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The vital importance 
of SLEEP in 

neurodevelopment. 

BREASTFEEDING 
Feed Ą Sleep Cycling 

Neurons that fire together wire 
together while those which donõt,wonõt

Hebb/Carla Shatz

Impulse

Presynaptic neuron

Vesicle

Transmitters

Synaptic cleft

Receptors
Postsynaptic

neuron
Postsynaptic activity

SENSORY STIMULUS  

synapse store chemical signal

chemical signal stronger

THRESHOLD Ą
EXEMPT from elimination

(synapse stabilised)
PATHWAY

(Rima Shore 1997)
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fetal REM sleep
(or active sleep) seems to

be particularly important
to the developing organism 

... spontaneous 
synchronous firing

Marks et al 1995

Neurons that fire together wire 
together while those which donõt,wonõt

Hebb/Carla Shatz

Peirano 2003

Neurons that fire together wire 
together while those which donõt,wonõt

Hebb/Carla Shatz
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Synapses

Dendrification:

peak 2m & 6m
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RELATIVE BRAIN ACTIVITY 

METABOLIC 
ACTIVITY

peaks
3 years

NEW SYNAPSE 
FORMATION

Panksepp 1998

Siegel 2005

Non-REM 4
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1st 1000 days

2

REM

REM

Non-REM

NREM 1
NREM 2
NREM 3
NREM 4 = Quiet Sleep

QS

BIRTH

QS

1st 270  days

REM
NR1
NR2
NR3
NR4

BRAIN WIRING

Stanley Graven 2006

Sleep cycle ~ 50 ï60 minutes

REM
NR1
NR2
NR3
SWS

ACQUISITION

poly-sensory input
short - term memory 
stored cortex 

Awake and REM

ACQUISITION

RAM

Neocortex
consciousness

short term memory

Amodio 2008

CPU

AMYGDALA:

Emotional
Processing 
Unit

GPS

HIPPOCAMPUS
Memory function
and spatial code

REM
NR1
NR2
NR3
SWS

ACQUISITION CONSOLIDATION

poly-sensory input transfer information
short - term memory òSNRó strong signals
stored cortex amygdala / 

hippocampus   
Awake and REM NREM stage 4

CONSOLIDATION

AMYGDALA:
Emotional

Processing 
Unit

GPS
HIPPOCAMPUS

Memory function
and spatial code  

Amodio 2008
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REM
NR1
NR2
NR3
SWS

ACQUISITION CONSOLIDATION MEMORY
FORMATION

poly-sensory input transfer information P waves
short - term memory òSNRó strong signalsreturns info
stored cortex amygdala / to neocortex:

hippocampus   organized
Awake and REM NREM stage 4 REM

BRAIN WIRING

Stanley Graven 2006

REM
NR1
NR2
NR3
SWS

ACQUISITION CONSOLIDATION MEMORY
FORMATION

poly-sensory input transfer information P waves
short - term memory òSNRó strong signalsreturns info
stored cortex amygdala / to neocortex :

hippocampus   organized
Awake and REM NREM stage 4 REM

BRAIN WIRING

Stanley Graven 2006

1.Messages are 

collected in cortex

4. End of sleep 

cycle - circuit 

completed

3. In REM sleep ï

fire to front of brain  

(approach/ avoid)

2. In SWS sleepï

moved to emotional 

brain (amygdala)

Peirano 2003

Neurons that fire together wire 
together while those which donõt,wonõt

Hebb/Carla Shatz

In adult:
sleep pertains

to memory

In child:
neurodevelopment

(brain wiring)
1st 1000 days
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In adult:
sleep cycles 
are blocked;

hormones
swing

SWS  makes 
fact and 
episode 
(declarative) 
memory

REM  sleep 
makes 
emotional 
memory

Also skills

CORTISOL

CORTISOL protects

Ffrom negative 

embedding in REM

Joseph 2014  
Arch Dis Child FetalNeonatal Ed. 2014 Sep 22. pii: fetalneonatal-2014-306104. 

doi: 10.1136/archdischild-2014-306104. [Epubahead of print]

Getting rhythm: how do babies do it?

