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ABSTRACT

Following injections of *H-leucine and 35S-methionine in the caudal half
of the medial accessory olive, labeled climbing fibers were found contralat-
eral to the injection site in the sagittal A-zone of the cerebellar vermis and
in the fastigial nucleus. Labeling in the fastigial nucleus was analyzed with
ultrastructural autoradiography. Labeled boutons of climbing fibers were
found in the neuropil but never on somata. They contain spherical vesicles
and occasionally some dense core vesicles in an electron-lucent matrix. The
terminals of climbing fiber collaterals in the fastigial nucleus resemble
climbing fiber terminals in the molecular layer with respect to their internal

ultrastructural characteristics.
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The topographical organization of the inferior olivary pro-
jection to the cerebellum in the cat has long been recognized
and was extensively reviewed by Brodal and Kawamura
(’80). The termination of olivocerebellar climbing fibers (cf)
in narrow sagittal zones in the cerebellar cortex was stud-
ied with morphological methods (Voogd, '64, ’82; Courville,
"75; Groenewegen and Voogd, *77; Groenewegen et al., *79)
and electrophysiologically (Oscarsson, ’69; Armstrong, '74;
Andersson and Eriksson, '81). Olivocerebellar fibers not
only terminate in the cerebellar molecular layer, but they
also give off collaterals to the central cerebellar nuclei
(CCN).

Retrograde chromatolysis was observed in certain parts
of the inferior olive after destruction of the CCN (Brodal,
’40). Matsushita and Ikeda (70) found degenerating termi-
nals in the CCN in the cat after lesion experiments of the
inferior olive, which was also observed after 3-acetylpyri-
dine treatment of the inferior olive in the rat (Desclin and
Colin, ’80). Chan-Palay (’77) found axon terminals in the
dentate nucleus of the rat and monkey with ultrastructural
characteristics similar to those of the cf-boutons in the
molecular layer and postulated that these terminals repre-
sent cf-collaterals to the CCN. Retrograde labeling of cells
of the inferior olive has been demonstrated after injections
of horseradish peroxidase (HRP) in the fastigial nucleus of
the cat (Brodal, ’76; Eller and Chan-Palay, *76; Kitai et al.,
"77; Courville et al., '77). In experiments using anterograde
transport of HRP, cf-collaterals to the CCN could not be
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demonstrated (Walberg et al., ’80). This failure is possibly
due to differences in sensitivity of the tracing technique
(Walberg et al., ’80). Using autoradiography of antero-
gradely transported tritiated leucine following injections in
the inferior olive, cf-terminals were not only found in the
molecular layer but also in the CCN (Courville, ’75; Gro-
enewegen and Voogd, '77; Groenewegen et al., ’79; Kawa-
mura and Hashikawa, ’79; Balaban et al., ’81). According
to Brodal ('40) the olivocerebellar projection to the CCN
originates from parts of the olive that do not necessarily
have a concomitant projection to the cortex.

In the view of Groenewegen and Voogd (77) there is a
strict relation between termination in individual sagittal
zones in the molecular layer and the termination in the
CCN related to those zones. This view is supported by the
electrophysiological investigations of Andersson and Os-
carsson ('78), who demonstrated that cells in Deiters’ nu-
cleus are inhibited via the cortical branch of the same
climbing fiber that initially causes excitation of that cell
through its nuclear collateral. Although the term of collat-
erals therefore seems to be appropriate, the origin of the
cortical and nuclear projections from the same olivary cells
never has been demonstrated with anatomical methods.
Climbing fiber volleys result in a short-latency excitation
of the CCN cells, followed by an inhibition through the cf-
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Fig. 1. Horizontal diagrams of the injection site indicating the labeling in the dorsal accessory olive
(DAQO), medial accessory olive (MAO), including nucleus beta, and the principal olive {PO). The
micrographs demonstrate a transverse section of each injection site. Maginification: 5.5 x.
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Purkinje cell loop. At the level of the cortex the cf exerts a
powerful tonic control over the excitability and the parallel
fiber input of the Purkinje cells (Eccles et al., ’67) and
causes long-lasting depolarization of the Purkinje cell den-
drites (Ekerot and Oscarsson, ’81). The function of the exci-
tatory action on central nuclear cells by cf collaterals is
unknown. It has been suggested that the dual innervation
results in a feed-forward mechanism (Ito, ’84).

