
Abstract Axonal and dendritic transport in single Purkinje
neurons of cerebellar slice cultures was quantified as single
transport distances. Examination of the cells within a vital
tissue was regarded as being an approach to the in situ con-
dition. The Purkinje cells were organotypically integrated
in the in vitro tissues and extended long axonal projections
connecting synapses to the target neurons. The tracer horse-
radish peroxidase (HRP) was applied via microinjection to
the somata of the Purkinje cells and the injected neurons
were incubated thereafter for defined time-intervals. The
tracer was transported anterogradely into the neuron pro-
cesses. The measurements on both the axonal and the den-
dritic transport of microinjected HRP revealed continuous
transportation with increasing times of postincubation. This
transport was reduced by the use of microtubule-depoly-
merizing drugs. The axonal transport of the tracer was ei-
ther retarded in colchicine-treated cells or continuously re-
duced for up to 50% in vinblastine-treated neurons. Thus, a
correlation of axonal transport to the microtubules was
demonstrated. The dendrites were filled with the tracer af-
ter 60 min of postincubation. Dendritic transport was re-
duced by the use of vinblastine, and not significantly by
colchicine. The results strongly support the dependence of
neuronal transport on microtubules as a component of the
cytoskeleton.
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Introduction

Axonal transport is characterized by movements that, inde-
pendent of electrical activity, carry macromolecules, vesi-
cles or organelles from their sites of synthesis in the neuron
somata to sites of utilization at synaptic contacts at the ax-
on ending. This transport is an active process involving ele-
ments of the neuronal cytoskeleton. The role of microtu-
bules has been extensively investigated (for a review, see
Hammerschlag et al. 1994); they might be used as tracks for
the transported material (Price et al. 1991). Transported
vesicles are connected to the microtubules and movement is
mediated by the motorproteins kinesin and dynein (Brady
1985, 1991; Shpetner et al. 1988; Schnapp and Reese 1989;
Cyr and Brady 1992; Hirokawa 1996; Larcher et al. 1996;
Lin et al. 1996). Kinesins are thought to be microtubule si-
dearms (Hirokawa et al. 1985).

Similarly, dendritic transport has been correlated with
microtubules. Since the organization of the dendritic micro-
tubules is different from their axonal counterparts, e.g.
there is no uniform polarity of the plus-ends, a specific dif-
ferentiation between active transport in axons and dendrites
has been postulated (Overly et al. 1996).

Early investigations on axonal transport were based on
the whole nerve comprising many thousands of axons in
which movements were visualized by the application of ra-
dioactively labelled amino acids (Ochs and Burger 1958;
Lasek et al. 1968). Various types of axonal transport, e.g.
retrograde transport (Kristensson et al. 1971; Lasek 1968),
slow anterograde transport (Lasek 1968, 1970) and fast an-
terograde transport (Lasek 1970), were classified. The
structural hypothesis of axonal transport was postulated in
which all proteins were regarded as transported subcellular
membranous vesicles (Tytell et al. 1981; Lasek and Brady
1982).

A novel approach to axonal transport was the study of
single axons. One method involved the extraction of the
axoplasm from the squid giant axon combined with video-
enhanced differential interference contrast light microsco-
py, which displayed the movement of particles along micro-
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tubules (Allen et al. 1985; Brady et al. 1985; Schnapp et al.
1985; Vale et al. 1985).

The microinjection of macromolecules directly into the
neuron has revealed two new aspects. First, the marker
moves throughout the neuron and offers the possibility of
investigating the transport of macromolecules or exogenous
materials that are nonpermeable to cellular membranes
(Schwartz and Goldberg 1982). Second, the cellular envi-
ronment can be determined during the experimental proce-
dure. Primary objects of investigation have been giant cells,
e.g. the squid axon or the abdominal ganglion of Aplysia
(Goldberg 1982; Nemhauser and Goldberg 1985; Koike
1987).

