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During the past 37 years, cryopreserved
oocytes and embryos used to produce ...

 Hundreds of thousands of lab animals

 Tens of thousands of children
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Domestic Offspring from ET with
Cryopreserved Embryos

Cattle Pig
Gerbil Rat
Goat Sheep

Hamster Rabbit



Non-Domestic Offspring from ET
with Cryopreserved Embryos

Fallow deer Wapiti
Cynomolgus Rhesus
African Wildcat



Cryopreservation Methods

Equilibrium 10% = 1.5 M ~0.5
Cooling

Non-Equilibrium >40% =~ 6 M >>1.,000
Cooling




Generalized Approach to Cryopreservation

i.e. below -130°C

« Use conditions to dehydrate cells,
I.e. minimize intracellular ice formation

« Store in LN, at -196°C
 Warm so as to avoid recrystallization



Basic Cryobiology

Equilibrium Cooling

“Slow Cooling”

Cool at ~1°C/minute

Cells dehydrate during
freezing

Little or no Intracellular
Ice




Fundamentals of Cryobiology

« What happens to cells exposed to
such solutions?
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Reprinted from The Journal of General Physiology, November 1963

Volume 47, Number 2, pp. 347309
Printed in United Stales of America

Kinetics of Water Loss from Cells
at Subzero Temperatures and the

Likelihood of Intracellular Freezing

PETER MAZUR
From the Biology Division, Oak Ridge National Laboratory, Oak Ridge



Mazur’s Equations of Theoretical
Cryobiology

 Temperature affects cell’s water
permeability



Mazur’s Equations of Theoretical
Cryobiology

« When cell exposed to hypertonic solution,
cell loses water as a function of time
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Mazur’s Equations of Theoretical
Cryobiology

« Solutions may be cooled at various rates
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Mazur’s Equations of Theoretical
Cryobiology

 [If cell is cooled infinitely slowly, cell water
volume will remain in equilibrium with
extracellular solution



Mouse oocytes at 0°C




Mouse oocytes cooled at 1.7°C/minute to -5°C




Mouse oocyte at -10°C




Mouse oocyte at -20°C
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Theoretical analysis shows that ...

« Cells cooled rapidly do not dehydrate.

« Therefore, they freeze intracellularly!






Theory dictates that optimum
cooling rate determined by ...




Blastocyst-stage Embryos




Embryo Characteristics




Embryo Characteristics

Bovine 7.1 x 104 17.7 x 10° 0.04




Bovine

In Vitro Development (%)
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Water permeability coefficients of
oocytes of various species

Human 0.40
Hamster 0.80
Monkey 0.23

Goat 0.97



Water permeability coefficients of

individual human oocytes at 22°C
(data of Van den Abbeel 2007)

0.63 0.78
0.65 0.86
0.66 0.92
0.69 1.14
0.74 1.18
0.77 2.15

0.87 2.18




Theory dictates that likelihood of
intracellular freezing determined by ...
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Calculated Volume of Embryo during Cooling
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Basic Cryobiology

Equilibrium Cooling

“Slow Cooling”

Non-equilibrium Cooling

“Vitrification™

Cool at ~1°C/minute

Cells dehydrate during
freezing

Little or no Intracellular
Ice

Cool at >1000°C/minute

Cells dehydrate before
cooling

Some intracellular ice



Calculated Volume of Embryo in Two CPAs

Plunge into LN,

non-osmotic cell volume
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Comparison of "Slow Cooling” and "Vitrification™

Vitrification

Slow Cooling
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Straws submerged in LN, at -196°C

3 M ethylene glycol

5 M ethylene glycol

8 M ethylene glycol




Conclusion

 Mazur’s theoretical analysis (and
derivative theories of others)
describes generalized response of




Limitations of Theoretical Analysis

- Water permeability of different oocytes
& embryos vary

 Intracellular nucleation temperatures




Final Conclusion

 Empirical analysis
* Imagination

» Creativity




