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Other Ways 
of Being Born 
and Growing











Hominines were prey 
at Sterkfontein, 
“Cradle of Mankind”





Immediate feeding
response to crying

Father frequently 
and closely involved ...



EXTREME  EGALITARIANISM
EQUALITY  (gender, age, capacity)
INTENSE SOCIAL COHESION

à NO AGGRESSION !!!!!





BERGMAN
‘sharing phenotype’

UNIQUE
hominin feature:
carry food home
to share …



THE HUNTER GATHERER  (cont)

Infant care patterns in such societies 
(which are closest to our origins):

1 Infant carried most of time
2 Mother sleeps with infant same bed
3 Immediate feeding response to crying
4 Breastfeeding 24 months or more
5 Father frequently and closely involved ...
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MICHAEL MEANEY    epigenetics

CORTISOL

Unsafe  environment activates HPA
axis (autonomic nervous system, ANS). 
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HG  BABY LG BABY

MOTHER                                      MOTHER
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adult                                      adult
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Makes MOTHER             Makes MOTHER

Early stress alters gene expression,
with health impact across lifespan.



HG – High Grooming        Low Grooming - LG
Makes MOTHER             Makes MOTHER

HEALTHY
adult

HIGH  Grooming  HG 
Makes MOTHER            

Earliest care 
at birth matters

Same gene à switched

LG  BABY  LG BABY
HIGH grooming  care

OXYTOCIN



Clinics in Perinatology,
June 2004, Vol 31(2)   page 210

Stanley Graven
Early neurosensory visual 
development of fetus and newborn.

“It is a serious mistake to assume that the 
principles derived from careful animal studies 
do not apply to human infants. 
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“It is a serious mistake to assume that the 
principles derived from careful animal studies 
do not apply to human infants. 
The risk of suppression or disruption of 
needed neural processes ... 
is very significant  and potentially lasts a life time.
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”Neurons that fire together wire 
together while those which don’t,won’t”

Hebb/Carla Shatz



REM
NR1
NR2
NR3
NR4

ACQUISITION CONSOLIDATION MEMORY
FORMATION

poly-sensory input transfer information P waves
short-term memory “SNR” strong signals returns info
stored cortex amygdala / to neocortex:

hippocampus   organized
Awake and REM NREM stage 4 REM

BRAIN WIRING

Stanley Graven 2006



In adult:
sleep pertains

to memory



In adult:
sleep pertains

to memory

In child:
neurodevelopment

(brain wiring)
1st 1000 days



BRAIN WIRING

Peirano 2003



Brain Architecture and Skills are 
Built in a Hierarchical “Bottom-Up” 

Sequence
• Neural circuits that process basic information 
are wired earlier than those that process more 
complex information.

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



Brain Architecture and Skills are 
Built in a Hierarchical “Bottom-Up” 

Sequence
• Neural circuits that process basic information 
are wired earlier than those that process more 
complex information.

• Higher 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.



From
National
Geographic 
Magazine
April 2014

TRACTOGRAPHY PATHWAYS
à CIRCUITS
à NETWORKS
CONNECTOME
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“For species such as 
primates, the mother 
IS the environment.”

Sarah Blaffer Hrdy, Mother Nature (1999)

NEURODEVELOPMENT
Genome Behaviour

EVOLUTIONARY  BIOLOGY
Connectome

EPIGENETICS

NURTURESCIENCE



ENVIRONMENT EXPERIENCE REPRODUCTIVE  FITNESSADAPTATION

Nothing an infant can or 

cannot do makes sense, 

except in light of mother’s body
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NURTURESCIENCE
Essentially ecological:

Skin-to-skin contact 

except in light of mother’s body



Essentially ecological:

BREASTFEEDING
Feed à Sleep Cycling 

MOTHERBABY
BONDING Sensitization

ENVIRONMENT EXPERIENCE REPRODUCTIVE  FITNESSADAPTATION

(from Greek: οἶκος, "house", or "environment"; -λογία, "study of")

The branch of biology that deals with the relations of 
organisms to one another and to their physical surroundings. 

NURTURESCIENCE



https://birthpsychology.com/

The branch of biology that deals with the relations of 
organisms to one another and to their physical surroundings. 

NURTURE and NATURE 
was all there was. 

