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Abstract 

N1E.115 murine neuroblastoma cells differentiating in serum-free medium were used to develop a paradigm 
for testing neurotoxicity in vitro. The paradigm was designed to test the effects of toxicants on four different 
aspects of cell function or structure: 

1. Viability as shown by the retention of cellular radiolabel (51Cr); 
2. Growth and maintenance of neurites as reflected by the incidence and average length of these processes; 
3. Gross structure of neurites; and 
4. Velocity and flux of rapid anterograde and retrograde axonal transport as judged by video-enhanced dif- 

ferential interference contrast microscopy. 

*Author to whom all correspondence and reprint requests should be addressed. 

Molecular Neurobiology 125 Volume 6, 1992 



126 Brat and Brimijoin 

To evaluate this paradigm, colchicine and vinblastine were used as neurotoxicants with a well-understood 
mechanism of action. These agents were only weakly cytotoxic according to the Cr-release assay, but were able 
to interfere with neurite outgrowth at nanomolar concentrations. Neurites that were elaborated in the presence 
of vinblastine and colchicine were often disfigured by numerous swellings packed with organelles. In estab- 
lished neurites, micromolar concentrations of vinblastine inhibited organellar motility with great rapidity, 
blocking all signs of transport within 20 min. The effect of colchicine was slower and less complete, but still 
impressive. We suggest that this four-part analysis represents a highly sensitive in vitro test for neurotoxicity, 
and a means of analyzing the relation between abnormalities of transport and structural damage of nerve cells. 

Index Entries: Neurotoxicity; neurite outgrowth; axonaI transport; video microscopy; colchicine; vinbtastine. 

Introduction 

Peripheral and central neuropathies are, for the 
most part, disorders of major clinical significance 
whose pathogenesis is poorly understood. Our 
research is based on the premise that the phe- 
nomenon of axonal transport is highly relevant 
to these problems. Although there are many 
causes of neurological dysfunction, one reason 
for special vulnerability lies in the cellular 
anatomy that forces neurons to transport meta- 
bolic and structural elements over great distances. 
In humans, spontaneous "dying back" periph- 
eral neuropathies are characterized by distal to 
central progression of symptoms (a stocking and 
glove distribution of initial signs), suggesting 
some disturbance of a distance-dependent func- 
tion, like axonal transport (Cavanagh, 1964). Toxi- 
cant-induced peripheral neur opathies in animals 
may serve as experimental models of dyingback 
diseases in humans. Like their human counter- 
parts, these models share pathological features 
consistent with local interruptions of axonal trans- 
port. Typical examples are the intermittent dis- 
tal axonal swellings and accumulations of 
tubulomembranous and filamentous structures 
induced by acrylamide (Prineas, 1969b), certain 
neurotoxic organophosphates (Prineas, 1969a), 
and p-bromophenylacetylurea (Cavanagh et al., 
1968). Such observations have provoked many 
studies of the capability of toxicant-exposed 
nerves to support rapid and slow axonal trans- 
port (see Brimijoin and Ochs, 1992). 

Classical methodologies for assessing axonal 
transport rely heavily on monitoring the displace- 
ment of radiolabeled proteins after radiolabeled 

metabolic precursors are supplied to nerve cell 
bodies (Ckhs et al., 1969). Velocity of transport is 
read from the displacement of the wavefront. 
Nerve ligations applied at variable times can yield 
information on bidirectional transport fluxes 
(Bisby, 1976). Finally, transported proteins canbe 
characterized by electrophoresis (Elam and 
Agranoff, 1971; Willard et al., 1974; Stone et al., 
1978). Unfortunately, the classical approaches 
have limited spatial or temporal resolution. In 
order to establish pathogenic links in toxicant- 
induced neuropathies, one must measure subtle 
disturbances and determine whether they pre- 
cede the neuropathology. To achieve the kinetic 
precision required, real-time analysis of organelle 
transport in cultured nerve cells may prove use- 
ful. Recent technical breakthroughs in video 
microscopy and the advent of neuronal culture 
systems now make it attractive to couple in vitro 
neurotoxicology with optical assessments of 
organellar motility. 

