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Background  

Blood glucose levels are tightly regulated within a narrow range to avoid hypoglycaemia and 

hyperglycaemia. Hunger is associated with a reduction in blood glucose and distinct changes in 

circulating hormones, which trigger arousal and food-seeking behaviour. An alternative strategy that 

many species employ when facing a limited food supply is energy conservation, which can be achieved 

by entering torpor. Torpor is characterised by a profound attenuation of physiological functions, 

wherein body temperature can drop to within a few degrees of ambient temperature [1-3]. Mice are 

a facultative heterothermic species that readily display torpor bouts in response to food deprivation 

[4-7], with the propensity for torpor influenced by metabolic and endocrine status, as well as ambient 

temperature. Fasting-induced torpor in mice is a profound metabolic challenge [6, 8], yet the 

physiological mechanisms coordinating metabolic flexibility during torpor, and the metabolic costs 

associated with torpor, are unclear.  

 

Aim 

To investigate the link between glucose homeostasis and fasting-induced torpor in mice.  

 

Description of work 

Mice routinely employ torpor in response to food deprivation [4, 6]. To define behavioural state, mice 

will be implanted with EEG and EMG electrodes (established in Vyazovskiy lab). In parallel, we will 

establish continuous glucose monitoring (CGM) using radiotelemetry modules validated for use in 

mice. The Peirson lab has expertise with DSI telemetry [9], and the Cantley lab has expertise in 

assessing glucose homeostasis [10]. To induce torpor, mice will undergo an established fasting 

protocol. Using remote telemetry, we will continuously record EEG, EMG, movement, temperature 

and blood glucose preceding, during and following torpor: this has not previously been possible with 

conventional glucose sampling techniques. Glucose homeostasis and metabolic profiles will be 

assessed in mice that have undergone torpor, relative to controls. Finally, we will experimentally 

manipulate blood glucose to investigate the metabolic control of torpor.  
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Outcome 

This study will generate new insights into the metabolic control of torpor and central regulation of 

energy homeostasis, which may reveal novel mechanisms, targets or strategies that could be 

translated to humans to control energy homeostasis for therapeutic benefit.  

 
References 

1. Kilduff TS, Miller JD, Radeke CM, et al (1990). 14C-2-deoxyglucose uptake in the ground 

squirrel brain during entrance to and arousal from hibernation. J Neurosci 10, 2463-2475 

2. Drew KL, Buck CL, Barnes BM, et al (2007). Central nervous system regulation of mammalian 

hibernation: implications for metabolic suppression and ischemia tolerance. J Neurochem 

102, 1713-1726 

3. Bouma HR, Verhaag EM, Otis JP, et al (2012). Induction of torpor: mimicking natural 

metabolic suppresion for biomedical applications. J Cell Physiol 227, 1285-1290 

4. Schubert KA, Boerema AS, Vaanholt LM et al (2010). Daily torpor in mice: high foraging costs 

trigger energy-saving hypothermia. Biol Lett 6, 132-135 

5. Gluck EF, Stephens N and Swoap SJ (2006). Peripheral ghrelin deepens torpor bouts in mice 

through the arcuate nucleus neuropeptide Y signaling pathway. Am J Physiol Regul Integr 

Comp Physiol 291, R1303-1309 

6. Swoap SJ, Gutilla MJ, Liles LC, et al (2006). The full expression of fasting-induced torpor 

requires beta 3-adrenergic receptor signaling. J Neurosci 26, 241-245 

7. Dionne DA, Skovsø S, Templeman NM, et al (2016). Caloric Restriction Paradoxically 

Increases Adiposity in Mice With Genetically Reduced Insulin. Endocrinology 157, 2724-2734 

