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A Possible Effect of the :Magnetic Field 
Upon the Genetic Code 

Madeleine F.~no~ 
College of Pharmacy 
University of Illinois 

A book on l>iomagnetism would be incomplete if it did not mention
at least in a qualitative way-a further mechanism and its relation to 
biomagnetic phenomena. P. 0. U:iwdin1 has dra,rn attention to the fact 
that. the quantum mechanical effect of proton tunneling may show up in 
some processes in which biological amplification plays a role. 

!n ordina1y chemistry, the tunnel effect has so far been of little 
impo11ance. In chemical kinetics one usually considers only processes 
which have sufficient energy to take p;:i rticles above the potential barrier 
between two states and tiie effect of quantum tunneling can be neglected. 
In the following we will attempt to investigate the influence of a mag
netic field upon the tunneling of protons in DNA. 

Jt was Oclbriick's2 idea in l!J30 th,lt the immense s,:ability of the 
hereditary substance in chromosomes over thousands of years may 
indicate that it is nothing but an immense molecule in a stationary state 
and that mutations correspond to quantum jumps between isomeric 
forms of that molecule. Chromosomes consist mainly of three kinds of 
substances: protein, deoxyribonucleic acid (ONJ\). and ribonucleic acid 
(RNA). Proteins are made of :W different kinds of amino acids strung 
together in Jong polypeptide chains, ... sometimes containing several 
hundred amino acids. The nucleic aci.ds are also long chain molecules, 
but made up usu.1lly of only four nucleotide bases. DNA is the custodian 
of the genetic code. A kind of RNA, called the messenger-RNA, picks up 
the code information from the DNA and carries the message from the 

- nucleus of the cell to the surrounding cytoplasma, where wi:h' the help of 
ribosomes the proteins are mainly synthesized. The coding contained 
in the DNA molecule determines the sequence of the 20 different amino 
acids in the protein molecules. 

According to the Watson-Crick Model, 3 the DNA molecule consists 
of two very long chains made up of alternate sugar and phosphate groups. 
The sugar is always the same, deoxyribose, and is alway~ joined to the 
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phosphatP in rhe same way, so that the long chain is perfectly reg-ular, 

repeating the same sugar-phosphate sequence over and over, sometimes 

several hundred thousand times. But each sugar has a .. base attached 

to it and these bases are not always the same. 

Four different types of bases are found in DNA. Two are purines, 

adenine and guanine, and. two are pyrimidines, thymine and cystisine. 

The tluee molecules sugar, phosphate, and base form a nucleotide. 

The two sugar-phosphate chains form a double helix, wit•h the two 

strands joined at regular intervals, like rungs in a ladder, by hydrogen 

bonds between complem'entary pairs of nucleotide bases. A purine

type base is always linked by two or three H-bonds with the cornple

·mentary pyrimidine-type base. The double helix has five base-pairs 

per half-tum. 
TI1e hydrogen bond between complementary bases is formed by a 

proton shared by two lone electron pairs situated on the nitrogen or 

oxygen atoms of the bases. The attractive force exerted by the two 

lone electron pairs on the shared proton can be represented as a double

well potential separated by a potential barrier. The wells represt!nt 

possible equilibrium positions of the proton. 
In quantum mechanics the proton is a wave packet, which may have 

nonzero amplitude even in regions classically forbidden. The square 

of the proton wave function describes the probability that the proton is 

attached to either one of the lone electron pairs of the complementary 

bases. If the double-well is asymmetrical, the proton will be compara

tively stationary in the lower-lying energy level of the deeper well and 

tunneling will occur only rarely. The fact that the genetic code is 

transmitted intact in millions of multiplications implies t;1at the double-

weli has to be highly asymmetrical. · 

Cell division is preceded by a replication of the D'.'JA molecules. 