The microinjection technique according to Graessmann
and Graessmann (1986) allows the injection of minimal
quantities of tracer (10–10 to 10–11 ml) into small cells. In the
in vitro model of dissociated dorsal route ganglion cells of
embryonic chicken, the microtubule-correlated transport of
a microinjected tracer is inhibited by the microtubule-depo-
lymerizing drug colchicine supplemented to the medium,
whereas the possible microfilament-correlated transport is
unaffected by the actin-depolymerizing drug cytochalasin
B (Meller 1992, 1994).

The aim of this study has been to quantify correlations
of fast anterograde transport to the microtubules of the neu-
ronal cytoskeleton in single Purkinje cells (PC) within a vi-
tal tissue. For this, microinjection in identified PC of cere-
bellar rollertube cultures according to Gähwiler (1980,
1981) has been adopted as the model system. As a basis for
subsequent studies of transport, we first sought to demon-
strate the organotypic development of PC in the in vitro tis-
sues and, especially, axonal proliferation, by immunocy-
tochemical investigations. For the studies of axonal and
dendritic transport, the mean distances of transported tracer
were measured during defined intervals of postincubation
after microinjection. The possible dependence of the trans-
port processes on neuronal microtubules has been demon-
strated by the use of microtubule-depolymerizing drugs.

Materials and methods

Culture methods

Slice cultures of rat cerebellum were obtained from newborn rat pups
according to the rollertube technique (Gähwiler 1980, 1981). Briefly,

the cerebella of neonatal rats were cut sagittally into approximately
400-µm-thick slices. Slices were attached to a cover glass with a plas-
ma clot (15 µl; Cocalico, Reamstown, Pa.) coagulated with thrombin
(60 U/15 µl; Calbiochem, La Jolla) and incubated in closed tubes at
37°C in a roller drum incubator. The nutrient medium Basal Medium
Eagle (BME) was supplemented with 25% Gey’s-salts, 25% horse se-
rum, 1% glutamin, 6.5 mg/ml glucose and 25 ng/ml nerve growth fac-
tor. It was renewed twice weekly. The tissues were incubated for at
least 14 days.

Microinjection

Capillaries (Hilgenberg, Germany; borosilicate glass: 1.5 mm/0.2
mm) were pulled (0.6±0.2 µm) according to Graessmann and Graess-
mann (1986).The capillary was filled with 2 µl tracer, viz. horseradish
peroxidase (HRP) in a 2% dilution in phosphate-buffered saline
(PBS) pH 7.2, immediately before use.

The microinjection of the PC was carried out under visual control
on an inverted microscope (Axiovert 35, Zeiss, Germany) with the aid
of phase-contrast optics. For microinjection, we used the high pres-
sure microinjector 5242 (Eppendorf, Germany) and the micromanip-
ulator 5170 (Eppendorf). The microinjector set a constant pressure of
80–100 hPa at the tip. For injection, the pressure was increased to
100–120 hPa for 0.7–0.8 s. The success of injection was visible as a
brief swelling of the neuron soma. As many PC as possible were in-
jected within 30 min.

During the injections, the tissues were kept under heat control, the
medium never being warmer than 28°C. Neuron functions were thus
reduced to a minimum and the transport of the tracer after microinjec-
tion was negligible until postincubation in the roller drum incubator.
The postincubations were set for defined intervals of 30 min between
1–3 h after microinjection. These intervals were sufficient to demon-
strate the movement of HRP into the neuron processes. Transport was
stopped by fixation in 1% glutaraldehyde and 1.5% paraformaldehyde
in phosphate buffer (PB) pH 7.0 and the distances of transported HRP
were demonstrated with diaminobenzidine according to Graham and
Karnovsky (1966). About 8–12 cells in each slice were measurable af-
ter histochemical processing. The distances were measured by a com-
puter-aided image analysing system (“analysis”, SIS, Münster, Ger-
many) connected to an Olympus microscope BH-2 via video camera.

