BIOPHYSICS

Magnetism
as a tool
in biology

Magnetic techniques can be useful in
many types of biological research

Dietrick E. Thomsen

Magnetism is a property of atoms.
Sometimes it makes itself macroscopi-
cally evident when the magnetic fields
of the atoms in a piece of matter line
up in one direction and a natural or
artificial magnet results. More often
the magnetism of atoms is not grossly
evident, but can be sensed by appropri-
ate means.

When magnetism is applied to biol-
ogy both the atomic and gross aspects
of it can come into play. The mag-
netism of atoms and their nuclei can be
used to study the physics and chemistry
of biologically important substances;
the gross magnetism of sizable bodies
can be used as an aid in investigating
physiological processes or in carrying
out medical therapy.

One example of the use of magnet-
ism in physiochemical studies is the in-
vestigation of hemoglobin, myglobin and
various enzymatic proteins with the
Maossbauer effect. Dr. C. E. Johnson
of the University of Liverpool in Eng-
land described some of these experi-
ments at a recent Conference on Mag-
netism and Magnetic Materials in
Miami Beach.

Modssbauer effect is the name for the
so-called recoilless emission or absorp-
tion of gamma rays by atomic nuclei.
Nuclei emit or absorb gamma rays
when their internal energy changes
from one value to another. If the atom
involved is in a gas, it will recoil when
the gamma ray is emitted or absorbed.
This is because the principle of con-
servation of momentum requires that
the momentum of the emitted ray be
balanced by a momentum of the atom
in the opposite direction and that the
momentum of the absorbed ray be pre-
served as a momentum of the absorb-
ing nucleus.

Some of the energy involved in the
interaction will go into the momentum
of the atom, and since this may vary,
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it is not possible to use the absorption
or emission spectra of gamma rays
from gases to determine the exact
amounts of energy involved in the in-
ternal changes of the nucleus. But if
the atom is bound in a crystal, the re-
coil involves the whole crystal. Since
the crystal is massive compared with a
single atom, the recoil necessary to con-
serve momentum is slight, almost
nothing. Thus nearly all the energy in
the interaction passes between the
gamma ray and the internal energy of
the nucleus, and the gamma-ray spectra
of solids can be used to determine the
exact energies involved in the nuclear
transitions.

Since the energy states of the nucleus
are influenced by the magnetic state of
the atom, MdJssbauer studies can be
used to determine magnetic properties
of the atom. And where magnetic
changes are involved in their chemical
activity much can be learned about
that.

Many biological substances, such as
hemoglobin and myoglobin, form large
crystals. The important chemical ac-
tivity of these substances is carried on
not by the whole molecule but by a
few active atoms. In hemoglobin, for
example, four iron atoms do all the
work involved in taking up oxygen and

_transporting it to cells.

Similar characteristics are found in
the so-called iron-sulfur proteins, whose
structures play roles in photosynthesis,
metabolism and nitrogen fixation. One
of these proteins that has been exten-
sively studied is spinach ferridoxide, a
substance found in spinach leaves.

In spinach ferridoxide the enzymatic
activity is concentrated on the iron
atoms, of which there are two per
molecule. Investigation can therefore
concentrate on the state and structure
of the iron atoms, and much can be
learned even without knowing the de-
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The complex hemoglobin molecule’s
four iron atoms are the key

to its main chemical activity.
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Magnetic pellets for vascular research.

tailed structure of the whole molecule,
which is extremely difficult to deter-
mine,

It was found, for example that in
the oxidized state the molecule is non-
magnetic; in the reduced or deoxydized
state it is magnetic. In reduction, one
electron is transferred to the two iron
atoms, and the question was whether it
belonged entirely to one of them or
was shared by both and how this
affected the magnetism.

Study shows that the electron goes to
one, not both, of the atoms and that
the magnetic fields of the two atoms
are pointed in opposite directions.
Thus in the oxidized state, when both
atoms have equal numbers of electrons,
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the two magnetic fields are equal and
cancel, and the over-all field is zero. In
the reduced state one atom has the
extra electron, and the result is a net
field.

The electrons and how they move
determine the chemical bonds that can
form, and such studies should throw
light on the complicated chemistry of
these proteins, especially how they can
exist in either of two oxidation states:
ferrous (divalent) and ferric (trivalent).

Magnetic bodies much larger than
single atoms, called ferromagnetic fine
particles, can be used as a contrast ma-
terial in studies of small blood vessels,
according to Dr. K. Konno of Tohoku
University in Sendai, Japan, who has
performed experiments with Drs. T.
Nakamura, T. Morone, N. Tsuya and
M. Hatano.

In X-rays small blood vessels do not
show up well against surrounding
tissue. To get good pictures of them a
contrast material that absorbs X-rays
more strongly than the tissue must be
introduced. In the magnetic pellets
such a material is combined with a
magnetic one.

The pellets are injected into the blood
vessels where pictures are wanted.
When a magnet is applied to the out-
side of the body the pellets clump to-
gether in aggregations that outline the
vessel. Both still and motion pictures
can be taken with this method, says
Dr. Konno. The method has been suc-
cessful in experimental pictures of
blood vessels in rat intestines. Dr.
Konno says it could be useful in such
fine structures as kidneys, brain and
pancreas.

Because of problems in getting the
pellets out of the blood stream once
they are in, experimentation must be
confined to animals for the present, says
Dr. Konno.

On removal of the external magnet,
blood flow recovers, but as long as the
pellets remain in the blood the possi-
bility of embolism or iron poisoning re-
mains, Possible methods to remove the
pellets include recycling the blood
through an external apparatus that
strains out the pellets or providing
pellets that will be dissolved by the
blood and excreted.

Another contrast method that Dr.
Konno and his co-workers have ex-
perimented with introduces gold-plated
magnetic rings into the right ventricle
of the heart by means of a catheter.
When these are in place, pictures can
show the thickness of the ventricle wall.
This method can be useful, he says,
in diagnosing pulmonary disease that
causes thickening of the ventricle wall.
The rings can be removed, he says,
and experimental subjects show no side
effects. O
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methodology of the research, the results ob-
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ELECTRONIC MUSICAL INSTRUMENTS
—Norman H. Crowhurst—TAB Bks., 1971,
191 p., diagrams, $7.95; paper, $4.95. De-
scribes electronic tone production, amplifica-

tion of traditional instruments, modifiers,
fully electronic instruments, and speaker
systems.

AN END TO POLITICAL SCIENCE: The
Caucus Papers—Marvin Surkin and Alan
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American political science, presented by a
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EXPERIMENTAL MESON SPECTROS-
COPY—Charles Baltay and Arthur H. Rosen-
feld, Eds.—Columbia Univ. Press, 1971, 664
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retical research.

EXPERIMENTS WITH MICROSCOPIC
ANIMALS—Philip Goldstein and Jerome
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$7.95. A book of research ideas for the
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127 p., diagrams, $12.50; paper, $6. Reference
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PESTS AND DISEASES OF TROPICAL
CROPS AND THEIR CONTROL—G.
Frohlich, W. Rodewald and others, transl
from German by H. Liebscher, Ed. and F.
Koehler—Pergamon, 1970, 371 p., color
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