Introducing NURTURESCIENCE  a 
new model with ancient roots.

"Womb ecology becomes world ecology."
(APPPAH)
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“buffering protection 
of adult support” 
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of mother’s body.”
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Attuned 
interaction



AT BIRTH,

the brain has 
TWO 
CRITICAL 
SENSORY 
NEEDS:

SMELL  &  CONTACT
connect direct to the amygdala 



THE 
NEWBORN

BRAIN

SKIN-TO-SKIN
CONTACT

fires and wires

the amygdala-prefronto-orbital 
cortical pathway    (PFOC)
Schore 2001



AMYGDALA:
Emotional
Processing
Unit                 CPU 

Prefrontal cortex
Executive 

function

SOCIAL     and    EMOTIONAL
INTELLIGENCE



SOCIAL EMOTIONAL
INTELLIGENCE INTELLIGENCE

Behavioural 
activation system
reward-based
(dopamine)



Als 2004



Welch 2013







Lenzi 2009



In humans, oxytocin increases gaze to the 
eye region of human faces and enhances 
interpersonal trust and the ability to infer
the emotions of others from facial cues. 

Interpersonal  
awareness

Emotions

Kerstin 
Uvnas-Moberg

Ross 2009



Petrovic 2008





Smell

Skin contact



The infant 
brain is not 

blank!
Resting activity 

-
“stream of 

consciousness”
Fransson 2007



A  primary 
visual areas,

B  somatosensory 
motor cortex

C  primary auditory
cortex

D  parietal cortex 
& cerebellum

E  m l anterior pre-
frontal cortex

Fransson 2007



Smell

Skin contact

EMOTION
CONTROL 
CENTRE

FACE 
RECOGNITION
CENTRE

OXYTOCIN 

E prefrontal

A  primary visual

B  somatosensory 

C  primary auditory

D  parietal
& cerebellum



… infant cues - suckling, 
vocalisation and tactile 
stimulation - stimulate 
OXYTOCIN
release in the 
hypothalamus, which may 
result in the activation 
of the DOPAMINE
reward pathway leading 
to behavioural 
reinforcement



REWARD
CONTROL 

CENTRE

SOCIAL
CONTROL 
CENTRE

OXYTOCIN
DOPAMINE
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SEPARATION 

OXYTOCIN

SEPARATION

absence



SEPARATION  DYSREGULATES

OXYTOCIN

CORTISOL

SEPARATION

Toxic stress

absence



Toxic Stress
• Strong and prolonged activation of the body’s 
stress management systems in the absence of 
the buffering protection of adult support.

• Disrupts brain architecture and leads to stress 
management systems that respond at relatively 
lower thresholds, thereby increasing the risk of 
stress-related physical and mental illness.

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

CORTISOLOXYTOCIN

"Womb ecology becomes world ecology.”
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… there is considerable overlap in the brain structures 
associated with these neural mechanisms … functional 
interactions among the circuits. 



FEAR
CONTROL 

CENTRE

REWARD
CONTROL 

CENTRE

SOCIAL
CONTROL 
CENTRE

OXYTOCIN
DOPAMINE

CORTISOL

EMOTION
CONTROL 
CENTRE

An overly responsive FEAR 
circuit … may negatively 
influence functioning of the 
reward system.

… a properly functioning 
REWARD circuit may be necessary 
for positive social behaviors.

Resilience Vulnerability

DISEASEHEALTH

REWARD FEAR



RESILIENCE
(= STRESS RESISTANCE)

“capacity to maintain healthy 
emotional functioning in the after-
math of stressful experiences”

Resilience Vulnerability

DISEASEHEALTH
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Are ‘emotion’ 
and ‘science’ 

contradictory? 

Jaak Panksepp
dedicated his 
professional career 
to the study of 
mammalian 
emotions

(TED talk) https://www.youtube.com/watch?v=65e2qScV_K8
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NURTURESCIENCE
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Early Experience and the Development of Stress 
Reactivity and Regulation in Children (Gunnar 2010)

Neurosci Biobehav Rev. 2010 May ; 34(6): 867–876. doi:10.1016/j.neubiorev.2009.05.007.



