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Cerebellar projections to the red nucleus and inferior olive originate
from separate populations of neurons in the rat: a non-fluorescent

double labeling study
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Abstract

In the rat, the extent of collateralization of projections from the cerebellar nuclei to the red nucleus and inferior olive was
investigated using a retrograde double labeling'technique. The combination of tracers selected, cholera toxin-l3-subunit and
WGA-BSA-gold, not only enabled the use of small injection sites but also resulted in clearly distinguishable and permanently
stained neurons that could be analyzed in counterstained sections.

Keywords: Cerebellar nucleus; Inferior olive; Red nucleus; Cholera toxin l3-subunit; Gold-lectin tracer; Axon collateral

Light microscopic analysis of the contralateral cere­
bellar nuclei confirmed the generally held belief that
neurons projecting to the magnocellular part of the red
nucleus are mainly found in the interposed nuclei
whereas those projecting to its parvicellular part are
predominantly located in the lateral cerebellar nucleus.
Small neurons, retrogradely labeled from the inferior
olive, are scattered throughout all divisions of the
cerebellar nuclei. In all cases, less than 0.5% of all
labeled neurons contained both labels indicating that
these cells may project to the red nucleus as well as to
the inferior olive.

These findings support and strengthen the concept
that the projection from the cerebellar nuclei to the
red nucleus and inferior olive originates from different
sets of neurons which, consequently, may transmit dif­
ferent information.

The cerebellar nuclei, together with the vestibular
nuclei, are the targets of the Purkinje cells of the
cerebellar cortex. The output of the cerebellar nuclei
(eN) is directed, predominantly via the superior cere­
bellar peduncle, to a variety of brain stem structures in
thalamus, mesodiencephalon and medulla [13,17,18].
Detailed projections have been described to the red
nucleus [3,14] and the inferior olive [30]. It has been
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shown in the rat [4,19,25] and the cat [15] that the
nucleo-olivary projection is likely to be completely de­
rived from GABAergic neurons. The proje~tions to the
red nucleus appear to be excitatory as demonstrated
with electrophysiological [33] and immunohistochemi­
cal [9,23] techniques. GABA has been identified as a
neurotransmitter in the red nucleus [2,35]. It has been
attributed to interneurons [20,24], but a contribution of
ascending collaterals of GABAergic nucleo-olivary
fibers has not been excluded.

The cells of origin of the nucleo-olivary projections
are small (see [21] for references). Neurons projecting
to the red nucleus have not been measured, but those
projecting to the thalamus are estimated to be gener­
ally larger (cat: [21,32]). Populations of small GABA­
immunoreactive neurons (mean diameter 10-22.5 jLm,
peak near 10 jLm) and larger glutamate-immunoreac­
tive neurons (mean diameter 10-35 jLm, peak at about
20 jLm) were distinguished by Batini et al. [6] in the
cerebellar nuclei of the rat.

However, several electrophysiological studies in the
cat [1,5,22,32] indicate that a substantial contingent of
nucleo-olivary projections may have ascending collater­
also Fluorescent double retrograde tracing studies by
Bentivoglio and colleagues in the rat [7,8] and by
Bharos et al. [11] in the cat with tracer combinations
injected in thalamus and caudal medulla resulted in
many single labeled small-sized nucleo-olivary neurons
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Fig. 2. Diagrammatic representations of the injection sites in the RN and 10 of cases R42 and R45.

but also in a contingent of double labeled larger neu­
rons located in specific subdivisions of the cerebellar
nuclei. No double labeled cells were observed by Leg­
endre and Courville [21] in their experiments with
injections of fluorescent tracers in the inferior olive
and the thalamus of the cat. We decided to reinvesti­
gate the collateralization of nucleo-olivary fibers to the
red nucleus of the rat, because no experiments with
double labeling from injections delivered to the red
nucleus and the inferior olive have been reported. A
non-fluorescent double retrograde tracing technique
[29], making use of cholera toxin f:J-subunit (CTh) and
a gold-lectin conjugate, was used in this study. This
combination ensures small injection sites, permanently
and easily discriminated retrograde labeling of neu­
rons, and the possibility to examine the resultant label­
ing in counterstained sections with the light micro­
scope. Since the red nucleus (RN) is classically divided

into a caudally positioned magnocellular part (RNm)
and a parvicellular rostral pole (RNp) [27], injections
were centered on either of these different parts in
order to study potential differences in collateralization
to these two areas and to the inferior olive (10).

