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ABSTRACT

A treatment of @lEEE) by the application of @xternal
electromagneticlenergy) at a resonant frequency capable of the

g"".ernti"“ of heet 4n+r-gnn'l1n'lgr-'|y to induce gelactive thermal

death of cancer cells is described. This process also allows
for the detection of cancer cells by the use of differential
resonant frequencies including nuclear magnetic resonance and
electron spin resonance techniques. This process permits the
selective treatment of cancer cells by the LuﬁpafbﬁéﬁuiLLneu
alteration of biophysical properties in the cancer cells and
the detection of cancer cells by determination of their

biophysical properties.

The process comprises an ability to determine the
respective resonant frequencies of cancer cells and normal cells

at a cellular level. An external alternating electromagnetic

field is then applied at the resonant frequency of the cancer
cells which differs from the resonant frequency of the normal
cells. The cancer cells absorb significant energy at this
resonant frequency whereas the normal cells absorb minimal
energy at this frequency. Generating the heat intracellularly
instead of extracellularly results in the cell's membrane, which
is an effective thermal barrier, enhancing the process by keeping

the heat within the cell instead of outside of the cell.

This process is enhanced by the nuclear differences
between cancer cells and normal cells and by the energy changes
characteristic of structural and conformational changes in the
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deoxyribonucleic acid and the histones of the nucleus including
their interrelationship. This process promises great efficacy in
the diagnosis and the treatment of neoplastic and also perhaps

of atherosclerotic diseases.
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INTRODUCT ION

There are presently a number of methods and techniques
for the treatment of cancer, among which may be included:
radiation therapy, chemotherapy, immunotherapy, and surgery.

The common characteristic for all of these techniques as well as
any other presently known technique is that they are extra-
cellular in scope; that is, the means of inducing cancer cell
death are applied from outside the cell.
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This extracellular approach is found to be less
effective and less efficient because of the difficulties of
penetrating the outer membrane of the cancer cell that is
composed of two protein layers with an intervening lipid layer.
O0f even greater significance is that to overcome the protection
afforded the cell by the cell membrane in any extracellular
techniques, the attack on the cancer cells must be of such
intensity that considerable damage is caused to the normal cells
resulting in severe side effects upon the patient. These side
effects have been found to limit considerably the effectiveness
and the usefulness of these treatments.

A safe and effective cancer treatment has been the
goal of investigators for a substantial period of time. Such a
technique, to be successful in the destruction of the cancer
cells, must be selective in effect upon the cancer cells and
produce no irreversible damage to the normal cells. In sum,
cancer treatment must selectively differentiate cancer cells
from normal cells and must selectively weaken or destroy the
cancer cells without affecting the normal cells.

1026



It has been known that there are certain physical
differences which exist between cancer cells and normal cells.
One primary physical difference that exists is in the temperature
differential characteristics between the cancer cells and the
normal cells. Cancer cells, because of their higher rates of

metahol iam have slightlv higsher resting temmeratures comnared
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to normal cells. In the living cell, the normal temperature of
the cancer cell can be 37.5° Centigrade or higher, while that of
the normal cell is 37.0° Centigrade. Another physical character-
istic that differentiates the cancer cells from the normal cells
is that cancer cells undergo cell death at lower temperatures
than do normal cells (45.5° Centigrade as compared to 46.5°
Centigrade and often the differential in temperature cell death
is more than 1.0° Centigrade). Therefore, the temperature
elevatlon increment necessary to cause death in the cancer cell

is determined to be approximately 8.0° Centigrade as compared to
an increment of 9.5° Centigrade for the normal cell.

It follows, therefore, that with an appropriate
controlled increment of heat, the cancer cells can be selectively
destroyed. On the basis of this known differential in tempera-
ture characteristics, a number of extracellular attempts have
been made to treat cancer by heating the cancer cells in the bod

This concept of treatment is referred to as "hyperthermia."” To
achieve these higher temperatures in the cancer cells, researchers
have attempted a number of methods, including inducing high fevers,
utilizing hot baths, diathermy, applying.hot wax, and even the

imn1nn+a+1nn of various heating devices in the area of the cancer.
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Thus far, the above described approaches to treat
cancer, have had limited effectiveness and all have the common
characteristic of approaching the problem by treating the cancer
cell extracellularly. The outer membrane of the cancer cell
being composed of lipids and proteins, is a poor thermal
conductor, thus making it difficult for the application of heat
by external means to penetrate into the interior of the cell
where the intracellular temperature must be raised to effect the
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approaches of prior hyperthermia techniques, the temperatures
were raised sufficiently to effect an adequate intracellular

temperature to kill the cancer cells, many of the normal cells
ad jacent the application of heat could very well be destroyed.