In Vitro Optical Detection 
of Axonal Transport 
Real-time, optical analysis of fast axonal trans- 

port hinges on detecting unstained organelles that 
are too small to resolve by light microscopy. To 
achieve adequate contrast, differential interfer- 
ence contrast optics can be combined with video 
detection and computerized enhancement rou- 
tines. The physical basis for this method is nicely 
reviewed by Allen (1985). 

Optical analysis of neurotoxicant-induced per- 
turbation of axonal transport in vitro affords 
many advantages. Results from pure neuronal 
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cell cultures may be interpreted in the absence of 
confounding influences from glial and vascular 
tissues, and are free of artifacts induced by sur- 
gery and anesthesia. Control of dose and time of 
drug administration are much more precise in cell 
culture. Finally, optical methods have superior 
temporal resolution, allowing detection of drug 
effects as they happen. 

The advantages of work in vitro are offset by 
certain limitations. Among these, the maximal 
duration of toxicant exposure may be most seri- 
ous. Agents, such as acrylamide and 2,5-hexane- 
dione, require weeks or months to induce 
pathology in intact animals (Le Quesne, 1980; 
Spencer and Schaumburg, 1984). Keeping healthy 
differentiated cells in culture for indefinite peri- 
ods is difficult. The lack of enzymes that may be 
needed to bioactivate toxicants is also a potential 
problem with cultures. Such drugs as cyclophos- 
phamide and acetaminophen must be converted 
to active cytotoxicants by hepatic metabolism, 
although adding liver microsomes to cultures is 
a possible remedy (Spielberg, 1980). A last point 
is the small sample mass in any cell culture, which 
often precludes biochemical analysis of presump- 
tive cellular targets. Despite these limitations, in 
vitro neurotoxicology shows promise that is only 
beginning to be exploited. 

Model Systems in Neurotoxicology 
Model in vitro systems for neurotoxicology are 

now plentiful (for review, see Goldberg, 1987), 
and both primary culture and continuous cell 
lines are used successfully. Among primary cul- 
tures favored for assessing effects on neuronal 
growth are explants of embryonic sympathetic 
and dorsal root ganglia from chick or rat (see 
Banker and Goslin, 1991). Ganglia from these 
sources extend neurites in the presence of nerve 
growth factor (NGF). Inhibition of neurite out- 
growth from cultured ganglia has been used to 
study neuronal injury by clinical drugs, indus- 
trial compounds, and heavy metals. A critical 
disadvantage of explants is the difficulty of quan- 
titating cell viability. Dissociated cortical, cerebel- 
lar, and hippocampal cell cultures have also been 

used for toxicological study (Goslin and Banker, 
1991; Trenkner, 1991). Cellular viability can be 
evaluated by methods discussed below. These 
cultures usually have a significant nonneural 
component, however, that is often required for 
neural survival and may complicate the interpre- 
tation of toxic effects. 

Another interesting primary culture is the 
chromatophore of teleost fish (McNiven and Por- 
ter, 1984). These cells translocate pigment gran- 
ules centrally and peripherally at high speed in 
response to defined stimuli. Emerging informa- 
tion suggests that the streams of pigment gran- 
ules are analogous to anterograde and retrograde 
axonal transport in vertebrate neurons (McNiven 
and Ward, 1988). Disruptions of pigment trans- 
location do not necessarily represent transport- 
specific toxicity, because they can reflect the 
general metabolic status of the cell. Also, chro- 
matophores may differ somewhat from neurons 
with respect to the mechanisms and regulation 
of motility. Nonetheless, quantitation of orga- 
nellar motility in chromatophores is attractive, 
because the cells are inexpensive to prepare, and 
the transport phenomena are robust and readily 
visualized. Though no published studies of 
neurotoxicants have capitaliTed on this unique 
system, its potential should soon be recognized. 