Electron microscopical evidence for the presence of cf
terminals in the CCN is limited to the degeneration studies
by Matsushita and Ikeda (70). Unfortunately in such ma-
terial the distinctive ultrastructural morphology is grossly
altered (Grofova and Rinvik, '74). Moreover, lesions tend to
interrupt passing fibers (Dekker, '77), which in the case of
the inferior olive lesions are the external arcuate fibers
that terminate as mossy fibers in the cerebellar cortex and
give off collaterals to the central nuclei (Busch, ’62;
Russchen et al., 76). Lesions of the inferior olive induced
with 3-acetylpyridine (Desclin, 74; Desclin and Colin, ’80)
do not affect passing fibers. These experiments gave a very
low yield of degenerating terminating terminals, because
of the rapid and asynchronous nature of the degenerating
process (Desclin, "74; Desclin and Colin, ’80). Earlier studies
of anterograde degeneration following lesions of the spinal
cord showed, at the EM level (Ikeda and Matsushita, '74),
terminals in contact with somata in the central nuclei of
the cat. This is at variance with the observations by Desclin
and Colin ('80), who found cf in the rat to terminate on
dendrites only. In the present study anterograde transport
of radioactive amino acids was used for selective labeling of
the olivonuclear connection to the fastigial nucleus, be-
cause of its distinctive advantages over degeneration meth-
ods (Westrum, '73; Dekker, "77; Groenewegen and Voogd,
D).

MATERIALS AND METHODS

Radioactive amino acids were injected in the caudal part
of the inferior olive in eight cats. The animals were anes-
thetized with Evipan® (0.1 gm/kg, i.p.). Injections of 1 pl
containing 100 uCi/ul of H-leucine (specific activity 133 Ci/
mol, Amersham) or 3°S-methionine (spec. act. 64 Ci/mmol,
Amersham) were made with a 1-ul Hamilton needle (25
gauge). The delineation was done according to Groenewe-
gen and Voogd ("77).

Cerebellar sections were used to control possible labeling
of mossy fibers. Only those experiments were used for
electron microscopical autoradiography in which the injec-
tion site was confined to the caudalinferior olive. In the 50-um
Vibratome sections areas of the fastigial nucleus were se-
lected that seemed suitable for further ultrastructural auto-
radiography. Ultrathin sections were coated with a thin
carbon layer dipped in L4 emulsion and exposed for 2-6
months in lightproof boxes at 4°C. The autoradiographs were
developed in D 19b for 4 minutes, fixed, and washed thor-
oughly. Qualitative evaluation of the autoradiograms was
concerned with the determination of the concentration of ra-
dioactivity of the total neuronal surface and with counting
the number of silver grains in the neuropil. Evaluation of the
probable site of the label in °H-leucine experiments was per-
formed according to Williams (*73) with a probability circle of
480 nm in diameter placed on each grain. The tissue was
analyzed in different compartments, e.g., axons, myelin,
boutons, somata, dendrites, glial elements, and a rest group
containing blood vessels.
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RESULTS
Injection sites

The injection sites are illustrated in Figure 1. Tritiated
leucine was injected in experiments H 9521, 80177, C40,
C143, and C185; 35S-methionine was used in experiments
C171 and C172. The injections are restricted to the caudal
part of the medial accessory olive, the caudal part of the
dorsal accessory olive, and parts of the caudal principal
olive. Labeled axons could be traced in each case from the
injection site to the contralateral restiform body. Applica-
tion of 35S-methionine resulted in an extremely heavy la-
beling, both in light microscopic autoradiograms of the
brainstem and cerebellum and in EM autoradiograms in
the fastigial nucleus. The labeling observed after 3H-leu-
cine and *®S-methionine injections did not differ topograph-
ically. Due to the high energy emitted by 3°S and the short
half-life, the isotope is less suitable for ultrastructural
autoradiography.