Cytoskeleton-depolymerizing drugs

Drugs affecting microtubules were added to the nutrient medium 120
min before microinjection of HRP and were not removed from the
medium until fixation. Colchicine (Sigma, Germany) was maintained
as a stock solution of 10 mg/ml in distilled water and diluted to a final
concentration of 10 µg/ml in the nutrient medium. Vinblastine (Sig-
ma) was stored as a stock solution of 1 mg/ml in BME and added to
the medium at a concentration of 10 µg/ml.

Immunocytochemistry

Cultures were fixed at 14 days in vitro in 4% paraformaldehyde in
PBS for 30 min. The tissues were thoroughly rinsed in PBS and ex-
posed to 1% Triton X-100 in PBS for another 45 min before being
treated with 3% hydrogen peroxide in 10% methanol. The primary an-
tibodies anti-calbindin D28 k (CaBP; 1:200 dilution, Sigma) or anti-
parvalbumin (PV; 1:500 dilution, Sigma), both directed against calci-
um-binding proteins, were incubated overnight at 4°C diluted in PBS
containing 0.5% Triton X-100 and 0.25% bovine serum albumin. This
buffer was also used for the subsequent wash steps and dilutions of
antibodies.

For histochemical staining, the tissues were processed by using
the peroxidase-antiperoxidase method of Sternberger (1986). For
documentation, the labelled cells were either photographed (AGFA-
Pan 25ASA, b/w film) or drawn directly from specimens with a com-

57

Fig. 1 Purkinje cells of cerebellar rollertube slices of newborn rats af-
ter 14 days in vitro and immunhistochemical labelling with anti-
calbindin (A–C) or anti-parvalbumin (D). A The PC were arranged in
a wide cluster (Pc) and their axons (arrowheads) extended directly to
the interneurons of the deep cerebellar nuclei (the region of the inter-
neurons is marked with an arrow), where they branched and formed
bulbous endings. B Section of the region of the cerebellar nuclei neu-
rons at higher magnification; incoming axons are marked with ar-
rows, bulbi with arrowheads. Compare the targeted axonal projec-
tions in the drawings of whole slices (C and D): each spot represents
the PC soma and the associated lines represent the PC axons. x17.
The PC axons either extended directly to their target neurons (C) or
formed tight bundles before they reached their target (D). Bar: 25 µm
in A, 10 µm in B

b



aided image analysing system (“analysis”, SIS) connected to an
Olympus microscope BH-2 via video camera.

Transmission electron microscopy

For ultrastructural analysis, the cultures were fixed in 2% glutaralde-
hyde for 30 min and embedded in epoxy resin via propylene oxide.
Ultrathin sections of the PC were cut parallel to the tissue surface to
“hit” the neuron sidearms at their longitudinal axis.

Results

Morphology

As a basis for our studies of the transport of macromole-
cules, the development of the PC axons and dendrites was
investigated by immunostainings with anti-CaBP and anti-
PV. Within 14 days in vitro, the PC in cerebellar rollertube
cultures from newborn rats were integrated into the in vitro
tissues as the typical PC layer found in the in vivo cerebel-
lum (Fig. 1D) or as clusters (Fig. 1A). The PC axons ex-
tended long projections with a defined target: the cells of
the deep cerebellar nuclei (either the nucleus dentatus, n.
interpositus or n. fastigus, not identified; Fig. 1A). The PC
axons occurred either in tight bundles (Fig. 1D) or in a
loose configuration (Fig. 1A,C). They ended up in multiple
ramifications that formed small bulbi around the cerebellar
nuclei neurons as described for in vivo PC (Fig. 1B).

Axonal transport

General considerations

For the following investigations, the cerebellar cultures of
newborn rats were incubated for at least 14 days and no
longer than 18 days. Microinjection studies were then car-
ried out within several hours. Analysis of HRP transport
was based on qualitative and quantitative data.

The structure of the HRP-labelled axons was judged ac-
cording to the following criteria. HRP transport was consid-
ered to be “normal” when the tracer was detectable in the
axon for at least several hundred micrometers. It was con-
sidered to be disturbed when the tracer was only demon-
strable in isolated spots.

