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ABSTRACT

A magnetic field of 3100 Oe did not have a signifi

cant effect in either mice that were pretrained or in 

mice that were post-trained in a y-maze. The 4700 Oe 

magnetic field was found to have an inhibitory effect 

in both the pretrained and post-trained groups. The 

results of the study are discussed with respect to the 

physiology of learning,
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INTRODUCTION AND LITERATURE REVIEW

The study of magnetism dates back over 6000 years and 

during that time people have investigated the possible exis

tence of biological effects of magnetic fields (Barnothy 1960). 

A connection between the mysterious force of the lodestone 

(magnetite) and health has often been suspected. Paracelsus 

believed that the human body had magnetic properties and 

similar ideas occurred in medical literature of the eighteenth 

and nineteenth centuries. Others believed that some mani

festations of hysteria could be cured by magnetic fields.

Most of this early research was dominated by quackery and 

superstition and biomagnetism fell into disrepute.

In this century biomagnetism--the science of processes 

and functions in living organisms induced by static magnetic 

fields (Barnothy 1969)--has re-emerged as a valid scientific 

discipline, Today there are emerging sound observations 

and applications of magnetic interactions to biology and 

medicine. Plant growth and animal development have been 

shown to be affected by constant magnetic fields, nerves 

have been stimulated and visual sensations evoked by 

alternating magnetic fields, and the activity of nerves and 

muscles has been shown to be accompanied by transient magnetic 

fields (Kolin 1968),

Faraday presented the earliest concept of a magnetic 

field in terms of magnetic flux lines emanating from 

magnetic poles, A unit field is defined as one in which the

flux density (B), or flux per unit area, is 1 line/cm2.



The term most commonly used today for this unit field in the 

cgs-emu system is the gauss (G). Another important term in 

magnetics is field intensity (H). H means a magnetizing 

field or magnetizing force while B denotes the flux density-— 

the lines of force induced in any region by the magnetizing 

field,

TABLE 1. UNITS OF MAGNETISM

Term mksa unit cgs unit Relationship

Flux 0 weber line 1 Wb = 108 lines

Flux Density B tesla gauss 1 T = 1 Wb/m2=10UG

Field Intensity H ampere-turn/meter oersted 1 Oe = 79.58 At/m

Adapted from Abler 1969

The flux density (B) resulting from an inducing 

magnetizing field (H) depends on the permeability of the 

material (p) in which the field is induced,

1 B = Fh' a A

In a vacuum in the cgs system p = 1 and therefore 

B = H, The permeability of air at 20° C and atmospheric 

pressure is 1,000024, thus without the specimen present the 

field intensity (H) and flux density (B) in the gap or 

volume are numerically equal (Abler 1969).

Most body constituents are quite permeable to a 

magnetic field in fact so much so that the permeability Is 

almost equal to that of air. Consequently the magnetic 

field within an organism is practically the same as 

outside of it (Barnothy and Barnothy 1974).

2



A magnetic field’s strength or intensity (H) can be 

represented by the density of the lines of force. One 

line of force penetrating every square centimeter of area 

represents a magnetic field of unit intensity or one 

oersted (Oe) strength. A force of one dyne (10 5 N or 

10**5 Kg m s"2) is exerted by a field of one oersted strength 

upon a unit pole (Barnothy 1'964).

The measurable range of magnetic fields is quite 

large and extends from a few gammas (1 K = 10"5 Oe) through 

the geomagnetic field of approximately 0.5 Oe and up to 

106 Oe created by implosion technics (Barnothy £ Barnothy 1974).

In biomagnetic experiments there are various means of 

producing magnetic fields, such as by air-core electromagnets 

or solenoids, iron-core electromagnets, superconducting 

magnets and permanent magnets (Barnothy 1964).

Two types of magnetic fields exist--homogeneous and 

inhomogeneous. "The inhomogeneity of a field is charac

terized either by the gradient or by the relative 

variation of the field strength over the volume in which 

the specimen is confined" (Barnothy 1964).

Biomagnetic research can be divided into three groups-- 

sensory group, genetic-code group and stress group.

The sensory group involves those effects which seem 

to be based on a kind of sensory organ. By means of this 

organ the speciman can sense the geomagnetic field and other 

fields. Navigation by migrating birds Is based on their 

ability to orient to the geomagnetic field.

