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Classical conditioning of the nictitating membrane response of the rabbit

II1. Connections of cerebellar lobule HVI

C.H. Yeo, M.J. Hardiman, and M. Glickstein
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Summary. We report the connections of cerebellar
cortical lobule HVI in the rabbit. We have studied
the anterograde and retrograde transport of
wheatgerm-agglutinated  horseradish  peroxidase
(WGA-HRP) following its injection into HVI to
reveal efferent and afferent connections. All of the
cases showed strong anterograde transport to the
anterior interpositus nucleus (AIP) — indicating that
this is the major efferent target of HVI. Retrogradely
labelled cells were found in the inferior olivary,
spinal trigeminal, lateral reticular, inferior vestibular
and pontine nuclei. Within the olive, the medial part
of the rostral dorsal accessory olive (DAQ) and the
adjacent medial part of the principal olive (PO) were
consistently labelled in all cases. This area is known
to receive somatosensory information from the face
and neck. There was no projection to the hemi-
spheral part of lobule VI from visual parts of the
olive within the dorsal cap and medial parts of the
medial accessory olive. Likely sources of visual and
auditory information to HVI are the dorsolateral
basilar pontine nuclei and nucleus reticularis teg-
menti pontis, which were densely labelled in all
cases. These anatomical findings are consistent whith
the suggestion that, during NMR conditioning, infor-
mation related to the periorbital shock unconditional
stimulus (US) may be provided by climbing fibres to
HVI and light and white noise conditional stimulus
(CS) information may be supplied by pontine mossy
fibres.
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Introduction

The classically conditioned nictitating membrane
response (NMR) of the rabbit is crucially dependent
upon the anterior interpositus nucleus (AIP) of the
cerebellum (Yeo et al. 1985a) and upon a small
region of cerebellar cortex, within the hemispheral
division of lobule VI (HVI) which is also known as
lobulus simplex (Yeo et al. 1984, 1985b). A lesion of
HVI abolishes previously established NMR condi-
tioning to light and white noise stimuli and prevents
its relearning.

Is this restricted region of cerebellar cortex the
actual locus of the associative processes underlying
NMR conditioning or, rather, is it an essential relay
to or from such a locus? In order to begin to answer
this question, we need to know the connections of
cerebellar HVI. Some of these connections have
been studied previously in the rabbit. Brodal and
Jansen (1946) and Brodal (1939, 1940) mapped
retrograde degeneration in the pons and the olive
after making lesions of the cerebellar cortex. Van
Rossum (1969) used fibre degeneration staining
methods to analyse efferent projections from the
cerebellar cortex to the cerebellar and vestibular
nuclei. In none of these studies were lesions entirely
confined to HVI. The horseradish peroxidase (HRP)
technique has the advantage of much greater sensitiv-
ity for retrograde tracing, and allowed us to analyse
orthograde as well as retrograde transport in the
same case.

The purpose of this paper is to report the
connections of HVI in the rabbit. We have studied
the anterograde and retrograde transport of
wheatgerm-agglutinated horseradish  peroxidase
(WGA-HRP) following its injection into cerebellar
HVI to reveal efferent and afferent connections.
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Fig. 1. Primary injection sites of HRP and its orthograde transport. The injection sites are shown in black, labelled fibres as dashed lines
and terminal label as stipple. The density of stipple indicates the number of labelled terminals. The transverse sections show the right side
of the brain from 1 mm anterior to lambda (1) to 5 mm posterior to lambda (-5).

Abbreviations. HVI — hemispheral division of cerebellar lobule VI; LVN - lateral vestibular nucleus; ND - dentate nucleus; NF — fastigial
nucleus; NI — interpositus nucleus
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Fig. 2A and B. Dark field photomicrographs of transverse sections through the cerebellum of subject 32/3 at A — 1 mm and B -3 mm.
A shows the primary injection site which is restricted to HVL.. B shows the course of labelled fibres down to the anterior interpositus

nucleus and terminals in this nucleus. Calibration bars ~ 1 mm

Methods

The subjects were 4 male, Dutch-belted rabbits of weight between
2.0 kg and 2.8 kg. They were housed individually with ad libitum
food and water and maintained on a 12 h light-dark cycle.