Birth   ~ /~      8w    9w    10w    11w

dates averaged   Ąñbetween 6 and 18 weeksò

CORTISOL
day-night
rhythm

MELATONIN
day-night rhythm

TEMPERATURE
day-night
rhythm

H3f3b gene
detected

Infant:
sleep cycles 

begin to block 
on diurnal
rhythms

Mother-infant synchrony 

é at 12 weeks

(circadian)

START at 3 months

Can be ñadult-likeò

at 6 months.

Thomas 2014
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PLAY
Ą FEED

31

SLEEP 
ĄSLEEP

SLEEP 
ĄSLEEPPLAY

Ą

FEED

Infant sleep cycling and synchronicity with 
maternal sleep ensure development. 

Infant:
sleep cycles 

begin to block 
on diurnal
rhythms

BOND
Ą SUCKLE SLEEP Ą Ą Ą SLEEP PLAY

Ą FEED

32

SLEEP ĄSLEEP SLEEP ĄSLEEP
PLAY
Ą

FEED

Infant sleep cycling and synchronicity with 
maternal sleep ensure development. 

BOND
Ą SUCKLE SLEEP Ą Ą Ą SLEEP PLAY

Ą FEED

137

SLEEP ĄSLEEP SLEEP ĄSLEEP
PLAY
Ą

FEED

Infant sleep cycling and synchronicity with 
maternal sleep ensure development. 

Infant sleep cycling 
Ą critical for brain 

development,
BUT is also determined by brain requirements:

TEMPERAMENT
PERSONALITY
OREXIN METABOLISM
άahw9 {[99t Ąahw9 ²LwLbDέ

BOND
Ą SUCKLE SLEEP Ą Ą Ą SLEEP PLAY

Ą FEED

137

SLEEP ĄSLEEP SLEEP ĄSLEEP
PLAY
Ą

FEED

Infant sleep cycling and synchronicity with 
maternal sleep ensure development. 

Infant sleep cycling 
Ą critical for brain 

development,
BUT is also determined by brain requirements:

OREXIN

CORTISOL

MELATONIN

Panksepp1998 Panksepp1998

In child:
will appear on its 
own Ą 3 ð12 m

In ADULT:
sleep blocking
(two phases)
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In child:
will appear on its 
own Ą 3 ð12 m

ONE SIZE 
DOES NOT

FIT ALL:

Equally *normal*
at 6 months

to sleep 2hours
as 6 hours

3  12 m

Orexin activates brain, motivation,

but accumulates  ñsleep pressureò,

and a flip-flop switch controls the

diurnal circadian rhythm.

Separated d4 ïd14 

( 3h morning, 3 h afternoon)

Ąexamined as adults

Orexin increased

HYPERAROUSAL / INSOMNIA

CRH increased

Ą increase CORTISOL

Ą disrupted circadian rhythm

.

Orexin activates brain, motivation,

but accumulates  ñsleep pressureò,

and a flip-flop switch controls the

diurnal circadian rhythm.

REM
NR1
NR2
NR3
SWS

ACQUISITION CONSOLIDATION MEMORY
FORMATION

poly-sensory input transfer information P waves
short - term memory òSNRó strong signalsreturns info
stored cortex amygdala / to neocortex :

hippocampus   organized
Awake and REM NREM stage 4 REM

BRAIN WIRING

Stanley Graven 2006

1.Messages are 

collected in cortex

4. End of sleep 

cycle - circuit 

completed

3. In REM sleep ï

fire to front of brain  

(approach/ avoid)

2. In SWS sleepï

moved to emotional 

brain (amygdala)

1.Messages are 

collected in cortex

4. End of sleep 

cycle - circuit 

completed

3. In REM sleep ï

fire to front of brain  

(approach/ avoid)

2. In SWS sleepï

moved to emotional 

brain (amygdala)

SMELL 

sleep cycling regulated
by MOTHERôS SMELL !!