3



The second group is the genetic-code group which 

involves those effects that a magnetic field has on the 

genetic code. The magnetic field affects the quantum- 

mechanical tunneling of protons in the hydrogen bonds 

between the complementary nucleotide bases in the DNA 

molecule (Barnothy 1964).

The last group is the stress group to which belongs 

our research, This group is concerned with the effects 

caused by the many physical phenomena which occur in a 

biological system subjected to a magnetic field. The 

physical consequences will disturb the normal functioning 

of the organism thus representing a kind of stress to 

which the organism must respond and adapt. Retardation 

of growth, effect on the central nervous system, plant 

growth responses and retardation of tissue regeneration 

all belong within this group.

Magnetic field stress can produce effects similar 

to other stress factors such as heat, isolation, starvation, 

etc. In addition to the above, Barnothy (1964) stated 

that "the stress effect of the magnetic field, like other 

stress effects, will show up after a few hours, days or 

weeks of exposure to the field."

"During the last few years it has been established that 

homogeneous magnetic fields produce morphological, functional 

and behavioral changes in living organims" (Barnothy and 

Sumegi 1969). In light of these facts, research on the 

effects of a magnetic field on the nervous system has been

4



primarily centered in four areas—psychomotor, electro

physiology, conditioned reflex or classical conditioning 

and histological methods.

Friedman et al. (.1967) did biomagnetic research on 

humans in the psychomotor area. They investigated the 

effect of an artificially produced magnetic field of 

approximately 12 G on simple reaction time--a psychomotor 

task. The center of a transverse magnetic field was 

passed through the subjects cerebrum. Each subject then 

had to press and promptly release a telegraph key on a 

lapboard as quickly as possible after the appearance of 

an eye-level red light seven ft away. The reaction time 

data of the subjects is shown in Fig. 1-H. In conclusion 

after showing that their data was significant (p < 0.05), 

Friedman et al. concluded that experimentally-produced 

modulated magnetic fields can affect reaction time 

performan ce.

Becker (1969) makes note of some unpublished 

observations of Friedman and Becker in which they attempted 

to determine any electrophysiological correlates of 

exposure to magnetic fields up to 100 G. As noted earlier 

a significant difference in reaction time was found but 

not consistent alterations in electroencephalogram (EEG) 

patterns could be observed. This is incongruent with 

data reporting EEG changes in lower animals but Becker 

and Friedman were using considerably lower strength fields 

than researchers used on animal EEG patterns.

5



Effects of Magnetic Fields on Reaction Time Performance

Adapted from Friedman et al. 1967
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Fig. 2. Reaction time in
male subjects used 
as their own controls, 
Symbols as in Fig. 1.

1. Reaction time in 
male subjects. 
------ 0.2 c / s

Fig. 3* Reaction time in 
female subjects. 
Symbols as in Fig. 1.

Trial Blocks

Fig. 4* Reaction time in
female subjects used 
as their own controls . 
Symbols as in Fig. 1.
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Most experiments on the alterations of EEG patterns 

by magnetic fields involved moderate to high-strength fields 

(800-91,000 Oe). The most common change in the EEG

pattern consisted of an increase in the overall amplitude 

and an increase in the number of spindles (Becker 1969). 

Kholodov et al. (1969) observed the EEGs of 150 rabbits 

during a 1-3 min exposure to a horizontal static magnetic 

field (SMF) of 200 to 1000 Oe and they found an increase 

in the number spindles and of slow waves. Squirrel 

monkeys were exposed by Beischer to high strength fields 

and a change in the monkey’s EEG patterns was noted

(Kaufman and Michaelson 1974).

Kholodov (1964) studied the EEGs of rabbits in

relation to a SMF of 800 Oe. He found a highly signi

ficant (p <* 0.001) increase in the number of spindles 

in the frontal region of the cerebral cortex and an 

increase in the number of slow high-amplitude oscil

lations in the occipital region. These EEG patterns 

indicate an inhibitory state in the central nervous system 

(CNS).

This inhibition of the CNS was dramatized by Becker 

who was able to induce unconsciousness by placing a 

magnetic field oriented at right angles to the brainstem.

In the process the animals brainwave patterns went from 

waking to comatose (Ferguson 1973).

In the classical conditioning area of research, Milburn 

pulsed weak (2.0 Oe) magnetic fields at the heads of human
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volunteers. Some of the subjects could detect consis

tently the changes in the magnetic field (Ferguson 1973).

