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ABSTRACT: Tissues can be preserved for centuries under the conditions of
extremely cold temperatures along with the neurological functions of the human
brain. It is possible with the process of vitrification; here the cells of the brain
are cooled to the cryogenic temperature without the formation of ice. Damage
caused due to this process is theoretically reversible as like before, but
practically, rejuvenation is possible only by the foreseeable technology which is
specific. Injury caused to brain because of low or stopping of blood flow which
is as a result of complex series of process which takes more than 6min of time to
complete the limit of resuscitation technology. Damage of blood vessels occurs
first then the brain tissues if the process of rejuvenation occurs for more than 6
min. For permanent death of neurons, many hours are required. The process of
cryopreservation provides a chance for resuscitation by having an opportunity
between legal death and permanent loss of life in both humans and animals. At
appropriate conditions, the time is taken between the beginning of clinical death
and the start of cryopreservation procedures should be less than 1min. The
process of cryonics occurs indirectly, but its evidence is applied in the different
sectors of science. Any complex changes which are due to aging if reversible in
the future, then the same changes are also reversible, which are caused due to
stopped blood flow and cryonic process and provides life-saving results in the
people who seeks medical help.

INTRODUCTION: Cryonics is derived from the
Greek word “kryos” which means “cold” 1. The
process of cryopreservation begins in the year of
1954 to human cells with frozen sperm, thawed and
used to inseminate 3 women. Cryonics is present in
practice which involves the preservation of dead
bodies of human being and animals at very low
temperatures called as cryonic temperature by
having a belief in future science to restore them to
healthy living condition. In present times cryonics
is performed only after the declaration of legal
death of the cryonic subject 2.
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By the usage of cryoprotective agents, the freezing
behavior of cells gets differed and affects the rate
of water transport, nucleation, and ice crystal
growth. Cryonics concept is based on several key
concepts like:
1. At low temperatures, chemical reactions in
body can be stopped for many centuries.
2. By the use of vitrification mixtures, ice
formation is decreased.
3. Death is a process, not an event; it takes more
time to get death irreversibly.
4. The damage that is caused by the clinical
death and low temperature will be reversed in
the future but not now.
In cryonics, the persons are cooled at a temperature
below -120°C to protect tissues with small changes
in tissue structure after cardiac arrest. The freezing
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technique has been scientifically proposed in
humans by Michigan professor “Robert Ettinger”
and wrote “The prospect of immortality” 3.
Primarily to the cryonic person, respiration and
circulation are restored mechanically and rapidly
cooled to a temperature of 10°C and 0°C. Later the
blood of person is removed, and cryoprotectant
mixture is replaced to stop ice formation. Now the
body is cooled to-120°C.
In future if treatment is found to the particular
disease the cryonic patient's body is re-warmed;
treated by removing cryoprotectant mixture, and
cured to get back to the living condition if required.
There is a gradual increase in the preservation of
tissues and cells by the use of CPA’s and
temperature control devices. In 2018, a method for
preserving brain with chemicals rather than
freezing was developed a Y-combinator start-up
called “Nectome” 4.
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irreversible. Cryonic advocates state that presently
nonexistent nanotechnology will help to get back
the life of a dead person in the future and treat the
disease because of which the subject died 7. The
process of mind uploading is also given 8.
The 1st cryonic body to be preserved by freezing
was “Dr. James Bedford” in 1967 9. In 2015,” Du
Hong” (61years) who is a female writer of
children’s literature, is the first Chinese national to
preserve her head 10. Till 2014, about 250 cryonic
subjects are cryopreserved in U.S, and about 1,500
had arranged for preserving their bodies 6.
Procedures and Practice: Based on the different
types of cells of mammalian species, there is wide
changes in cryobiological response and cryosurvival during freezing and thawing cycle 11. The
process of cryopreservation is by different
methods:
1.
2.
3.
4.

Slow freezing
Vitrification
Subzero nonfreezing storage
Preservation in a dry state.

