Imaging Concentration and Temperature in Cryopreservation Solutions from -80C to Room Temperature
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Introduction: Cryopreservation is the process whereby cells or whole tissues are preserved by cooling to low sub-zero temperatures, typically -80°C
or colder. Cryoprotective compounds are commonly used for preservation to promote vitrification, the formation of tissue-friendly glass-like solids,
as opposed to tissue-damaging crystalline ice. Low concentrations of cryoprotectant are typically not sufficient to maintain cell viability during
freezing, and very high concentrations are toxic, although higher concentrations are tolerated as temperature is reduced. As a result, the design of
successful cryopreservation protocols, that maintain cell viability, require control and knowledge of temperature and cryoprotectant concentration
throughout cooling (time), and throughout the sample (space). We investigate the use of magnetic resonance spectroscopic imaging for the
simultaneous measurement of concentration and temperature. Spectroscopy offers direct evaluation the relative spin density of water and
cryopreservative molecules (concentration), and the chemical shift difference between their resonances is examined as an absolute temperature probe.
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difference as a function of temperature, with a clear linear relationship from room Temperature (Degrees Celcius)
temperature to -18°C (the known freezing point of 5SM DMSO). Sample spectra are
shown in the inset. A similar trend in water/DMSO solutions has previously been Water and DMSO Peak Area
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shift in the linear curve that relates chemical shift difference and temperature,
determined by the change in concentration (sample dashed line is shown in Figure).
The increased DMSO concentration further reduces the freezing point so that all of
the water does not freeze at a single temperature. The lower figure shows that the
DMSO spin density decreases slightly with warming from -50°C to room
temperature, reflecting the reduction in thermal equilibrium magnetization at higher
temperatures. The water spin density, on the other hand, increases considerably over
the same temperature range as it transitions from solid to liquid phase. The water T,
increased from 20 ms at -60°C to 200 ms at room temperature, and the DMSO T,
increased from 40 ms to 240 ms over the same temperature range. (Note that water
in the solid phase is not NMR visible for the relatively long TE values used in this
study).

Conclusion: Spectroscopic imaging of cryoprotectant solutions provides a host of 5.0 4.0 3.0 2.0
parameters (chemical shifts, line width and visible spin density) in a fast experiment Chemical Shift (ppm)

with high spatial .resolution. These rest}lts confirm the potential for non—ionvasive e e paniel shiows the ehemical Shift differenss betweetiwatet and
temperature mapping and solvent.tragkmg for terppera.tures as low as -60°C. The DMSO peaks as a function of temperature (red points). The inflection at
presence of DMSO clearly maintains NMR-visibility of water for sub-zero _jgoc is the freezing point of water in SM DMSO. Sample spectra are
temperatures (i.e. sufficiently long T,* to resolve the water and DMSO peaks). This  shown in the inset at -50° and 20° C. The relative peak areas (spin densi-
approach offers the potential to measure absolute temperatures using chemical shift  ties) at these two temperatures are shown in the lower panel (actual peak
differences with high spatial resolution and without need for reference information.  areas are calculated with spectral fitting).

The equation that describes the observed relationship between chemical shift difference, temperature and concentration is 46 = k;T + F;(Cpyso)s
where k; would be a constant that is specific to the water DMSO system and F; would be a function only of the DMSO concentration, Cpyso. This
technique will resolve important limitations in current cryobiology research.
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