Extensive work on magnetic effects on conditioned 

responses has been carried out by various Russians such

as Kholodov.

In 1964, Kholodov used rabbits, fish and birds to 

investigate by a conditioned reflex method the effect of 

a magnetic field. He exposed the subjects to a 1 to 800 

Oe field for from several secs to several hrs. It was 

found that a SMF of 100 to 200 Oe strength produced 

food-seeking behavior and electrodefensive condtioned 

reflexes in fish. The pigeons proved negative in 

establishing a food-seeking or defensive conditioned 

reflexes by a SMF of 200 Oe, Kholodov repeated these 

experiments using a 200 to 300 Oe field in 1967. Again 

he came up with the same results with the additional 

fact that rabbits along with the pigeons did not acquire 

a conditioned response in the presence of the SMF (Wilson 1974).

In response to Kholodov’s failure in 1964 and 1967 

to achieve a conditioned reflex in a SMF in both pigeons 

and rabbits Kholodov et al. (1969) reached the conclusion 

that he had failed because the SMF wasn’t strong enough.

Rabbits were again used in a 1000 Oe SMF to establish an 

electrodefensive conditioned reflex. A horizontal SMF 

generated by an iron-core electromagnet was passed 

through the rabbits head for 22 secs. The magnetic 

field through the brain and an electrical stimulus to the

8
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leg were paired to acquire the electrodefensive response. 

They found that after 40 +^2.3 trials a magnetic conditioned 

reflex occurred in each rabbit. In the control group 

Kholodov et al. paired an acoustic stimulus with the 

electrical stimulus and thus acquired an acoustic condi

tioned reflex. Fig. 5 shows the comparison between acquisi

tion of electrodefensive conditioned reflex in a rabbit

to the SMF and to a sound. As can be seen from the

graph the acoustic conditioned reflex occurred earlier and 

was more stable than the magnetic conditioned reflex.

None the less, these workers proved that a SMF can 

produce a positive conditioned stimulus in rabbits though 

this reflex acts slowly because a SMF is a weaker 

stimulus than the acoustical stimuli.

Fig, 5. The formation of the electrodefensive 
conditioned reflex in a rabbit to the SMF (full 
line) and to sound (dashed line). The ordinate 
gives the number (in %) of the movemental 
reactions to the conditioned stimulus during 
one experiment; the abscissa gives the numbers 
of the experiments. Adapted from Kholodov et 
al. 1969.

In the area of histological or physiological 

magnetobiological research on the central nervous system
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it has been found that the hypothalamus is the area of the 

brain effected most by magnetic fields. Sensitivity to 

field changes can be increased many times by damage to 

the hypothalamus (Beal 1974). Kholodov (1964) found that 

a SMF acts directly on the structures of the diencephalon 

and forebrain. The hypothalamus is the floor of the 

diencephalon.

Kholodov et al. (1969) found that after a 3-min 

exposure of a 1000 Oe SMF to rabbits’ heads the number 

of staining astrocytes was increased from 9.0 ± 0.5 in 

the control to 11.7 ± 0.4 in those exposed to the SMF.

James Beal of NASA’s Space Flight Center suggested 

that external energy such as produced by a magnetic field 

may have a profound effect since each cell is a tiny 

complex electrical system (Ferguson 1973).

Kholodov et al. (1969) found that a SMF changes the 

oxidative processes in the brain. Neuroglia and neurons 

show hypoxic lesions indicating an alteration in the 

oxidative processes (Barnothy 1969).

In conclusion, many things are not known about SMF’s 

effect on the nervous system. There exist many discrepancies 

that only future research will explain. But despite

the discrepancies and questions that exist, many things 

are known:

1, A magnetic field is a weak stimulus. The 

reaction to this stimulus takes place approximately in 40 

to 70 % of all cases when a magnetic field is applied.
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2 , A magnetic field produces predominantly an 

inhibitory effect but it may also provoke excitation in 

the CNS. <

3. A SMF acts directly on the structures of the 

diencephalon and forebrain (Kholodov 1964),

4. Many effects have been found to persist for long 

periods after the termination of magnetic exposure.

5. Threshold field strengths exist below which the 

field is ineffective. This threshold field strength varies 

with the parameter under investigation (Barnothy 1969).