The distances of transported HRP for each interval of
postincubation between 30 and 180 min (approximately
80–100 values per postincubation interval) were measured
directly on the specimen. The mean values are summarized
in Fig. 4.

Transport of injected HRP under normal culture
conditions

The morphology of the injected PC was comparable to the
immunostained PC (Fig. 2A–C). HRP transport had oc-

curred from the cell soma into the dendrites and axons.
Computer-aided drawings of specimens that contained PC
axons at 180 min postincubations demonstrated axonal pro-
jections comparable to those found in immunolabelled
specimens (Fig. 3A, B). However, the PC target cells could
not be ascertained in the microinjection experiments. The
microinjection of HRP into several PC of the same cluster
revealed a synchronous transport of the tracer into the
axons.

The mean distances of transported HRP continuously in-
creased from an initial 880 µm to a saturation of 1170 µm
after 180 min (Fig. 4) and thus demonstrated the temporal
movement of HRP into the axons. The mean value for a PC
axon after 14 days in vitro, as measured in an
immunostained specimen (anti-CaBP and anti-PV), was
1500 µm.

Axonal transport of injected HRP in PC treated with
colchicine and vinblastine

To study the effects of microtubule-depolymerizing drugs
on axonal transport, the rollertube cultures were
preincubated for 2 h in medium supplemented with 10
µg/ml colchicine or vinblastine and then injected, post-
incubated and processed as described. The mean values for
each interval are summarized in Fig. 4, which demonstrates
the retardation of HRP transport in colchicine medium and
the continuous reduction caused by vinblastine, both of
which are statistically significant (P<0.001, df=4, n=135,
two-way analyis of variance).

The mean distance of transported HRP in colchicine-
conditioned medium was initially 550 µm, i.e. 45% com-
pared with the controls. It increased to approximately 770
µm (90–150 min) and finally to 1170 µm, so that the initial
reduction fell to 25% during further postincubations until
the transport distance was the same as in controls after 180
min. The mean reduction was statistically significant
(P<0.001, df=2, n=84; Scheffé Post Hoc test, colchicine-
treated cells compared with controls). Higher concentra-
tions of colchicine (20 µg/ml) were lethal to the PC even
during the preincubation of 2 h.

The avarage distances of transported HRP in vinblas-
tine-treated PC ranged from 440 to 590 µm (Fig. 4). This is
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Fig. 2A–F Axonal and dendritic transport in the Purkinje cells of cer-
ebellar rollertube cultures of newborn rats after 14 days in vitro. HRP
was microinjected into the cell somata followed by a postincubation
of 180 min. A The injected tracer was transported from the somata
(thick arrows) into the axons (Ax) and into the dendrites (Dn). B
When several neighbouring PC were injected with HRP, the tracer
was transported axonally over comparable distances revealing bun-
dles of axons (arrows PC, arrowheads axons showing transported
HRP). C The PC exhibited no differences in morphology after micro-
injection and transportation of the tracer, the dendrites were narrow
and covered with spines (arrowheads) and the soma was smooth. D
The morphology did not change in those PC that were microinjected
while being treated with colchicine. In the microinjected PC treated
with vinblastine, HRP was axonally transported over short distances
(F) and in irregular spots (E,F) and the dendrites appeared to be de-
formed, as HRP was found only in spots (E arrowheads). Bars 10 µm
in A,C–F, 50 µm in B

c



59



a reduction of the axonal transport by 40%–50%, indepen-
dent of the duration of postincubation (P<0.001, df=2,
n=94, Scheffé Post Hoc test, vinblastine-treated cells com-
pared with controls).

Morphology of PC axons in colchicine and vinblastine

The axons of microinjected PC that were postincubated for
180 min were drawn and compared with immunolabelled
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Fig. 3A–D Axonal transport in Purkinje cells of cerebellar rollertube
slices after 14 to 18 days in vitro, microinjection with HRP and post-
incubation for 180 min. The PC including the axons stained with the
transported HRP were drawn directly from the specimen: each figure
represents a slice, each spot represents a PC and the associated lines
represent the axons. A,B PC injected under normal culture conditions.