Nelson & 
Panksepp 1998

SAFE    UNSAFE

HG - High Grooming        Low Grooming LG

HG  BABY LG BABY

MOTHER                                      MOTHER

Healthy UNHEALTHY
adult                                      adult

HG – High Grooming        Low Grooming - LG
Makes MOTHER             Makes MOTHER

Early stress alters gene expression,
with health impact across lifespan.
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WELL-BEING à SUSCEPTIBILITY  à MORBIDITY  à MORTALITY

DISEASEHEALTH

RESILIENCE                                      VULNERABILITY

… there is considerable overlap in the brain structures 
associated with these neural mechanisms … functional 
interactions among the circuits. 
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Feb 19, 2018
Conclusions and Relevance: 
Extremely or very preterm children born in the antenatal 
corticosteroids and surfactant era show large deficits in 
intelligence. No improvement in cognitive outcome was 
observed between 1990 and 2008. 
…
Bronchopulmonary dysplasia was found to be a crucial 
factor for cognitive outcome. Lowering the high 
incidence of BPD may be key to improving long-term 
outcomes after EP/VP birth.





n = 366
CONTROL GROUP:  parents visit 6 - 10 hours per day

INTERVENTION :  parents admitted … present 24 h per day





CONCLUSIONS   This study demonstrated a reduction 
in total length of hospital stay for infants born 
prematurely by providing facilities for parents to stay in 
the NICU 24 hours/day from admission to discharge. 
Analyses of secondary outcomes also suggested a 
reduction in pulmonary morbidity, such as moderate-to-
severe BPD.

INTERVENTION :  parents admitted … present 24 h
àBUFFERING PROTECTION OF ADULT SUPPORT
à ZERO SEPARATION REDUCES TOXIC STRESS

DISEASEHEALTH
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NURTURESCIENCE

Neuroscience developed 

in the old paradigm of 

maternal-infant separation. 

a new model with ancient roots.



NURTURESCIENCE

Nurturescience now engulfed or 
embedded in current neuroscience 

paradigms,

Needs dissecting out à



NURTURESCIENCE
3 primary occupations:

CONNECTING
BREASTFEEDING

SLEEPING

BREASTFEEDING
Feed à Sleep Cycling 

MOTHERBABY
Regulation Sensitization
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Key time 
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Comparison of nurturescience and neuroscience

à First 1000 days Early Childhood 
Development
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First 1000 seconds  (1st hour) TRANSITION
First 1000 minutes    (1st day) CONNECTION 
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Development
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NURTURESCIENCE NEUROSCIENCE                    

Key time 
period

Perinatal, conception to 
birth to 1 month

1 month – 3 years  
(ECD)

First 1000 minutes First 1000 days
ANS purpose HOMEORHESIS HOMEOSTASIS

Comparison of nurturescience and neuroscience



REGULATION     vs   STIMULATION

Expected   vs    Unexpected
Ecologic salience  vs  Potential threat
Resource growth  vs  threat readiness

OXYTOCIN   vs   CORTISOL 
HOMEORHESIS  vs   HOMEOSTASIS

MOTHER  vs   OTHER 
Resilience 

DISEASEHEALTH
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Emotions 
Regulatory 
mechanism

Viscera / ANS / limbic brain Limbic brain / neocortex                         

Maternal regulation then co-
regulation Self-regulation (within self)

Open feedback loop (with others) Closed feed-back loop (within self)

Comparison of nurturescience and neuroscience

CORTISOL



NURTURESCIENCE NEUROSCIENCE                    

Key time 
period

Perinatal, conception to 
birth to 1 month

1 month – 3 years  
(ECD)

First 1000 minutes First 1000 days
ANS purpose HOMEORHESIS HOMEOSTASIS

Dyadic / family (plural) Individual  (singular)
Dynamic systems theory Reductionistic logic

Comparison of nurturescience and neuroscience
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Dynamic systems theory Reductionistic logic

Comparison of nurturescience and neuroscience

Randomized controlled trials (RCT)
Evidence Based Medicine (EBM)Necessary,



NURTURESCIENCE NEUROSCIENCE                    

Dyadic / family (plural) Individual  (singular)
Dynamic systems theory Reductionistic logic

Comparison of nurturescience and neuroscience

Randomized controlled trials (RCT)
Evidence Based Medicine (EBM)

"Womb ecology becomes world ecology."