6. Most biomagnetic effects have a cumulative nature, 

leading to detrimental effects after long-term exposure 

(Barnothy and Barnothy 1974).

In light of the previous experiments which involved 

psychomotor, electrophysiology, classical conditioning 

and histological approaches to the effect of a magnetic 

field on the nervous system it is known that it has an 

effect. Psychomotor, electrophysiology and classical 

conditioning all involve cases where the immediate effect 

of the magnet is investigated. Only the histological 

approach investigates the effect of long term exposure 

but this is mainly from a structural approach rather than 

a behavioral approach. The next logical area to investi

gate in relation to the CNS should be a consideration of 

the long term exposure effect on a behavioral basis by 

means of learning or operant conditioning.

When approaching anything on a behavioral basis the

11



researchers want to know what the independent variable 

might do to an organism to cause it to function differently. 

Therefore, let us consider briefly the theories on the 

possible mechanisms for biomagnetic effects and delve more . 

deeply into those that most likely would be occurring in 

our method of approach.

TABLE 2. POSSIBLE MECHANISMS FOR BIOMAGNETIC EFFECTS

1, Effects on diffusion across membranes
2, Interactions with transient free radicals
3, Semiconductor effects on neuronal function
>+. Changes in the rate of hormone secretion
5. Distortion of bond angles
6. Change in rotational polarization of molecules
7. Change in the rate of quantum proton tunneling in DNA
8. Inhibition of mitosis

Adapted from Kaufman and Michaelson 197U

Russell (1969), working with invertebrate neurons 

(cockroaches), theorized that the mechanisms of neuron 

inhibition in a magnetic field may be related i) to a 

decrease in permeability of presynaptic membrane to the

transmitter substance or a decrease in the amount of

transmitter substance produced; 2) the magnetic field may 

cause increased production of an enzyme responsible for 

inactivating the transmitter substance; or lastly 3) a 

SMF may cause a change in the configuration of the 

receptor sites making a poor fit between the transmitter 

substance and the receptor sites.

Labes (1966) found that a magnetic field of 1000 G 

affects charge transport, mass transport or diffusion rate 

and the reaction rate in a biological medium.

12



Barnothy and Barnothy (197U) suggested that local ion 

concentrations, particularily Ca++, Mg++, Nat and K+, 

may be affected by SMFs and thereby influence synaptic 

transmission. This is further substantiated by Levengood 

(1966) who stated that ’’changes in local ion concentration 

are known to have pronounced effects on general cell 

morphology and cellular functions. Within a uniform 

magnetic field the force on an ion is charge times the 

vector product of velocity and field strength."

The findings of Barnothy and Barnothy, Labes and 

Russell could be applied to those of Friedman et al. (1967) 

thus explaining the increase in reaction time.

The histological changes that were observed by Kholodov 

may be explained by means of a change in the oxidative 

process of the neuroglia and neurons.

Gross’s (196U) observations that fibroblast pro

liferation and antibody production are delayed lead him 

to postulate that the

biosynthesis of large molecules is interfered 
with in the presence of magnetic fields. . . .
The elaboration of these products of biochemical 
reactions proceeds under the control of enzymes, 
themselves large molecules. In order for a 
reaction to proceed, the structure of an enzyme 
and the product of the reaction require a close 
fit in three dimensions. The magnetic field will 
act on these molecules interfering with their 
bond angles, thereby affecting their chemical 
reactions. The external magnetic field causes 
an impaired electron to assume a preferred 
orientation with respect to the magnetic field, 
which inhibits the rate of chemical reaction. 
Consequently biological processes such as the 
production of enzymes and other polymers would 
be affected and the rate at which they are 
produced altered.

13 CARROLL COLLEGE LIBRARY 
HELENA, MONTANA 59601



We must now consider how this altering of proteins 

and enzymes would apply to a psychophysiological 

approach to biomagnetism focusing on learning and memory.

Operant conditioning is one way that learning can occur. 

The operant has been defined as an emitted response that can 

be controlled by contingencies of reinforcement {Greenfield 

and Sternbach 1972). A positive reinforcement is a

stimulus which, when applied following an operant response, 

strengthens the probability of that response. Food and 

water classify as positive reinforcers for appropriately 

deprived individuals (Hilgard and Bower 1975).

