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Basic Research Leads
To Radio Signals
From Cancer Tissue

Sometime in June, a truck will pull
up at Downstate bearing a 14-foot-
high machine for the biophysics lab- |
oratory of Dr. Raymond Damadian,
Assistant Professor of Medicine and
of Biophysics.

The machine is a nuclear magnetic
resonance instrument, which is more
at home in physics or chemistry lab- |
oratorics than in medical institutions. |
But o Dr. Damadian, the device is
very much a medical instrument. He
regards it as the protoiype of a ma-
ching-to-be that could fulfill & long-
standing dream of physicians: & quick,
fioolproof method of carly cancer de-
tection.

Already, Dr. Damadian is planning
to build a much larger nuclear mag-
netic resonance device, one that will
be big enough to hold a human being.
That machine, Dr. Damadian believes,
will prove that nuclear magnetic res-
onance {NMR) is the tool that doc-
tors have been looking for in their
quest for 2 method of detecting can-
cer carly, when (reatment is most
effective.

All that Dr. Damadian has to sup- |
port his belief now is a series of tests
in which MMR successfully distin-
guished cancerous cells from healihy
tissie in the test tube. But several
years of work with NMR, together
with its proven power in chemisiry,
have convinced Dr. Damadian that |
the technigue will work on something |
as complex as the human body. He
hopes fo start proving his belief by
building and operating his planned

Dr. Raymond Damadian conducts re-
search on cancer delection in
Mational Magnet Laboratory at the
Massachusetts Institute of Technology.
The heavy black hosing connected to the
high field magnet in the fore nd
carries water from the Charles Rﬁg:m
coal the magnet.




“Nuclear magnetic resonance
may give researchers a new
insight info one of the most
mysterious processes in biology:
the transformation of a normal,
controlled cell into the
uncontrolled, malignant cancer
cell.”

larger machine in the next two years.

If Dr. Damadian is proven right,
his work will be an example of two
uncommeon events—the iranslation of
hasic biophysical research directly into
medical practice, and the union of
sophisticated research instrumentation
with clinical medicine.

Those who know him regard the
youthful, mustachioed, and intense
Raymond Damadian as the kind of
man who is capable of uniting two
such diverse disciplines. Trained as a
physician and as a biophysicist, he
came to his difficult chosen line of
rescarch fully equipped. When that
secemingly esoteric research led back
o a practical medical use, he was
quick to seize the opportunity.

Dr. Damadian began his research
efforts in 1963 at the Biophysical Lab-
oratory at Harvard University. There,
he and other researchers began inves-
tigating one of the biggest mysteries
of the living cellhow cells manage
to concentrate certain molecules while
excluding others.

The generally accepted theory is
that the cell's outer coat, the cell
membrane, contains “pumps” that
somehow manage (o exclude the mole-
cules that are not needed for the
cell's functioning while pumping es-
sential molecules into the interior of
the cell.

But Dr. Damadian and a small
group of other scientists have at-
tempted to prove that it is not the
membrane “pumps” but the way the
cell's contents are organized that gov-
erns the coming and going of mole-
cules. They have amassed evidence
aimed at proving their theory: that
the cell’s contents (consisting mostly
of water, with other molecules dis-
solved or suspended in it) are organ-
ized into a fairly systematic molecular
structure when the basic laws of phys-
ics and chemistry are taken into
account. The theory says that the
molecules are held in place by elec-
tric charges on atoms in the structural
backbone of the cell. “In effect,” Dr.
Damadian says, “the cell may be re-

garded as an ion exchange resin bead
with respect to the way it takes in
and expels molecules, much like the
ion exchange resin beads that take
up and expel molecules in the com-
mercial ion exchangers that soften
water for household use.”

If an atom fits in this structure,
the cell holds it. If the atom doesn’t
fit, it passes out of the cell. In either
case, says the theory, membrane
“pumps” have little to do with it

During the three years of basic
research that followed his arrival at
Downstate in 1967, Dr. Damadian
began to think of applying his theory
to cancer. There were two reasons.
First, it is known that when a normal
cell changes into a wild-growing, can-
cerous cell, the internal organization
and structure of the cell break down.
Therefore, on theoretical grounds it
should be possible to detect the dif-
ference between a cancerous cell and
a normal cell purely from its chem-
istry instead of from its appearance
in a microscope.

The second reason followed directly
from the experiments on his theory.
Cancer cells are known to contain
increased amounts of the atom potas-
sium. Both from his experiments and
from his theory, Dr. Damadian knew
that changes in potassium were re-
lated to changes in the “structure of
the water” inside the cells. It was
this change in water structure that
was detected in the NMR.

“The success of these experiments
with cancer tissue constitutes a major
triumph for the theory,” says Dr.
Damadian, since the theory “predicted
precisely the nature and extent of the
cancerous changes to be expected.”
Furthermore, he says, “they illustrate
once again the practical dividends of
basic research for its own sake,” since
this application to cancer was in no
way anticipated when his research
into the molecular basis of cell struec-
ture first began.