The nuclei of cancer cells and the nuclei of normal
cells possess some differences structurally as well as morpholo-
gically.(1) The alterations which occur in a cell to produce
malignancy either take place 1n, or are transmitted to the
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duced by tumor cell multiplication often possess the same

characteristics as the original tumor cell. These alterations
may very well exist in the structural and conformational rela-

tionship of the deoxyribonucleic acids and the histones in the
nucleus,
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s as opposed to

nuclear magnetic resonance of cancer tissue
normal tissues.(2,3) Differences in T91 and T2 relaxation times
have been attributed to differences in the amount of water present
in the cancer cells and the way in which the water molecules are
ordered.(#) Similarly, much work has been done to establish the
dielectric properties of DNA and histones in the human and their
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lies in the nuclear changes in the cancer cell, both conforma-
tional and structural, which allows the cancer cell to resonate
at frequencies different from the normal cells.
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The purpose of the process herein presented is to
destroy the cancer cells selectively by intracellularly
generating a temperature and by changing biophysical character-
istics that will destroy the cancer cells with no harmful effecis
upon the normal cells., This work represents a portion of our
research into the intracellular alteration of h1nnth1oa1
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properties for the past ten years as introduced in previous
published work.(10-12) The method herein presented also
provides a means for the diagnosis of cancer cells wherever they
exist in the body.

Utilizing this method, a precise increment of heat rise
is achieved within the cancer cell and within the cytoplasm. The
thermal barrier that characteristically exists as the outer
membrane or cell wall of the cell is now utilized as a means of
retaining the heat produced within the cell, rather than, as in
previous attempts by others, preventing any heat build-up within
the cell. On the basis of the cell resting temperature and the
temperature required to produce cell death the increment that
the cell temperature must be raised to effect cell death is
critical. ror the cancer cell, the temperature rise is approxi-

mately 8. 0° Centigrade. Thus, any temperature rise in the cancer
cell or in the normal cell that is at least 8.0° Centigrade and
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not greater than 9.5° Centigrade above the normal cell tempera-
ture, will result in the selective destruction of the cancer cell
without any harmful effects to the normal cell.

This intracellular heat r
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tion of the cancer cell is achieved through the use of the
differential resonance frequencies of cancer cells and normal
cells to pump energy into the cancer cells at their spe01flc

reson§nce frequency whil allowing very little energy into the
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Nuclear magnetic resonance has been utilized to study
many facets of hemoglobin, creatine klnase. conformational
changes in rlbonuclease, the distance in biologlcal systems,

¢Lsanq-enayme relationships and hydrogen bonds; this latter
subject being of special interest relative to this discussion.
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Nucle ma§netic resonance studies have been done utilizing

14, 13c, 31IP and 15N.(13) Much work has also been done using
nuclear magnetic resonance to investigate the conformation and
structure of histones relative to the chromosome and DNA, (14)

The nuclei of cancer cells (the deoxyribonucleic acids, histones
and their interrelationship) besides often being different in
content, are also usually different in conformation and binding
when compared to the nuclei of normal cells (the deoxyribonucleic
acids, histones, etc.).(15) These differences provide the
difference in the resonance frequencies of the nuclear material
in cancer cells and in normal cells. This difference between the
cancer cells and normal cells being nuclear in origin is trans-
mitted to the daughter cancer cells formed by cell division and
explains the daughter cells' propensity towards malignancy.

When energy is pumped into a system at a given
frequency, those elements of the system which resonate at that
given frequency will absorb a significant portion of the energy.
Therefore, by pumping energy into the subject at the specific
resonant frequency of the cancer cells, the cancer cells'
intracellular temperature and biophysical properties are affected
which selectively destroys the cancer cells without affecting the
normal cells.

Similarly, proton magnetic resonance has been utilized
to study nucleic acid conformation.(13) Electron spin resonance
has been used to investigate free radical and paramagnetic
species in both malignant and normal tissues.(14,15) Electron
spin resonance has also been utilized to investigate the effects
of radiation on DNA, nucleic acids, nucleosides and nucleotides
with regard to the formation of free radicals.(16-20) This
approach may be useful in determining the sensitivity of a tumor
to radiation.