From a mechanical or physiological standpoint to 

learning, an important aspect that is associated with 

the mechanism of learning is memory. Somewhere in the 

nervous system a more or less permanent record of the 

learning is stored. This record has been termed the 

engrain (Manning 1972).

Galambos (1967) stated that there are certain possibil

ities of what functions occur within the brain when learning 

occurs. Learning might be equated with synthesis of a 

unique ribonucleic acid in the neuronal nucleus, and a 

new protein inside the nerve cell—one memory, one molecule. 

On the other hand it is possible that learning is essen

tially a non-neuronal event in which experience alters 

the glial cells in some manner, the engram being stored 

in them and thereafter they instruct, control or direct 

the neurons to respond merely passively in some pattern

14



appropriate for retrieving the acquired response,

Hyden and Egyhazi in 1962 developed a theory in which 

both glial and neurons are involved; both would be altered 

by experience and a new interaction between them would 

provide the key to how learned responses are stored in 

and retrieved from the brain (Galambos 1967).

Memories remain for many years without a rehearsal 

of the information so it is plausible that a structural 

change of some permanence does happen when learning takes 

place. This structural change was explained by Flexner 

et al. (1974) who approached learning and memory on a 

biochemical basis. They suggest that protein synthesis 

plays a critical role in information storage. Beatty 

(1975) stated "the process of consolidation results in 

the formation of long term memory through the construc

tion of brain proteins."

It is in conjunction with the above theories and 

past experiments in biomagnetism that our work was 

undertaken. The hypothesis of our study was in agree

ment with the stated investigations--there will be a 

decrement in y-maze learning performance as a result of 

exposure to an electromagnetic field.

15



METHOD

SUBJECTS

Subjects (Ss) were 45 randomly-selected Rocky Mountain 

albino laboratory mice. They were divided into seven groups: 

15 in the baseline group and five each in the six experi

mental groups.

APPARATUS

The experimenters (Es) used an Ealing Improved Electro

magnet, model number, A32-3121/1. The Improved Large Elec

tromagnet is designed to provide a maximum field strength 

of 10,000 Oe at a gap of 0.5 in. Field strength was varied 

below this point by the use of an adjustable DC power 

supply. Each of the two coils has 1800 turns of #16 heavy 

Formvar copper wire covered with epoxy coating. Maximum
o

allowable temperature rise in the coils was limited to 40 C.

A cooling system was devised which consisted of a series of 

rubber hose and fitted glass joints wrapped around the coils 

and encased in aluminum foil. Cold running water was used as 

the coolant, Pole caps were used to concentrate the field 

as well as provide a more homogeneous field and allow the 

field to pass threugh the Ss brain.

The y-maze was constructed of balsa wood; the stem was 

6 x 4 in. and each of the arms was 4 x 4 in. Manually-oper

ated lights were affixed in each of the arms.

The confining glass tube was 3 crt. in diameter and 

12 cm., long.

16



Individual recording sheets with randomized left (L) 

and right (R) trials were used for each

PROCEDURE

Baseline data was obtained to see how many trials it 

took any S to reach criteria of 14/15 correct responses 

in the maze, A correct response was going from the stem 

to the correctly lighted side where a food pellet was

available,

After this baseline was obtained, 30 new Ss were 

randomly divided into the six experimental groups.

TABLE 3. EXPERIMENTAL GROUPS

Group Magnetic Field 
Exposure

Y-Maze
Training

Subj ects

A Contro1 Pretrained Al, A2, A3, A4, A5

B 3100 Oe Pretrained B6 , B7 , B8 , B9, B10

C 4 70 0 Oe Pretrained Cll, C12, C13, C14, C15

D Control Post-trained D16 , D17, D18, D19, D20

E 3100 Oe Post-trained E21 , E22 , E23, E24, E25

F 4700 Oe Post-trained F26, F27, F28, F29, F30

Groups A, B and C were food deprived to 80% ad libitum, 

with free access to water. Daily weight records were kept 

of all groups to detect any erratic weight changes between 

control and experimental groups throughout the entire 

experiment.

