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In this issue, Plante and colleagues1 look at the effect of a 
night of sleep deprivation on brain bioenergetics measured by 
31P magnetic resonance spectroscopy (MRS) in eight healthy 
young individuals. Interestingly, the study includes investiga-
tion of bioenergetic changes after the subsequent two nights of 
restorative sleep, and it reveals that the impact of a night’s lost 
sleep takes some time for the brain to resolve.

The study confirms that a night without sleep is, in the short 
term, without significant penalties in high energy phosphates 
(i.e., ATP and phosphocreatine)2,3 and reinforces the findings 
of an earlier study from these authors’ laboratory that bioener-
getics are altered after one night of restorative sleep. The bioen-
ergetic changes are also stratified by whether they occur in gray 
or white matter areas of the brain, with different biochemical 
consequences depending on the tissue type. This work adds to 
the growing and increasingly detailed literature showing that 
sleep is important for restorative and anabolic processes and 
that these processes are likely cumulative without sleep.

Of course, this study raises many more questions and issues 
than can be addressed in a small study of only eight people.

It is known that there are significant cognitive decrements 
caused by lack of sleep, particularly those that require rapid 
processing,4 a skill that is related to mitochondrial phosphory-
lation potential,5 a marker of which is the relationship of in-
organic phosphate with ATP levels (Pi /ATP). It is also known 
that brain glucose use declines significantly with lack of sleep,6 
but paradoxically there is increased whole body energy expen-
diture.7 The fact that brain bioenergetics maintain equilibrium 
after a night of lost sleep is all the more remarkable, as plainly, 
like the swan moving effortlessly across a river, a lot of activity 
is going on underneath.

In the first hours of normal sleep in rats, ATP levels “surge.” 
This is speculated not to be “restorative” but to deal with the 
energy requirements of anabolic processes that take place 
during sleep.8 It would be useful to know if this surge also hap-
pens in humans and also whether ATP levels measured at the 
approximately 3 am nadir of the circadian core temperature 
cycle would remain unchanged with sleep deprivation. Timing 
may be important; a 1H MRS study that measured occipital 
lobe biochemistry at 11 pm the day following a night of sleep 
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deprivation showed decreased N-acetylaspartate (a mitochon-
drial and neuronal marker) and decreased total choline in eight 
healthy women, consistent with impaired energy metabolism.9

It is also not possible to infer from the report by Plante et 
al.,1 the extent to which heterogeneity in the response to sleep 
deprivation10 influenced the results. The early 31P study of sleep 
deprivation by Murashita et al.2 suggested that there might be 
differences in baseline brain pH between those who experi-
enced decline in high energy phosphates compared to those that 
did not. This is in keeping with the evidence that baseline brain 
activity,11 perfusion,12 or connectivity13 may predict neurobe-
havioral vulnerability to sleep loss.

Also curious are the findings in white matter of changes in 
pH and Pi following restoration sleep. Putting aside that very 
few voxels in the brain contain purely white matter, little is 
known about the relationship between brain 31P measures in 
white matter as the majority of white matter measurements 
have been static rather than dynamic. The lack of change in ATP 
or phosphocreatine seems to indicate that the reported white 
matter changes are outside the usual creatine kinase sphere,14 
but it is not immediately apparent how they fit into the bio-
chemical system. Little is also known about oligodendrocyte 
metabolism or the bioenergetic costs of myelin maintenance, 
although Plante et al.1 point to the recent finding that glyco-
lytic oligodendrocytes15 are involved in regulation of ATP and 
pH during myelin maintenance,16 which may take place via the 
silent information regulator SIRT2.17 Furthermore, given that 
baseline levels had still not been attained after two nights’ re-
covery sleep, how long does it take to recover fully?

This work raises another issue; how do we best deal with this 
sort of systems biology data? 31P Magnetic resonance spectros-
copy is one of the few methods we can use to measure brain 
bioenergetics noninvasively. High energy phosphates ATP and 
phosphocreatine are exquisitely responsive to brain activity, 
changing and measurable on a seconds time scale, along with 
brain pH, inorganic phosphate and alterations in brain phospho-
mono- and phosphodiesters. One major drawback of MRS is its 
general insensitivity. Because of this, spectra must be sampled 
from a relatively large area of brain. As a consequence, the 
spectrum captures the net sum of activity in all brain compart-
ments within the relatively large area that must be sampled in 
order to obtain adequate signal to noise.

How, then, do we interpret the underlying cause of any 
changes in the spectrum when we do not know about the 
myriad of things that might be happening in all the individual 
compartments of ATP or pH or creatine kinase activity? Firstly, 
it is essential to use all metabolites from the spectrum to make 
as much use of the biochemical snapshot as possible. Plainly, 

Downloaded from https://academic.oup.com/sleep/article-abstract/37/12/1881/2416759
by guest
on 27 July 2018



SLEEP, Vol. 37, No. 12, 2014 1882 Editorial—Rae

the key molecules are highly interlinked so that we should treat 
them as a system, rather than as discrete entities.

