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• What is Hibernation? 

• Hibernation and body temperature 
 
• Hibernation for Space Travel and Medicine 

• Hibernation and Radiation Resistance 

•  Is Synthetic Hibernation possible? 

•  Preliminary Results of our Project, HIBRAD 



Hibernation/Torpor: Hibernation is a state of inactivity and metabolic depression   

	
•  Why	hibernate?	
 
Survive:  
•  Temperatures 
•  Food 
•  Predators 



Arousals  



The distinctive brain state that is present during a hibernation-like state raises 
questions regarding the state of consciousness of the subject. 
In animal studies, the cortical activity of this state differs from that of sleep, coma, 
or even general anesthesia, and resembles a sort of "slowed wakefulness" 

Consciousness	in	hiberna.on	and	synthe.c	torpor	
Cerri	M	

“The Slowed Wakefulness” 

Journal of Physiology 547, 963-70, 2003. 
American journal of Physiology 289, R554-62, 2005. 



Wood frogs produce urea, glucose and glycogen to act as 
cryoprotectants in response to subzero temperatures 

Red flat bark beetle (Cucujus clavipes puniceus)  
It can supercool its body fluids to -50C / -100 C 

Higher levels of antifreeze proteins and cryoprotectants like glycerol 

Hiberna=on	and	body	temperature	

They can survive with a body temperatures of -3C 
They enter a ‘supercooled’ state” 
Without any effective nucleators to get the ice 
crystals started, water in the squirrel’s blood 
simply can’t freeze. 

The Arctic ground squirrel (Spermophilus parryii) 

During the bear’s dormant 
state or torpor, their heart rate 
is extremely low but their body 

temperature is relatively high 



Shining 1980.  
Stanley Kubrick 

Gli	ibernan.	sono	ETEROTERMICI	
L’essere	umano	è	ENDOTERMICO	

Vantaggi	rispeQo	all’essere		
Ectotermico	





Cryopreservation  

1) Dry ice is used to keep the body at a low temperature. 
 
2) Cryoprotectants  
 
3) Temperature is slowly lowered 
 
4) Preserved in liquid nitrogen 

Several hundred people have already paid to have their bodies cryogenically preserved 
in three existing facilities in the US and Russia, and there are as many as 1,250 on 

waiting lists 



Melvin & Andrews TRENDS in 
Endocrinology & Metabolism, 

2009 
Courtesy of Dr Cerri 

Distribution of the hibernating species 
among the mammalian orders  



ESA TOPICAL TEAM WORKSHOP  
Grillhof-Innsbruck, February 8-11 2018 

D. Singer. Dept of Pediatrics, University Medical Center Hamburg-Eppendorf (UKE): 
 
 
•  During their fetal life and birth, mammals are at risk of hypoxia.  
    They developed adaptive  
    mechanisms that are similar to those found in hibernating animals 

•  During intrauterine life, the overall body size relationship of metabolic rate is 
“switched off”, favoring high growth rates despite limited energy supply and an 
adequate tissue oxygenation despite low O2 tensions 

•  Torpor is to be found in very different mammalian species and is composed of 
mechanisms that are common to all mammals around birth.  

 



Mitsutaka Uchikoshi: 
24 days. Body temperature 22 °C 

Anna Elisabeth Johansson Bagenholm (born 1970)  
She is a Swedish radiologist who survived after a skiing accident in 1999 left her trapped 
under a layer of ice for 80 minutes in freezing water. During this time she became a victim 
of extreme hypothermia and her body temperature decreased to 13.7 C (56.7 F), the lowest 
survived body temperature ever recorded in a human with accidental hypothermia. 
Bagenholm was able to find an air pocket under the ice, but suffered circulatory arrest after 
40 minutes in the water. 

Erika Nordby 
 A 13 months old girl left the house unattended wearing only a diaper. The 
ambient temperature outside was around -24°C. When Erika was found, she 
was considered to be clinically dead. She had no heartbeat, no respiration and 
her body temperature was around 16°C. Her conditions became normal after 
that she was placed under a warming blanket.  

Ph: CTV Edmonton-CTV News 

Ph:Listverse 



Is hibernation interesting for human? 
 