Axonal transport occurred as expected and the axons demonstrated an
orientation as found by immunhistochemical staining (compare with
drawings in Fig. 1). Axonal transport in PC that were microinjected
with HRP while being treated with colchicine occurred over compara-
ble distances to the controls (C). Axonal transport in those PC treated
with vinblastine occurred only over short distances (D). Bar 0.5 mm



PC axons (Fig. 3, compare also with drawings in Fig. 1).
The colchicine-treated specimens were not apparently dif-
ferent from the controls. However, in those slices treated
with vinblastine, the distances of transported HRP were
strikingly shortened (Figs. 3D, 2F). Ultrastructurally, we
found typical vinblastine paracrystals of tubulin monomers.
In the colchicine-treated PC, the microtubules were not vis-
ibly reduced (data not shown).

Dendritic transport

The cultured PC transported injected HRP into axons and
dendrites in a similar manner. To quantify the dendritic
transport, we proceeded in the same way as described for
axonal transport. Results are given quantitatively and qual-
itatively.

Dendritic transport was regarded to have occurred “nor-
mally” when the HRP was detectable in the whole dendrite
(Fig. 2A, C). It was regarded as interrupted when the den-
drites were labelled merely with spots of HRP. The distanc-
es of transported HRP into the dendrites for each interval of
postincubation between 30 and 180 min (60–80 values per
interval) were measured directly on the specimens. The
mean values are summarized in Fig. 5.

Dendritic transport of injected HRP under culture
conditions

There were no differences between the morphology of den-
drites of the injected and immunolabelled PC. The dendrit-

ic transport in the PC extended to a distance of about 90 µm
even within a postincubation of 60 min (Fig. 5) and agreed
with the average length of a PC dendrite in culture as calcu-
lated from immunolabelled neurons.

Dendritic transport of injected HRP under colchicine
and vinblastine treatment

There was a significant difference in morphology between
the colchicine- and vinblastine-treated neurons. Whereas
the colchicine-treated PC seemed to have unchanged den-
drites (Fig. 2D), the vinblastine-treated PC appeared to be
deformed (Fig. 2E, F). HRP transport occurred discontinu-
ously. Often these dendrites seemed to be shortened and
thickened.

HRP transport in colchicine-treated cells measured ap-
proximately 80 µm after 60 min postincubation, i.e. there
was a reduction by 10%; this corresponded to the 90-min
values of the controls (Fig. 5). The retardation was not sig-
nificant when statistically calculated in a two-way analysis
of variance (P>0.05; df=4; n=110).

Dendritic transport under vinblastine treatment attained
distances of 55–60 µm (Fig. 5). This was a reduction by
35%–40% and was independent of the duration of postincu-
bation (P<0.001, df=4, n=77, Scheffé Post Hoc test, vin-
blastine-treated cells compared with controls).
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Fig. 5 Dendritic HRP transport. Purkinje cell somata were microin-
jected with 2% HRP in normal culture medium and postincubated for
increasing intervals from 60 to 180 min; the distances of dendritically
transported HRP were measured after histological processing. The
mean values calculated from 60–80 single distances are summarized
in the plot. For drug treatment, the PC were preincubated in condi-
tioned medium (10 µg/ml colchicine or vinblastine) for 120 min and
then microinjected and processed as described without removal of the
drug

Fig. 4 Axonal HRP transport. Purkinje cell somata were microinject-
ed with 2% HRP in normal culture medium and postincubated for in-
creasing intervals from 60 to 180 min; the distances of axonally trans-
ported HRP were measured after histological processing. The mean
values calculated from 80–100 single distances are summarized in the
plot. For drug treatment, the PC were preincubated in conditioned me-
dium (10 µg/ml colchicine or vinblastine) for 120 min and then mi-
croinjected and processed as described without removal of the drug