Groups A, B and C went through three training ses

sions in the y-maze, A training session for each S

17



consisted of two min of orientation within the darkened

maze and 15 random (L) and (R) trials in which reward 

(food pellet) was obtained when Ss went to the appropri- 

ately lighted side,

They were then exposed to the magnet by being placed 

in the glass tube, This tube had adequate ventilation 

and rise in Ss body temperature was kept at a minimum 

while confined in the tube by wrapping in a moistened 

towel. The Ss movement was kept at a minimum while in 

the tube to avoid electrical currents induced by the 

magnetic field and to allow the field to pass through 

the Ss brains bitemporally, Orientation within the 

magnetic field did not change. North was always on the 

Ss right temporal region.

Group A (A1-A5) were the controls. They had gone 

through three training sessions in which criteria were 

reached prior to being placed in the tube for six hr 

(six days, 1 hr/day) while the magnet was off. Group B 

(B6-B10) was placed in the magnetic field (3100 Oe) 

following the three training sessions in which criteria 

was reached and exposed for six hr (six days, 1 hr/day) 

for a total exposure of 18,600 Oe Hrs, Group C (C11-C15) 

was placed in the magnetic field (4700 Oe) following the 

three training sessions in which criteria were reached 

and exposed for six hr (six days, 1 hr/day) for a total 

exposure of 28,200 Oe Hrs,

Groups A, B and C then went through a test session

18



which consisted of a 2-min orientation in the darkened 

maze and 10 random L and R trials.

Groups D, E and F had no pretraining before exposure 

to the magnetic field. Group D (D16—D20) was the control 

group. These Ss were placed in the tube for six hr (six 

days, 1 hr/day) while the magnet was off. Group E (E21- 

E25) was placed in the tube and exposed to the magnetic 

field (3100 Oe) for six hr (six days, 1 hr/day) for a 

total exposure of 18,600 Oe Hrs, Group F (F26-F30) was 

placed in the tube and exposed to the magnetic field 

(4700 Oe) for six hr (six days, 1 hr/day) for a total 

exposure of 28,200 Oe Hrs,

Two days after magnetic exposure, Groups D, E and 

F were reduced to 80% ad libitum and subjected to three 

training sessions post-exposure to the magnetic field.

If any S_ did not meet criteria after three training 

sessions it was subjected to extra training sessions of 

15 random L and R trials per session until reaching 

criteria,
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RESULTS

The data is in two major areas--l) those trained 

before being exposed, Groups A, B, C (Fig. 6-9) and 

2) those trained after being exposed, Groups D, E, F 

(Fig 10-13).

A Kruskall-Wallis Test was used for statistical

analysis. This test is used to determine the signif

icance of observed differences between two or more 

independent groups. It is a nonparametric analysis of 

variance.

To determine whether or not a difference did exist 

between Groups A, B, and C an H-value was computed using 

the Kruskall-Wallis Test. The H-value computed for 

Groups A, B, C’s test session showed that there was a 

significant difference using .01 level of confidence 

between the groups because the computed value 9.30 was 

in excess of the tabled H-value, 9.21, using 12) as the 

degrees of freedom.

To determine where the difference existed, an H-value 

comparing Group A and B was computed. The H-value obtained, 

0.12, using again .01 level of confidence was not signif

icant since it was less than the tabled H-value, 6.64, 

using (1) as the degree of freedom. The data was further 

analyzed by comparing Groups A and C. This H-value showed 

there was a significant difference between Group A (Control) 

and Group C (4700 Oe) because the computed value of 7.12 

was in excess of the tabled H-value, 6,64, again using
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(1) as the degree of freedom.

Analysis of the second part of the experiment took 

place in the same manner using .01 confidence level 

analyzing the number of trials necessary to reach 

criteria. An H-value of 13.36 was obtained for Groups 

D, E, F which is significant since it is in excess of 

the tabled H-value, 9.21, using (2) as the degrees of 

freedom,

Groups D and E are identical in requiring 45 trials 

to reach criteria.

There was a significant difference between Group D 

(Control) and Group F (4700 Oe) since the computed 

H-value, 7.87, is in excess of the tabled H-value of 

6.64 using (1) degree of freedom.