Continuous cell lines may be even more use- 
ful for neurotoxicology than primary cultures. 
Within a given passage, such lines as neuroblastoma 
(Prasad, 1975), PC12 cells (Greene and Tischler, 
1976), and neuroblastoma X glioma hybrids 
(Nelson et al., 1976) reliably respond as homoge- 
neous populations. Each line has at least three 
other favorable qualities: 

1. Rapid division during log-phase growth; 
2. Reproducible extension of neurites in response 

to appropriate stimuli; and 
3. Growth on substrates compatible with high-con- 

trast microscopy. 

The last quality is very important. Many pri- 
mary cultures require collagen or glial cells as 
substrates. Unfortunately, the 3-D topology of 
these substrates makes it difficult to keep a neurite 
in one focal plane, and their birefringence inter- 
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feres with imaging. By growing directly on glass 
or plastic, certain neuroblastoma and PC12 lines 
avoid this difficulty. Some neuroblastoma X 
glioma hybrids offer the additional advantage of 
forming functional synapses with cocultured rat 
myotubes, thereby modeling mature neural sys- 
tems in vivo (Nelson et al., 1976). The inherent 
difficulties of cocultures, however, make it natu- 
ral to choose simpler systems for most purposes. 
In the work described below, we used only the 
NIE.115 neuroblastoma line described by Amano 
et al. (1972). 

Methods 

Paradigm for In Vitro Studies 
A reasonable paradigm for testing neuro- 

toxicants in vitro would measure general cyto- 
toxicity, outgrowth, and maintenance of neurites, 
neurite morphology, and also the capacity and 
velocity of rapid anterograde and retrograde 
axonal transport. The general approaches taken 
in this laboratory to obtaining and interpreting 
such data are described in the following sections. 

Cytotoxicity 
In vitro testing of a potential neurotoxicant 

must begin by characterizing the dose-response 
relations of general cytotoxicity. Most assays of 
cytotoxicity rely on the leakiness of the surface 
membrane in dying cells. One set of methods 
assesses cytotoxicity by counting the cells that 
take up a dye like Trypan Blue, which is excluded 
from healthy cells. With fluorescent dyes, such 
as ethidium bromide and propidium iodide, also 
excluded from live cells, a fluorescence-activated 
cell sorter can do this task automatically (St. John 
et al., 1986). All dye-uptake methods may miss 
cells that lose adherence or disintegrate. Assays 
that overcome this shortcoming are those mea- 
suring components released from leaky cells. One 
popular marker is the cytosolic enzyme, lactate 
dehydrogenase (Koh and Choi, 1987), which 
can be monitored during toxicant exposures 
that last for days or weeks. Another option is a 

radioactive marker. Healthy cells accumulate and 
retain 3H-proline, 14C-adenosine, or SkT.r, so excess 
release is a reliable and easily monitored index 
of toxicity (Schlager and Adams, 1983; Brunner 
et al., 1976; Kachel et al., 1990). In our hands, the 
chromium release assay involves preincubation 
with SlCr in culture medium, removal of unin- 
corporated label, and exposure to toxicant for 12 
h in balanced salt solution. After centrifugation 
to separate cells from medium, radioactivity in 
both compartments is measured. A cytotoxic 
index (CI) is defined as: 

c I  = l O O * ( ~ ,  - R ~ / ( 1  - R ~ )  (1) 

In this formula, R is released radioactivity as a 
fraction of the total. The CI is zero when release 
is at control levels, and it is 100 when all SlCr is 
released (complete lysis). 

Neurite Outgrowth 
Neurite extension, a fundamental property of 

neuronal cells in vitro, depends at least in part 
on axonal transport. Furthermore, outgrowth is 
relatively easy to quantitate. Therefore, the abil- 
ity of environmental and industrial compounds 
at sublethal concentrations to interfere with out- 
growth is often used to screen new compounds 
and to assess potencies of known toxicants (Dow 
and Riopelle, 1985; Windebank and Blexrud, 
1986,1989). Observations of neurite outgrowth are 
a logical second step in tests of neurotoxicity in vitro. 

