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Comment on “Physical Mechanisms Underlying
Neurite Outgrowth: A Quantitative Analysis of
Neuronal Shape”

A recent Letter by Caserta et al.' reported on mea-
surements of the dendritic outgrowth from mammalian
retinal ganglion neurons grown both in vivo and in vitro.
This work showed that the extent of the outgrowth was
well described by a power law and thus was amenable to
analysis in terms of a fractal dimension. Neurons in the
adult animal were found to have a dimension of
dr=1.69£0.15, while cells that were dissociated from
embryonic animals and allowed to develop in culture had
an average dimension of d;=1.4+0.1. Caserta et al.'
suggest that, at least in vivo, the outgrowth can be con-
sidered in terms of a diffusion-limited-aggregation
(DLA) process in two Eucledian dimensions, for which
dr=17%0.1.7

An important question raised by this' and related**
work is whether the difference in dimension for neurons
in vivo versus in vitro represents a difference in the de-
velopmental age of the animal or is an artifact of culture
conditions. One difficulty in answering this question is
that adult mammalian central neurons cannot be main-
tained in vitro.> In contrast, neurons from adult inver-
tebrates can be maintained in vitro.® These cells regen-
erate extensive neurites in culture, suggesting their utili-
ty in resolving this question.

Here we report on observations of the outgrowth from
Aplysia neurons in vitro. Cell bodies of metacerebral
neurons were isolated from adult animals and allowed to
regenerate in culture, as described.” The neurites cross
over each other, but the outgrowth was essentially pla-
nar. Silhouette drawings of the cells were prepared after
4 d in vitro (Fig. 1, inset) and digitized for analysis. The
fractal dimension was computed using the box method.'
We counted the fractional area covered by the outgrowth
for a series of apertures of increasing radius. The area
occupied by the cell body was excluded from this count.

The results for a typical neuron are shown in Fig. 1.
We plot the logarithm of the area of the aperture filled
by cellular outgrowth, equivalent to the cluster mass
M (r) of Ref. 1, versus the logarithm of the total area of
the aperture, A =nr?2 where r is the radius of the aper-
ture. The data are well described by the power law

M) < r o 497 ,

with dy=1.68 £0.04. An average for four cells yields
d;r=1.7%0.1 (standard deviation).

The fractal dimension for Aplysia neurons cultured
from adult animals was, within error, identical to that re-
ported'* for adult retinal ganglion neurons in vivo. Fur-
ther, the dimension for the cultured Aplysia cells was
different from that reported' for cultured embryonic
ganglion cells. These results suggest that differences in
the outgrowth from adult versus juvenile neurons is not
an artifact of tissue culture. Thus the difference in di-
mension found by Caserta et al.' for cells in vitro versus
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FIG. 1. The area filled by the outgrowth of a neuron (inset,
bar =100 um) as a function of the area of apertures concentric
with the cell body. The error bars represent the uncertainty in
the counting process. The finite extent of the outgrowth
caused the value of the filled area M to deviate toward an
asymptotic limit for 4 > 100; these values were excluded from
the plot.

in vivo is likely to reflect differences in developmental
capabilities of embryonic versus adult mammalian neu-
rons. Further support for this conclusion comes from the
results of Montague and Freedlander.* It is interesting
that the fractal dimension observed for adult Aplysia
neurons is equal to the dimension found for models of
DLA.
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