TABLE 3. KRUSKALL-WALLIS ANALYSIS OF 

EXPERIMENTAL GROUPS A, B, C, AND D, E, F

Groups
Compared

H-Value Tabled
H-Value

d.f. Confidence
Level

A, B, C 9.30 9.21 2 .01

A 6 B 0.12 6.64 1 *01

A 6 C 7.12 6.64 1 .01

D, E, F 13.36 9,21 2 .01

D £ E (identical) 6.64 1 .01

D 6 F 7.87 6,64 1 .01

21



15

N
um

be
r of

 Tr
ia

ls C
or

re
ct

 
N

um
be

r of
 Tr

ia
ls C

or
re

ct
10

ig-

A1 A2 A3 AU A5 B6 B7 B8 B9 BIO Cll C12 C13 C1U C15

X = 10.0 X = 8.8 X = 9.0

6 Training Session 1 Groups A, B, C
A training session consisted of 15 trials in the 
y-maze per mouse.

X = 10.8 X = 11.8 X = 10.U

Training Session 2 
A training session 
y-maze per mouse.

Groups A, B, C
consisted of 15 trials in the
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X = 14.4 X = 14.6 X = 14.4

ig. 8 Training Session 3 Groups A, B, C
On the 3rd Training Session of 15 trials per mouse 
all mice reached criteria of 14 or 15 out of 15 trials 
correct. All mice in Groups A, B, C had learned the 
task equally well. They were then exposed to the 
magnetic fields of the following strengths. Group A - 
0 Oe (Control); Group B - 3100 Oe; Group C - 4700 Oe.

Fig. 9 Test Session Groups A, B, C
A test session included 10 trials in the y-maze per 
mouse. The test session was conducted after the mice 
had been exposed for six hours to the following 
number of oersteds: Group A - 0 Oe (Control);
Group B - 3100 Oe; Group C - 4700 Oe.
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ig. 10 Training- Session 1 Groups D, E, F
The training session took place after the mice had 
been exposed for six hours to the following magnetic 
fields: Group D - 0 Oe (Control); Group E - 3100 Oe; 
Group F - 4700 Oe. The training session consisted of 
15 trials in the y-maze per mouse.

X = 12.2 X = 11.6 X = 9,4

Fig. 11 Training Session 2 Groups D, E, F
A training session consisted of 15 trials in the 
y»maze per mouse.
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. 12 Training Session 3 Groups D, E, F
The session consisted of 15 trials in the y-maze per 
mouse. Groups D and E met criteria of 14 or 15 out 
of 15 trials correct. Group F didn’t meet criteria.

F26 F27 F28 F29 F30 F26 F27 F28 F28

Extra Session 1 Extra Session 2 Extra Session 3

Fig. 13 Extra Training Sessions Group F
Since Group F did not reach criteria at the end of 
45 trials as Groups D and E did it was necessary to 
run extra training sessions to allow Group F to reach 
criteria. The total number of trials necessary for 
each mouse in Group F to reach criteria is: F26- - 
75; F27 - 75; F28 - 90; F29 - 60; F30 - 60.
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CONCLUSION

The hypothesis was supported, A decrement in learning 

occurred as a result of SMF exposure. The electromagnetic 

field had an inhibitory effect on learning and memory.

Since Groups B and E did not significantly differ 

from the conrols, Groups A and D, it was concluded that 

the electromagnetic field of 3100 Oe or 18,600 Oe Hrs 

does not reach the threshold necessary to alter memory 

and learning. The threshold necessary to obtain results 

varies with each structure under investigation. Groups 

C and F did significantly (p < ,01) differ from the 

controls, Groups A and D, thus the threshold (T) is

assumed to be

3100 Oe < T < 4700 Oe

This adverse effect that the electromagnetic field 

of 4700 Oe or 28.200 Oe Hrs had on Groups C and F perhaps 

was due to a change in proteins and enzymes in the 

subjects brains due to a change in their bond angles 

brought about by the magnetic field. This would seem the 

most logical conclusion considering the consolidation 

hypothesis of the engram which suggests that long term 

memory involves the formation of protein molecules. In 

the. process of this formation of proteins, enzymes 

function. Since Group C was pretrained-—trained and then 

exposed for six days, perhaps proteins of memory have been 

altered in such a way as to be significantly different (p < .01) 

from the control as was evident in the test session.
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The data from Group F was concerned with the ability 

to learn a task or to acquire a memory, Since Group F 

took significantly longer (p < .01) to learn the task 

the magnetic field may alter the enzymes involved in 

memory protain synthesis enough to delay the learning of 

the task.