A linear energy beam which allows electromagnetic
energy to be transmitted at a given frequency in a straight line
focused by a surrounding stream of ionized gases is utilized.
This beam is projected on the living tissue and the amount of
resonance measured as in nuclear magnetic resonance. The
measurement is made by either series of coils whose axis is at
90® to the transmitted energy or by crystals which act as small
coils. The frequency is varied over a wide range and a plot of
resonance versus frequency is made. The beam is then rotated
over an arc of 180° as is the detector. The data is fed into a
computer to allow a three-dimensional mapping of the resonance
spectrum of all points in the subject.(21§

The cancer cells having a different resonance spectrum
will be located. Each cancer cell can be detected.

The subject is then placed within a large coil and the
ent.ire subject receives ener at a frequency preset by the
computer. This frequency belng the frequency of resonance
closest to that of the cancer cells and furthest from that of the

1029



normal cells. The cancer cells therefore absorb the energy at
their respective resonant frequency and are destroyed intra-
cellularly (actually from within the nucleus) while the normal
cells are unharmed.

This destruction of the cancer cells can be monitored
by repeating the first part after completion of the second in
order to follow the destruction of the cancer cells. This
destruction of the cancer cells can be followed by observing the
disappearance of cells which resonate at the cancer cells'
resonant frequency.

Another method of monitoring the destruction of the
cancer cells is to place the subject within a large coil with
the subject on a large number of small coils whose axis is at
90° to the original coil, Then the same frequency range is
explored and the resonance frequencies at the different points
in the subject are recorded. Once again, the specific resonance
frequencies of the tumor cells are noted. The large coil is
then set at this frequency and energy is specifically delivered
to the cancer cells without affecting the normal cells,

As an example, the subject is placed on a table with
the linear energy beam transmitter on one side and the detection
on the opposite side. The transmitter and the detection are on
a moveable axis which can swing through an arc of 180° , The
frequency is varied from 1 Kilohertz to 50 megahertz at each
point on the 180° arc. Studies have shown that the discrimina-
tion between malignant and normal tissue may increase as the
frequency decreases.(22) A number of frequencies is necessary
in order to avoid overlap in frequencies of some abnormal but
not malignant tissues; i.e. at certain frequencies the Tq of
some abnormal tissues may be increased similar to the maiignant
tissues.(4) The input from the detection is fed into the compu-
ter which composes a three-dimensional picture of the resonance
frequencies of all points in the subject. The distribution of
cancer cells is noted as is their resonance frequency.

The subject is then placed in a large coil approxi-
mately 3-6 feet in diameter. The coil is set at the frequency
determined by the computer. The subject is treated for an
appropriate time period. At the end of this time, the patient
is placed back on the original table and the procedure of
detection repeated. Should any cancer cells with their specific
resonance frequency be detected, then the patient would be
treated again, etc,

As another example, the subject is placed in a large
coil approximately 3-6 feet in diameter. The subject lies on a
table containing a number of small coils (or 2rystals) whose
axls 1s perpendicular to that of the large coil. Applying an
external electromagnetic field, the frequency is varilied from
1 kilohertz to 50 megahertz. The resonance points at various

ggi gencies are noted in the subject, especially for the cancer
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have been performed with scanning by the selective irra
of the specimen in switched magnetic field gradients. (23
technique may be helpful in this process as well.

2

The coil is then set at the J.Lt:q_ucnb.y of the cancer
cells and energy delivered for an appropriate time period to
destroy the cancer cells at their resonance frequency without
affecting the normal cells. Once again the subject is scanned
at the range of frequency to determine if any cancer cells
remain and if further treatments are necessary.

ADDITTIONAT,

This concept may be carried one step further to the
treatment of Atherosclerosis. Based upon research work by our
group and studies in the literature, it is suggested that the
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to tumor formation with the multiplication of a single cell line
and the proliferation of smooth muscle cells (the monoclonal
theory). These proliferating smooth muscle cells along with the
deposition of cholesterol allow the components of the athero-
sclerotic plaque to have resonant frequencies different from
those of the normal intimal wall. A number of investigations
have been performed into the nuclear magnetic resonance of

cholesterol and lipids.(25)

The nuclear magnetic resonance of lipids in bilayers
and membranes as well as of phospholipids in relation to membrane
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iscussion of atherosclerosis), have been studied.(26) Membrane
pertubations by physical agents can actually be followed using
electron spin probe analysis. (27) Using selective irradiation

of the speclmen in switched magnetic field gradients, blood flow
in a vessel can be measured due to the different apln character-
istics of the new polarized blood entering a specific region of
the vessel.(24) Studies by our group, along with others found in
the literature, illustrate the changes in the newly formed

atherosclerotic plaques.