Terminal labeling

Light microscopy. Labeling was observed contralateral
to the injection site in sections of the fastigial nucleus. All
experiments showed a similar distribution of the labeling
although variations between the intensity of the injections
and the variations in extent of the injection site were no-
ticed. Due to the irregularities on the surface of the 50-um
sections not all autoradiograms could be analyzed in detail.
The pattern of labeling in experiment C2 is shown in Fig-
ure 2. Labeling was observed over the dorsal and central
parts of the nucleus (Fig. 3). In the medial and caudal parts
silver grains were absent. The grains were scattered or
aligned in rows and were not found over somata (Fig. 4).
Labeling in the contralateral molecular layer of the cortex
was observed. In the granular layer the labeled fibers were
scarce and no labeled mossy fiber glomeruli were found.

Electron microscopy. Myelinated and unmyelinated fi-
bers were found labeled within the fastigial nucleus. Heavy
terminal labeling was observed in the neuropil. Boutons
with silver grains were opposed or in synaptic contact with
small and large dendritic profiles (Figs. 5-8).

A high selectivity of the labeling for axons and terminal
profiles was observed, mainly due to the relatively large
size of the labeled profiles in comparison with the diameter
of the probability circle employed. A characteristic terminal
of a cf collateral (Fig. 5) exhibits numerous spherical vesi-
cles densely packed in a filamentous cytoplasm and some
mitochondria. The terminal emerges from a myelinated
axon with only a short myelinated stem and is in synaptic
contact with a dendritic profile that is slightly larger than
the surrounding myelinated fibers. Figure 6 shows a densely
filled terminal containing spherical vesicles protruding in
a dendritic profile of irregular outline. In Figures 7 and 8
examples of labeled terminals are given that are also in
synaptic contact with a dendrite. Labeling of cf-like fibers
bearing boutons en passage that contact the dendrites of
nuclear cells was not observed. The occurrence of two or
more labeled boutons close to each other was only seldom
observed. In eight experiments over 150 labeled terminal
profiles could be identified. The analysis of the autoradio-
grams revealed labeling of myelinated and unmyelinated
fibers and boutons. The size of the terminal profiles was in
most cases considerably larger than the radius of the circle
(480 nm) used to determine the origin of the radioactive
source. Occasionally silver grains were found over elements
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Fig. 2. Sagittal diagram of the terminal labeling in the fastigial nucleus oriented from lateral to

Fig. 3. Low-magnification darkfield micrograph of a sagittal section of the medial part of the

fastigial nucleus. Magnification: 17x.

surrounding heavily labeled profiles. There were no signs
of labeling over somata and dendrites.

DISCUSSION
Light microscopy

The observations presented in this paper support the the-
sis advanced by Groenewegen and Voogd (77) that the CCN
receives collateral input from fibers originating from the
inferior olive. The data support previous evidence of an
intimate relation between concomitant termination in the
fastigial nucleus and zone A, and the nucleus of Deiters
and zone B (Groenewegen and Voogd, '77). The present data
on 3H-leucine and ?3S-methionine injections in the inferior
olive, and earlier studies (Groenewegen and Voogd, "77;
Groenewegen et al., ’79), do not reveal terminal labeling in
the granular layer. Our observations are in accordance with
the findings of Desclin and Colin (°80), who found no evi-
dence for cf-terminals in the granular layer of the rat cere-

bellum following chemical destruction of the inferior olive.
These results are in contrast to the findings of Chan-Palay
and Palay (71), who identified some glomeruli and “en
marron” terminals as cf on the basis of cytological similar-
ities to their collaterals in the molecular layer. Their con-
clusions were supported by the observation of radioactivity
in the cerebellar glomeruli after large injections of 3°S.
methionine into the inferior olive (Chan-Palay et al., '77),
but the size of the injections did not exclude the contribu-
tion of mossy fibers from the reticular formation directly
dorsal to the olive. The topographical similarities in the
projection of the leucine and methionine experiments do
not corroborate the aberrant projection pattern described
by Chan-Palay et al. (77} following methionine injections
in the inferior olive of the rat.