Male Wistar rats (n = 12), weighing 200-250 g, were
anesthetized with sodium-pentobarbital (120 mg/kg,
i.p.) and mounted in a stereotactic frame. Glass mi­
cropipettes (tip diam. 10-15 porn) were initially placed
based on coordinates from the atlas by Paxinos and
Watson [26], and prior to injection the final site was
verified by recording the characteristic firing of either
rubral or olivary cells. CTh (low salt: List BioI. Lab.,
Campbell, CA) was applied iontophoretically to the
red nucleus (4 poA positive current, for 30 min with a 7
son, 7 s off cycle: Fig. 1A). The gold-lectin conjugate
consisted of 10 nm gold sol (Aurion, Wageningen, the
Netherlands) conjugated to wheatgerm agglutinin and

Fig. 1. Color microphotographs showing retrograde double labeling experiments with cn and WGA-BSA-gold. A: C1b injection site centered
on RNm in case R42. B: WGA-BSA-gold injection site in the inferior olive (case R42). C: retrogradely labeled cells in the LCN of case R45.
Medium and large-sized neurons projecting to the RNp are labeled with brown DAB reaction product and are intermingled with small neurons
containing black gold-silver particles, indicating their termination in the 10. D: retrogradely labeled neurons in the interposed nucleus. Note that
one neuron contains both labels. Bar represents 1 mm in A and B, and 25 IJ-m in C and D.
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bovine serum albumin (WGA-BSA), prepared accord­
ing to Roth [28], and was pressure injected through a
glass micropipette (tip diameter 12-16 JLm) into the
inferior olivary complex, ipsilateral to the Cfb injec­
tion. A total of 200-300 nl WGA-BSA-gold was in­
jected using multiple injection tracks in order to obtain

R42

a large injection site but to spare the reticular forma­
tion overlying the olive (Fig. 1B). After a survival time
of 7-10 days, the animals were perfused with 300 ml of
a 0.8% NaCl, 0.8% sucrose, 0.4% d-glucose solution in
0.05 M phosphate buffer (PB, pH 7.3), which was
followed by 4% paraformaldehyde, 0.1% glutaralde-

R45

Fig. 3. Diagrammatic representation of the retrograde labeling in the contralateral eN of cases R42 and R45. Cfb labeled neurons are indicated
by open circles (approximately one circle for every five labeled cells), gold-silver labeled neurons are indicated by dots (approximately one dot for
every five labeled cells). All double labeled neurons are indicated by an asterisk.
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hyde and 4% sucrose in PB. The brains were removed,
blocked, embedded in gelatin and cryoprotected in
30% sucrose in 0.05 M PB. Transverse sections (40
J.Lm) were cut on a freezing microtome and collected in
0.1 M PB. Free floating sections were incubated at 4°C
in the dark with constant agitation in anti-CTb (List
BioI. Lab.), dilution 1:15,000 in Tris buffer containing
0.5 M NaCI and 0.5% Triton X-100 (TBS +, pH 8.6)
for 72 hours. After rinsing, the sections were subse­
quently incubated at room temperature in biotinylated
donkey anti-goat (List BioI. Lab., dilution 1: 2000 in
TBS + ) for 2 h, rinsed and reacted with the avidine­
biotine-complex (ABC Elite kit, Vector, Burlingame
CA) for 2 h and, finally, reacted with diaminobenzidine
(DAB: 37,5 mg in 150 ml Tris-HCl, pH 7.6 with 25 J.Ll
30% HzO z) for 30 min. Next, sections were silver
intensified (Aurion), mounted, counterstained and cov­
erslipped with Permount.

Light microscopic examination showed numerous
labeled neurons within the CN contralateral to the
injection sites (Fig. 1C,D). Double labeled cells could
be easily distinguished from unlabeled or single labeled
cells since the characteristic small, black" gold-silver
particles can be clearly distinguished from the brown
DAB reaction product indicating CTb labeling.
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Two representative experiments (R42 and R45) will
be described. In R42, as shown in Fig. 2, the CTb
injection was centered on the RNm (see also Fig. 1A),
whereas the RNp was injected in case R45. In both
animals, the WGA-BSA-gold injection covered approx­
imately 80% of the ipsilateral 10 (Fig. lA, Fig. 2). For
both cases, the resulting retrograde labeling in the
contralateral CN is shown in Fig. 3. The location of
CTb positive cells and gold-silver labeled cells are
represented as one dot per 5 labeled cells. Each double
labeled cell is indicated individually. The injection lo­
cated in the RNm (R42) resulted in labeling of medium
to large neurons which were mainly found within the
interposed nuclei and, occasionally, within the lateral
cerebellar nucleus (LCN). Case R45 resulted in label­
ing of neurons predominantly located in the LCN.
Labeling originating from the 10 injection was ob­
served in small cells throughout the CN. Double la­
beled cells (less than 0.5% of all labeled cells) were
found only rarely in the interposed nuclei (R42) or in
the LCN (R45) and are medium- to large-sized (Fig. 4).
Fig. 5 shows a camera lucida drawing from part of the
LCN of case R45 to give an impression of the distribu­
tion of the labeled neurons. In this particular area of
the chosen section, both gold-silver labeled and CTb

