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Abstract:  Fully-hydrated Ehrlich carcinoma ascites cells under the protective action of DMSO
fully survived exposure to near-absolute zero temperature provided by liquid helium.

KEY WORDS: association-induction hypothesis, Al hypothesis, Bradley isotherm, cell water,
DMSO, fully-hydrated cells, idealized NP system, liquid helium temperature, NaCl exclusion, non-
freezing water, polarized-oriented multilayer theory, PM theory, POM theory, 0°K.

THE YEAR 1965 saw the addition to the theory of the living cell called the association-
induction hypothesis (Ling 1962; 1997; 2001), the polarized-oriented multilayer (POM,
or PM) theory of cell water. The POM theory was introduced to explain the low level of
sodium ion (Na*) as chloride (and other solutes like sucrose) in cell water (Ling 1965.)
To achieve that end, the theory contends that all or virtually all cell water in living cells
is polarized and oriented by the cell proteins. For many years afterwards, Bradley’s mul-
tilayer adsorption isotherm has offered important support for the POM theory (Bradley
1936.) Notwithstanding, this and other then-existing theories had limitations. Thus, they
could not provide key quantitative insights needed, including the depth of multilayers that
can be so polarized (and oriented) by the polar surfaces (Ling 2003.)

By taking a short cut, Ling derived a new theoretical foundation for his POM theory of
cell water and inanimate systems demonstrating long range dynamic structure. The the-
ory began by defining and calling a checkerboard of positively- and negatively charged
sites of a rigorously defined geometry and dimension as an idealized NP system. The the-
ory then shows that under idealized conditions — including 0°K temperature, freedom
from any kind of disturbance etc. — the propagated polarization-orientation of bulk-phase
water molecules produced by such an idealized NP system could proceed ad infinitum.
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In addition, the theory predicts that water so polarized and oriented would not freeze at
any attainable low temperature. This prediction was confirmed retroactively some fifty
years before when Canadian chemists, Giguere and Harvey discovered unintentionally
that thin films of water held between polished silver chloride lenses — which possess
crystal structure nearly ideal as defined in the new theory — would not freeze at liquid
nitrogen temperature (—196°C or 77° K.) (Giguere and Harvey 1956)

Following the introduction of the POM theory in 1965, unusual properties of water in
the living cell and model systems beyond the low solvency for NaCl were examined one
by one in the light of the new theory. (For a full list of these attributes, see Ling 1992, Table
5.5 on pp. 208-209.) One of these additional attributes is the demonstrated ability of liv-
ing cells to survive freezing and thawing in liquid nitrogen when a cryoprotective agent
like glycerol or dimethyl sulfoxide (DMSO) was added to the freezing medium (for review,
see Smith 1961.) And in time, the predictions of the POM theory was confirmed not only
for these two physiological manifestations — Na(Cl) exclusion and survival in freezing
temperature — but for six other manifestations listed in the table quoted above as well.

Ling and Zhang studied the freezing and thawing behaviors of two categories of model
systems referred to as the extrovert and introvert respectively (Ling and Zhang 1983.)
Extrovert models include proteins that for structural reason, like gelatin, or in response to
denaturants, like urea, exist in the fully-extended state and various linear oxygen carrying
polymers including polyethylene oxide, polyvinylpyrrolidone. Introvert models include
mostly what are often (erroneously) called “native” proteins. In most of our studies with
a Perkin Elmer differential scanning calorimeter, the low temperature was provided by a
mixture of dry ice and ethanol. In a smaller number of runs, we used liquid nitrogen. The
lowest temperature reached in our runs was around 123° K.