The two strands of the double helix sever their !-I-bonds, uncoil, and 

separate. Nucleotide bases floating loosely within the cell begin to 

attach to each of the single strands, building two new c-omplcmentary 

strands, When the proper bases are joined, two new double helixes are 

formed; thus two complete DNA molecules, with the same base sequence 

as the original, are produced, The synthesis of the oomplernentary 

chains begins as soon as the two original _chains start to unwind, so 

that only a short stretch of the chain is ever really single. For every 

H-bond that has to be broken, two new ones will be formed. The total 

length of all DNA molecules in a single chromosome can be something 

like 4 cm, which means that there must be more than 100 million H

bonds in one chromosome. 
If the complementary bases have equal charge, the tunneling of a 

proton in one direction induces a tunneling of the proton in the second 

H-bond between the same base pair in the reverse direction, whereby 

the original bases are transformed into tautomeric bases. A tunn.eling 

occurring at some later time in the reverse direction may res\ore the 
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original state. If in a replication the breakwp of H-bonds occurs before 

the original state is · restored, we will have, instead of the origir.al 

bases, tautomeric bases, which can no longer combine with their normal 

complementary bases. Dilferent complementary bases will be attached, 

thus changing the base sequence and introducing an error in the code. 

We can see that a code error will be multiplied in each replication 

process by a factor of two and, hence, in the nth replication by a factor 

of zn. 
Should one of the bases of a pair obtain an. extra charge, for example 

through electron donor-acceptor reactions from surroundingmolecules 

or through the circumstance that a proton tunneling was not accompanied 

by a reverse tunneling of another proton of the b.'.l.se pair, the change 

in the charge distribution will greatly alter the shape of the clouble-wel! 

potential. For such so-called ionic tautomeric forms there does not 

exist a normal nucleotide base which could combine with the positive 

ionic forms of adenine and thymine; hence 11 dcletion" will occur in the 

complementary sequence, while the negative ionic forms of these bases 

lack any specific code and may combine with all four normal bases. 

Such changes or mutations will, therefore, be irreversible. 

L. Szilard4 has proposed that the elementary step in the process of 

aging is an aging "hit" which destroys a chromosome of the somutic 

cell, in the sense that it renders all genes carried by that chromoso;ne 

inactive. He assumes that aging hits are random events and that the 

probability that a chromosome of a somatic cell suffers such a hit per 

unit time remains constant throughout life. On the basis of this theor; 

the frequency with which such random events occur in men is found to 

be about one chromosome of the haplc,id chromosomal set of the somatic 

cells in 12 years. The agent causing the bit is not discussed in detail 

by Szilard, but the assumption that a chromosome suffers a total loss 

of function in a single random event is suggestive of an e>,.1:ernal agent 

of high cneq:,ry, that is, a high-energy-photon or particle. 

P. 0. Lowd in proposes that the phenomenon of aging of individual 

organisms depends essentially on the discussed quantum mechanical 

tunneling and is in effect a corrosion of genetic messages, which ac

cumulates with age. 

The basic difference between these two views is that S~ilard assumes 

that genes are subject to random "aging hits" cau~ed by an·external 

agent, while Lowd in assumes that on account of the tunnel effect a 11 purc• 

genetic message docs not exist at all and errors occur without "hits" 

and will be multiplied. 

L6wdin furthermore suggests that the occurrence of tumors may 

depend on the fact that the accumulation of errors has passed a certain 

limit in a particular direction and upset the balance between enhancing 

and controling enzymes in the grov.th cycle. One should expect, as is the 

case, that this will happen more often at advanced age. 
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CHAPTER 7 83 

From the point of view of biomagnetism we sh•)uld try to sec what 
effect an external magnetic field could have on proton tunneling in the 
DNA molecule. The magnetic field may affect the spin orientation of the 
proton, a possibility already suggested by Lowdin. A second possibility 
would be thot the proton, endowed ,vith a magnetic moment, experiences 
in an inhomogeneous fic~ld an accelerating force which enhances or 
retards its tunneling in one direction. 