Necessary,
but 

not sufficient



NURTURESCIENCE NEUROSCIENCE                    

Key time 
period

Perinatal, conception to 
birth to 1 month

1 month – 3 years  
(ECD)

First 1000 minutes First 1000 days
ANS purpose HOMEORHESIS HOMEOSTASIS

Dyadic / family (plural) Individual  (singular)
Dynamic systems theory Reductionistic logic

KEY 
OUT-

COME
CONNECTION
RESILIENCE

ATTACHMENT
COGNITION

Comparison of nurturescience and neuroscience



KEY 
OUT-

COME
CONNECTION
RESILIENCE

ATTACHMENT
COGNITION

BIRTH

BEYOND BREASTFEEDING
Feed à Sleep Cycling 

MOTHERBABY
Regulation Sensitization

Emotional
Connection

Attuned 
interaction





Ref:  Bergman et al, 2019



Nurturescience  program 
now planned for 

KAROLINSKA, Stockholm  

BJORN WESTRUPULRIKA ADEN NILS BERGMAN



Ref:  Bergman et al, 2019



MARTHA WELCH             Meyers, Hofer, Fifer, Ludwig   etc



Ref:  Bergman et al, 2019





NEURODEVELOPMENT
Genome Behaviour

EVOLUTIONARY  BIOLOGY

ENVIRONMENT EXPERIENCE REPRODUCTIVE  FITNESSADAPTATION

Connectome
EPIGENETICS

BIRTH

BEYOND BREASTFEEDING
Feed à Sleep Cycling 

SEPARATIONMOTHERBABY
Regulation Sensitization

Emotional
Connection

Attuned 
interaction

Resilience Vulnerability

DISEASEHEALTH

Disordered 
attachment

Toxic stress

Disconnected
parenting

NURTURESCIENCE

Wellness 



NURTURESCIENCE
3 primary occupations:

CONNECTING
BREASTFEEDING

SLEEPING

BREASTFEEDING
Feed à Sleep Cycling 

MOTHERBABY
Regulation Sensitization



3 primary occupations:

CONNECTING
BREASTFEEDING

SLEEPING

BREASTFEEDING
Feed à Sleep Cycling 

MOTHERBABY
Regulation Sensitization



Panksepp 1998
Siegel 2005

Non-REM 4



1st 1000 days

2



REM

REM

Non-REM
NREM 1
NREM 2
NREM 3
NREM 4 = Quiet Sleep

QS

BIRTH

QS

1st 270  days



fetal REM sleep
(or active sleep) seems to

be particularly important
to the developing organism 

... spontaneous 
synchronous firing

Marks et al 1995



Impulse

Presynaptic neuron

Vesicle
Transmitters
Synaptic cleft

Receptors
Postsynaptic
neuron Postsynaptic activity



SENSORY STIMULUS  

synapse store chemical signal

chemical signal stronger

THRESHOLD à
EXEMPT from elimination

(synapse stabilised)
PATHWAY

(Rima Shore 1997)



”Neurons that fire together wire 
together while those which don’t,won’t”

Hebb/Carla Shatz



Peirano 2003

”Neurons that fire together wire 
together while those which don’t,won’t”

Hebb/Carla Shatz



REM
NR1
NR2
NR3
NR4

BRAIN WIRING

Stanley Graven 2006

Sleep cycle ~ 50 – 60 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 “SNR” 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



REM
NR1
NR2
NR3
SWS

ACQUISITION CONSOLIDATION MEMORY
FORMATION

poly-sensory input transfer information P waves
short-term memory “SNR” strong signals returns info
stored cortex amygdala / to neocortex:

hippocampus   organized
Awake and REM NREM stage 4 REM

MEMORY FORMATION



REM
NR1
NR2
NR3
SWS

ACQUISITION CONSOLIDATION MEMORY
FORMATION

poly-sensory input transfer information P waves
short-term memory “SNR” strong signals returns info
stored cortex amygdala / to neocortex:

hippocampus   organized
Awake and REM NREM stage 4 REM

BRAIN WIRING

Stanley Graven 2006



In adult:
sleep pertains

to memory



In adult:
sleep pertains

to memory

In child:
neurodevelopment

(brain wiring)
1st 1000 days



In adult:
sleep cycles 
are blocked;

hormones
swing





SWS  makes 
fact and 
episode 
(declarative) 
memory



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 Fetal Neonatal Ed. 2014 Sep 22. pii: fetalneonatal-2014-306104. 
doi: 10.1136/archdischild-2014-306104. [Epub ahead of print]

Getting rhythm: how do babies do it?

