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Live Cells Frozen Alive

The science of freezing cells at extremely low tem-
peratures is expected to lead to preserving samples of species
about to become extinct, Ann Ewing reports.

» PUTTING LIFE, even human beings,
into an extreme deep freeze for preservation
by suspended animation may not be too far
in the future.

For living cells it has already been done.
Biological scientists have borrowed a trick
from the physicists and plunged living cells
directly from room temperature to tempera-
tures 345 degrees below zero Fahrenheit.
When thawed equally as fast, the red blood
cells are not damaged.

Using low temperature techniques, scien-
tists may in the future preserve samples of
species about to become extinct, store cell
or tissue cultures and antibiotic-producing
organisms, and stop life processes, in disease
as well as in health.

Many investigators today believe that the
death of cells from freezing results not from
the freezing process itself but rather from
a slow freezing, during which ice crystals
can form, and even more from a slow thaw-
ing, when ice crystals can also be formed.

Cryogenics is the field of physics dealing
with how matter reacts at temperatures near
absolute zero or 459.7 degrees below zero
Fahrenheit. There have been tremendous
strides in the last 10 years in applying cryo-
genics to missiles, electronics and gas lique-
faction.

However, only in a few laboratories are
scientists investigating the possibilities of
cryobiology, or biological reactions at very
low temperatures. One obvious application
is in the preservation of blood and tissue
for treating injuries, either in peace or war.

Basic And Applied Research

The U.S. Navy and the National Insti-
tutes of Health are among the agencies
involved in basic and applied research on
biological reactions at very low temperatures.

Until recently, man’s interests in biologic
freezing were focused primarily on defense
against it, such as the prevention and treat-
ment of frostbite, according to Dr. Joseph
F. Saunders, head of the medicine and den-
tistry branch, Office of Naval Research.

Verv little attention was given to the
possible beneficial effects of cold, particu-
larly as a practical tool in biologic research.
Scientists have, however, studied the effects
of temperature reduction in warm-blooded
animals, such as occurs either during hiber-
nation or experimental hypothermia. The
latter is the induced lowering of the body
temperature that is now being used more
and more for patients undergoing certain
kinds of surgery.

The effects of freezing stem from two
factors, the formation of ice crystals and the
dehydration, or water loss, accompanying
the crystal formation. The slower the freez-
ing rate, the larger the ice crystals formed.

As the rate of freezing increases, the ice
crystals become more numerous and smaller,
until a point is reached when they finally
vanish entirely. The resulting ice is solid
and glassy.

To remain frozen without the danger of
crystal formation, biologic materials must
be stored below the recrystallization point
of ice, which is 200 degrees below zero
Fahrenheit. Protective substances can be
added and glycerol, glucose and polyvinyl-
pyrrolidone are among those used to help
protect blood.

The Linde Company, a division of Union
Carbide Corporation, is developing a freeze-
thaw method of processing human blood
for indefinite storage at liquid nitrogen
temperature, which is minus 345 degrees.
The goal is to achieve a simple, economical
and speedy process of blood preservation,
storage and transfusion without any inter-
mediate steps in the process from donor to
recipient.

Equipment has been developed in which
a pint of blood can be frozen or thawed in
one minute or less. The thawed blood can
be stored in an ice bath at 32 degrees Fah-
renheit as long as three weeks.

Although cryobiologic research has been
mainly concerned with finding satisfactory
blood-preservation techniques, there have
been some investigations on the effects of
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DEEP-FROZEN BLOOD—Red
blood cells frozen at 345 degrees be-
low zero Fabrembeit are removed
from the freezing flask by Robert C.
Scheno, biologist at the division of
biologics standards, National Insti-
tutes of Health, Bethesda, Md.
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low temperature on other biological mate-
rials. Spermatozoa, for instance, were suc-
cessfully frozen and revived as far back
as 1938.

In 1952, a freeze method for preserving
fertilized rabbit eggs was developed and it
was found that one percent of the eggs
survived after thawing. Although this is not
a high rate, it is enough to show that even
a cell in such an unstable state does not
necessarily die when exposed to low tem-
peratures.

Problems Are Complex

The problems involved in freezing such
highly developed organisms as animals, in-
cluding man, are extremely complex. Until
recently, it was thought that a rat could not
survive cooling to an inside body tempera-
ture below 69 degrees Fahrenheit, at which
point respiration and heart beat stop. How-
ever, the emperor penguin not only supports
life but “contrives to incubate eggs and
care for its chicks in Antarctic temperatures
as low as 76 degrees below zero Fahren-
heit,” Dr. Saunders noted.

Laboratory experiments have shown that
rats, mice and dogs can be revived after
cooling to deep body temperatures of 32
degrees Fahrenheit. Rats so treated showed
no impairment of either memory or learn-
ing capacity.

In the future, Dr. Saunders foresees the
following possibilities of biological use of
low temperatures:

Preserving such large specimens as the
brains of vertebrates for study, with a mini-
mum of chemical fixation.

Preserving and storing live bacterial and
cell or tissue cultures.

Long-term banking of antibiotic-produc-
ing organisms, eliminating today’s necessity
of “starting again from scratch.”

Arresting chemical and other life proc-
esses in disease as well as in health. Impor-
tant enzymes, for instance, might be pre-
served without losing their functions.

Studying now unidentifiable but impor-
tant intermediates in biochemical reactions.

