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4.1: Minimizing ice crystals using vitrification
Vitrification is when a liquid becomes a glass-like solid without ice crystal
formation.
A _cryoprotectant solution reduces ice formation.

A vitrification solution consists of cryoprotective agents that is sufficiently
concentrated to enable complete or almost-complete vitrification of tissue at the
cooling rates employed for that purpose. [See Explainer 3.3]

Freezing implies the formation of ice crystals out of the water. That water is part of a
solution with other molecules. When tissue is cooled below the freezing point, water
molecules come together and form ice crystals. Ice crystals can cause some damage to
cell membranes. However, most of the damage done by ice results from the way ice
forms outside the cell, dehydrating and shrinking the cell. This concentrates other
molecules into a harmful solution. Cells need a very specific environment to remain
viable.

As ice forms, water expands by only a few percent. Examined on a cellular level, ice first
forms outside cells during cooling. As water leaves the cells (“osmotic dehydration”) and
forms ice between cells, the cells dehydrate and shrink. As this process continues, ice
crystals squeeze the cells, causing physical damage.

When talking about cryonics, people often say that we freeze people. If that is taken to
imply the formation of ice crystals, it is not that simple. Although that sometimes
happens to varying degrees, it is not the aim of good cryonics practice. To the extent that
freezing occurs in a cryonics patient, it is due to factors beyond control. These include
unavoidable delays in accessing the patient and beginning the procedure; poor
circulation; and medical conditions such as aneurysm or stroke that impede the flow of
cryoprotectants into the brain.

It is important in cryonics to prevent water from turning into ice. This is challenging
because the human body consists of approximately 60% water. The percentage varies
between different tissues in the body. Muscles contain more water than fatty tissue.
Your brain, lungs, heart, liver, and kidneys are 65-85% water. Water makes up about
half of your blood volume.
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Now, consider what happens when we introduce cryoprotectants — small molecules that
easily penetrate inside cells and that depress the freezing point of water. When
cryoprotectants are used, the freezing point of the unfrozen solution drops sooner and
faster, limiting the total amount of ice that forms and eventually stops forming.
Cryoprotectants come in differing concentrations.

Up until around 2000-2002, Alcor used cryoprotectants with increasingly high
concentrations. Every time a more concentrated solution was used, less ice formed.
Alcor now uses a vitrification solution. When the high concentration of a vitrification
solution is combined with rapid cooling, ice formation can be completely avoided. (This
is not to say that full vitrification will be achieved in every case or even most cases.)
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Vitrification means that water becomes solid without freezing. A vitrification
solution is a solution of cryoprotective agents that is sufficiently concentrated to enable
complete or almost-complete vitrification of a living system at the cooling rates
employed for that purpose.

The combination of rapid cooling and high cryoprotectant concentration to completely
avoid ice formation was first suggested in the 1984 paper, “Vitrification as an Approach
to Cryopreservation”. When a vitrification solution is used, molecules just move slower
and slower as they are cooled. As the temperature drops below -100° C (the “glass
transition temperature”), molecules become locked in place and a solid is formed. Once
cells are vitrified, cellular activity stops. This prevents any future damage to the tissue.
Something that has been vitrified can theoretically be stored for almost any length of
time.

Entire organs have been vitrified and stored at temperatures as low as -140° C. Among
tissues that have been successfully vitrified are embryos, ova, skin, corneas, pancreatic
islets, blood cells, and blood vessels. A rabbit kidney has been vitrified at -135°C and
successfully transplanted with long term survival. Vitrification is now widely regarded as
the most promising approach for long-term banking of organs. The image below shows
the difference between a frozen kidney and a vitrified kidney.
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Scientists are working to reduce the toxicity of the cryoprotectants used to make tissues
vitrify. This would allow the banking of organs for transplantation. At Alcor, toxicity
does still occur with vitrification of human organs, but we anticipate this to be reversible
with future molecular repair technology.

Frozen Tissue Vitrified Tissue
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