■ J

*
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DISCUSSION

"With the advance of technology, increased quantities 

of man-made electromagnetic emanations have been introduced 

into the natural environment, often without serious evalua

tion of their possible adverse Impact on human and animal 

life" (Raimijn'1975),

Electromagnetic pollution is becoming more and more 

prevalent today. Much is not known about electromagnetic 

pollution, consequently more biomagnetic research is 

necessary (Arehart-Treichel 1974),

Magnetic fields arise in a variety of areas that can 

affect man. Future space propulsion systems will involve 

strong magnetic fields to contain the propellant (Beischer 

1962, Barnothy 1964, Ferguson 1973). One of the latest 

things is floating personnel vehicles suspended above 

roads or tracks by electromagnetic fields. Man is also 

exposed to magnetic fields in industrial plants where 

magnets are used for refining, etc. The possible exist

ence of such a hazard in industry was brought up as early 

as 1921 by Drinker and Thomson. More recently Arehart- 

Treichel (1974) has raised the question of electromagnetic 

fields being health hazards.

Nuclear physicists are exposed to extremely strong 

magnetic fields, consequently the directors of the Stan

ford Linear Accelerator Center (SLAC) have recommended 

the set of safety standards for human exposure to magnetic 

fields as shown in Table 4 (Kaufman and Michaelson 1974).

CARROLL COLLEGE LIBRARY 
28 HELENA, MONTANA 59601



TABLE 4, SAFETY STANDARDS FOR MAGNETIC FIELDS 
RECOMMENDED BY THE SLAC

Portion of Body Extended Periods Short Periods
(hours) (minutes)

Whole body or head 200 G 2000 G

Extremities 2000 G 20,000 G

Adapted from Kaufman and Michaelson 1974

Our data suggest that strong magnetic fields have an 

adverse or inhibitory effect on the brain in regards to 

learning and memory. This agrees with past experiments on 

the effect of magnetic fields on the nervous system per

formed by Friedman et al. (1967), Becker (1969) and Kholodov 

et al. (1969), They found an inhibitory effect in both a 

psychomotor and an electrophysiological approach to magnetic 

effect on the nervous system. Our data suggests an in

hibitory effect on a psychophysiological basis involving 

memory and learning.

In considering memory and learning to involve the 

formation of an engram protein our data suggests that this 

protein was interfered with by the magnetic field and the 

enzymes involved in its formation were also interfered with 

by the magnetic field. This agrees with Gross’s (1964) 

suggestion that a magnetic field affects the bond angles 

of proteins and enzymes.

Originally we had planned to run more extensive tests 

but there was a mechanical breakdown of the electromagnet. 

There was to be an additional experimental group of 30 mice
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and conditions similar to those in Groups A-F except that 

the exposure would have been for 12 days for 1 hr/day.

This data would have enabled us to study cumulative effects 

of magnetic fields. If exposure has a cumulative effect 

the 3100 Oe for 12 hr or approx. 37,000 Oe Hrs would yield 

results similar to those results from 4700 Oe for six hr

or approx. 30,000 Oe Hrs. The data from the group exposed 

to 4700 Oe for 12 hr would have suggested if the inhibitory 

effect increases proportionally, increases disportionally, 

or doesn’t increase once the threshold is reached.

It would have been interesting to pinpoint the 

threshold value. With the data we have we can only say

3100 Oe < T < 4700 Oe

Another area that we would have liked to investigate 

would be the possibility of reversal of magnetic field 

effects. This could have been approached in two ways--

1) reversing the direction of the magnetic field every 

day, that is placing the animals right temporal region 

to north core one day and the next day to south core;

2) waiting a longer time after exposure such as a month 

to see if the body’s own system could correct the effect.

From what we know we would assume that the first 

approach of changing the direction of the field would not 

significantly change the data since we are dealing with 

changes in molecular structure. The second approach'— 

waiting for the effect to be corrected naturally—would 

probably yield some interesting results, with the pretrained
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and post-trained groups differing* Since we are assuming 

that a memory protein is altered by the field it would 

seem that once that protein is altered the memory is 

partly lost and irreplaceable without new training. The 

post-trained group in which we are assuming a structural 

change in the enzymes associated with the formation of 

memory protein would possibly be corrected with time 

since enzymes are formed and reformed.

We have only touched on some of the possibilities 

that exist for biomagnetic research on the central nervous 

system. Since it is a fairly recent new-comer to modern 

scientific research, many avenues exist for experimenta

tion to further understand how it affects an organism,
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