In our work, N1E.115 cells are induced to 
extend neurites by elimination of serum from 
the medium. Up to 35% of the cells put forth 
neurites within 48 h in serum-free medium (aver- 
age length ~140 grn). To test effects on outgrowth, 
a toxicant is added at the onset. After a standard 
period (usually 48 or 72 h), we determine (1) the 
fraction of cells bearing neurites at least one cell 
diameter in length and (2) the mean length of the 
neurites. Effects on established neurites are tested 
by allowing cells to differentiate in serum-free 
medium for 48 h. The medium is then replaced 
with toxicant solutiom in fresh, serum-free medium 
or in buffered balanced salt solution (to eliminate 
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confounding effects of continued neurite out- 
growth). Neurite incidence and average length 
are monitored for up to 72 h. 

Neurite Morphology 
Neurons cultured with toxicants often develop 

structurally abnormal neurites. A common phe- 
nomenon is "beading," the formation of gross, 
organeUe-ftlled dilatations, as many as 10 or 15, 
spaced at intervals along the neurite. Beading 
occurs in cells exposed to colchicine (Takenaka, 
1986), acrylamide 0Nalum et al., 1987), or ethyl- 
ene oxide (Garnaas et al., 1991). Parallels with 
axonal swellings in experimental neuropathies 
induced by related agents are worth noting, par- 
ticularly in view of the suspected role of abnor- 
malities in axonal transport (Griffin et al., 1977; 
Sahenk and Mendell, 1981). We routinely exam- 
ine NIE.115 neurites for beading during toxi- 
cant exposure. 

Organelle Transport 
The technically most difficult, but possibly 

most significant measures of neurotoxicity in 
vitro are those defining organenar motility. For 
optical studies of motility, cultured neurons must 
establish neurites suitable for VEC-DIC micros- 
copy. Big neurites with no underlying fibrous 
substrate give the best images. Cells of the 
NIE.115 neuroblastoma line (Amano et al., 1972) 
extend neurites 2-5 Ixm in diameter and up to 
400 lain in length on uncoated glass in serum-free 
medium. Easy detection of transported organelles 
was a major factor driving our choice of NIE.115 
cells for studies on organeUar motility. 

Measurements of organellar motility must 
encompass both speed and flux (i.e., total flow of 
organeUes). Speed canbe assessed with precision, 
but organellar flux shows a high coefficient of 
variation (approx 50%), possibly owing to het- 
erogeneity in the growth states of individual dif- 
ferentiating cells. In the future, it might be 
desirable to stabiliTe the growth state or arrest 
growth by supplying deficient media (balanced 
salt solution). Alternatively, one might tum to the 

NG108-15 neuroblastoma X glioma hybrids, 
which stop growing after forming stable synapses 
in vitro. For the present, we continue to utilize 
differentiating NIE.115 cells. 

Differentiating NIE.115 cells growing on 
glass coverslips are placed in a Dvorak-Stotler 
cell culture chamber, containing two coverslips 
separated by a 1-mm ring with perfusion ports. 
The chamber, superfused during the experiment 
with preoxygenated medium, is mounted on the 
thermostatically controlled stage of a Zeiss 
Axiomat with DIC optics, planapo 100X/1.3 NA 
objective, 1.4 NA condenser, 1.6x zoom, 4x exten- 
sion lens, and Newvicon 68 video camera 
(DAGE-MTI, Michigan City, IN). A fiber optic 
scrambler on the 100 W Hg lamp (Technical 
Video, Woods Hole, MA) uniformly illuminates 
the rear focal plane of the objective. Video sig- 
nals, passed to a Quantex 9200 image processor 
(Quantex Corp., Sunnyvale, CA) for real-time 
digitiTation, background subtraction, and con- 
trast  enhancement ,  are v iewed on a high 
resolution monitor and recorded on S-VHS tape 
for later analysis. 

