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GEOMETRIC AND FUNCTIONAL ANALYSIS
OF MICROCIRCUIT DYNAMICS

Yoshinori KAwaAl

Department of Anatomy, The Jikei University School of Medicine

Microcircuits, also known as local circuits, involve an excitatory recurrent feedback

system, projection neurons, and inhibitory interneurons.

Microcircuits are thought to serve as

the morphological and functional units of brain function from sensation and locomotion to

emotion and cognition.
probabilistically ?
design ?

for quantitative analysis of the morphometric parameters of microcircuits.

Is the architecture of microcircuits established deterministically or
Is the functional activity of microcircuits correlated with the wiring
To address these questions, stereology and neurogeometry seem to be promising tools

Quantitation of

specific synapses and synaptic connectivity is likely to provide a map of microcircuit wiring and

even show a correlation between microcircuit architecture and functional dynamics.

These

methods and examples of microcircuits (cerebral cortex and nucleus of tractus solitarius) are

introduced and discussed.

(Tokyo Jikeikai Medical Journal 2009 ; 124 : 63-70)

Key words : neurogeometry, microcircuit, synapse, cerebral cortex, nucleus of tractus solitar-

ius
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Fig.1. A, Neurotransmission is often considered
as a relay of input to output signals within a
nucleus. B, Most nuclei contain GABAergic
interneurons and recurrent axons in addition to
input axons and output projection neurons.
The recurrent synapses may overweigh input
axons, thus establishing intranuclear neuronal
circuits called as a microcircuit or a local
circuit.
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Disector /,
/
e ————

Numerical density (ND) = Number/Disector Volume (mm-3) 1

Fig. 2.

Stereology is concerned with quantitative estimates of the objects of interest.

For example,

number of specific neuronal cell soma would be obtained from consecutive sections, one is for looking—
up and another for sampling (or counting), by counting somal profiles that are present only in the

sampling section.

The number is usually expressed as numerical density.
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Fig. 3. A comparison of stereologically-obtained quantitative features of a cerebral cortex pyramidal cell
and a nucleus tractus solitarii (NTS) cell. In average, a dendritic segment of 30 um length makes
contact with 20 and 3 synapses in pyramidal and NTS cells, respectively. Synapse density is quite

different according to cell types.
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Fig. 4. Correlation of geometric synaptic connectivity with synaptic dynamics in the nucleus of tractus
solitarius. Population percentages of three types of NTS cells (Se, Si, L) are shown in 4 subregions
of the NTS as pie charts. Geometric synaptic connectivity is considered to be proportional to the

population density, according to Peters’ rule.

Spatial (dorsal vs ventral) excitability difference in

terms of electrophysiological dynamics is evident and correlated with geometric results. Cc: central
canal, CNQX : 6-cyano-7-nitroquinoxaline-2,3-dione, dmnX : dorsal motor nucleus of the vagus,

TTX : tetrodotoxin.
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