
SHP Neuroscience 

Week 11 

Sleep 



Blue : circadian rhythms have been described  
Red : we know a lot about circadian rhythms in these species  

Circadian rhythms in the tree of life 



Can cells ‘tell time’? 

feedback loop 



fluorescence coupled to Per gene 

Maywood et al. 2006 



h"ps://www.youtube.com/watch?v=BD2u_jwyd8c	
  



Average ≈ 7-8 hrs/night Sleep requirements change throughout lifespan 

Infants: 17 hours 

Teenagers: 9 hours 

Elderly: sleep less at night 

Onto human sleep… 



Body temperature and hormones follow a circadian rhythm 

sleep 



How do we know that the sleeping brain is different than the waking brain? 

Answer: 
electroencephalogram (EEG) 



EEG 



↑	
  Amplitude	
  =	
  ↑	
  Synchrony	
  	
  

EEG 



How synchronized the neurons are in a particular brain area (a few cm) 

Can tell us the frequency at which neurons are activated 

but, 

Only tells us the average behavior over a relatively large area 
(difficult to interpret what’s actually occurring in the circuit) 

EEG 



Rhythms in the Human Brain 

8-13 Hz 

14-60 Hz 

< 4 Hz 

4-7 Hz 

visual cortex, eyes closed 

visual cortex, eyes open 

 

drowsiness, sleep 

(or pathological conditions) 

α rhythm 

β rhythm 

δ rhythm 

θ rhythm 



Sleep Stages defined by cortical rhythms 















Sleep Waves 

Awake 15-60 Hz 30 µV 

Stage I 

Stage II 

Stage III 

Stage IV 

REM 

4-8 Hz 

10-12 Hz 

2-4 Hz 

0.5-2 Hz 

high frequency, low amplitude (similar to awake) 

high frequency, low amplitude 

delta (δ) or slow-wave sleep 

50-100 µV 

50-150 µV 

100-150 µV 

100-200 µV 
low frequency, high amplitude 



Harris & Thiele, 2011  

Sleeping 
Quiescent (at rest) 

Awake, behaving 



Sleep Structure 
hypnograms 



Sleep Structure 
hypnograms 



Physiological Changes 1 2 3 4 5 

eye movements 

muscle tone 



What makes us sleep? 



Some retinal ganglion cells are directly photosensitive 

light 

What makes us sleep? 



Melatonin 

What makes us sleep? 





Setting the clock 

Zeitgebers: 

light 
odor 
sound 
temperature change 
anything periodic… 



Reticular activating system = cholinergic neurons 

Master Regulators of Sleep 



Serotonin 

Acetylcholine 

Brainstem Regulators of Sleep 



Histamine 

Norepinephrine 

Brainstem Regulators of Sleep 



VLPO periodically inhibits the brainstem arousal centers 

pituitary 



Reticular activating system = cholinergic neurons 

Master Regulators of Sleep 



Thalamus 
Hypothalamus 



Thalamus Sensory “gate” to cortex 

Cortex 

Thalamus 

Somatosensory 

Auditory 

Visual 

Gustatory 

Brain 
Stem 

Olfactory 



Sleep is an uncoupling of cortex from sensory inputs 

Thalamic neurons can fire in 2 modes: 



Sleep is an uncoupling of cortex from sensory inputs 



Thalamic neurons can fire in 2 modes: 

Oscillatory/bursting mode Tonic firing mode 

Sensory information 
to cortex 

No information 
to cortex 

Awake Sleep 

Sleep is an uncoupling of cortex from sensory inputs 



‘falling’ asleep 



Sleep spindles are an indication of this uncoupling 
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REM Sleep  
é  Acetylcholine (ACh) 
     in brainstem 



REM Sleep 

REM dreams = emotional, inappropriate social content 
Late stage dreams = lucid, logical 



REM Sleep Dreaming 

EEG 
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A  neural activation 

 I   input-output gating (thalamus) 

M  modulation (acetylcholine vs. norepinephrine/serotonin) 
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General Anesthesia is not sleep 

Green = agonist 
Purple = antagonist 



Unilateral Sleep 



Local Sleep 

Sleep is dependent on past neural activity 

Can neurons or groups of neurons sleep without the rest of the brain? 



Can neurons or groups of neurons sleep without the rest of the brain? 

sleep molecules interact with the immune system 



Harris & Thiele, 2011  

attention is a local desynchronization 

Can neurons or groups of neurons be ‘more awake’ than the rest of the brain? 