Analysis of motility begins with speeds. Orga- 
nelles are tracked at 0.33-s intervals (10 video 
frames) for at least 3 s. Sequential positions are 
plotted on a transparency affixed to the video 
screen. The transparency is then transferred to a 
calibrated Macintosh monitor to measure X and 
Y coordinates, capture the numerical data, and 
compute mean speed in lam/s over an entire tra- 
jectory for each of up to 10 organelles/neurite. 

Perhaps the best indicator of transport integ- 
rity is organellar flux, or total delivery of orga- 
neUes per unit time. Flux can be estimated from 
the number of organelles traversing a line drawn 
perpendicular to the long axis of the neurite. A 
parameter that is comparable across neurites is 
the number of crossings/min/~'n of neurite dia- 
meter. This parameter is directly proportional to 
the number of organelles undergoing rapid trans- 
port ("traffic density") and to the mean speed of 
those organelles. Consequently, measurements of 
flux sense the behavior of the entire population 
of transported organelles in a given neurite. 
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Results and Discussion lOOl 
/ 

 O ~ 1 of Antimlcrotubule Agents o 40 
The potential for analyzing neumtoxicants in ~ 2 

vitro is exemplified by some new experiments on 
colchicine and vinblastine. These t w o  compounds 0 

are well known for their ability to bind to tubu- -9 -8 -7 -6 -5 -4 -3 
lin (Owellen et al., 1972) and to disaggregate neu- 
tonal microtubules 0Nisniewski et al., 1968). They 
also inhibit  fast axonal transport  in vivo 
(Dahlstrom, 1968; Dustin, 1978; Ka'eutzberg, 1969; 
Sjostrand et al., 1970; Paulson and lvicClure, 1975). 
We applied colchicine and vinblastine as model 
toxicants to cultured NIE.115 neuroblastoma cells 
to evaluate the paradigm for in vitro testing of 

1. Neuronal  cytotoxicity; 
2. Impaired neurite outgrowth;  
3. Altered neurite morphology;  and 
4. Inhibition of organellar motility. 

Cytotoxicity determined by 51Cr release 
showed that colchicine did not impair viability 
during 12-h exposures at concentrations up to 
I mM (Fig. 1). Vinblastine did cause nearly com- 
plete Cr release at 0.1 mM, with half-maximal 
effects at 26 + 5 I~VL However, these levels were 
much higher than required to inhibit neurite out- 
growth or cause neurite degeneration. 

Forty-eight hours after serum reduction, 25% 
of control cells had grown out neurites at least 
one cell body diameter in length (Fig. 2). Both 
vinblastine and colchicine inhibited outgrowth 
at concentrations below 1 gM. For an unbiased 
estimate of the potency of these drugs, ECs0 val- 
ues were derived by computer fitting to a non- 
linear regression model  (Brat et al., 1992). 
Half-maximal inhibition required roughly one- 
tenth as much vinblastine (ECs0 = 33 + 11 nM) as 
colchicine (ECs0 = 210 + 110 nM). 

To examine toxicity toward established l~urites, 
cells were induced to differentiate as usual for 
48 h in serum-free medium. The medium was 
then replaced withbalanced salt solution contain- 
ing colchicine or vinblastine, and neurites were 
examined 20 h later (Fig. 3). Vinblastine at a con- 

Log[X] (M) 
-2 

Fig. 1. Cytotoxicity of colchicine (O) and vinblastine 
(0). Data reflect release of preloaded SlCr from N1E.115 
ceils exposed to colchicine and vinblastine in a buffered 
balanced salt solution for 12 h. Cytotoxic index is fractional 
release of 51Cr as a percentage of control release. Data a r e  

means + SEM (n = 3 at each point). Smooth curve was 
fitted by computerized nonlinear regression. ECs0 for 
vinblastine was 26 + 5 gM. 

