude. .The MTS is 3. 0 kgauss for rats and O. 9 kgauss 
for dogs.· These are average MST values from experiments on 
12 rats and 2 dogs. 

In eight newborn rats from 3 to 7 days old, augmentation 
of the T wave was found to be greatest when the lines of 
the MF were perpendicular to the long axis of the body and 
least when parallel. Hence, the orientation of the subject 
in the MF influences the ECG profile. 
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SUM.Ml-\RY 

Electrocardioqrams (EC(:;) of the rat (Fig. 1) · and 

the dog (Fig. 2) support the finding of Beischer and Knepton 

(1954) that the T wave amplitude is enhanced in a magnetic 

field (MF). Beischer and Knepton (ibid.) ·reported that 

70 kgauss induced about an 80 percent increase in the 

squirrel 1:1onkey's T wave. In our studies we found that 

20 kgauss augmented the T wave by 450 percent in the rat 

(Fig. 3,) • In the dog we found a great.er susceptibility 

to y,.p; a 16 kqc:1_uss field increased. the beagle's T wave 

ar.iplitude by 750 percent (Fig. 4). The quantitive descrip

tion of the relationship between _the MF strength and the 

rise in the T wa~e for the rat and dog are original findings. 

That is, this information is not present in the research 

litera~ure for any species. 

Our experiments with rats and dogs were designed 

to search for the presence of a magnetic strength threshold 

(HST) . In these ECG studies MST is defined as the mini.mum 

magnetic strength, in gaus~, to produce a change in the 

T wave armlitude. The MST to generate an augmented. T wave 

is 3000 gauss for rats and 850 gauss for dogs. T0ese MST 

values are averages from experiments on 12 rats and two 

dogs~ To our knowledge, ~ST for the T wave biomagnetic 

effect are new contributions which are mentioned here for 

the first time. 

The P and QRS complex of the ECG traces in MF 

remained unaltered for rats and dogs. The dramatic charige 
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in.the T wave amplitude as· a consequence of M.F exposure 

appears to be completely reversible. 

Average heart rate values of rats were ·obtained.from 

an 11 sec ECG record. The average heart rate was 360/min 

during the control interval. This heart .rate remained 

unchanged until the MF strength reached 3 kgauss, 2t 

which time the heart rate increased to 403.6/min, or a 12.l 

_percent se over control values. As the M.F strength 

increased from 3 to 20 kgauss the heart rate remained at 

about 404/min. When the MF.was switched off, the average 

heart rate was 37O.9/min, or 3 percent more than control 

values. 

The average breathing rate of rats was calculated 

·from the same 11·sec ECG record used to estimate average 

heart rates. Rats had an average breathing ~ate of 92.7 

breaths/min during the control period. The breathing rate· 

remained at this level until MF strength exceeded 10 kgauss. 

The average breathing rate vras 109 .1 breaths/min (a 17. 7 

percent increase over control values) for the. MF strength 

range 12 to 20 kgauss. Breathing became irregular at MF 

strengths between 20 to 22 kgauss. The average breathing 

rate at.22 kgauss was 98.2 breaths/min or a 5.9 percent 

increase. over control activity. The loss·of a regular.cyclic 

br~athing pattern at MF strengths of 20 to 22 kgauss is a 

readily observed change in the ECG traces, while the shift~ 

in the average breathing rate are a subtle effect. One 

minute after the MF was turned , the average breathing 

rate was 5 percent larger than pre-exposed values. In 

2. 



general, the. heart rate a.nd the breathing rate returned to 

pre-exposure levels within 3 to 4 minutes after the MF 

was removed. The changes in the.heart rate and breathing 

rate observed here on rats exposed to MF is not in agree

ment with changes reported by Beischer.and Knepton (1964) 

on the squirrel monkey. 

In newborn rats from 3 to 7 days old, augmentation 

of the T wave is found t6 be best with the long axis of the 

b<?fiy perpendicular to the lines of the MF. When. the long 

axis of the body is parallel to the lines of the MF, 

· T wave enhancement for .a given MF strength is reduced. 

Thus, ·subject orientation is a factor of importance to be 

considered in these biomagnetic studies concerned with 

cardiovascular performance. 
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Legends 

Fig. l Electrocardiograms of a rat (adult, -female 

Buffalo) prior to a magnetic -field exposure (control state)~. 

during exposure to magnetic field strengths 6f 10.6, 15~2 

and 20.2 kgauss, and immediately after the magnetic field 

is turned off. 

Fig. 2 Electrocardiograms of a dog (adult, male Beagle} 

in· the pre-exposure or control state, during exposure to 

magnetic field strengths of 5.1, 9.5 and 16.2 kgauss, and 

promptly after cessation of the_magnetic field exposure. 

Sodiun. pentobarbital commonly induces arrhythmia. in dogs. 

Fig. 3 The percent increase in the T wave of an adult 

rat is a measure oft.he T wave amplitude in the magnetic 

field compared to the pre-exposure .(control) T wave 

amplitude. Magnetic field strength (kgauss) is measured 

at the level of the rat's heart. 

Fig. 4 The percent increase in the T wave of an adult 

dog is a measure of the T wave anplitude in the magnetic 

field cor:1.pared to the pre-exposure (control) T wave 

amplitude. Magnetic field strength· {kgauss) is· measured 

at the fevel of the dog's heart. 
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