Preserving today’s generations of organ-
isms for later comparison with future gen-
erations, and also tissues affected by today’s
diseases for comparison with diseased tissues
several years from now.

And far in the future, Dr. Saunders fore-
sees the preservation of live plants and
animals to prevent extinction of a species.
Such an application, he said, cannot be
dispelled as “being impossible or fantastic,”
because, theoretically, life virtually does ex-
perience a temporary halt at temperatures
around and below the liquid nitrogen range.

A pioneer in the study of the effects of
low temperature on living cells is Dr. Basile
J. Luyet, a Jesuit priest who is director of
the American Foundation for Biological
Research, Madison, Wis. In 1949, he showed
that 70%, of the red cells in smears of oxa-
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lated ox blood remained alive when cooled
at a rate of about 200 degrees per second
by immersion in liquid nitrogen and then
rewarmed at about the same rate.

In 1950, Dr. A. U. Smith of the Institute
for Medical Research in' England discovered
that a 15%, glycerol solution protected rab-
bit and human red blood cells from death
during freezing at temperatures of more
than 100 degrees below zero Fahrenheit.

The aim of current research, Dr. Harold
Meryman of the Naval Medical Research
Institute, Naval Medical Center, Bethesda,
Md., told Science Servicg, is to find an
additive to protect frozen blood that does
not have to be removed before the blood
can be used for transfusion. Transfusions
could then be started within 90 seconds
instead of the more than an hour now
needed to prepare the blood.

He said that Dr. Audrey Smith and her
co-workers at the Mill Hill Laboratory near
London were studying the freezing of whole
organs and whole animals.

Dr. Meryman said the current belief was
that the stage for damage from cold was set
during the freezing process, but that the
final blow making the damage irreversible
occurred during thawing.
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FISHERIES
No Bones About I,
Machine Does the Job

» DON'T LIKE FISH because of the
bones? How about a machine that debones
them?

The U.S. Bureau of Commercial Fisheries
Review, 24:15, 1962, claims it is now pos-
sible to design and build a machine that
will detect and reject those harmful fish
bones.

Research by the Bureau has been carried
on since 1954 to find such a machine. When
the results were in, the scientists report
that there are no bones about it, the ma-
chine really works.

Fish are relayed in front of an X-ray
unit which detects the bones, even when
the fish are frozen. An electronic flash
forms an image of the fish’s interior on a
fluoroscopic screen. The bones cause a
change in energy levels on the screen which
can be picked up and relayed to a photo-
electric unit. This unit can control a reject-
ing device which de-ribs the fish.

The device works best on thin slices but
Bureau scientists are confident that it can
be improved for commercial use.
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Induction Coil Set

Improved design, larger size, better per-
formance, LUCITE base. 2” diameter_coil,
full % # of copper wire. Handsome, sharp.
Frﬁgy' we’re sure you should get good
results.

MORRIS and LEE

Dept. SNL-4, 294 Eim St., Buffalo 3, N. Y.
Send for free catalog of other low-priced
Scientific equipment.

——ASTRONOMY—

For Everyone

Enjoy SKY AND TELESCOPE magazine monthly.
Profusely illustrated. Observing "and telescope
making departments, monthly star and planet
charts. Subscription in U. S.: $5.00, | year;
$9.00, 2 years. Sample copy, 50¢.

SKY AND TELESCOPE Combpidge 38, Mass.

SCIENCE SPECIALS

ATOMIC GARDEN SEEDS

~  These seeds have been exposed
- to gamma ray radiation to cause
changes in the structure of the
plant. Many strange variations in
size, taste and color are reported,
Each kit has 6 packages assorted
illustrated workbook.
- Easy to grow and fascinating to
_ watch. Not_radioactive; therefore
ectly sﬁe for everyone.

1.95 PPD
VEGETABLE KIT 1.95 PPD

PRECISION WEATHER GROUP

A superb 3-instrument set
mounted on a walnut grain panel.
Has finely etched aluminum dials
in brass metalized cases. 157
overall. Consists of a precision
barometer, aneroid thermometer
and sensitive hygrometer, A hand-
some set for desk or wall, office or
study. Please include 50¢ postage.

NO. 110-1 $9.95
SCIENCE OF SOUND

Created by Bell Telephone sci-
entists for high school and college
physies classes, but is sheer en-
Joyment for everyone. All major
phases of acoustical science are
demonstrated — pitch, frequency,
echo, reverberation, Doppler ef-
fect, overtones, etc. Short narra-
tions are followed by brilliantly
executed sound _ demonstrations.
The effect is thrilling to all who
listen. 12” 33rpm record.

NO. 264-1 $5.95 PPD

SENSITIVE PHOTO-CELL

Unbelievable performance! Op-
erates when a match is lighted at
4 feet, flashlight beam at 100
feet. Rings bells, turns on motors
and lights, does “impossible”
stunts. Easy-to-wire kit _ consists
of a sensitive photo-cell, extra
sensitive relay, extra sensitive
transistor, instructions and
page photo-cell booklet. Requires
a miniature 9 volt battery (75¢

extra).
NO. 364-1 $6.60 PPD

THE FREY SCIENTIFIC COMPANY
273 ORANGE ST., MANSFIELD 8, OHIO
SATISFACTION GUARANTEED SEND FOR FREE CATALOG
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