,~ 30 

20 

0 s . . . . . . . . . .  -9 -8 -7 -6 -5 -4 -3 

Log[X] (M) 
Fig. 2. Dose-response analysis of drug-induced 

inhibition of neurite outgrowth. NIE.115 cells were induced 
to differentiate for 48 h by serum reduction. Each point 
represents a mean (+SEM) of data from three identical 
samples. ECs0 values derived by nonlinear regression 
analysis were 33 + 11 nM for vinblastine (O), 210 + 110 nM 
for colchicine (O). 

centration of 1.1 + 0.6 nM caused a half-maximal 
loss of neurites; concentrations above 1 llm 
caused nearly complete degeneration. Colchicine 
was markedly less potent (ECs0 = 360 :!: 100 nM). 

These two drugs caused abnormalities of 
neurite morphology, including the induction 
of focal dilatation or beading (not shown). A 
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Fig. 3. Effect of colchicine (O) and vinblastine (0) on 
previously established neuritL~s. NIE.115 cells were induced 
to extend neurites by serum reduction 48 h before addition 
of drug in a buffered balanced salt solution. The percentage 
of cells with neurites was determined 20 h after drug 
exposure. Data are means + SEM (n = 3). ECso values 
derived by nonlinear regression were 1.1 + 0.6 nM for 
vinblastine, 360 + 100 nM for colchicine. 

similar phenomenon in chick dorsal root gan- 
glia exposed to colchicine has been described by 
Takenaka (1986). 

We also tested the effects of colchicine and 
vinblastine on axonal transport. To inhibit trans- 
port in intact nerves typically requires 12-48 h of 
treatment with high doses (up to 10 mM in the 
case of colchicine). With desheathed preparations 
of cat peroneal nerve in vitro, Ochs and colleags 
saw that 25 !~I  vinblastine inhibited fast axonal 
downflow of radiolabeled protein after a few 
hours (Chan et al., 1980). In differentiating 
N1E.115 neuroblastoma, we found that even 
lower concentrations of colchicine or vinblastine 
blocked transport within minutes. 

Fast axonal transport in normal N1E.115 cells 
was analyzed first in terms of organellar speeds. 
Organellar speeds in the anterograde and retro- 
grade directions were distributed quasinormally 
and were in fair agreement with in vivo data from 
the literature. In a series of 16 control neurites, 
the maximal speed of anterograde transport 35~ 
was 4.5 lam/s (Fig. 4). This value nearly equaled 
the "textbook" 400 m m / d  (4.6 lam/s) for radio- 
labeled protein in whole nerves at 37~ (Ochs, 
1972). Corrected for temperature, the in vitro 
speed was actually higher. The same held for 
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Fig. 4. Frequency histograms of anterograde and 
retrograde organelle speeds in control N1E.115 neurites at 
35~ Cells differentiated for 48 h in serum-free medium. 
Organelle motility was visualized in 16 neurites using 
VEC-DIC microscopy. In each neurite, speeds were 
determined for up to 10 organelles moving in the 
anterograde direction and an equivalent number moving 
in the retrograde direction (n = 144 for each histogram). 

retrogradely moving organeUes, which showed 
a top speed of 3.2 lan/s  (Fig. 4) compared to the 
200-220 mm/d  (2.3-2.5 lan/s) typically determined 
in vivo (Ochs, 1982). Optical methods should 
yield relatively high peak values, since organelles 
do not maintain constant rates, may stop or momen- 
tarily reverse directions, and often move at rates 
well below the maximum (Smith, 1982). 

Initial observations with vinblastine and colchi- 
cine suggested that these agents did not radically 
alter the speed of organellar transport in NIE.115 
neurites, but did reduce the number of moving 
organelles. To define fully the transport effects, 
it would be necessary to examine the distribu- 
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tion of organellar speeds in detail. This relatively 
laborious process was carried out in our study of 
potentially toxic emulsifying agents (Brat et al., 
1992). In the present case, we turned to analyzing 
the more impressive changes in organellar flux. 

