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FetalFetal and and neonatalneonatal BrainBrain developmentdevelopment: : histologyhistology
and and biochemistrybiochemistry

• Early neuronal migration
• Late neuronal migration
• Cerebral blood flow 
• Autoregulation of CBF
• Cerebral metabolism:CM

• Autoregulation of CM
• Focus on neurons
• Focus on glial cells
• Clinical examinations
• imaging 40 % glial cells , 4 % neurons, 4 % blood, 

10 % CSF, 35 % ECF, 10 % variance

microcirculation
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Importance of Importance of histologyhistology

• In cellular migration:

- in brain:
- in cerebellum:

• In cellular plasticity:

- in dendrites and 
axons;
- in hippocampus;

cortex

Great vessel

ventricles

White matter

Migration: early and late

Subcortical plate
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The concept of neurone-glial cells association

OligodendrocytesOligodendrocytes::
PerineuronalPerineuronal;;

AstrocytesAstrocytes::

perivascularperivascular,,

in White and in White and greygrey mattermatter

Microcytes:Microcytes:

travellerstravellers

LayersLayers 1, 2 and 3 for intra1, 2 and 3 for intra--cortical associative cortical associative relationshipsrelationships

1, 4, 5 , 6 for projective intra1, 4, 5 , 6 for projective intra--cortical and cortical and subcorticalsubcortical relationshipsrelationships

Radial cells
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Illustration of neuronal migration and plasticity

BeforeBefore findingfinding targettarget, , hypersensitivehypersensitive periodperiod

To NMDATo NMDA



Professeur Oreste Battisti, UlgProfesseur Oreste Battisti, Ulg

The blood-brain barrier

• Brain cells: neurons, 
astrocytes, 
microcytes, 
oligodendrocytes;

• Microcirculation;
• Ependyma and villi;
• Arachnoids;
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The The intertissularintertissular metabolicmetabolic integrationintegration

• About nutritional needs and
storages:
-> aminoacids, fat and
Carbohydrates;
-> flow autoregulation;

• About cerebral growth:
- in preterms;
- in case of retarded growth;
• About muscles growth:
- in preterms;
- in case of retarded growth; 

15 % body mass; 60 % BMR

muscles

24 % body mass
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DevelopmentDevelopment ofof important structures important structures 

• Those controlling
senses: vision, hearing, 
smelling, tasting, touch-
feeling;

• Those controlling
movements: extra-
pyramidal and
pyramidal tracts; basal 
ganglia and cerebellum.

• Those controlling
autonomous
functions: circulation, 
respiration, prokinesis, …

• Those controlling endocrine 
functions: neuroendocrinology.

• Those controlling memory
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Central Central rolerole of glucose of glucose 
for for energyenergy an an synthesissynthesis

• ATP and 5-Pentose;
• In- and out-cells

composition
• neurotransmission
• Defenses against FR and

EAA
• BMR
• Muscles ( FFA ) and

intestines ( glutamine and
KB ) have alternatives
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Glucose Glucose andand O2 O2 requirementsrequirements in in thethe
distresseddistressed brainbrain

62#28#143822

44#19724010

29#13503015

2210362120

[aO2]-> 
W

[ aO2]->I[ aG ]-> 
W

[ aG ] ->ICbf
ml/100g/
m
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Glucose Glucose andand energyenergy in in cellscells: : cytoplasmcytoplasm
andand mitochondriamitochondria

In normal In normal cellcell: G + O2
Free radicals

ATP + CO2 + H2O

In In cellcell withwith mitochondrialmitochondrial impairementimpairement::

G + O2

hypoxia

reoxygenation

ATP + CO2 + lactic acid

> 95 %

coupled radicals

Loss of energy and

Electrolytes disturbances

Free radicals
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About About thethe Structures Structures controllingcontrolling thethe
movementsmovements

• Extrapyramidal tracts;
• Pyramidal tracts;
• Basal ganglia;
• Oculomotor fibers;
• Reticulated structures 

and brain stem;
• Peripheral nerves;
• Muscles;

Internal capsule

Thalamus, the planner by

Dopamine( Na+, H+, Cl-)
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Structures Structures controllingcontrolling thethe sensessenses