The animals were anaesthetised with fentanyl/fluanisone
(Hypnorm, Janssen; 0.1/5.0 mg/kg i.m. ) with a supplement of
benzodiazepam (Valium, Roche; 0.75 mg/kg, i.v.). A catheter was
placed in the marginal ear vein and mannitol solution (20% w/v in
water, 30 ml per subject) was slowly infused to shrink and harden
the brain. The scalp was cut and reflected along the midline. The
cranium overlying occipital and parietal cortex on the right side
was removed. The occipital cortex was carefully retracted and a
vertical incision was made in the tentorium to expose cerebellar
HVL

WGA-HRP (Sigma, 4% aqueous solution) was pressure
injected through a glass micropipette. The micropipette was
introduced through the incision in the tentorium under direct
vision until its tip penetrated the rostral bank of HVI to a depth of
approximately 0.5 mm. All animals received 0.03 ul of WGA-
HRP, injected over a period of 5 min. The pipette was left in situ
after the injection for a further 10 min and then withdrawn. The
cerebral cortical surface was then covered with sterile absorbable
gelatin foam and the scalp was sutured.

After 48 h survival, each animal was given an overdose of
pentobarbitone sodium and perfused through the aorta with 1.51
of 0.09% saline, followed by 1.5 1 of mixed aldehydes fixative in
phosphate buffer and then postperfused with 1.5 1 buffer-sucrose
(Mesulam 1982). The brain was removed and stored for 1 or 2 days
in sucrose-buffer at 4° C. Before sectioning, the brain was rapidly
frozen and thickly coated with 5% carboxymethylcellulose solu-
tion to support the tissue. This frozen block was then serially

sectioned at 20 p using a cryostat. Every 10th section (subjects 32/3
and 32/9) or every 7th section (subjects 32/7 and 32/8) was collected
on a gelatinised slide and allowed to air dry overnight. Alternate
sections were processed using the tetramethylbenzidine method,
following the method of Mesulam (1982) but omitting the stabilisa-
tion step. The remaining sections were stained for Nissl substance
with cresyl fast violet.

Results
Primary injection site and orthograde transport

The primary injection site and orthograde transport
to the deep cerebellar and vestibular nuclei are
shown for each subject in Fig. 1. Representative
sections were plotted on a series of nine standard
transverse sections through the cerebellum. The
primary injection sites are shown in black and the
labelled fibres as dashed lines. Terminal label is
shown stippled; the density of stipple indicates the
density of label.

The boundaries between hemispheral and ver-
mian parts of lobule VI are not obvious at caudal
levels of the lobule, corresponding to levels —2.5 mm
to -3.5 mm in Fig. 1. So, only in subject 32/3 was the
primary injection site clearly confined to hemispheral
parts of lobule VI, with little or no HRP in this
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caudal part of the lobule. Rostral parts of the lobule
were also not labelled.

In 32/9, the injection site extended a little more
caudally to level —2.5 mm where no parasagittal
fissure divides HVI from vermian lobule VI medially.
the injection site of 32/8 was similar, but there was a
clear region of primary label in lobule VI of vermis
at -2 mm.

32/7 had the largest spread of primary label, to
the depths of HVI at level -2 mm and at more caudal
levels into lateral parts of vermian VI and slightly
into paramedian lobe.
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Fig. 3. Series of evenly spaced (0.4 mm)
transverse sections through the inferior
olives of subjects 32/3 and 32/9. The dis-
tances are in mm from the most caudal
olivary section. Individual labelled cells
are indicated

All subjects had a heavy fibre projection to the
anterior interpositus nucleus (AIP) and terminals
within it. The terminals extended medially from the
dentate-interpositus borders and in some instances
extended slightly into the dentate nucleus. In addi-
tion to this consistently prominent projection to AIP,
those subjects which had primary label in HVI at
level +1 mm and substantial amounts at 0 mm (32/3,
32/8 and 32/9) had sparse terminal label throughout
the most rostral level of the dentate nucleus at level
~2.5 mm. The terminal label extended into the
posterior interpositus nucleus in those two cases in
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Fig. 4. Series of evenly spaced (0.28 mm)

transverse sections through the inferior

olives of subjects 32/7 and 32/8. Conventions
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which there was heavy primary label more caudally,
at -2 mm (32/8) and beyond (32/7).