The third, in our opinion the most probable, effect of the magnetic 
field would be that, as in the Zeeman effect, it changes or splits the en
ergy levels of the nucleotide bases. This would change the depth of the 
potential wells and hence change the tunneling probability, thus increas
ing or decreasing the stability of the genetic code. 

The synthesis of DNA occupies only about 51, of the full time of 
the growth and division cycle of a cell. We can speculate, therefore, 
that only alterations in the tunneling probability prevailing during this 
short time interval will produce an effect. This cfrcumstance could be 
the subject of an e:qierimcntal verification. In synchronized cell divi
sion we should expect that a magnetic field has the same effect whether 
applied continuously or only for a small fraction of the generation time, 
should this fraction coincide with the DNA replication period; but no 
effect should be observed if the application of the field does not coincide 
with the DNA replication period. 

It should be mentioned that the polypeptide c;hains of proteins a re 
also linked together by H-bonds in which proton tunneling may occur. 
It is true that in this case a change in the protein w.ill not be multiplied 
through replication, as in the case of DNA, and one proton tunneling 

, will hardly entail any observable consequences. But if the cx1:ernal 
magnetic field simultaneously causes the proton in a large number of 
protein molecules to prefer a position .in variance to its normal position 
and these protein molecules happen to be enzym_es, then the enzyme 
balance could become upset enough to lead to observable effects. 

The mathematical treatment of proton tunneling and the computation 
of the change of the energy levels due to the magnetic field is compli
cated. There are at least two double-wells to be considered, a proton 
tunneling will entail a change in the charge distribution, the motion of 
the proton wi 11 polarize the electron cl-0ud, etc. At the present stage 
we cannot attempt a quantitative computation, but will rather consider 
if some experimental evidence indicates that the magnetic field renders 
the genetic code more stabile or more labile. 

I ~?1:lld like to discuss briefly here two experiments, the results of 
which cou;d be interpreted as an effect of the magnetic field on the 
genetic code. 

J.M. Barnothy5 has performed some experiments which indicate 
an influence of treatment in a magnetic field on aging- and on the occur
rence of spontaneous cancers. In one experiment he subjected iO female 
C3H-strain virgin mice 70 days old for 4 weeks to a homogeneous field 
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of 4200 Oe strength. Five were kept in identical dummy magnets and 

25 in standard plastic cages during this time. After removal from the 

field and dummy magnets, respectively, the activity of the mice ( 10 

magnet, 5 dummy, 15 control) was ccntir..uously recorded from the age 

of 320 days to 509 days, at which t_ime 501,.of the treated and 60% of the 

controls were dead or had developed. spontaneous cancers. TI1e magnet 

and dummy cages used for treatment were 3 in. in diameter and 11/i in. 

high, with food and water supply. The pole caps were simulated on the 

dummy cages with 1-in.-thick brass discs (brass has a heat conductivity, 

as well as radiation length for cosmic ray showers, similar to that of 

_iron). 
The activity measurements were made in standard plastic cages 

11 x 7 x 5 .in. high, divided by a y.,all into two equal compartments, with 

water in one and food in the othercompartment. At a height of 3 in. the 

dividing wall had an opening through which the mice could cross from 

one compartment to the other. While crossing they tripped a micro

switch, which electrically recorded the crossing. An average of 100 to 

200 crossings was recorded per day and animal, the majority of the 

crossings occurring during the early morning hours. The cages were 

cleaned once a week; the first 3 hr thereafter was not used for activity 

recording, since the new bedding incited all animals to a temporarily 

higher activity. 
The experiments were started with six activity cages with five-mice 

per cage. Since initially he bad ten more control mice than used in the 

activity experiment, this reserve group was kept in two cages which 

had similar dividing walls, but was without electric switches. When

ever a mouse which was kept in a dummy cage during treatment or one 

of the controls (kept during treatment in standard cages} died in one 

of the activity·• cages or devdopcd cancer, it was replaced from the 

reserve group. \'v11enever one mouse of the group treated in the magnet 

died or developed cancer, the number of mice per cage was also reduced 

in all other five activity cages. Hen::e the number of mice per activity 

cage was gracluaily decreased from five to two mice per cage. 

