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« Motoneuron morphology determines connectivity and influences motor output?! Basic Parameters by Branch Order
. . . 5 .
while changes in motor behavior patterns affect morphology+ (form < function) Single Distribution Multiple Distributions
« Motoneuron morphology3#° and electrophysiology® are altered following chronic
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spinal cord injury (SCI) T T
— Primary dendrites: mean number decreases, mean diameter and length increase Q( Q IR
— Measures of overall dendritic arborization decrease greatly A2 R _
— Motoneurons become hyper-excitable, exhibit prolonged self-sustained firing E B T e e
— Relationship between morphology and electrophysiology is poorly understood _ Segment Length vs Order _ Segment Length vs Order_
* Neuronal morphology can be parsimoniously described with a small number of _ ™
measured basic parameters and a stochastic recursive “growth” algorithm?:8.9 5 g =
— Morphology exhibits fractal properties: self-similarity and recursive branching*© | | °°

— With empirical measurements from a small number of reconstructed neurons, an algorithm
can generate unlimited numbers of unique virtual neurons

Aims: develop algorithms to generate and analyze populations of morphologically
realistic virtual motoneurons; explore the role of the changes in basic parameters
after SCI in changes on overall dendritic arborization
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— = = Data from reconstructed motoneurons [11]

Data from virtual motoneurons

Use of multiple distributions greatly improves taper
rate and branch length as a function of branch order
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Results — Normal Motoneurons

Branch Order Analysis

Single Distribution

Segment Surface Area vs Order

Multiple Distributions

Segment Surface Area vs Order
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= = = Data from reconstructed motoneurons [11]

Data from virtual motoneurons
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* Morphometrics versus branch order are generally similar to
those of reconstructed motoneurons

» Lower branch order surface areas and volumes are much
too large, but improved by use of multiple distributions

» Despite good similarity of taper rate and branch length as a
function of branch order with multiple distributions:

» Lower branch orders have too much surface area and

volume

« Taper ratio trend is inappropriate
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Results — Spinal Cord Injury
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1°, 2°, 3° : First, second and third order branches

SA, V, L : Total surface area, total volume and total length
S, T, B : Segments, terminations and bifurcations

« 1 in number of primary dendrites reduces overall arborization
« 1 in primary dendrite diameter increases arborization
« 1 in primary dendrite length slightly reduces arborization
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20% decrease in number of primary dendrites
No change in primary dendrite diameter
30% increase in primary dendrite length

Maximal decrease in arborization at mid range branch orders

Alterations in primary dendrite parameters to mimic SCI result
in reduced and asymmetric dendritic arborization

Discussion

« Stochastic recursive “growth” algorithm with multiple distributions related to branch order
Improves morphometric similarity to reconstructed rat hindlimb motoneurons, though

primary dendrites are still too large

« Morphometric measures could be improved by:

— Taper Rate = f (local diameter via power or exponential law) within a branch

— Primary Dendrite Length = f (1/primary dendrite initial diameter)

« Altering basic parameter distributions to mimic effects of SCI replicates overall decrease
In dendritic arborization following SCI seen experimentally

« Decreased arborization with increased primary dendritic length occurs because of the
reduced final primary dendrite diameter, due to tapering, which results in smaller

daughter branch initial diameters

« These morphologically realistic virtual motoneurons can be used in computational
models to explore the effects of morphological changes on electrophysiological changes

(form < function)

References

N~ wWNE

van Ooyen A, Duijnhouwer J, Remme MW, van Pelt J: The effect of dendritic topology on firing patterns in model neurons. Network 2002, 13:311-325.
Gardiner PF: Changes in alpha-motoneuron properties with altered physical activity levels. Exerc Sport Sci Rev 2006, 34: 54-58.
Gazula VR, Roberts M, Luzzio C, Jawad AF, Kalb RG: Effects of limb exercise after spinal cord injury on motor neuron dendrite structure. J Comp Neurol 2004, 476:130-145
Bose P, Parmer R, Reier PJ, Thompson FJ: Morphological changes of the soleus motoneuron pool in chronic midthoracic contused rats. Exp Neurol 2005, 191:13-23.
Kitzman P: Alteration in axial motoneuronal morphology in the spinal cord injured spastic rat. Exp Neurol 2005, 192:100-108.
Bennett DJ, Li Y, Siu M: Plateau potentials in sacrocaudal motoneurons of chronic spinal rats, recorded in vitro. J Neurophysiol 2001, 86:1955-1971.
Hillman D: Parameters of dendritic shape and substructure: intrinsic and extrinsic determination? Intrinsic Determinants of Neuronal Form and Function. New York: Liss, 1988.
Burke RE, Marks WB, Ulfhake B: A parsimonious description of motoneuron dendritic morphology using computer simulation. J Neurosci 1992, 12:2403-2416.
Ascoli GA, Krichmar JL: L-neuron: A modeling tool for the efficient generation and parsimonious description of dendritic morphology. Neurocomputing 2000, 32-33:1003-1011.

10 Smith TG, Lange GD, Marks WB: Fractal methods in cellular morphology — dimensions, lacunarity and multifractals. J Neurosci Methods 1996, 69:123-136.
11. Chen XY, Wolpaw JR: Triceps surae motoneuron morphology in the rat: a quantitative light microscopic study. J Comp Neurol 1994, 343:143-157.

Acknowledgment: Supported by R0O1-NS054282