8. Geiser F (2013). Hibernation. Curr Biol 23, R188-193 

9. Tam SK, Hasan S, Choi HM, et al (2017). Constant Light Desynchronizes Olfactory versus 

Object and Visuospatial Recognition Memory Performance. J Neurosci 37, 3555-3567 

10. Wu LE, Samocha-Bonet D, Whitworth PT et al (2014). Identification of fatty acid binding 

protein 4 as an adipokine that regulates insulin secretion during obesity. Mol Metab 3, 465-

473 

 
Supervisor’s recent relevant publications 

 Vyazovskiy VV, Palchykova S, Achermann P, Tobler I, Deboer T (2017). Different Effects of 

Sleep Deprivation and Torpor on EEG Slow-Wave Characteristics in Djungarian Hamsters. 

Cereb Cortex 7, 950-961 

 Fisher SP, Cui N, McKillop LE, Gemignani J, Bannerman DM, Oliver PL, Peirson SN, 

Vyazovskiy VV (2016). Stereotypic wheel running decreases cortical activity in mice. Nat 

Commun 7, 13138 

 Wu LE, Samocha-Bonet D, Whitworth PT, Fazakerley DJ, Turner N, Biden TJ, James DE, 

Cantley, J (2014). Identification of fatty acid binding protein 4 as an adipokine that regulates 

insulin secretion during obesity. Mol Metab 3, 465-473 

 Cantley J, Walters SN, Jung MH, Weinberg A, Cowley MJ, Whitworth TP, Kaplan W,  

Hawthorne WJ, O'Connell PJ, Weir G, Grey ST (2013). A preexistent hypoxic gene signature 

https://www.ncbi.nlm.nih.gov/pubmed/?term=14C-2-deoxyglucose+uptake+in+the+ground+squirrel+brain+during+entrance+to+and+arousal+from+hibernation
https://www.ncbi.nlm.nih.gov/pubmed/?term=14C-2-deoxyglucose+uptake+in+the+ground+squirrel+brain+during+entrance+to+and+arousal+from+hibernation
https://www.ncbi.nlm.nih.gov/pubmed/17555547
https://www.ncbi.nlm.nih.gov/pubmed/17555547
https://www.ncbi.nlm.nih.gov/pubmed/21618525
https://www.ncbi.nlm.nih.gov/pubmed/21618525
https://www.ncbi.nlm.nih.gov/pubmed/19710051
https://www.ncbi.nlm.nih.gov/pubmed/19710051
https://www.ncbi.nlm.nih.gov/pubmed/16825418
https://www.ncbi.nlm.nih.gov/pubmed/16825418
https://www.ncbi.nlm.nih.gov/pubmed/16399693
https://www.ncbi.nlm.nih.gov/pubmed/16399693
https://www.ncbi.nlm.nih.gov/pubmed/27145011
https://www.ncbi.nlm.nih.gov/pubmed/27145011
https://www.ncbi.nlm.nih.gov/pubmed/23473557
https://www.ncbi.nlm.nih.gov/pubmed/28264977
https://www.ncbi.nlm.nih.gov/pubmed/28264977
https://www.ncbi.nlm.nih.gov/pubmed/24944906
https://www.ncbi.nlm.nih.gov/pubmed/24944906
https://www.ncbi.nlm.nih.gov/pubmed/28168294
https://www.ncbi.nlm.nih.gov/pubmed/28168294
https://www.ncbi.nlm.nih.gov/pubmed/27748455
https://www.ncbi.nlm.nih.gov/pubmed/24944906
https://www.ncbi.nlm.nih.gov/pubmed/24944906
https://www.ncbi.nlm.nih.gov/pubmed/23127310


predicts impaired islet graft function and glucose homeostasis. Cell Transplant 22: 2147-

2159 

 Vyazovskiy VV, Olcese U, Hanlon EC, Nir Y, Cirelli C, Tononi G (2011). Local sleep in awake 

rats. Nature 472, 443-7 

 
 

 

 

 

 

https://www.ncbi.nlm.nih.gov/pubmed/23127310
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3085007/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3085007/

