Conserved morphology of pyramidal cell dendrites in rat prefrontal cortex 
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Abstract (300 word limit)
Dendrites are the main receptive field of brain cells (neurons) and their structure is an important determinant of neuronal functions. They change during development, after learning, and in brain pathologies: Alzheimer's disease, schizophrenia, and stress subsequently resulting in abnormal animal behaviors. Pyramidal neurons (PNs) are the most abundant and major output cells in the neocortex. We analyzed crossed corticostriatal ‘slender untufted’ neurons of rat prefrontal cortex (PFC) to directly check if they share any common dendritic dimensions. Two layer 5 PNs were retrogradely labelled and stained by DAB after biocytin filling in brain slices. We reconstructed the whole neurons with Neurolucida system. Dendritic segments (n=84, 6.87 to 18.21 μm in length) at every 50 μm distance were serially ultra-cut, EM imaged and 3D reconstructed from serial images by Reconstruct software. We measured dendrite dimensions by Metasequoia software from 3D segments. Datasets from rat PFC were obtained using serial block-face SEM to measure the dimensions of bifurcated spiny dendrites of presumable PNs. After careful quantitative analysis, we found dendritic dimensions common to dendrites of PNs. First, cross sectional area (CSA) of dendrite at any point is linearly correlated with both total length of the dendritic trees and branch points, distal to the point of measurement. Second and consistent with first, the CSA was perfectly conserved at bifurcation points resulting in about same conductance from parent to daughters, so the bifurcations in PNs obeys the Rall’s “3/2 power law”. Third, the shape of dendritic cross-section is ellipse, not a perfect circle with variable degree of ellipticity depending on the size and spatial type of the dendrite. These common dimensions of the PNs dendrites can be very important for synaptic integration, and largely influence the neuronal excitability as we previously reported in non-pyramidal cells (Kubota et al., 2011, Scientific reports 1, 89).
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