Birth   ~ /~      8w    9w    10w    11w
dates averaged   à “between 6 and 18 weeks”

CORTISOL
day-night
rhythm
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Getting rhythm: how do babies do it?

Birth   ~ /~      8w    9w    10w    11w
dates averaged   à “between 6 and 18 weeks”

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 
… at 12 weeks
(circadian)

START at 3 months

Can be “adult-like”
at 6 months.

Thomas 2014



PLAY
à FEED

171

SLEEP àSLEEP SLEEP àSLEEP
PLAY
à

FEED

Infant sleep cycling and synchronicity with 
maternal sleep ensure development. 

Infant:
sleep cycles 

begin to block 
on diurnal
rhythms



BOND
à SUCKLE SLEEP à à à SLEEP PLAY

à FEED

172

SLEEP àSLEEP SLEEP àSLEEP
PLAY
à

FEED

Infant sleep cycling and synchronicity with 
maternal sleep ensure development. 



BOND
à SUCKLE SLEEP à à à SLEEP PLAY

à FEED

137

SLEEP àSLEEP SLEEP àSLEEP
PLAY
à

FEED

Infant sleep cycling and synchronicity with 
maternal sleep ensure development. 

Infant sleep cycling 
à critical for brain 

development,
BUT is also determined by brain requirements:

TEMPERAMENT
PERSONALITY
OREXIN METABOLISM
“MORE SLEEP à MORE WIRING”



Infant sleep cycling 
à critical for brain 

development,
BUT is also determined by brain requirements:



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



CIRCADIAN RHYTHM 

Master clock, 
sets other clocks

‘zeitgeber’



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 …

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

CIRCADIAN RHYTHM 

Master clock, 
sets other clocks

‘zeitgeber’





CIRCADIAN RHYTHM

ABSENT IN 
NEONATES



Ultradian and circadian rhythms

Lohr B, Siegmund R. 1999. Chronobiol Int
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.

Lohr B, Siegmund R. 1999. Chronobiol Int
16(2): 129-48.

Ultradian:
Repeated during 
(single circadian) 24 
hour period

Hypothalamic 
local clocks  

communicate and 
coordinate

Pleasurable feeding 
- and sleeping –



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 ‘zeitgeber’ is 
not light,    it is feeding.



note rhythmicity
of fetal stomach à 40 – 50 minutes

The ‘zeitgeber’ is 
not light,    it is feeding.



SCN  
suprachiasmatic 

nucleus
synchronises all 
other clocks

master clock

Local clock  
feeding

MBH  Mediobasal
hypothalamus

The ‘zeitgeber’ 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



Hunger   &   Satiety
rhythms

regulate all 
metabolic processes

Sleep   &   Awake
rhythms

regulate all 
neurological processes

SMELL

OB – Olfactory Bulb
drives the  SCN 

(primary clock) 



modulates state organisation
elicits emotional behaviours

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

SMELL 

Schaal 2004 190



REM
NR1
NR2
NR3
SWS

ACQUISITION CONSOLIDATION MEMORY
FORMATION

poly-sensory input transfer information P waves
short-term memory “SNR” strong signals returns info
stored cortex amygdala / to neocortex:

hippocampus   organized
Awake and REM NREM stage 4 REM

BRAIN WIRING

Stanley Graven 2006

Sleep  clock:
50-60 minutes



NEURODEVELOPMENT
The DNA Behaviour

EVOLUTIONARY  BIOLOGY

ENVIRONMENT EXPERIENCE REPRODUCTIVE  FITNESSADAPTATION

The Neuroscience of Birth & Breastfeeding
The Brain

EPIGENETICS

BIRTH

BEYOND BREASTFEEDING
Feed à Sleep Cycling 

BABY
BONDING

Secure 
attachment Feed interval is one 

sleep cycle 



Sleeping, feeding and maternal-
infant interaction rhythms are 

established much earlier. 



http://www.cell.com/fulltext/S0092-8674(08)01067-2

External Cues and Clock Outputs

The predominant external cue (zeitgeber) of the SCN clock is light. 

