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To reduce the effects of high salt
concentrations and to aid in “glass
formation” we add CPAs
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Requires VERY
high cooling rates
or VERY high CPA
concentrations
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Cell Specific Characteristics

Cold shock sensitivity
Specific CPA toxicity
Intracellular lipid content
Cytoskeletal sensitivity




Osmotic Damage
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Osmotic tolerance of
multiple species:
osmolality
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Osmotic tolerance of multiple
species: volume

characteristics

Media Choice

+ Cryoprotective Agent/Additives

— Glycerol
« concentrations used vary from clinic to clinic,
ranging from 5% to 10%.
— Ethylene Glycol
« Shown to likely be superior but uncommon in
practice
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To remain within osmotic
tolerance limits multiple
steps are needed

Media

+ Cryoprotective Additives
— Chicken egg yolk
« Enhances membrane fluidity
« Extends osmotic tolerance
« Difficult to implement QC

— Glutamine or Cholesterol-laden-Cyclodextrin
an alternative
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Membrane Stabilizers,
OTLs, and CPAs
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Solution effects injuary Intracellular ice formation
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How do we determine optimal
protocols?




Measurements

* Relative water content -(Vs,-Vy)
— Boyle Van't Hoff

 Water Permeability (L,)
— Temperature dependence of L,

+ Solute Permeability (P,)
— Temperature dependence of Py
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FIG. 1. Boyle-van't Hoff plot for mouse spermatozoa derived from
pooled equilibrium volumes (+ SEM) from ICR and B6C3F1 mice (n =
12) exposed to PBS solutions of five different osmolalities: 1200, 600,
290, 150, and 75 mOsmolal. The y intercept indicates that V,, the volume
that is osmotically inactive, is 60.7% of the isosmotic volume.
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Predicted volume excursions for cells exposed to a CPA at different
temperatures. The permeability of cells to CPAs decreases as temperature
decreases, thus the recovery of isotonic volume is much faster at 25°C than at
14°C or 3°C (from Pfaff et al. 2000).
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Measurements allow
optimal CPA
addition/removal protocols

Salution effects injury

Liquid

Liquid+lce Liquid

+Solids

ainjesadwa)]

Ice+Solids

Slow Cooling Cooling Rate Rapid Cooling

Concentration

Measurements allow the
prediction of an optimal
cooling rate




Why use an empirical-
fundamental approach?
4 CPAs
4 CPA Addition Protocols
4 Cooling rates
4 Warming rates
4 CPA Removal Protocols
4 x 4 experimental design

4x4x4x4x4x4x4=16384 data points with
little likelihood of specific results
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Future Directions

» Refined metrics for osmotic tolerance
limits

 Continuous and optimal CPA addition
and removal

* Nonlinear control of sample
temperatures

» Optimization of temperature control
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