D CTB labeled neurons

II Gold labeled neurons

Double lab. neurons

surface area in 11m2

Fig. 4. Size distribution of single and double labeled neurons. One hundred CTb and one hundred gold labeled neurons were chosen and
measured randomly and were supplemented with 12 double labeled neurons. Surface area was estimated by the formula 1j4'lTlw, where I equals
the length and w the width of the neuron. Note that the size distributions of the single, gold or CTb, labeled neurons are almost completely
separated and that the double labeled neurons fall within the size distribution of the CTb neurons. The overal size distribution is quite similar to
data reported by Chan-Palay [13].
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Fig. 5. Camera lucida drawing of part of the LCN in case R45.
Non-labeled cells are indicated by open contours, shaded contours
denote Cfb labeled neurons, black contours indicate gold-silver
labeled neurons. No double labeled cells were encountered. Bar
equals 100 JLm.

labeled neurons were abundantly present, leaving only
a relatively small amount of non-labeled neurons.
However, here, not a single double labeled cell was
observed (see also Fig. 1C). Note that all gold-labeled
neurons fall within the small-sized category.

Results from our experiments indicate that only a
very small number of CN neurons may collateralize to
the RN and 10, since less than 0.5% of all labeled cells
were double labeled through the application of tracers
in the RN and 10. This number is clearly less than may
be concluded from the experiments of Bentivoglio [7]
with large injections of fluorescent tracers in the cau­
dal medulla and the thalamus [7]. However, as indi­
cated by these authors, definite conclusions on the
collateralization of nucleo-thalamic and nucleo-olivary
projections could not be drawn from this study, be­
cause the CN also project to extra-olivary areas in the
caudal medulla and to the spinal cord [12,13,18]. Al­
though the injection sites in the present study were
much smaller, inadvertent labeling of passing fibers
destined for the spinal cord or extra-olivary medullary
regions may be responsible for double labeling a few
neurons with projections to the red nucleus in our
experiments. Especially, since the diameters of these
double labeled neurons exceed the diameters of single
labeled nucleo-olivary neurons but fit into the size

distribution of single labeled nucleo-rubral neurons
(Fig. 4). Consequently, we conclude that in the rat,
most, if not all, nucleo-olivary neurons do not posses
ascending collaterals that terminate within the RN.
This conclusion is identical to the conclusions of Leg­
endre and Courville [21] from their fluorescent double
labeling study in the cat with injections of the inferior
olive and the thalamus.

Nevertheless, electrophysiological observations in
the cat, of collisions of antidromically evoked action
potentials of individual neurons in the cerebellar nuclei
after stimulation of the RN and 10 [1,5,11,22,32], sug­
gest that such collateralization indeed may occur. How­
ever, these data must be interpreted with caution.
Especially for projections from the lateral and anterior
interposed nuclei, it is very difficult to follow the
course of the nucleo-olivary fibers directly after the
decussation [21] and it cannot be ruled out that some
fibers may ascend to the level of the RN before de­
scending to the 10 and therefore may be stimulated by
an electrode placed near the RN. Also, as mentioned
above, collaterals of nucleo-rubral fibers may terminate
in the vicinity of the 10, e.g. within the ventromedial
reticular formation or may descend along the 10 to the
spinal cord [12] and may be inadvertantly activated by
the 10 stimulation electrode.

Our data are in accordance with the evidence that
the nucleo-olivary projection takes its origin from a
population of small GABAergic neurons located in the
cerebellar nuclei [4,15,19] whereas the projection to the
RN [9,31,33] as well as to the adjacent prerubral area
and medial nuclei at the mesodiencephalic junction
arises from a population of non-GABAergic and exci­
tatory neurons [6,10,16]. Hence, cerebellar projections
to the RN and 10 evidently originate from completely
separate populations. Therefore, although both types
of projection neurons are largely intermingled (Fig. 1C,
Fig. 5) and, thus, in theory, may be influenced by
efferents from a single Purkinje cell zone, elements of
both groups are not necessarily activated in the same
way. E.g recent evidence suggests that climbing fiber
collaterals do not appear to innervate the GABAergic
nucleo-olivary neurons [34], indicating that olivary ac­
tivity may have different monosynaptic effects on nu­
cleo-olivary and nucleo-rubral neurons.
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NWO Grant 900-550-107.
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