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The brain is a highly complicated network of neurons, whose function it is to process
information. The functional properties of neuronal networks are dependent on the intrinsic
properties of the neurons and their synaptic connectivity. Alterations in network connectivity
can result in disorders such as mental retardation or epilepsy. We used primary cultures of
dissociated fetal rat/mouse cerebral cortex neurons to investigate the cellular mechanisms that
regulate neuronal network formation, and the outcome of developmental and experimental
alterations in network structure on the functional properties of the network. Structural
network development was analyzed quantitatively upon fluorescent labeling of individual
neurons in combination with immunocytochemical staining for neurotransmitters. Functional
network activity was continuously monitored for weeks by extracellular recording of up to 60
neurons simultaneously, through microelectrodes etched in the bottom of the culture dish. 
The morphological development of neurons proceeded in several distinct phases. Axons grew
out from the start and showed more or less continuous elongation and branching up to at least
the end of the second week. Highly unstable dendrites remained very short until about seven
days, when they showed a rapid phase of elongation and branching. GABAergic and non-
GABAergic (excitatory) neurons showed distinct outgrowth patterns from the start as well as
differences in final morphology. This indicated that the morphological differentiation of
specific neuronal cell types is primarily under control of intrinsic factors. When network
structure was altered by culturing neurons from FMR1 knock-out mice, functional properties
of spontaneous firing activity were also changed. Conversely, when epileptiform activity was
induced, dendritic outgrowth was enhanced through increased branching. Our observations
show that structural network properties are regulated by both intrinsic (genetic) and
environmental factors, and in turn affect the functional properties of the network. Modeling
studies should help to further clarify the relationship between network structure and function.
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