Discussion

Morphology of the cerebellar cultures

A basic precondition for our model was the ability to inves-
tigate typical neurons within a functional tissue. Thus, we
intended to find organotypic features in the in vitro PC. The
cerebellar rollertube slices formed cytoarchitectural fea-
tures that were comparable to those described in other slice
culture models (Seil 1979; Jäger et al. 1988; Stoppini et al.
1991; Tanaka et al. 1994; Tauer et al. 1996). The adult in
vitro PC expressed the morphology described earlier
(Hendelman and Aggerwal 1980; Blank and Seil 1982;
Calvet et al. 1983; Tauer et al. 1996). Axons proliferated
long targeted projections to the cells of the deep cerebellar
nuclei. The axonal branches ended as bulbi of different siz-
es similar to those in vivo (Meller 1987). We concluded
that, in the rollertube cultures, the PC axons were organo-
typically connected to their target cells. This idea was sup-
ported by previous findings. In static slice cultures, it was
established that the PC axons extended functional active
connections to their target cells (Audinat et al. 1990; Mou-
ginot and Gähwiler 1995; Seil 1996). Recently, axonal re-
generations in vitro were shown to be correctly targeted as
long as tissues were explanted at stages younger than P5 (Li
et al. 1994; Linke et al. 1995; Dusart et al. 1997).

Axonal transport of injected HRP

The tracer HRP is a macromolecule that is actively trans-
ported in the axon after microinjection. Broadwell and co-
workers (1980) have provided evidence for the active trans-
port of endogenous peroxidase that clearly demarcates it
from mere diffusion. They have found peroxidase packed in
lysosomes that resemble precipitations from the agranular
endoplasmic reticulum. In the axons of crabs injected poly-
styrene beads are transported anterogradely, like endoge-
nous material, depending on ATP (Adams and Bray 1983).

Our results confirm the anterograde transportation of
microinjected HRP for the period of postincubations. Like-
wise, the distances of the transported tracer increase de-
pending on the duration of postincubation. However, the
plot shows a maximum at a level 400 µm shorter than the
average length of a PC axon found in an immunolabelled
specimen. A plausible explanation for this effect might be
an insufficient quantity of injected HRP. This has still to be
determined, e.g. with HRP at higher concentrations 4% and
more.

Drugs affecting microtubules

Both colchicine and vinblastine are known to be microtu-
bule-depolymerizing drugs (Paulson and McClure 1975).
Colchicine interferes with the enddynamics of microtu-
bules, resulting in the depolymerization of the filament
(Vandecandelaere et al. 1997). Vinblastine causes the for-

mation of tubulin paracrystals (Haskins et al. 1981; Na and
Timasheff 1992). The minus-ends of the microtubules are
depolymerized (Panda et al. 1996).

Both drugs are also described to cause a blockade of ax-
onal transport. When HRP is injected into dissociated neu-
rons of the dorsal root ganglia of embryonic chicks, its
transport is disturbed following treatment with colchicine
(Meller 1992). Recently, colchicine has been used to inhib-
it the retrograde transport of trophic factors in the retinae of
embryonic chicks (Primi and Clarke 1997). Vinblastine in-
terrupts the anterograde transport of mitochondria in neu-
rons of the sympathetic ganglia (Morris and Hollenbeck
1995) and its analogue vincristine causes a reversible
blockade of retrograde transport (MacFarlane et al. 1997).

In our model of measuring the single distances of trans-
ported HRP stopped at different times of postincubation
from 60 to 180 min after drug treatment and microinjection,
we demonstrate a reduction of the HRP-transport distances,
apart from a complete blockade. Moreover, in the examina-
tions of certain PC within an organotypic tissue, the drugs
colchicine and vinblastine have different effects. The treat-
ment of the PC with vinblastine results in a reduction of up
to 50% of the transport. Colchicine has a weaker efficacy
and causes a retardation of the transport. This effect is abol-
ished after 180 min and axonal transport completely recov-
ers from sustained treatment with colchicine.

