Cryopreservation
Cryobiology is the branch of biology that studies the effects of low temperatures on living things. The word cryobiology is derived from the Greek words "cryo"  cold, "bios" life, and "logos"  science. In practice, cryobiology is the study of biological material or systems at temperatures below normal. Materials or systems studied may include proteins, cells, tissues, organs, or whole organisms. Temperatures may range from moderately hypothermic conditions to cryogenic temperatures.
Cryopreservation: Cryopreservation is a technology whereby cells, whole tissues, or embryos are preserved by cooling to temperatures below the freezing point of water.

Major areas of study in cryobiology
6 major areas of study in cryobiology can be identified:

1. Study of cold-adaptation of microorganisms, plants animals.

2. Cryopreservation of cells, tissues, gametes, and embryos.
3. Preservation of organs under hypothermic conditions for transplantation.

4. Lyophilization (freeze-drying) of pharmaceuticals.

5. Cryosurgery
6. Physics of supercooling, ice nucleation/growth and mechanical engineering aspects of heat transfer during cooling and warming.

Basic Principles of Cryobiology 

1. Due to resiliency of living cell, the study of life at reduced temperatures (cryobiology) is possible.

2. The literature of cryobiology is vast and covers everything from the freezing of cells to animal hypothermia. For the purposes of this overview, we will consider only phenomena that occur below the normal freezing point of pure water, which is defined as 0°C.

3. The phenomena of cryobiology can be thought of as arising from two contradictory effects of temperature reduction; one is a reduction in the rate of deterioration of biological systems and other effect is destructive in nature.

4. The zone of hazardous subzero temperatures depends on the biological system.
5. As the temperature is reduced, less and less energy exists in the system to drive these kinds of molecular motions.
6. At several degrees below the commonly-observed ultra low temperature, molecular motions are so slow that changes are nil for all practical purposes even over time spans of several hundred years or more.

7. When a cell is permeated by cryoprotectants in concentrations high enough to allow vitrification, the entire cell’s molecular constituents become locked into the glass as it forms and therefore become unable to change over time.

8. Vitrification prevents damage related to ice formation
9. Not all damage is avoided by vitrification, however. There is also damage caused by low temperature exposure per se, which is called either chilling injury or cooling injury. 
Semen cryopreservation: Semen cryopreservation is a procedure to preserve sperm cells. Semen can be used successfully indefinitely after cryopreservation. For animal sperm, the longest reported successful storage is 21 years. It can be used for sperm donation where the recipient wants the treatment in a different time or place.
Freezing:The most common cryoprotectant used for semen is glycerol (10% in culture medium). Often sucrose or other di-, trisaccharides are added to glycerol solution. Semen is frozen (-196°C) using either a controlled-rate, slow-cooling method (slow programmable freezing or SPF is a typical cooling rate around 1°C/minute) or a newer flash-freezing process known as vitrification (ice crystal formation). 
Thawing: Thawing at 40°C seems to result in optimal sperm motility. On the other hand, the exact thawing temperature seems to have only minor effect on sperm viability.
Refreezing: Three cycles of freezing and thawing can be performed to test motiliy This is provided that samples are refrozen in their original cryoprotectant and are not going through sperm washing or other alteration in between, and provided that they are separated by density gradient centrifugation 

Oocyte cryopreservation: Animal oocyte cryopreservation (egg freezing) is a novel technology in which a Female’s eggs (Oocytes) are extracted, frozen and stored. Later, when she is ready to become pregnant, the eggs can be thawed, fertilized, and transferred to the uterus as embryos.

Method
At first, one to several weeks of hormone injections that stimulates ovaries to ripen multiple eggs. When the eggs are mature, a medication to trigger ovulation is given and the eggs are removed from the body using an ultrasound-guided needle. The procedure is usually conducted under sedation. The eggs are immediately frozen.

The egg is the largest cell in the animal body and contains a great amount of water. When the egg is frozen, the ice crystals that form can destroy the integrity of the cell. To prevent this, the egg must be dehydrated prior to freezing. This is done using cryoprotectants which replace the water and inhibit the formation of ice crystals.

Eggs (oocytes) are frozen using either a controlled-rate, slow-cooling method or a newer flash-freezing process known as vitrification. The slow-cooling method is the most practiced of embryo freezing techniques. Vitrification is much faster but requires higher concentrations of cryoprotectants to be added. The result of vitrification is a solid glass-like cell, free of ice crystals. Once frozen, shell of the egg hardens. Thus, currently, when eggs are thawed, a special fertilization procedure is performed by an embryologist whereby sperm is injected directly into the egg with a needle rather than allowing sperm to penetrate naturally by placing it around the egg in a dish. This injection technique is called ICSI (Intracytoplasmic Sperm Injection) and is also used in IVF.
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