Optically detected organellar flux was mea- 
sured at various times after exposure to vin- 
blastine or colchicine, 1 I.tM in serum-free 
medium. Normative data collected in a sample 
of 13 neuroblastoma neurites incubated at 37~ 
gave control mean values (:I:SEM) of 4.9 + 0.8 
organelles/Ixm/min for flux toward the growth 
cone, and 3.0 :!: 0.3 organelles/lan/min for flux 
toward the cell body. Vinblastine reduced bidi- 
rectional organelle flux by 75% within 20 min 
(Fig. 5), whereas longer exposures almost com- 
pletely halted transport. Colchicine required 40 
min to induce slightly smaller effects. This rela- 
tive potency agrees well with results of earlier 
studies on antimicrotubule agents and axonal 
transpoff in intact nerves (Dahlstrom et al., 1975; 
Wooten, et al., 1975), although the effective doses 
were much smaller in culture. 

Since vinblastine and colchicine blocked axonal 
transport at concentrations that did not increase 
the release of SlCr, the effects on transport were 
probably independent of general cytotoxicity. On 
the other hand, the micromolar concentrations 
that blocked transport were more than sufficient 
to inhibit neurite outgrowth and trigger the 
degeneration of established neurites. The inter- 
relations among these three effects should now 
be explored in more detail. 

Although neurotoxic effects of colchicine 
and vinblastine in vitro were expected, it was sur- 
prising how little drug was needed for neurite 
degeneration and how rapidly axonal transport 
was blocked. Evidently, neurite structure and 
organellar motility in cultured neurons are exqui- 
sitely sensitive detectors of neurotoxicity. The 
sensitivity, high temporal resolution, and con- 
trolled environment of such systems may be use- 
ful for testing new compounds. The paradigm 
described here has already helped us demon- 
strate that certain emulsifying agents in current 
clinical use have a potential for neurotoxicity (Brat 

~ .  6 
. 5 Anterograde 

v 

g 
c3 

0 20 40 60 80 100120 

Time (min.) 
Fig. 5. Inhibition of bidirectional, rapid axonal transport 

by vinblastine and colchicine. N1E.115 cells were allowed 
to differentiate in serum-free medium for 72 h. The number 
of organelles traversing a line perpendicular to the neurite 
axis ('organelle-flux") was measured at various times after 
addition of fresh medium containing I I.tM vinblastine (0) 
or colchicine (O). Data are means + SEM (n = 8 for controls; 
n = 5 for experimental points). 

et al., 1992). Similar approaches might also be 
taken to screen other potential toxicants and to 
deepen mechanistic understanding of known 
toxicants, such as acrylamide, BPAU, and 
cisplatin, whose pathogenic effects are likely to 
involve impairment of axonal transport. 

Summary 
1. Advantages of studying toxicant-related distur- 

bances of axonal transport with in vitro optical 
methods include high temporal resolution and 
controlled drug delivery. 
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2. Many primary neuronal cultures and continu- 
ous cell lines are available for toxicological stud- 
ies. NIE.115 neuroblastoma cells are attractive, 
because they extend large neurites on uncoated 
glass, facilitating high-contrast imaging. 

3. Speed and capacity of axonal transport can both 
be measured optically, along with growth and 
maintenance of neurites in the presence of toxi- 
cants. Data on cell survival may suggest whether 
toxicity is specific to transport systems. 

4. Vinblastine and colchicine affected neurite out- 
growth and axonal transport at concentrations 
far below those causing cell death. ECs0s for sup- 
pression of neurite outgrowth were 33 nM for 
vinblastine and 210 nM for colchicine. 

5. Micromolar concentrations of vinblastine and 
colchicine inhibited organelle motility by 75% 
or more. Vinblastine caused large effects within 
20 min; colchicine took twice as long. 

6. Optical analysis of neurite outgrowth and 
axonal transport in vitro may be useful for 
future studies of neurotoxicants 
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