Clocks in peripheral tissues such as the liver also can be entrained by food. 

Outputs of both the SCN and peripheral clocks impact behavioral and metabolic 
responses such as feeding, sleep-wakefulness …



Central Pacemaker and 
Peripheral Clocks
The master pacemaker encoding the mammalian 
clock resides within the SCN, although clock 
genes are also expressed in other regions of the 
brain and in most peripheral tissues. Emerging 
evidence suggests that peripheral tissue clocks 
are synchronized through humoral, nutrient, and 
autonomic wiring and that the cell-autonomous 
function of the clock is important in pathways 
involved in fuel storage and consumption. 

clocks are synchronized
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Getting rhythm: how do babies do it?

Birth   ~ /~      8w    9w    10w    11w
dates averaged   à “between 6 and 18 weeks”

CORTISOL
day-night
rhythm

MELATONIN
day-night rhythm

TEMPERATURE
day-night
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H3f3b gene
detected



REM
NR1
NR2
NR3
SWS

BRAIN WIRING

Stanley Graven 2006

ACQUISITION CONSOLIDATION MEMORY
FORMATION

SLEEP CYCLE IS   ONE HOUR



REM
NR1
NR2
NR3
SWS

ACQUISITION CONSOLIDATION MEMORY
FORMATION

poly-sensory input transfer information P waves
short-term memory “SNR” strong signals returns 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 –
fire to front of brain  

(approach/ avoid)

2. In SWS sleep –
moved to emotional 
brain (amygdala)



BRAIN WIRING

Peirano 2003



Sleeping, feeding and maternal-
infant interaction rhythms are 

established much earlier. 



Sleeping, feeding and maternal-
infant interaction rhythms are 

established much earlier. 

CIRCADIAN   CORTISOL
Newborn 5 months 7 months

none some most



Sleeping, feeding and maternal-
infant interaction rhythms are 

established much earlier. 

NEURODEVELOPMENT
Genome Behaviour

EVOLUTIONARY  BIOLOGY

ENVIRONMENT EXPERIENCE REPRODUCTIVE  FITNESSADAPTATION

Connectome
EPIGENETICS

BIRTH

BEYOND BREASTFEEDING
Feed à Sleep Cycling 

SEPARATIONMOTHERBABY
Regulation Sensitization

Emotional
Connection

Attuned 
interaction

Resilience Vulnerability

DISEASEHEALTH

Disordered 
attachment

Toxic stress

Disconnected
parenting

NURTURESCIENCE

Wellness 

NURTURESCIENCE
3 primary occupations:

CONNECTING
BREASTFEEDING

SLEEPING

BREASTFEEDING
Feed à Sleep Cycling 

MOTHERBABY
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NURTURESCIENCE
3 primary occupations:

CONNECTING
BREASTFEEDING

SLEEPING

BREASTFEEDING
Feed à Sleep Cycling 

MOTHERBABY
Regulation Sensitization



Pleasurable feeding 
- and sleeping –

a physiological rhythm for 
premature infants.

one hour sleep-wake cycles
feed cycles  What  evidence ?



EVIDENCE 
FOR
FEEDING 
FREQUENCY
????

Edmond  2006 206



No RCT’s  … 

Insufficient 
evidence

No RCT’s  … 

Because 
no one did
the study.



No RCT’s  … 

Insufficient 
evidence

No RCT’s  … 

Because 
no one did
the study.

NEVERTHELESS:
SOME 

FACTS à



1    . 
FEEDING 
INTERVAL

STOMACH  VOLUME

FEEDING 
FREQUENCY

209

NEVERTHELESS:
SOME 

FACTS à
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KEY QUESTION:
WHAT IS THE
STOMACH
VOLUME
OF THE

NEONATE ???
212



EVIDENCE: (NBn 111009)

Author Capacity Note:
Sase 10-15 ml Live, term fetus
Goldstein 10-15 ml Live, term fetus
Widstrom 10 mls Live, newborn
Zangen 20 mls Live, (pressure)

Naveed 20 mls Autopsy (SB)
20 mls Autopsy (ENND)

Kernessuk 15 mls Autopsy (in situ)
Scammon 30-35 ml Autopsy (water 

(Alliot) pressure)213



PROPOSAL:

The CAPACITY of a
neonate’s stomach is
approx 20 ml.