Table I lists the observed activities from the age of 320 days to 647 

days. The data are reported in six age pt:riods in such a way that 

within each period the number of mice per activity cage remained the 

same. Columns 2, 3, and 4 show the covered age period, the number of 

recorded days, and the number of subintervals (N) within each period. 

Columns 5, 6, and 7 list for magnet, control, and dummy mice, re

spectively, the number of used activity cages times mice per cage and 

the average crossings per day and mous~. . 

Since it might be surmised that the increased activity of the magnet 

group could be related to a younger bioiogical age, my husband checked 

for any difference in their ability to reproduce. At the age of 509 days, 

two male mice were daily alternated between the six activity cages for 

a: period of 2 weeks. One magnet and three control mice became preg-
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TABLE I 

Age " . 

No. period Days N Magnet Control Dummy 

320-361 41 6 2 X 5 168 2 X 5 171 l X 5 122 
II 361-404 43 5 2 X 5 184 3 X 5 136 l X 5 144 

ill 404-444 40 6 2 X 4 192 3 X 4 143 I X 4 171 
N 444-488 44 5 2 X 3 164 3 X 3 118 l _X 3 ,127 
V 488-509 21 3 2 X 2 198 3 X 2 121 l X 2 126 

VI 600-647 47 6 1 X 2 72 3 X 2 92 

nai;t and gave birth to very small litters. The offspring were generally 
weak and died shortly after birth. The frequency of pregnancies does 
not show any difference between treated and untreated mice. Due to 
this interlude, the activity data between the ages of 509 and 600 days 
were not used in the present paper and the activity recording was re
sumed 3 months later (period VD. 

Table II lists the difference between the activity of the treated and 
of the untreated mice for the six age periods tc·gether with their 
standard errors, the degree of freedom; the I -value, and the probability 
level. As we can see, up to the age of 361 days the activity of the 
treated mice did not differ from the activity of the untreated mice. 
However, a significantly greater activity is manifested during the age 
periods from II to V. After the age of 600 days, how.ever, the treated 
group shows a significantly lower activity • 

The mean standard deviation between the weekly average activities 
of the cag.:s was 11 % for the magnet and l 81, for the untreated and was 
indciX:ndent of the number of m·ice per cage. We may note that this 
corresponds to an individual s~andard deviation of 28% in the weekly 
average activity of the C3H-strain mice under the given conditions. 

The mean activity of the magnetically treated mice from the age of 
361 days to 509 days was (36.3+. 4.5)% higher than that of the untreated 
mice and (28.2::: 6.4)'.l'., higher than that of the dummy mice alone. 

TABLE II 

Activity Diffcrqnce of Treated and Un-

Effect 

12. 7 t 11.6 
II 47.5 t 11.0 

III 42.5 t 15.3 
N 42.6 t 4.1 
V '74.8 :t 8.6 

VI -19.9* 4.2 

treated Mice 

Degree of 
freedom 

5 
4 

5 
4 
2 

s 

/ -value 

1.09 
4.30 
2.78 

10.40 
8.70 
4.75 

•' l 

Probability 
level 

1:78 
1:26 
1:2000 
1:75 
1: 180 
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In the later course of the experiments the weekly food consumption 
(Rockland Mouse Diet pellets) was also recorded. Between the ages of 
430 and 509 days the food consumption was (26 ± 1)%, lower for the 
treated group. This finding, together with the higher activity, would' 
suggest a better energy metabolism of the treated mice. 

The cause of these two effects, higher activity and lower food con
sumption, is perhaps indicated by the picture in Figure 1, which shows 
one of the treated and one of the dummy mic'e at an age of 400 days. 
The appearance of the treated mouse is far younger, its fur is smooth, 
and no wrinkles are seen. Tne difference in appearance and in move
ments at this age was so striking that when the treated were mixed 
with the untreated, any person even unfamiliar with mice could cor
rectly separate them. During the_ next 3 months the difference in 
appearance gradually decreased and eventually vanished. 