The data of Plante et al.1 would benefit from the multivariate 
analyses used for example in the metabolomics communities, 
and which are now beginning to be used in analysis of mag-
netic resonance spectra in vivo.18 These latter approaches use 
the data from the entire system rather than the limited sample 
obtained by considering all variables singly and independently. 
This is important when considering what has happened in a 
system in which an elevation in ATP could mean something 
entirely different depending upon what other changes may have 
accompanied it.

Sleep deprivation studies are expensive and time consuming, 
so it is essential in these and in other similar investigations to 
wring the most out of the data and analyze them using an optimal 
statistical strategy. Not only would this make it easier to make 
sense of the outcomes but also give us a more robust framework 
to assess the reliability of data. Nevertheless, there is plenty of 
food for thought in the report by Plante and colleagues.1

CITATION
Rae CD. The energetic cost of a night on the town. SLEEP 
2014;37(12):1881-1882.

DISCLOSURE STATEMENT
Dr. Rae has indicated no financial conflicts of interest.

REFERENCES
1. Plante DT, Trksak GH, Jensen JE, et al. Gray matter-specific changes in 

brain bioenergetics after acute sleep deprivation: a 31P magnetic resonance 
spectroscopy study at 4 Tesla. Sleep 2014;37:1919-27.

2. Murashita J, Yamada N, Kato T, Tazaki M, Kato N. Effects of sleep 
deprivation: the phosphorus metabolism in the human brain measured 
by 31P-magnetic resonance spectroscopy. Psychiatry Clin Neurosci 
1999;53:199-201.

3. Dorsey CM, Lukas SE, Moore CM, et al. Phosphorus(31) magnetic 
resonance spectroscopy after total sleep deprivation in healthy adult men. 
Sleep 2003;26:573-7.

4. Durmer JS, Dinges DF. Neurocognitive consequences of sleep deprivation. 
Semin Neurol 2005;25:117-29.

5. Rae C, Scott RB, Lee MA, et al. Brain bioenergetics and cognitive ability. 
Dev Neurosci 2003;25:324-31.

6. Thomas M, Sing H, Belenky G, et al. Neural basis of alertness and 
cognitive performance impairments during sleepiness. I. Effects of 24 h 
of sleep deprivation on waking human regional brain activity. J. Sleep 
Res 2000;9:335-52.

7. Jung CM, Melanson EL, Frydendall EJ, Perreault L, Eckel RH, Wright KP. 
Energy expenditure during sleep, sleep deprivation and sleep following 
sleep deprivation in adult humans. J Physiol 2011;589:235-44.

8. Dworak M, McCarley RW, Kim T, Kalinchuk AV, Basheer R. Sleep 
and brain energy levels: ATP changes during sleep. J Neurosci 
2010;30:9007-16.

9. Urrila AS, Hakkarainen A, Heikkinen S, et al. Preliminary findings of 
proton magnetic resonance spectroscopy in occipital cortex during sleep 
deprivation. Psychiatry Res 2006;147:41-6.

10. Van Dongen HPA, Baynard MD, Maislin G, Dinges DF. Systematic 
interindividual differences in neurobehavioral impairment from sleep loss: 
evidence of trait-like differential vulnerability. Sleep 2004;27:423-33.

11. Caldwell JA, Mu Q, Smith JK, et al. Are individual differences in fatigue 
vulnerability related to baseline differences in cortical activation? Behav 
Neurosci 2005;119:694-707.

12. Lim J, Wu W-c, Wang J, Detre JA, Dinges DF, Rao H. Imaging brain 
fatigue from sustained mental workload: an ASL perfusion study of the 
time-on-task effect. Neuroimage 2010;49:3426-35.

13. Sun Y, Lim J, Meng J, Kwok K, Thakor N, Bezerianos A. Discriminative 
analysis of brain functional connectivity patterns for mental fatigue 
classification. Ann Biomed Eng 2014;42:2084-94.

14. Wallimann T, Wyss M, Brdiczka D, Nicolay K, Eppenberger H. 
Intracellular compartmentation, structure and function of creatine 
kinase isoenzymes in tissues with high and fluctuating energy demands: 
the’phosphocreatine circuit’for cellular energy homeostasis. Biochem J 
1992;281:21-40.

15. Fünfschilling U, Supplie LM, Mahad D, et al. Glycolytic oligodendrocytes 
maintain myelin and long-term axonal integrity. Nature 2012;485:517-21.

16. Appikatla S, Bessert D, Lee I, et al. Insertion of proteolipid protein into 
oligodendrocyte mitochondria regulates extracellular pH and adenosine 
triphosphate. Glia 2014;62:356-73.

17. Werner HB, Kuhlmann K, Shen S, et al. Proteolipid protein is required 
for transport of Sirtuin 2 into CNS myelin. J Neurosci 2007;27:7717-30.

18. Rae C. Metabolomics in neuroscience and disease. In: Wilson ID, 
Theodoridis G, Nicholls A. Global Metabolic Profiling: Clinical 
Applications. Future Science Ltd, 2014:162-80.

Downloaded from https://academic.oup.com/sleep/article-abstract/37/12/1881/2416759
by guest
on 27 July 2018