In addition, three subjects (32/7, 32/8, 32/9) had a
clearly separate track of fibres which coursed

medially at more caudal levels to terminate in the
most posterior part of the fastigial nucleus. It was
these subjects (32/7, 32/8 and 32/9) which had primary
label extending medially, at more caudal levels, into
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Fig. 5. Diagram of a transverse section through the pons of subject
32/7 at 1.12 mm anterior to the caudal end. The divisions of the
pontine nuclei are those of Brodal and Jansen (1946). The medial
division is not present at this caudal level.

Abbreviations, DL — dorsolateral nucleus; L ~ lateral nucleus;
NRTP - nucleus reticularis tegmenti pontis; P — peduncular
nucleus; PM - paramedian nucleus; V - ventral nucleus

vermian VI. In one of these cases (32/8) there was a
very small amount of terminal label in the dorsal part
of the lateral vestibular nucleus.

Retrograde transport to the precerebellar nuclei

The retrograde transport of HRP to cells of the
inferior olive and the pontine nuclei is presented for
each subject (see Figs. 3-7). Label in the remaining
nuclei of the brainstem was similar in each case, so
that of subject 32/7 is presented in full (Fig. 8), since
it had the largest spread of primary label in HVI.

Inferior olive

The terminology of Brodal (1940) is used for the
subdivisions of the inferior olive. These subdivisions
are reproduced in the accompanying paper (Yeo et
al. 1985b). Retrogradely labelled cells were found
exclusively in the contralateral inferior olive in all
cases (Figs. 3 and 4). Rostral levels of the most
medial part of the dorsal accessory olive (DAO) and
the adjacent part of the dorsal leaf of the principal
olive (PO) were the only olivary regions which were
consistently labelled in all four subjects.

Two subjects (32/8 and 32/9) with slightly greater
spread of primary injection, particularly into the
most rostral parts of HVI, also had labelled cells in
the most medial part of the ventral leaf of rostral PO,
but in no case was a projection found from the most
caudal extension of PO, the dorsal cap.

Subjects 32/7 and 32/8 had labelled cells in the
medial accessory olive (MAO) at its intermediate
levels but none at its most rostral or caudal levels.
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32/3 had only a single cell in MAO. In 32/7 and 32/8,
the cells towards the more caudal end of MAO were
clustered medially, but not in the nucleus beta,
whose border may, therefore, beseen sharply defined
at level 1.12 mm in these two subjects.

Pontine nuclei

The terminology of Brodal and Jansen (1946) is used
for divisions of the pontine nuclei. These are illus-
trated in Fig. 5, which shows a section through the
caudal part of the pons.

The labelled cells of the pontine nuclei were
entirely confined to the caudal pons (Figs. 6 and 7).
Almost all of the retrogradely labelled pontine cells
were in the most caudal 1.2 mm of each subject. In
addition to this sharp rostro-caudal demarcation,
there were more labelled cells on the contralateral
side in each animal.

The pattern of label within the pontine nuclei
presented a consistent picture. All subjects had a
prominent projection from the contralateral dorso-
lateral and lateral nuclei and from dorsal parts of the
peduncular nucleus and a weaker projection from
these areas ipsilaterally. In all cases there were a few
labelled cells, mainly contralateral, in the ventral
nucleus and small numbers of labelled cells bilat-
erally in the paramedian nucleus and in the nucleus
reticularis tegmenti pontis (NRTP). This minimal
projection was found in 32/3. 32/8 had rather more
labelled pontine cells; their distribution was similar
to that of 32/3 but with a stronger bilateral projection
from NRTP. 32/9 was similar to 32/8, but with a
heavier projection from the contralateral dorsolat-
eral and lateral nuclei and more labelled cells in these
divisions on the ipsilateral side. Consistent with its
largest site of primary label, 32/7 had the greatest
number of labelled pontine cells. These were distrib-
uted as in the other subjects but with more labelled
cells in the dorsolateral and lateral pontine nuclei on
both sides and greater numbers bilaterally in the
paramedian and peduncular divisions.

Lateral reticular nucleus (LRN)

LRN of the rabbit may be divided into parvo- and
magnocellular divisions and a smaller sub-trigeminal
region more rostrally (Walberg 1952). Three subjects
(3273, 32/7 and 32/8) had labelled cells bilaterally in
the LRN. The subtrigeminal resion was consistently
labelled in these three animals, with similar numbers
of cells on each side. In 32/7 and 32/8, labelled cells
were also found more caudally, mainly in the mag-
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Fig. 6. Series of transverse sections through
the entire pons of subjects 32/3 and 32/9 at
0.4 mm intervals from the most caudal level.
Each labelled cell is indicated.
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. dﬁ% <V subjects 32/7 and 32/8. Each labelled cell is
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Fig. 8. A scries of evenly spaced (0.84 mm) sections through the
brainstem of subject 32/7 from the most caudal level of the inferior
olive (see also Fig. 3 for fuller detail of olivary label) to the dorsal
cochlear nucleus. Each labelled cell is indicated.