Sleep Apnea 



Narcolepsy 

•  cataplexy 
•  sleep paralysis 
•  hypnagogic hallucinations 
•  excessive daytime sleepiness 

auto-immune response against neurons that produce orexin 

Fatal Familial Insomnia 

PRNP gene mutation → prion protein 	
   
(similar to Creutzfeldt-Jakob disease) 



Drugs and Sleep 

GABA 



Drugs and Sleep 

barbiturates (-barbital) 
benzodiazepines (-pam) 

GABA receptor agonists 

•  amnesia 
•  fugue states 
•  hallucinations 

zolpidem (Ambien) 
zaleplon (Sonata) 
eszopiclone (Lunesta) 

drugs that promote sleep 



Drugs and Sleep 

modafinil (Provigil) norepinephrine 
histamine (via hypothalamus) 

orexin A (nasal spray)  

development funded by DARPA 
reverses negative cognitive functions of sleep loss 

drugs that promote wakefulness 



Do we really need to sleep? 



Longest period without sleep: *18 days, 21 hours, 40 mins.  
  (during a rocking chair marathon) 

Slept longer than usual afterward, but no other consequences 

*official Guiness record is 264 hours (~11 days) 

hallucinations 
paranoia 
blurred vision 
slurred speech 
memory/concentration lapses 



Why sleep? 

Theory 1: Metabolic Purposes 



Metabolic Purpose of Sleep 

o Restore body and brain glycogen levels 

o Reduce heat loss (body temperature falls during night) 

o Oxygen consumption decreases during sleep 

Metabolic rate (save energy) 



Why sleep? 

Theory 2: Memory consolidation 





Diekelmann & Born, 2012 



Diekelmann & Born, 2012 





1)  Sleep 1 to 2 hours. 

2)  Run for 20-40 minutes: first left, then right, then left, etc. 

3)  Sleep again. 

‘Replay’ of experience during sleep 

Ji & Wilson, 2007 



Implant electrodes to record from the hippocampus and the cortex 

Ji & Wilson, 2007 



Ji & Wilson, 2007 

Sleep Sleep 

Cells fire in same pattern during running and then during sleep 



Why sleep? 

Theory 3: Synaptic Homeostasis 



Diekelmann & Born, 2012 







Gilestro et al. 2009 



Gilestro et al. 2009 



Gilestro et al. 2009 



Gilestro et al. 2009 



Gilestro et al. 2009 



BRP Expression 











Harris & Thiele, 2011  

Sleeping 
Quiescent (at rest) 

Awake, behaving 



How can we have a conscious, coherent, unified perception of an 
object, given that its various attributes are processed in different 
parts of the brain?  

Binding Problem 





Time vs. Space 

Does the brain provide an internal temporal “reference 
frame” to link all information together, rather than a 
specific brain area? 



Synchronization of neural assemblies 



Large	
  groups	
  of	
  neurons	
  (“cell	
  assemblies”)	
  can	
  fire	
  synchronously	
  at	
  35-­‐75	
  Hz	
  
	
  
Gamma	
  frequency	
  oscillaQons	
  (“40	
  Hz”)	
  

Francis	
  Crick	
  &	
  Christof	
  Koch	
  

two	
  neurons	
  oscillaQng	
  synchronously	
  in	
  gamma	
  range	
  –	
  part	
  of	
  same	
  representaQon,	
  conscious	
  

two	
  neurons	
  oscillaQng	
  synchronously	
  outside	
  gamma	
  range	
  –	
  same	
  representaQon,	
  unconscious	
  

two	
  neurons	
  asynchronous	
  –	
  not	
  bound	
  in	
  an	
  acQve	
  representaQon	
  

	
  



Rodolfo	
  Llinas,	
  1990s	
  

MEGs	
  of	
  Human	
  Subjects	
  

waves	
  of	
  neural	
  acQvity	
  proceding	
  from	
  
anterior	
  to	
  posterior	
  in	
  cortex	
  

12.5-­‐ms	
  of	
  acQvity	
  followed	
  by	
  	
  
12.5-­‐ms	
  of	
  quiescence	
  
(i.e.	
  total	
  period	
  of	
  wave	
  =	
  25	
  ms)	
  

corresponds	
  to	
  40-­‐Hz	
  gamma	
  oscillaQon	
  

“conscious”	
  percepQon	
  is	
  neurons	
  
synchronous	
  with	
  each	
  other	
  and	
  with	
  
an	
  internal	
  reference	
  reference	
  clock	
  



Neural Darwinism 

assemblies of neurons are constantly firing together, and the assembly that  
fires the strongest enters consciousness (winner-take-all competition) 

Metarepresentations 

V.S. Ramachandran 

inferior parietal lobe 
    angular gyrus 
    supramarginal gyrus 
anterior cingulate cortex 

brain has evolved ability to form representations of sensory representations 



A  neural activation 
 I   input-output gating (thalamus) 

M  modulation (acetylcholine vs. norepinephrine/serotonin) 
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A<en=on	
  &	
  Neuromodulators	
  

Harris & Thiele, 2011  

a"enQon	
  is	
  a	
  local	
  desynchronizaQon	
  



Snails 

Drosophila 

Mice 

Circadian rhythms in other animals 
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General Anesthesia 

Green = agonist 
Purple = antagonist 