From these model studies, Ling and Zhang confirmed most if not all of what was the-
oretically predicted. Thus, in solutions up to as high as 50% concentration, the six in-
trorvert “native” proteins investigated demonstrated no detectable influence on either the
freezing temperature of the bulk phase water or the width of its freezing peak — in a plot
of heat absorption or release against increasing (or decreasing) temperature. In contrast,
all the extrovert models uniformly demonstrate strong influence on the freezing (and
thawing) pattern of the bulk-phase water. Thus with increasing polymer concentration, the
freezing temperatures became steadily lower and the freezing peak became progressively
wider — so that at the highest polymer concentration, the freezing peak disappeared al-
together. The vanishing freezing peak shows that a state of non-freezing had been brought
about by the extrovert models.

That extrovert models can lower the freezing temperature of the bulk phase water and
make it unfreezable is important. It demonstrates that closer juxtaposition of water-
polarizing and orienting sites enhances the stability of the dynamic polarized-oriented
water. As such, it offers an explanation why glycerol, dimethyl sulfoxide (DMSO) and
other cryoprotectants help to preserve living cells from fatal injury from freezing and
thawing: Because these cryoprotectants as a rule form strong H-bonds with water mole-
cules and by so doing further enhance the water-to-water interaction energy of the bulk
phase water in the resting cell by the fully extended protein chains and make the cell
water unfreezable. (See also Ling, Niu and Ochsenfeld 1993, pp. 193-195; Ling 2006)

That increasing the concentration of the extrovert models could cause non-freezing also
offers an explanation why only after severely lowering of the water content (to 8%) could
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the larvae of the West African beetle, Polypedilum vanderplanki survive exposure to liquid
helium (Hinton 1960.)

The purpose of this preliminary study is to find out if living cells in their normal fully
hydrated state could also survive exposure to liquid helium when the cells are under the
protection of the cyoprotectant, DMSO (Lovelock and Bishop 1959.) If this proves suc-
cessful, it would go one step further confirming the theory of non-freezability at any at-
tainable low temperature when the bulk phase water is polarized and oriented like that in
the idealized NP system.

Materials and Methods

Ehrlich carcinoma ascites cells were carried in ICR mice and routinely harvested 14 days
after abdominal injection. The ascites fluid was mixed with Sigma RPMI 1640 medium
before low speed (900 rpm) centrifugation and resuspension of the cells in similar
medium and centrifugation a second time. 0.5 to 0.7 gram of the cell pellet was then sus-
pended in 5 ml of a freezing medium (76% RPMI medium, 16% newborn calf serum and
8% DMSO.) The suspension was then further diluted with similar freezing medium by
mixing 0.85 ml of the suspension in 20 ml of the freezing medium and 2 ml aliquots of
the suspension placed in 2 ml sterile cryo-tubes. After 2 hours of gentle shaking in a re-
frigerator kept at about 9° C, the cryotubes containing the ascites cells were suspended
over-night inside a standard 10 liter liquid nitrogen tank at about 13 inches below the top
of the tank and about 6—7 inches from the surface of the liquid nitrogen beneath. The cells
in the cyrotubes were then lowered into the liquid nitrogen.

To expose the ascites cells to near absolute zero temperature, we allowed liquid helium
to flow over the cryotubes — containing the liquid-nitrogen frozen ascites cells — in a
Dewar jar for a total duration of 5—10 minutes.

Results and Discussion

The viability of the ascites cells were examined after staining with erythrosin B. Sample
cells taken before freezing in liquid nitoroten was 97.7% ; it fell to 81% after freezing in
liquid nitrogen. Following the exposure to liquid helium, the viability stayed essentially
unchanged at 86% survival.

Before exposing to the liquid helium, the ascites cells had been in liquid nitrogen four
days at the temperature of —196° C or 77.2° K. Liquid heliium could provide a tempera-
ture of 1.9° K as it was maintained at the Large Hadron Colllider at CERN in Switzer-
land. The usually given value is 3 to 4° K. The temperature our samples sank to was
unknown but it is certainly much lower than 77° K. The fact that the viability remained
entirely undiminished by further lowering of temperature gives us the assurance that the
theoretical prediction that living cells in the presence of cryoprotectant DMSO could in-
deed survive temperature close to the temperature of liquid helium and hence absolute
Zero.
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