Important Steps Involved in this process are:

FIG. 1: CRYOGENIC BODY PRESERVATION

Cooling: After deceleration of death the cryogenic
subject is kept in a bath of water for initial cooling
from human body temperature of 37°C to 10°C. It
involves convection effect. Cryonic subjects’
temperature is cooled by the process of convection,
combination of conduction and fluid motion.5
Conceptual Basis: The persons who oppose the
procedure of cryonics says that there is no
fundamental barrier, when the structure of brain
remains intact, which understand the physical law,
and recover its information content.
Cryonics states that a person can live without
activation of the brain, which is badly damaged 6.
In current technology, by using the best methods,
the cryopreservation of the complete body or brain
of the cryonic subject gets damaged and

1. Before cooling, mixing of CPAs with cells
and tissues.
2. Storage of cells and tissues after cooling them
to low temperatures.
3. Warming of cells (or) tissues
4. After thawing, CPAs are removed from cells
and tissues.
It is rare in practice to decrease ischemia or
reperfusion injury by pretreatment in cryonic
subjects 11. Reduction in blood clotting can be
obtained with the pretreatment of vitamin E in the
cryonic subjects, but it may not cause any gastric
bleeding as like aspirin 12. Sedation reduces
cerebral metabolism, prevents blood clotting,
increase blood pressure, stabilizes pH against
acidosis, and protects against ischemia are
maintained once after the occurrence of cardiac
arrest. During the cryonic procedures to keep cells
and tissues alive, blood circulation and respiration
are restored. It is known as cardiopulmonary support
(CPS) than cardiopulmonary resuscitation (CPR).
To prevent resuscitation, Propofol (2,6diisopropylphenol) is used for its sedative action,
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which can also act a neuroprotective 14. Neural cell
apoptosis, which is due to ischemia, can be
inhibited by the use of propofol Blood clotting is
prevented by using Heparin. Streptokinase acts as a
thrombolytic and THAM (tris-hydroxymethylaminomethane), which is a buffer that maintains
arterial pH and crosses cell membrane by
maintaining intracellular pH by decreasing CO2
production. Cryonics subjects are stored in thermos
bottle-like containers of liquid nitrogen.
The Process of Cryonics mainly involves two
Methods; they are:



Cryogenic storage and
Vitrification

Cryogenic storage includes the usage of high
concentrations of CPA’s to completely stop ice
formation.
Vitrification is the process of cooling and
solidification without formation of crystals.
Method-1: Cryogenic Storage: By using antifreezing compounds like CPA’s, the practice of
cryonics decreases the formation of ice in cryonic
subjects. In 2007, the formation of ice is eliminated
by using vitrification solution in the brain, but not
in other organs and tissues by major cryonic
organizations.
The cryoprotectants that are commonly used in the
procedure are Dimethylsufoxide (DMSO); Polyols
ethylene glycol (Automobile anti-freeze); Propylene
glycol (To reduce ice crystals in ice creams);
Glycerol (Used to preserve sperm and blood cells);
1,2-Propanediol; 2-methyl-2,4 pentanediaol and
polymers such as polyvinyl pyrrolidone; proteins;
cell banker series; trehalose; proline; mannitol;
sucrose.
All these compounds have ability to form hydrogen
bond with water and prevent formation of ice.
Mixture of cryoprotectants is less toxic than pure
CPA’s and eliminate ice formation completely.13
To prevent ice formation, low concentrations of
CPA’s are used permiting the rapid cooling. The
toxicity of cryoprotectant differs inversely with
temperature. The damage caused to cells due to
CPA’s is irrepairable. Due to dehydration and
toxicity of cryoprotectant solution cellular damage
occurs.
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Method-2: Vitrification: Vitrification is the
process of solidifying to a glassy state, which is
different from crystal form of ice of vitrous solid.
The best examples include “Amber”. By slow
cooling at 3million kelvins per second, pure water
can be vitrified. Rapid cooling of sucrose during
vitrification forms a “COTTON CANDY” whereas
“ROCK CANDY” is formed on slow cooling.
The rewarmed slices of the ultrastructure of CA1
tissue of hippocampal was well preserved that the
normal ultrastructure of CA1 region 15.
Till the saturation point is obtained, brains are
taken into the vitrification solution by cryogenic
organizations.
A study is conducted on rabbit kidney, which was
vitrified; cooled to a temperature of -135°C; again,
re-warmed. This kidney is transplanted to a normal
living rabbit. It shows very effective function as
like the normal kidney and makes the rabbit to
survive 15. “M22” is the vitrification mixture used
to preserve rabbit kidney. M22 also helps in
preserving the ultrastructure of brain in rabbits
without formation of ice. To prevent ice formation
rapid cooling is performed from 0°C to 130°C.
Further cooling to the temperature of -196°C from 130°C leads to cracking and fracturing because of
thermal stress and large solid vitrified samples. To
avoid this process of cooling should be slow 13.







