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Questions

Q1: What type(s) of physiological spontaneous / ongoing
activity can we observe in the very immature (prenatal and
early postnatal) cortex?

Q2: What are the functional properties of this activity (local, 
global, wave-like etc.) (in P0-P15 mice in vivo) ?

Q3: How is this early activity generated (in newborn rodents) ?

Q4: What is the physiological function of this early activity?

Q5: What are the long-term consequences of disturbances of
this activity during early development?
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Prenatal development of the human cerebral cortex

Q1: What type(s) of physiological spontaneous activity can we observe in the
very immature (prenatal and early postnatal) cortex?



Milh, ..., Khazipov (2009) Cerebral Cortex



Cortical bursts in EEG are early biomarkers

over the next 2 years!
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Human cerebral cortex
prenatal development

Rodent cerebral cortex
pre- and postnatal 
development



Milh, ..., Khazipov (2009) Cerebral Cortex

Spontaneous and evoked EEG activity in preterm human baby (delta brush)

Spontaneous and evoked EEG activity in newborn rodent (spindle burst)



Take home messages

M1: During late prenatal and early postnatal development the cerebral cortex
shows spontaneous synchronized burst activity, both in humans (e.g. delta brush) 
and rodents (spindle bursts).
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M2: With development spont activity shows increase in entropy and parcellation
and changes from correlated to decorrelated state. A functional somato-motor 
subnetwork exists from birth and retrosplenical cortex may serve as hub region.



Kostovic & Judas (2002) 

The subplate: a transient layer
in the early cortical network

Q3: How is this early activity generated (in newborn rodents) ?



The subplate: a transient hub station in the early cortical network
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Intracortical local field potential (LFP) recordings in urethane-anesthetized
and awake newborn rodents in vivo: On-going activity !

~10 Hz spindle bursts (s) and ~40 Hz gamma bursts (g)



How is the spindle and gamma burst activity generated?
Patch-clamp recordings from identified, biocytin-filled neocortical

neurons in slices of newborn mice

No evidence for intrinsic membrane resonance properties
in frequency range of spindle and gamma burst!

GAD67-GFP mouse



Voltage-sensitive dye imaging (VSDI with RH1691) and simultaneous 32-
channel LFP recording in P0 rat barrel cortex in vivo: sensory evoked activity

200 µm



Simultaneous 32-channel recordings in VPM and barrel cortex

in P0-P1 rat barrel cortex in vivo



Spontaneous activity in the in vivo P0-P1 rat barrel cortex 

is blocked by local electrolytic lesion in the thalamus



Injection of lidocaine into the whisker pad reduces spontaneous 
cortical spindle bursts and gamma oscillations by ca. 50%

Where is the other 50% of spontaneous 
activity coming from?

Role of the motor system?
Monitoring of spontaneous movements 

in sensory periphery!



Simultaneous recordings of spontaneous activity in the forepaw 
representation in motor cortex (M1) and somatosensory cortex (S1) 
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M1 activity in spindle and gamma range elicits movements

Spindle and gamma bursts in M1 are 
physiological rhythms to elicit movements



More than one central pattern generator

control



Functional connectivity in the immature sensory-motor system
(newborn rodent, preterm infant?)

Central

Pattern

Generator?
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Anatomical M1-S1Bf connectivity in P0 mouse
using DiI injections

S1Bf -> M1 projectionsM1 -> S1Bf projections



Functional M1-S1Bf connectivity in P0 mouse
using in vitro MEA recordings and spike cross correlograms



Functional connectivity in immature sensory systems
(newborn rodent, preterm infant?)
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Take home messages

M1: During late prenatal and early postnatal development the cerebral cortex
shows spontaneous synchronized burst activity, both in humans (e.g. delta brush) 
and rodents (spindle bursts).

M2: With development spont activity shows increase in entropy and parcellation
and changes from correlated to decorrelated state. A functional somato-motor 
subnetwork exists from birth and retrosplenical cortex may serve as hub region.

M3: Subplate receives early thalamic input and plays key role in generation of
cortical network activity (which is driven by sensory periphery).
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Q4: What is the physiological function of this early activity?



Activity-dependent control of neuronal apoptosis

Caspase-9 ko mice
From: Kuida et al (1998) Cell

Q4: What is the physiological function of this early activity?
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Programmed neuronal cell death (apoptosis) in 
newborn mouse cerebral cortex in vivo estimated with aCasp3



200µm

hours of  TTX  application

Analysis of Casp-3 dependent apoptosis in organotypic neocortical slice cultures



Apoptosis in dissociated neocortical cell cultures on 120-MEA

transfected with Channelrhodopsin

No spontaneous network activity!



Optogenetically evoked burst firing, but not tonic firing, reduces apoptosis



Burst firing, but not tonic firing, (i) causes intracellular calcium rise, 

(ii) activation of immediate early genes, (iii) increased BDNF expression, 

and (iv) decreased Bax/BCL-2 ratio.
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M1: During late prenatal and early postnatal development the cerebral cortex
shows spontaneous synchronized burst activity, both in humans (e.g. delta brush) 
and rodents (spindle bursts).

M2: With development spont activity shows increase in entropy and parcellation
and changes from correlated to decorrelated state. A functional somato-motor 
subnetwork exists from birth and retrosplenical cortex may serve as hub region.
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columnar organization, topographic maps) and regressive events (e.g. apoptosis).



Molnár et al. (2020)

Enhanced activity



LPS-induced inflammation in the newborn rat 
somatosensory cortex in vivo leads to 

alterations in spontaneous neuronal network 
activity and increased caspase-3 expression

P3 rat, 3 h after PBS or LPS injection

Nimmervoll et al. (2013)





Q5: What are the long-term consequences of disturbances of this activity
during early development?



Take home messages

M1: During late prenatal and early postnatal development the cerebral cortex
shows spontaneous synchronized burst activity, both in humans (e.g. delta brush) 
and rodents (spindle bursts).

M2: With development spont activity shows increase in entropy and parcellation
and changes from correlated to decorrelated state. A functional somato-motor 
subnetwork exists from birth and retrosplenical cortex may serve as hub region.

M3: Subplate receives early thalamic input and plays key role in generation of
cortical network activity (which is driven by sensory periphery).

M4: Spontaneous synchronized burst activity controls progressive events (e.g. 
columnar organization, topographic maps) and regressive events (e.g. apoptosis).

M5: Any disturbances in early cortical activity, induced by hypoxia, inflammation 
or infection in utero, drugs (e.g. antiepileptics, alcohol) may have an immediate 
impact on electrical activity patterns thereby causing long-term neuronal 
dysfunction.