In the spirit of the discussed theory this experiment would indicate 
that magnetic treatment has a stabilizing effect on the genetic code. 

In a second experiment my husband treated virgin female mice of 
the saw.e strain and for tl'e same duration, but began treatment at an 
age of 270 days. No difference between treated and conr rol groups, 
either in appearance, in activity, or in food consumption, wa:; oo:;crved 
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Fig. I. C3H-strain female mice at an age of 400 days. (a) Treated II months earller for·4 
wcel:s In a ma6netlc field o! 4200 Oe; (b) control (dummy) of the same age. Reprinted from 
Medical Physics, Vol. 3, p. 63, O. Glasser, ed., Year Bool: Medical Publishers, Inc. 
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up to their highest age. This experiment woutd indicate that treatment 
at a full-grown age, contrary to treatmc,1t during youth, does not have 
an cficct upon the accumulation and total nur.,bcr of genetic code errors . 
It is tempting co explain this difference through the circumstance that 
during the vigorous growing stage of a biological organism, when the 
rate of mitosis and therefore the replication rate of DNA molecules is 
high, an error-but in the same wav the nonoccJrrcnce of an error-will 
be greatly amplified and thus animals treated in their youth in a mag
netic field reach tl1_eiroldagewithafar lower number of genetic errors . 
A treatment duri11g advanced age, when the errors arc more or less 
incorporated and the replication rate is lower, will be less effective. 

C3H-strain females have a very high incidence of spontaneous mam
mary gland carcinomas. Of the ten mice treated in their youth in the 
above-discussed first experiment, four,.that is 40%, had an observable 
tumor at the time of their death. Of the 30 controls, 22 (73~) had palpa
ble tumors at the time of death. The difference, although significant 
only on a 5% confidence level, again suggests a stabilizing effect of the 
magnetic field on the genetic code. 

Further experiments which I would like to mention in this connec
tion were made by I. Sumegi, J.M. Barnothy, and tvl. F. Darnothy.~ \Ve 
kept young 80-<lay-oid virgin female mice ior 35 days in a homogeneous 
field of 4200 Oe (the cages and magnet are described in Part II, Ch. 3) 
and sacrificed them 200 days after removal from the field. Sections 
were prepared from nine main organs and inspected by I. Si.::megi of 
the Pathological Department of the Karol.inska lnsututet in Sweden. In 
this experiment, 20 mice were treated in the magnets, 20 were kept in 
dummy magnets, and 20 in standard large plastic cages. Abnormalities 
were found in the spleen, liver, adrenal, and bone marrow. 

The changes found in the spleen correspond to reactive reticulosis, 
manifested in the increase in the number of reticular cells in the pulpa 
and the presence of large number of megaka ryocytes. The circumstance 
that of the inspected 16 dummy mice eight showed the same abnormality 
to a greater or lesser degree would suggest that this might be a more 
general organismic reaction to a stress fact::>r and a consequence of 
some irritation of the rct1culo-endothelium. Since all 16 oi the treated 
animals inspected showed this abnormality to a large degree, the dif
ference in the frequency of occurrence in magnet versus dummy group 
is significant on a 5·~ confidence level. 

Abnormalities found in the liver indicate. that the livers suffered 
some kind of lesion and the liver is in the process of regeneration. 
This process is characterized by a greater number of nuclear divisions, 
increase in the number of cells with two nuclei, and a large number of 
liver cells with large nuclei. In the latter, the nucleoli are on the 
periphecy of the nucleus. Cytoplasm is less basophil and more red on 
eosin stamrng. One sees similar abnormalii:ies in the case of chloro
form, trichlorethylene, and amino nucleoside poisoni~gs. 7 It seems 
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that the lesion caused a disturbance 111 the protein metabolism and 111 the 

oxidative processes 1n the cytoplasm of liver cells. In consequence of 

these processes, fatty infiltration is visible in the cells. from the 

magnet group, 16 out of 18 shov,:ed these strong regenerative processes, 

while from the dummy group only four ·out of 14 showed simlla r regen

erative processes. The difference in the frequency of occurrence of 

. this effect between magnet and dummy group i~ significant on a proba

bility level of 1 : 1500. 