Therefore by performing a three-dimensional scan

utilizing nuclear magnetic resonance or proton resonance, the
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areas of atherosclerotic lesions may be identified. Subsequently
by subjecting the individual to the frequency closest to the
resonant frequency of the atherosclerotic lesions, the lesions
may be destroyed due to the absorption of energy, without

affectinege the normal vessel wall whose cells respond to 2
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different set of frequencies.

The uptake of particles by tumors and atherosclerotic
rlaques in certain stages of their formation has been demonstrated
P

avran 11lv by our £roup (1n_121) Nisnlans adda PR
SApGL ILVQ.L.L.Y vy VUL gLV P LAV T ALy uu\,.l.ccu. ma.gucb.u. LUDU‘I@I&&C

&

1031



may be utilized to characterize the magnetic parameters of
metal ions.(28) Electron spin probe analysis has been used

to detect membrane perturbation by physical agents.(29) By
allowing the tumor or atherosclerotic plaque to take up the
particles, be they ferromagnetic, paramagnetic, or diamagnetic,
the process of determining the resonant frequencies of the
cancer cells or the atherosclerotic lesions and of pumping in
energy at the desired resonant frequency, may be enhanced.

SUMMARY

There are numerous studies and investigations which
demonstrate the difference in nuclear morphology, structure,
content and conformation between normal and neoplastic cells.
These nuclear changes may be related to the passage of
neoplastic characteristics to the daughter cells; i.e. DNA -
histone composition and conformation.

Nuclear magnetic resonance depends on the nuclear
morphology, structure, content and formation. Utilizing the
difference in resonance frequencies between the cancer cells
and the normal cells, energy can be “"pumped"” into the system
close to the resonant frequency of the cancer cells, yet far
from the resonant frequency of the normal cells, thereby
destroying the cancer cells without affecting the normal cells.
The concept described in this paper represents another segment
of our approach to the treatment of cancer and other diseases
through the intracellular alteration of biophysical properties.

1032



W
@

10.

11.

REFERENCES

Stenkvist B, Westman-Naeser S, Holmquist J, Nordin B,
Bengtsson E, Vegelius J, Eriksson 0, and Fox C,
Computerized Nuclear Morphometry as an ObJectlve Method

17 Nann

fan Charantaninslinme Thiman Cannan Na
I0r vaaracseerizing numan vancer uve

Research 38:4688, 1978.

Dannlatiang

awm
dde A VURALGV ALVIIDy

A i UL

Koutcher J, Goldsmith M, Damadian R, NMR in Cancer, X.A.
Malignancy Index to Discriminate Normal and Cancerous
Tissue, Cancer 41:174, 1978.

Goldsmith M, Koutcher J, Damadian R, NVMR in Cancer, XI
Appllcatlon of the NMR Mallgnancy Index to Human

Gastro-Intestinal Tumors, Cancer 41:183, 1978.

Eggleston J, Saryan L, Hollis D, Nuclear Magnetic Resonance

Tv-nrne*"\rro-bw Ama AL Hiaman MaantTact+ian anAd Ahrnarmal Nanmo
AnvesSiigations &1 nouman NeOpPaabLil anl aAonirmas von

neoplastic Tissues, Cancer Research 35:1326, 1975.

Cole R, Dielectric Theory and Properties of DNA in Solution,
Annals of The New York Academy of Sciences, 303:59, 1977.

Mandel M, Dielectric Properties of Charged Linear Macro-
molecules with Particular Reference to DNA, Annals of The
New York Academy of Sciences, 303:74, 1977.

Grant E, Oosawa F, and Moderators, Discussion, Annals of
The New York Academy of Sciences 303:88, 1977.

Pritchard A, O'Konski C, Dynamics of Superhelical DNA and
its Complexes with Ethidium Bromide from Electro-Optic
Relaxation Measurements, Annals of The New York Academy
of Sciences 303:159, 1977.

Houssier C, Bontemps J, Emonds-Alt X, Fredericq E, Electric
Dichroism and Birefringence of DNA, Chromatin and their
Complexes with Cationic Dyes, the Structure of Chromatin,
Annals of The New York Academy of Sciences 3031170, 1977.

Gordon RT, Cancer Treatment Method, U.S. Patent 4,106,488,
August 15, 1978, and U.S.Patent 4,136,683 Intracellular

Temperature Measurement and Other Applicatlons,
January 30, 1979.

Gordon RT, Hines J, Gordon D, Intracellular Hyperthermia:
Selectlve Cancer Cell Destructlon by the Biophysical
Alteration of Intracellular Propertles, IRCS Medical
Science: Biomedical Technology, Cancer, Cell and
Membrane Biology 6:425, 1978.

1033



bt
™o

o
fwt

14,

17.

18.

20,

N
et
-

22.

23.