SMELL Ą BRAIN WIRING

Peirano 2003
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modulates state organisation
elicits emotional behaviours

activates pre - feeding actions
anticipatory digestive physiology
regulates pace of ingestive behaviour

SMELL 

Schaal 2004 43

DOUCET
The secretion of Areolar (Montgomeryôs) Glands from 
Lactating Women Elicits Selective, Unconditional 
Responses in Neonates

ñé breast chemosignals
activate oral activity on the 
nipple that releases a cascade 
of behavioral, neural, neuroendocrine
and endocrine processes 
in the newborn and the mother.ò 

Doucet 2009 44

The secretion of Areolar
(Montgomeryôs) Glands

ñIn early ontogeny the 
sleeping brain may thus
remain sentient of an 
organismôs odor 
environment.ò

Doucet 2009 45

Fewer AG Ą
delayed grasp
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Fewer AG Ą
Slower latch 

Fewer AG Ą
Weaker suck

Fewer AG Ą
More weight loss day 3 of life  

Fewer AG Ą
Delayed onset of lactation

Primip high AG    2.3 days 
Primip low AG      3.1 days

Difference   p <0.001 

An overlooked aspect of the human breast: Areolar glands in relation with 

breastfeeding pattern, neonatal weight gain, and the dynamics of lactation.

Doucet 2012

In the óóscentless breastôô 

condition, all infants were 

exposed to the motherôs breast 

fully covered with a perfectly 

transparent and airtight plastic 

ýlm (polypropylene). 

( the habitual visual scene of 

the breast devoid of 

corresponding odors )

(1) óóBreastôôgroup(fully 

uncovered motherôs breast); 

(2) óóNippleôôgroup(all remaining 

parts covered with plastic ýlm); 

(3) óóAreolaôôgroup(remainder of 

the breast and nipple covered); 

(4) óóMilkôôgroup(milk smeared 

on plastic covered breast) 

óóBreastôôgroup0.102

more than 

óóAreolaôôgroup0.038 

more than

óóMilkôôgroup0.035

Grey bar ïodourless 

plastic film

Black ïpooled odors.

Related experiments indicate, however, that the 

chemical cues that attract rat pups to the nipples 

are not produced in that region. Rather, initial 

nipple orientation is elicited by the odor of 

amniotic fluid and saliva that the mother spreads 

on her ventrum while grooming herself during 

parturition [7]. 

premies fed through non-oral pathways  LACK

sucking-breathing-swallowing coordination

integration of chemosensation-food intake

cephalic phase of digestive processes;

Ą therefore display :

ñpoorer and more unstable sucking 

performance than their orally fed peersò
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REM
NR1
NR2
NR3
SWS

ACQUISITION CONSOLIDATION MEMORY
FORMATION

poly-sensory input transfer information P waves
short -term memory òSNRó strong signalsreturns info
stored cortex amygdala / to neocortex:

hippocampus   organized
Awake and REM NREM stage 4 REM

BRAIN WIRING Ą SMELL 

Stanley Graven 2006

1.Messages are 

collected in cortex

4. End of sleep 

cycle - circuit 

completed

3. In REM sleep ï

fire to front of brain  

(approach/ avoid)

2. In SWS sleepï

moved to emotional 

brain (amygdala)

LUDINGTON -HOE  é  SCHER

Skin-to -skin can improve
the integrity of sleep

SCHER  é  LUDINGTON-HOE

SSC  Ą sleep cycling
accelerates maturation 

ÅNeural circuits that process basic information 

are wired earlier than those that process more 

complex information.

Brain Architecture and Skills are 
Built in a Hierarchical ñBottom-Upò 

Sequence
ÅNeural circuits that process basic information 

are wired earlier than those that process more 

complex information.

ÅHigher circuits build on lower circuits, and 

skill development at higher levels is more 

difficult if lower level circuits are not wired 

properly.

Slide by:   Jack P. Shonkoff, M.D.

ÅHigher circuits build on lower circuits, and 

skill development at higher levels is more 

difficult if lower level circuits are not wired 

properly.