Muclear magnetic resonance is the
basic tool in his rescarch. In NMR,
radio waves are directed at an atom

which is in & strong magnetic field.
Under the right conditions, the atom
absorbs the energy in the radio waves
briefly, and then emits energy to re-
turn to a resting state.

The kind of energy each atom ab-
sorbs depends on a number of things,
including the molecule that the atom
is in. The NMR characteristics of an
atom change even when its molecule
changes only slightly. Therefore, by
studying NMR changes, Dr. Damad-
ian can study changes that occur to
molecules within cells—for example,
the kind of changes that occur when
a cell turns cancerous.

Specifically, he has found that
NMR can easily tell the difference
between, say, a normal liver cell and
a cancerous liver cell, simply by
studying a single kind of atom in
water molecules within those cells.

In & recent scientific paper on his
work (Science, March 19, 1971), Dr.
Damadian said that he has concen-
trated on hydrogen atoms—protons
—in water molecules. What he meas-
ured was these protons’ “relaxation
time"—that is, the amount of time
required for a proton to give up the
energy added by the radio waves.

Dr. Damadian worked with six dif-
ferent kinds of normal tissue taken
from rats—skeletal muscle, liver,
stomach, kidney, brain, and small in-
testine. He also tested two types of
cancer found in rats,

NMR showed striking differences
between those tissues. For example,
the relaxation time for protons im
water molecules in normal liver tissue
was .250 seconds. The relaxation time
for protons in water molecules in a
cancer of the liver was 860 seconds.

Dr. Damadian says that it should
be possible to tell all cancerous tissues
from normal tissues by using NMR.
He plans to run a long series of tests
on a number of different tssues using
his NMR machine, which will be as-

Counterclockwise from top lefi: Dr.
Damadian inserts a tissue sample into
the end of the NMR probe; the probe
is inserted into the magnet; the dura-
tion of the radio frequency pulse is set
on the spectrometer.




“It should be possible 1o detect
the difference between a
cancerous cell and a normal
cell purely from its chemistry
instead of from ifs appearance

in a microscope,




"By analyzing all these atoms
with nuclear magnetic resonance,
researchers could build a
spectrum that would identify
each cell in the same way that a
fingerprint identifies a person.”

sembled at Downstate in June, when
his new high field magnet arrives. At
present, he is conducting his NMR
experiments at the National Magnet
Laboratory at the Massachusetts In-
stitute of Technology, where the high
ficld magnets necessary for his re-
search are available.

The proposed NMR device for de-
tecting cancer in humans would not
have to be highly elaborate, Dr.
Damadian says. It would consist of a
large coil to emit radio waves and a
movable magnet 1o create the mag-
netic field required. The coil would
be wrapped around the patient’s
chest, while the magnet passed back
and forth across the body, A detector
would pick up NMR emissions [or
analysis

Several kinds of analysis might be
possible, Dr. Damadian says. For ex-
ample, many different kinds of atoms
could be studied in the same cells.
By analyzing all these atoms with
MNMR, researchers could build a spec-
trum that would identify each cell in
the same way that a fingerprint iden-
tifics & person. Analyzing these spec-
tra could then enable a doctor not
only to detect a cancer within the

body, but also to pinpoint the can-
cer's location, Dr. Damadian believes.
For that kind of snalysis, he says, a
computer would be needed, since the
number of different spectra might be
too great for any one man 1o handle.
The computer would compare the
signals coming from the patient’s body
with the spectra stored in its memaory.

Dr. Damadian has begun 10 com-
pile a catmlogue of NMR responses
from different tissuves, both normal
and cancerous. One of the first uses
of this kind of catalogue, he hopes,
will be quick identification of sus-
picious tissues removed by surgeons
during exploratory operations.

Dr. Damadian also believes that
NMR may give rescarchers a new
insight into one of the most mysteri-
ous processes in biology: the trans-
formation of a normal, controlled cell
into the uncontrolled, malignant can-
cer cell.

To siudy the transformation, Dr.
Damadian says, biclogists can simply
use some of the chemicals that are
known cancer-causcrs to induce the
cancerous transformation in the test
tube, Then they can perform periodic

(continued on page 16)
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between tumor and mormal tissve.

RADIO SIGNALS (from page 4)

MMR checks to determine which
molecules in the cell are changing
and whai changes occur.

And so, although Dr. Damadian is
now placing most of his emphasis on
a practical medical use of NMR, he
still Jeaves room for the basic scien-
tific research on which he staned.

Dr. Damadian is a Career Scientist
of the Health Research Council of the
City of New York. His rescarch is
supported by the Health Research
Council of the City of MNew York,
the New York Heart Association, and
the National Institutes of Health.