•  Space travel 
•  Medicine 





Proteolysis inhibition by hibernating bear serum leads 
 to increased protein content in human muscle cells 

Etienne Lefai  

On In vitro cultured human muscle cells 
 (human primary myotubes) for 24 or 48 hours 

Bear Serum 

WBS 
Winter  
Bear Searum 

SBS 
Summer 

Bear Searum 



Proteolysis inhibition by hibernating bear serum leads 
 to increased protein content in human muscle cells 



 Is Human hibernation possible? Rob Henning TEDx Groeningen  

Human mortality database 
University of California, Berkley (USA) and 
Max Planck Institute for Demographic 
Research (Germany) 
Available at www.mortality.org 
Data downloaded 11-01-2014  
 

NASA INVESTIGATING DEEP-SPACE HIBERNATION TECHNOLOGY 
                                       

ESA TOPICAL TEAM WORKSHOP  
Grillhof-Innsbruck, February 8-11 2018 

 
Does Torpor retard aging? T. Ruf et al.  

 
Torpor seems to retard physiological aging in terms of telomere shortnening 



1.8	mSv/day		
Apollo	8	

Italian	Astronaut		
Luca	Parmitano	



                                  NASA INVESTIGATING DEEP-SPACE HIBERNATION TECHNOLOGY 
 

                                      Artist’s concept for Mars-ready habitat. Image Credit: SpaceWorks 
 

•   ≈ -2% Bone calcium every month 
•  Weak Muscles 



Why hibernation is interesting for human? 
 
•  Space travel 
•  Medicine 



Hibernation:  
Stroke and heart attack 



Hypoxia?  
•  Increasing the tumor target dose 
 
And 
NO Drop in the number of the 
lymphocites following radiation 
Furthermore 

Synthetic Hibernation 
 
•  Beta blocker action, inhibiting the 

noradrenaline release.  

Beta blockers are competitive 
antagonists that block the receptor 
s i t e s  f o r  t h e e n d o g e n o u s 
c a t e c h o l a m i n e s e p i n e p h r i n e 
(adrenaline) and norepinephrine 
(noradrenaline) on adrenergic beta 
receptors 

Hybernation and 
medicine 



Radiation injury/mortality slows during hibernation (torpor) but still develops, being 
expressed during euthermic arousal periods  

Smith and Grenan. Science, 1951. 

Doull and Dubois, Proc Soc Exp Biol Med, 1953. 

Smith, D.E. Radiat Res, 1959, 1960; Bull Museum Comp Zool Harvard, 1960. 

Ground squirrels irradiated during hibernation (torpor) and then aroused survive 
longer than squrrels irradiated during active phase.  Observed over range of doses 

Barr and Musacchia. Proc Soc Ex. Biol Med, 1967. 

Musacchia and Barr. Radiat Res, 1968. 

Jaroslow et al. Radiat Res, 1969 

 
Length of time in hibernation after irradiation is a major factor in 
survival 

Hibernation and Radiation Resistance 



Hibernation for space travel: Impact on radioprotectionCerri, Tinganelli et. al.  



Is Synthetic Hibernation possible? 



•  Does synthetic hibernation use the same molecular pathway as the natural hibernation? 
•  Is synthetic hibernation also able to increase resistance? 
 
-A procedure to induce a state mimicking torpor (synthetic torpor) by inhibiting the activity of neurons within the 
brainstem region of the Raphe Pallidus  was shown to be effective in non-hibernators such as the rat (Cerri, 
2017).  
 
-Beta blocker action, inhibiting the noradrenaline release. The inhibition is only in the tissues, not in the vessels. 
So no changes in blood pressure 
Beta blockers are competitive antagonists that block the receptor sites for the endogenous catecholamines 
epinephrine (adrenaline) and norepinephrine (noradrenaline) on adrenergic beta receptors 
	
	

Synthetic torpor and Radioprotection  



Conclusion and Outlook 
Hibernation and hypothermia are able to increase radioresistance 
 
Not yet clear why. Hypoxia?  
 
Synthetic hibernation is possible 
 
Our preliminary results, seems to confirm that even the synthetic hibernation 
is able to increase radioresistance.  
 
More:   
ü  DNA Damaging Signaling and NGS: 
Synthetic hibernation vs no synthetic hibernation after irradiation   
 
ü  NGS  
Natural hibernation vs synthetic hibernation 
 
ü  Hiberscopal? Combination of Hibernation and Abscopal Effect 
                                                                         
More experiment, especially prolonging the synthetic hibernation time, must 
be done 
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“Adventure	is	allowing	the	unexpected	to	happen	to	you.		
Explora=on	is	experiencing	what	you	have	not	experienced	before”		

―	Richard	Aldington,	Death	of	a	Hero	
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