The relaxation of the axonal transport of injected HRP in
the PC during treatment with colchicine deviates from re-
sults gained on the microinjection of HRP in dissociated
neurons of the dorsal root ganglion (Meller 1992, 1994).
This might be the result of the organotypic culturing of the
examined neurons. Probably, the PC start assembling new
microtubules, thus counteracting the blockade. This idea is
supported by the finding that colchicine does not complete-
ly inactivate the microtubule ends, so that new free tubulin
retains the ability to assemble (Farrell and Wilson 1984).
As demonstrated by ultrastructural examination, the colchi-
cine-treated cells contain similar numbers of microtubules
compared with controls. On the contrary, vinblastine blocks
microtubule elongation entirely as long as it is associated
with the ends (Toso et al. 1993). Additionally, the affinity of
vinblastine for self-assembled tubulin is considered to be
much higher than for free tubulin dimers (Toso et al. 1993).
This might explain the stronger impact of vinblastine on the
observed transport.

Apart from this, the in vitro tissues may have created a
barrier around the PC. For instance, the effect of colchicine
is diminished in myelinated axons compared with naked
ones (Fink et al. 1973). It remains to be determined when
and to what extent myelination in the cerebellar rollertube
cultures takes place. In static slice cultures, myelination of
the projecting axons occurs within 3 weeks in vitro (Hend-
elman et al. 1985; Notterpek et al. 1993).

Dendritic transport of injected HRP

Similar to axonal transport, a close correlation of dendritic
transport to cellular cytoskeleton, especially with respect to
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the microtubules, has been postulated. However, the differ-
ent organizations of the microtubules in dendrites and
axons have led to the assumption of a specific differentia-
tion between axonal and dendritic transport (Overly et al.
1996). The microtubules in the axon are oriented with their
plus-ends towards the distal tip, thus expressing a uniform
polarity, whereas in the dendrites, the microtubules are ori-
ented non-uniformly with their plus-ends both towards the
dendrite tip and to the cell body (Baas et al. 1988, 1989;
Burton 1988). The loss of uniform polarity is regarded to
occur via the transport of the tubules into the dendrite
branches (Sharp et al. 1995). In contrast to axons, dendrites
contain free ribosomes that provide a limited independence
for the dendrites concerning their demand for proteins
(Grafstein and Forman 1980).

Here, dendritic transport in the PC is reduced, especial-
ly by vinblastine. The involvement of the microtubules in
dendritic transport becomes obvious. Moreover, the reason
for the interrupted transport, even at short distances, might
be based on microtubules in dendrites being shorter but
more abundant than in axons (Yu and Baas 1994).

Microtubule-associated proteins (MAPs) are thought to
mediate transport along microtubules (Mercken et al. 1995;
Larcher et al. 1996; Sato-Harada et al. 1996). MAPs are at-
tendant proteins of all microtubules and are responsible for
the stabilization and the polymerization of the filaments
(for a review, see Maccioni and Cambiazo 1995). They
might be cross-linkers between microtubules and
neurofilaments (Price et al. 1991) or between microtubules
and membranous organelles (Sato-Harada et al. 1996).
Their role in the fast axonal transport of macromolecules
can be determined in further investigations with the mic-
roinjecton technique, together with the specific blockade of
MAPs.

Conclusions

In the present study of the model system for axonal and
dendritic transport in the Purkinje cells of organotypically
cultured rollertube tissues by microinjection of a tracer, we
describe a further link in the chain of investigations of fast
anterograde transport in relation to the neuronal cytoskele-
ton. By measuring transportation distances, we have dem-
onstrated the dependence of axonal and dendritic transport
on microtubules in projecting neurons of the central ner-
vous system. The decisive advantage of our model has been
its resemblance to the in situ situation and the observation
of targeted connections of the axonal projections to cerebel-
lar nuclei cells. This model can thus be used for further in-
vestigations of the axonal transport of neurotransmitters at
synapses on target cells.
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