Slide by:   Jack P. Shonkoff, M.D.
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The human connectome is the result of an elaborate developmental trajectory.

orbitofrontal

vmPFC

TPJ

Postô Insula

Planumtemporale

(Wernickes)
Pars opercularis

Middle cingulate

dmPFC

amPFC

Hypothalamus

ANS

Nucaccumbens

Inferior  frontal gyrus

Brocaôs

Thalamus

Precuneus

V1 primary visual cortex

Occipital face area

Fusiformface area

Fusiformgyrus

Cerebellum

Supô temporal sulcus

Hippocampus

Post cingulateAnt Cingulate

Caudate

Amygdala

Anterior insula

Stigler 2011  Structural and functional magnetic resonance imaging of autism  spectrum disorders

Brain Res. 2011 March 22; 1380: 146ï161. doi:10.1016/j.brainres.2010.11.076.

Assaf2010   Abnormal functional connectivity of default mode sub-networks  in autism spectrum disorder 

patients

Retrosplenial

Sridharan 2008  switch

From

National

Geographic 

Magazine

April 2014

TRACTOGRAPHY
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BRAIN WIRING

PATHWAYS
Ą CIRCUITS
Ą NETWORKS
CONNECTOME networks make the òlights go onó

Reflections for practice

Sleep organization 
should guide careó

Smell and skin -to-skin

Reflections for practice

Quality sleep cycling 
makes new circuits

Neurodevelopment
Is  EMOTION ! 

ALL memory is
based in space/place! 

CIRCADIAN RHYTHM

SCN

Suprachiasmatic nucleus,

Pineal gland, melatonin 
https://www.researchgate.net/figure/Melatonin-the-master-biological-clock-Non-visual-effects-of-light-are-mediated-thr_fig1_263104171
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CIRCADIAN RHYTHM 

Master clock, 

sets other clocks

ózeitgeberô

Human clock genes.

Rhythmic variations in physiological and 

behavioural processes are mediated by both 

endogenous and exogenous factors. Endogenous 

factors include self-sustaining biological 

pacemakers or clocks which in the absence of 

strong external influences é

PigginsHD 2002.     Ann Med. 34(5):394-400.

CIRCADIAN RHYTHM 

Master clock, 

sets other clocks

ózeitgeberô

CIRCADIAN RHYTHM

ABSENT IN 
NEONATES

Ultradian and circadian rhythms

LohrB, SiegmundR. 1999. 
ChronobiolInt 16(2): 129-48.

Ultradian:

Repeated during 

(single circadian) 

24 hour period

Ultradian and circadian rhythms of 

sleep-wake and food-intake 

behavior during early infancy.

LohrB, SiegmundR. 1999. 
ChronobiolInt 16(2): 129-48.

Ultradian:

Repeated during 

(single circadian) 

24 hour period

Hypothalamic 

local clocks  

communicate and 

coordinate

Pleasurable feeding 
- and sleeping ð
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https://www.researchgate.net/figure/Circadian-clocks-in-the-SCN-and-other-

regions-of-the-brain-In-addition-to-the-central_fig3_51823898

SCN  

suprachiasmatic 

nucleus

synchronises all 

other clocks

master clock

Local clock  

feeding

MBH  Mediobasal

hypothalamus

SCN  

suprachiasmatic 

nucleus

synchronises all 

other clocks

master clock

Local clock  

feeding

MBH  Mediobasal

hypothalamus

The ôzeitgeberõ is 
not light,    it is feeding.

note rhythmicity
of fetal stomach Ą 40 ð50 minutes

The ôzeitgeberõ is 
not light,    it is feeding.

SCN  

suprachiasmatic 

nucleus

synchronises all 

other clocks

master clock

Local clock  

feeding

MBH  Mediobasal

hypothalamus

The ôzeitgeberõ is 
not light,    it is feeding.

Gastric clock:

40-50 minutes

http://joe.endocrinology-

journals.org/content/221/1/T1/F1.expansion.ht

ml

Hunger   &   Satiety

rhythms

regulate all 

metabolic processes

Hunger   &   Satiety

rhythms

regulate all 

metabolic processes

Sleep   &   Awake

rhythms

regulate all 

neurological processes