The abnormalities in the adrenal are very interesting. The zona 

glomerulosa ·· is slightly narrower and the zona fasciculata considerably 

narrower, in some instances entirely missing. The cell distribution is 

disorganized. There was no change in the zona reticularis. In humans 

such abnormalities occur after some shocks, infections, and in response 

to some toxic agents. None of the dummy or the standard cage grouµ 

showed any of these abnormalities. From the magnet group only three 

out of 18 had normal adrenals. This effect is signiiicant on a probability 

level of 1 : 4 million. 

There is some evidence that glucocorticoids are produced in the 

zona fasciculata. A loss of the zona fasciculata may lead to a deple

tion of the carbohydrate stores and thu::; to a lower rcsislance a;;ainst 

insulin and stress. 
In the bone marrow of the magnet group the number of mcgakary-

ocytes was found to be lower. Their number per microscope field is 

for mice in the 
standard cages • 7.43 ± 0.23 

for mice in the 
dummy cages 

for mice in the 

magnet cages 

7 .55 ± 0.40 

5;20 i 0.15 

dummy- standard 0.12 1 0.46 

magnet - dummy -2.35 ± 0.42 

Whereas between standard coge and dummy group there is no difference, 

the number of megaka ryocytes in the bone marrow of the magnet group 

is 31% lower. This effect is significant on a probability level of 1 to 

50,000. 
We may :1ow raise ~!le :·01:cw,in~ c:ucstirir;: are the fot::id abnor::1alities 

J~\;~ to a ct..i:--..;'-.. i.~ t!":~ ~t:!.-:ctic coGe? \\·e·sboLl~J.c::x;:;t:i;:= ~l:.:i: .::5-::::"e::::; 

ef:·~..::-s \\·o:..:1-:! s!:vv,· ~p i~~:::c-.=:arely after t::-w::::t:::t o::~ ;:;::c:~..: ~:~::_;;;.5, 

'-":!Ly a:·tt. .. r t::" .. !~;,~~ "-':· '"i ~~=:;.11:: Cl.:::~.\\:-:~~ t.=-:~ .1::::-:::·:-:...i.~~J:: ti.~:v~.::: 

tho;c> multiplication of th.: coct.: errors has become ma;ifcst. In the :..c~ 

.:xpcriment we therefore sacrificed the mice immediately after 

: :-~:i:-~cnt. 
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In the livers· of the treated mice strong signs of lesions we re visible, 
characterized- by ccntrolobular necrobiosis and appearance of small 
liver cells with pycnotic nuclei. The number of nuclear divisions was. 
much higher than when the mice were sacrificed200 days after termina
tion of treatment. This finding could probably mean that the pathologi
cal changes in the )iver are a consequence of the stress effect of the 
magnetic field and, as expected, the liver shows gradual recovery . 

. On the other hand, the adrenals of the magnet 'group did not .show 
any abnormality and the zona fasciculata was not missing. This could 
jndicate that the observed abnormality in the adrenals could be a genetic 
code effect • 

It should be emphasized that both of the reported experiments (post
ponement of aging and pathological changes in the aJrenal) used here 
to support the proposed theory can be, in spite of the high statistical 
significance of the results, considered only as preliminary investiga'
tions, requiring many funher observations until a definite connection 
of the magnetic field with the genetic code can be established. 

In summary, an efiect of the magnetic field upon the tunneling proba
bility can theoretically be expected. Hence, should tunneling be the 
major cause for alterations in the genetic code, the magnetic field 
could be a powerful tool in the further investigation of the code. 
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