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Table 1. Factors associated with cooling and cryopreservation that contribute to cellular injury and death in biological
system

System Type / cause of damage

All Intracellular ice formation, extracellular ice formation, apoptosis, toxicity, calcium imbalace,
free radicals, ATP levels, general metobolism, fertilization failure, cleavage failure, pHj,
pathenogenetic activation, cleavage

Membrane Rupture, leakage, fusion, microvilli, phase transition

Chromosomes Loss/gain, polyspermy, polygyny (failure to extrude polar body), tetrapolidy
DNA Apoptosis, fusion, rearrengements

Cytoskeleton Microtubles dissolve, actin

Proteins/enzymes Dehydration, loss of function

Ultrastructure Microvilli, mitochondria, vesicles, cortical granules, zona pellucida
Zona Pellucida Hardening, fracture
Lipids Free radicals
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