ClasmAd~m DT 173 T, Gordon D, Intracellular Hvrnerthermi
WVIWUVIL RNl g nines Uy MWLUWVIL Wy siliviavioa vail I

-

W

A Biophysical Approach to Cancer Treatment via
Intracellular Temperature and Biophysical Alterations,
Medical Hypotheses, Jan., 1979 (In Press).

1linads M, Wuthrich K, Schwotzer W, von Philipsborn W,
15N, nuclear magnetic resonance of living cells, Nature
257:817, 1975,

Bradbury E, Cary P, Crane-Robinson C, and Rattle H,
Conformatlons and Interactions of Histones and Their Role
in chrOmosome Structure, Annals of The New York Academy

Qadammne D99 .54K 1an
U.L MO ATCLIVE O L;LL-QUU' AF( I

Goldsmith M, Koutcher J, Damadian R, Nuclear Magnetic
Resonance in Cancer, XII: Application of NMR Malignancy
Index to Human Lung Tumours, Br. J. Cancer 36:235, 1977.

Ts'o P, Barrett J, Kan L, and Miller P, Proton Magnetic
Resonance Studies of Nucleic Acid Conformat1on. Annals

The New York Academy of Sciences 2221290, 1973.

o
s

Swartz H, Ambegaonkar S, Antholine W, Konieczny M, and
Mailer C, A Survey of Present and Potential Clinical

A-nn'l-!ng+-|r\~na af Elactron Snin Regsonance Arvnnale of Th
e od Vo G U e S L ANT d ek s Nt N D Je WL A y.&“ AL AT WA MALLW ' dind 5 A L WS g r I

New York Academy of Sciences 222:989, 1973.

Emanuel N, Kinetics and the Free-Radical Mechanisms of
Tumor Growth, Annals of The New York Academy of Sciences
222:1010, 1973.

Box, H, Freund H, ESR and Endor Studies of Irradiated
Nucleic Acid Constituents, Annals of The New York Academy
of Sciences 222:446, 1973.

Wyard S, Elliott J, ESR Studies of Radiation Damage in

an1p1n An1dq Bages, Nucleosides and Nucleotides, Annals

SR at A Svale=

of The New York Academy of Sciences 222:628, 1973

Damadian R, Minkoff L, Goldsmith M, Stanford M, Koutcher J,
Field Focusing Nuclear Magnetic Resonance (FONAR)

Vigualization of a Tumor in 2 Tive Animal Qalanca
Vet AL A MRV WAL VA e ANV L “ii A AJAL VT nu.uua..a.., U\..Lcu\,c

194:1430, 1976.

Damadian R, Zaner K, Hor D, DiMaio T, Minkoff L, and
Goldsmith M, Nuclear Magnetic Resonance as a

Nnmaar Racansmalh: Wismiaesa Mesew acae

Varncer neésSearcrnt numan LTumors uy NMR, Annals 0

York Academy of Sciences 222:1070, 1973.

Nagayama K, Wuthrich K, ghmann P, and Ernst R., Two-
Dimensional J-Resolved 'H n.m.r. Eectroscop for Studie
of Biological Macromolecules, BRiochemical any Biophvsica

5
S
Research Communications, ?8:99, 1977, I

1034



25-

26,

27-

28,

Mansfield P, Maudsley A, Medic
Journal of Radiology 50:188

Metcalfe J, Birdsall N, and Lee A, NMR Studies of Lipids
in Bllayers and Membr es, Annals of The New York

anes,
Anadame nf Salanana 299.4LAN 172
aAvaAUuTILy Vi wL ClenNCeEs L i~x0U; iY77 0+

Horwitz A, Klein M, Michaelson D, and Kohler S, Magnetic
Resonance Studies of Membrane and Model Membrane Systems
v. Comparisons of Aqueous Dlspersions of Pure and Mixed
PhOSﬂnOLlplQS, Annals of The New York Academy of Sciences

222:468, 1973

Seligman M and Demopoulos H, Spin-Probe Analysis of
Membrane Perturbations Produced by Chemical and Physical
Agents, Annals of The New York Academy of Sciences
222:640, 1973,

Withrich K and Baumann R, Recent Developments in the
Investigation of the Paramagnetic Centers in Low-Spin
Ferric Hemoproteins: Carbon-13 hyperfine Shifts in
Iron Porphyrln Complexes, Annals of The New York

Academy of Sciences 222:709, 1973.

Urbina J and Waugh J, Application of Proton-Enhanced

Nuclear Induction Spectroscopy to the Study of Membranes,
Annals of The New York Academy of Sciences 222:1733,1973.

1035