Commonly used vitrification methods are;
Straw method
Open pulled straw method
Glass/quartz capillary
Cryo-loop and
Electron microscopy grid.

To check viability of cells intracellular K+ or Na+
ratio method is commonly used. Other methods
include intracellular ATP content measurement. To
remove the extracellular ions “Mannitol” is used,
and the tissues are placed in mannitol solution. It is
required to perform the intracellular K+ or Na+
ratio.
To
rupture
the
cell
membrane
“Trichloroacetic acid” is used, and then the
intracellular ions are released out. To find the
relative concentrations of K+ and Na+ ions, flame
photometer or atomic absorption spectrometer are
used.
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FIG. 2: CRYOGENIC RABBIT BRAIN PRESERVATION

Integrating Nano-scale Technologies with
Cryogenics: In freezing process, the changes in
micro and nano scale should be known to overcome
the limitations and also to improve cryopreservation.
Traditional methods used for biopreservation are
“slow and fast freezing”. The cells of mammals can
be stored at a frozen rate of 1°C/min and the
concentration of CPA’s should be as low as 1.5M.
The CPA concentration needs to be sixfold higher
to that of slow freezing and cooling is rapid up to
the rates of -150°C/min to get successful
vitrification. To load and unload CPAs into the
cells “microfluidic channels” are used at high flow

rate nanoliter droplets are continuously produced
by using “ejector-based system”.
By using array of droplet ejectors, it is recently
proved that the vitrification system is up-scaling
during high efficiency with the nanoliter droplet
vitrification method. By this method, a large no. of
cells can be cryopreserved like RBC which can be
used during pandemic situations like natural
disasters and military conflicts. For clinical
applications of cryopreservation, fully validated,
closed, automated and affordable systems are
needed.

FIG. 3: PHYSICAL EVENTS OCCURRED DURING FREEZING AND THAWING
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Future Goals in Cryopreservation using
Nanotechnology: By using nanotechnology new
origins in cryobiology can be explored. For the
process of cryopreservation, the method like nano
directional surfaces which can change droplets
carrying biological cargo, and it is due to the
advances in the fields of material science and
nanotechnology. The potential or effective ways to
change droplets is by freezing and changing cells
by encapsulating nanoliter droplets over to the
superhydrophobic nano rough surfaces, and the
challenges to cryobiology is the minimal volume
technologies that provide potential solutions. It is
designed as the “architecture of lotus leaves and
rose petals”.
The approach of bio-inspire in cryopreservation
helps to develop mechanism and material changing
nature in some organisms like extremophilic microorganisms (i.e.; psychrobacter, arthrobacter and
hyperthermophile genus). Adaptations of novel bioinspired CPA’s in cryopreservation is due to its
non-toxicity to cells 14.
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Applications: Cryopreservation is applied in
different areas:
1.
2.
3.
4.
5.
6.

Cryopreservation of cells or organs.
Cryosurgery.
Biochemistry and molecular biology.
Food sciences.
Ecology and plant physiology.
Medical applications like blood transfusion;
bone marrow transplantation; artificial
insemination; in-vitro fertilization.
7. Cryopreservation of oocytes and embryos;
sperm, semen, testicular tissue; stem cells;
hepatocytes.
8. Preservation of fertility cell therapies;
reproductive
medicine
regenerative
medicine; blood preservation and handling
of organs prior to transplantation.
9. Long-term preservation of animal and plant
cells along with the genetic material of
endangered species.
Limitations:
1. At low temperatures like -196°C, the cell
metabolism is stopped; due to this, genetic
drift occurs, which results in biological
changes of lipids and proteins that effects
structure and activity.
2. High concentrations of CPA’s can damage
the cells.
3. Tumor formation occurs due to alterations
in the stability of chromosome by the use of
DSMO.

Obstacles and Legal Issues for Cryopreservation:



After thawing, the functions of frozen cells
are prevented due to cell shrinkage and high
salt concentrations without using of CPA’s.