• Smelling;
• Tasting;
• Touch feeling;
• Hearing;
• Vision;

hippocampus and amygdala: memory
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Structures Structures controllingcontrolling thethe autonomousautonomous
nervousnervous systemsystem andand thethe movementsmovements

• Heart rate;
• Blood pressure;
• O2 consumption;
• Heat control;
• Respiration;
• Prokinesis and secretion;
• Voluntary and unvoluntary

movements;

Variability of inputs

c

o

r

t

Cortex� putamen � globus pallidus � thalamus cerebellum

projections
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CerebralCerebral bloodblood flowflow andand metabolicmetabolic
autoregulationautoregulation lossloss or absenceor absence

• CBF absent if:
- respiratory distress;
- circulatory distress;
- hypoglycemia;
- CNS infection;
- brain trauma;

• Loosing the independence
to:

- 1°Systolic blood pressure;
- 2 °CO2 pressure;
- 3°O2 content;

Locus ceroelus
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Acute Markers Acute Markers ofof cerebralcerebral impairementimpairement……

•• ClinicallyClinically: 

changes of movements ( � convulsions ), in tonus, in parameters
depending of the autonomous nervous system: heart rate, blood pressure, 
respiratory rate, temperature, peristaltism, mucosal secretions…

•• BiochemicallyBiochemically::
dismanagement of glycemia, acidosis, hyper NH3, increase of certain 
aminoacids, of uric acid, of hypoxanthine, of CKB enzyme, or free
radicals,…
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About About thethe periodsperiods ofof sleepsleep

• REM-periods: under adrenergic control; 
synthesis of proteins and
neurotransmitters; high metabolic rate. 
Correlation with growth.

• Non REM-periods: under vagal control; 
pauses in synthesis; lower metabolic rate.



Professeur Oreste Battisti, UlgProfesseur Oreste Battisti, Ulg

EndogenousEndogenous opioidsopioids, , catecholaminescatecholamines andand
neurotransmissionneurotransmission

• Massage:
- of the body;
- of the face;

• Eating and swallowing:
• Relationships with corticoids, 

melatonin, PMC;
• Understanding the changing

physiology of clinical
examination: subcortical to 
cortical, extrapyramidal to 
pyramidal, multi-unit to mono-
fibrillar unit;

• The archaic reflexes;
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CerebralCerebral lesionslesions in in thethe neonatesneonates andand theirtheir
«« repairrepair »»

• White matter damage;
• Hemorrhagic leukomalacia;
• Intra/periventricular; hemorhrage;
• Arachnoid hemorrhage;
• Pericerebellar hemorrhage;
• Occlusive vascular disorder;
• Cerebral edema;
• Meningitis;
• Encephalitis;
• Hydrocephalus, ventricular

dilation;
• Porencephalus;

Parenchyma;

periventricular

vessel
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Investigations in Investigations in neonatalneonatal neurologyneurology

• Clinical examination;

• Ultrasounds ( with
Doppler );

• Electrophysiology: 
mainly EEG;

• MRI: anatomy and spectroscopy;

• NIRS: muscles and brain;
• Biology: blood, CSF;
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DuringDuring thethe hospitalhospital staystay

• Cerebral metabolic and blood flow parameters and
autoregulation

• Importance of ultrasounds and EEG; MRI in specific
technical conditions

• Pay attention to drugs such as steroids, morphines, 
midazolam, xylocaine, NO,management of pain

• To inflammation, alcohol, methadone, cocaine, heroine, 
nicotine, repetitive pain, sleep-awake cycling

• Special conditions for IDM, IUGR, PT < 30 weeks,
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In In thethe followfollow--upup periodperiod

•• 32 32 weeksweeks ofof fetalfetal lifelife: a 
cross-line period

• Neonatal medicine has to be
extended till 4 months after
term;

• Importance of « MRI »: 5 
months, 7-8 yrs, 14-18 yrs; 

• neurophysiology studies till 
• Disturbances in 

neurotransmitters’ synthesis
and balance can emerge in 
babies born before 32 weeks

• Assessment of language, 
memory, attention

Volumes, myelin, language, vision, attention, memory

Internal capsule, optic raditions, corpus callosum, left temporal lobe, cerebellum