(7ml /kg)
214
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MOTHER
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A single MER 
(milk ejection 
reflex)  

is 20 ml

Regardless of 
breast size, 
mammary gland 
tissue fairly 
constant

Prime  2007



AMYLIN peptide

Kairamkonda 2008



Food in 
duodenum

AMYLIN
released
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pylorus
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Food in 
duodenum

AMYLIN
released

Closes 
pylorus

Duodenum
empty

Pylorus
opens



Kerstin Uvnäs-Moberg

20 ml

20 ml
Physyiological = 2 ml



Kerstin Uvnäs-Moberg

20 ml
Physyiological = 2 ml



Kairamkonda 2008



“Feed intolerance”  … 
… or VOLUME intolerance?

2 – 3 hourly feeds are 
not physiological …

… not pleasurable 



In VLBW infants, continuous feeding 
seems to be better than intermittent 
feeding with regard to gastrointestinal 
tolerance and growth. 

(J Pediatr 2005;147:43-9)



In VLBW infants, continuous feeding 
seems to be better than intermittent 
feeding with regard to gastrointestinal 
tolerance and growth. 

(J Pediatr 2005;147:43-9)

how  physiological is this ???
no rhythmicity …



http://slideplayer.com/slide/11085201/
how  physiological is this ???



http://slideplayer.com/slide/11085201/
how  physiological is this ???





CONTINUOUS: 
2.6-fold increase

gallbladder volume

BOLUS: 
( 2-4 hourly)

Return to normal 
in 4 days.



CONTINUOUS: 
Gallbladder 
contractility 

impaired

BOLUS: 
Immediate return 

of gallbladder 
emptying.



… it can be inferred that the continuous
feeding modality, enteral or parenteral,
may play a role in inducing
stasis in the extrahepatic biliary tree.



Sase 2005

“Ontogeny of gastric emptying patterns
in the human fetus”

235

note rhythmicity
of fetal stomach 



note rhythmicity
of fetal stomach à 40 – 50 minutes

12 – 15 ml volumes at term. 



Pleasurable feeding 
- and sleeping –

a physiological rhythm for 
premature infants.

note rhythmicity
of fetal stomach à 40 – 50 minutes



Pleasurable feeding 
- and sleeping –

a physiological rhythm for 
premature infants.

note rhythmicity
of fetal stomach à 40 – 50 minutes

Sleep cycling à 50 – 70 minutes



Gastric overfilling syndrome?

Excessive volumes
reflux, aspiration, colic

Excessive time interval
hypoglycaemia

Adaptations
diabetic diathesis, obesity 

239



Gastric overfilling syndrome?

240



Gastric overfilling syndrome?

Proposed Management à
241
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Stanley Graven 2006
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REM
NR1
NR2
NR3
NR4

ACQUISITION CONSOLIDATION MEMORY
FORMATION

poly-sensory input transfer information P waves
short-term memory “SNR” strong signals returns info
stored cortex amygdala / to neocortex:

hippocampus   organized
Awake and REM NREM stage 4 REM

BRAIN WIRING

Stanley Graven 2006

PLAY

SLEEP

FEED

PACIFIER

FAMILY

WORK

TOYS

FRIENDS

RELATIONSHIP

CONTROL

Consolidation of dyadic lifestyle leads to 
emotional and social competence



Amygdala

SSC says “mother”
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Visual
cortex

PFOC

Amygdala

SSC

says “open eyes”

says “mother”

says “safe”

says “approach”

Eyes say “contact”

Neural circuitry of bonding

Psalm 22 v 9 
“I learnt trust on my mother’s breasts”



“trust”  (ba ̂t ̣ach) 
to hie for refuge; figuratively to trust, 
be bold (confident, secure, sure), 
(make to hope,  make to trust. )

“breast” (sho ̂d)
the breast of a woman
or animal (as bulging): 
- breast, pap, teat.

Psalm 22 v 9 
“I learnt trust on my mother’s breasts”



… with focus on long 
term mental health 

benefits. 

Psalm 22 v 9 
“I learnt trust on my mother’s breasts”