To the present level of scientific knowledge,
only cells, tissues and small organs are
cryopreserved reversibly.



Due to the large tissue masses and extreme
cool temperature for cryonics; fractures in
large vitrified organs occurs during cooling.



To prevent damage at molecular level, some
cryonic organizations use vitrification
without chemical fixation step.



In most of the countries according to their
laws the preserved individuals are treated as
the diseased persons.

CONCLUSION: At liquid nitrogen temperature
(low temperature) the biological process becomes
slow. Vitrification stops complete ice formation;
CPA’s decrease the damage that is caused due to
cryopreservation of tissues. The toxicity due to
cryoprotectant is a reparable injury, and its less
toxicity provides a chance for its development. By
the principle of a reversible stable biological state,
cryopreservation is applicable in humans and
animals.



In France, the legal mode of body disposal is
only burial, cremation, and formal donation
to science is allowed but not cryonics.
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In 2016, the Canadian province of British
Columbia had stopped the arrangements for
the sale of bodies for cryopreservation 15.

CONFLICTS OF INTEREST: The author(s)
confirm that this article content has no Conflict of
interest.

International Journal of Pharmaceutical Sciences and Research

99

Krosuri et al., IJPSR, 2022; Vol. 13(1): 95-100.

REFERENCES:
1.
2.

3.

4.
5.
6.
7.
8.

9.

Was Larry King Cryogenically Frozen After his Death?"
Inside Edition. 2021-01-27.
Stewart JB, Goldstein M and Silver-Greenberg J: Jeffrey
Epstein Hoped to Seed Human Race with His DNA". New
York Times. Edition 1 31 July 2019.
Croucher S (1 August 2019). "Jeffrey Epstein Wanted to
Freeze His Head and Penis After Dying: Report".
Newsweek.
“Present SfC Position statement" cryonics. 2018.
"The law on cryonics". Human Tissue Authority. 26
September 2018.
Antonio Regalado "A startup is pitching a mind-uploading
service that is "100 percent fatal"". 13 March 2018.
"Things to consider when making your decision on
cryonics". Human Tissue Authority. 26 September 2018.
Tandy, Charles "An Open Letter to Physicians in Deathwith-Dignity States (The Case of a Terminally Ill
Cryonicist). Social Science Research Network 8 Feb 2017.
Luhn, Alex "'Insurance' against death: Russian cryonics
firm plans Swiss lab for people in pursuit of eternal life".
Daily Telegraph 11 November 2017.

E-ISSN: 0975-8232; P-ISSN: 2320-5148
10. Yong KW, Safwani WK, Xu F, Zhang X, Choi JR and
Abas WA: Assessment of tumorigenic potential in longterm cryopreserved human adipose-derived stem cells. J
Tissue Eng Regen Med. In press. http://dx.doi.org/
10.1002/term.2120. [PubMed]
11. Onofre J, Baert Y, Faes K and Goossens E:
Cryopreservation of testicular tissue or testicular cell
suspensions: a pivotal step in fertility preservation. Hum
Reprod Update 2016; 22: 744-61.
12. Mandawala AA, Harvey SC, Roy TK and Fowler KE:
Cryopreservation of animal oocytes and embryos: Current
progress and future prospects. Theriogenology 2016; 86:
1637-44.
13. Gao HH, Li ZP, Wang HP, Zhang LF and Zhang JM:
Cryopreservation of whole bovine ovaries: comparisons of
different thawing protocols. Eur J Obstet Gynecol Reprod
Biol 2016; 204: 104-07.
14. Pein, Corey "Everybody Freeze!" The Baffler; 03-082016.
15. Ray SS, Pramanik K, Sarangi SK and Jain N: Serum-free
non-toxic freezing solution for cryopreservation of human
adipose tissue-derived mesenchymal stem cells.
Biotechnol Lett 2016; 38: 1397-1404.

How to cite this article:
Krosuri P, Madhavi K, Sunayana J and Ganesh MS: Cryonics: a review. Int J Pharm Sci & Res 2022; 13(1): 95-100. doi: 10.13040/
IJPSR.0975-8232.13(1).95-100.
All © 2022 are reserved by the International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License.

This article can be downloaded to Android OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google
Playstore)

International Journal of Pharmaceutical Sciences and Research

100