Electron microscopy

The difference between our results, of an exclusive ter-
mination of cf-boutons on small (i.e., distal) dendrites, and
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Fig. 4. Terminal labeling (small black stipples indicated by arrows) in the fastigial nucleus. No
terminals can be found over the somata. Magnification 50 .

Fig. 5. A labeled climbing fiber terminal in synaptic contact with a small dendritic profile.
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Fig. 6. A labeled climbing fiber terminal is densely packed with spherical vesicles and protrudes
into a dendrite.
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Fig. 7. Two labeled climbing fiber boutons with spherical and pleomorphic vesicles make synaptic
contact with a dendrite.



Fig. 8. Survey of the neuropil in the medial part of the fastigial nucleus with labeled climbing fiber
boutons.
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the axonal degeneration study of Ikeda and Matsushita
("74), who observed degeneration of boutons in the rostral
part of the fastigial nucleus, synapsing with the cell bodies
and proximal dendrites, is probably due to the interruption
of external arcuate fibers in their experiments. These fibers
are issued by the paramedian reticular nucleus and the
surrounding medial reticular formation and pass ventrally
through the raphe. They proceed lateralward through the
inferior olive and over the ventral surface of the brainstem
to form the restiform body and terminate as mossy fibers
in the cerebellar cortex (Busch, '62; Voogd, *64). These fibers
also give off collaterals to the central nuclei, which termi-
nate in relation to the cell body and the proximal dendrites
(Russchen et al., ’76).

Furthermore, the absence of synapses between cf-boutons
and distal dendrites in Ikeda and Matsushita’s study ('74)
may be the result of the inability to demonstrate degener-
ating nuclear collaterals. In the degeneration studies of
Desclin (Desclin, ’74, "76; Desclin and Colin, ’80), chemical
destruction of the inferior olive was produced with 3-acetyl-
pyridine. That resulted in a small number of degenerated
boutons in the CCN, which were not significantly more
frequent than the spontaneously occurring degeneration in
normal rats. Their localization, in contact with small den-
drites, and their relative scarcity are in accordance with
our observations. Earlier ultrastructural studies have re-
vealed the synaptic relation between cf and Purkinje cells.
Larramendi and Victor (67) demonstrated the special con-
tacts between the varicosities of cf and the spines arising
from the thick dendritic trunks of the Purkinje cells. Climb-
ing fibers in the molecular layer are characterized by bou-
tons with densely packed spherical vesicles and fine
filaments that are interconnected (Chan-Palay and Palay,
’70). In a subsequent study Chan-Palay et al. (77) identified
similar boutons in the dentate nucleus containing densely
packed spherical vesicles in an electron-dense matrix and
occasionally some dense core vesicles. According to her
observations in rat and monkey, boutons of this type were
found on dendrites and somata. In our observations the
ultrastructural characteristics of the labeled cf-boutons in
the fastigial nucleus are compatible with her description.
However, in the fastigial nucleus similar boutons were
found to be labeled following injection of tritiated leucine
in different precerebellar mossy fiber sources (Van der Want
et al., 87). The distinction between cf-collateral boutons or
the “climbing-like” terminals of Angaut and Sotelo ("73)
therefore is not possible in normal material. Compared
with the number of mossy fiber boutons in the fastigial
nucleus following injections of tritiated leucine in different
precerebellar nuclei (Van der Want et al., ’87) the number
of cf boutons is relatively small.

The synaptic contacts with predominantly small (distal)
dendrites are in strong contrast with the presence of multi-
ple synapses with the proximal dendrite of Purkinje cells
in the cortex of the cerebellum. Thus the excitatory proper-
ties in cortex and nuclei may be much different.
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