Abbreviations. LRN - lateral reticular nucleus; NECu ~ external
cuneate nucleus; NRa — raphe nuclei; NSpT - spinal nucleus of the
trigeminal nerve; PCI - inferior cerebellar peduncle; VIN —
inferior vestibular nucileus; VMN ~ medial vestibular nucleus

nocellular division. In this region, the projection to
HVI was stronger on the ipsilateral side. 32/9 had
very few labelled cells in LRN.

Spinal nucleus of the trigeminal (NSpT)

Cells of the NSpT were consistently labelled in all
subjects. This projection to HVI was bilateral and
from the region corresponding to NSpT pars oralis of
Meesen and Olzewski (1949). The densest projection
was from the more rostral part of the nucleus.

Vestibular, raphe and reticular nuclei

A few labelled cells were found bilaterally in the
inferior vestibular nucleus (VIN) and the raphe
nuclei (NRa) and there was a sparse projection to
HVI bilaterally from reticular areas medial to LRN.

Discussion

The major efferent projection of cerebellar HVI is to
the interpositus nucleus. This is in agreement with
the sagittal zonation of the cerebellum identified by
Voogd (1969) and demonstrated in the corticonu-
clear projection of the rabbit by van Rossum (1969).
Using the Nauta-Gygax technique to identify
degenerating terminals following cortical lesions, van
Rossum found a paravermal strip C projecting to the
interpositus nucleus. These lesions were rather large,
so it was impossible to subdivide further zone C. In
cats, zone C is recognised as having three longitudi-
nal subdivisions — C1, C2 and C3 which lie medial to
lateral respectively. C1 and C3 project to the anterior
interpositus nucleus (AIP) and C2 projects to the
posterior interpositus nucleus (PIP) (Voogd and
Bigaré 1980). In two of our cases (32/7 and 32/8) there
were labelled terminals in both AIP and PIP but in
the other two (32/3 and 32/9) label was confined to
ATIP. This finding is consistent with the suggestion
that, in the rabbit, there were zones corresponding to
C1, C2 and C3 of the cat and that C2 escaped primary
label in two of our cases.

The most medial longitudinal zone A (Voogd
1969) projects to the fastigial nucleus in the rabbit
(van Rossum 1969) and in the cat (Voogd and Bigaré
1980). Lateral to A, a narrow zone B projects to the
lateral vestibular nucleus (Voogd 1969, van Rossum
1969). Recently, Ekerot and Larson (1979), using
electrophysiological techniques, found an additional
zone X between A and B in the anterior vermis of the
cat. The presence of this zone has been confirmed



anatomically (Voogd 1983). Both A and X project to
the fastigial nucleus but they differ in their connec-
tions from the olive.

The presence of terminal label in the posterior
part of the fastigial nucleus in subjects 32/7 and 32/8 is
consistent with the observed spread of primary label
into the vermis, at level =2 mm in 32/8 and at levels
~2.5 mm and -3 mm in 32/9. Although there was no
spread of primary label into vermis at the more
rostral levels in subject 32/9, surface features do not
accurately define a vermis/hemisphere border more
caudally, at levels —2.5 mm and beyond. It is likely
that the primary distribution of HRP has invaded a
vermian zone at this level in 32/9.

Only subject 32/8 had labelled terminals in the
lateral vestibular nucleus (VLN). These were at
levels -3 mm to -5 mm and were extremely sparse.
Our finding that label was either sparse or absent in
VLN is in agreement with the suggestion that zone B
is very narrow in lobule VI of the rabbit (van Rossum
1969).

The border between AIP and the dentate nucleus
(ND) of the rabbit is not readily apparent in normal
material (Ono and Kato 1938; van Rossum 1969) so
the labelled terminals which we observed in this
region may not be definitely ascribed. to either
nucleus. However, at its most rostral levels (see
Fig. 1,level -2.5 mm) ND is distinct and it contained
sparse terminal label in three subjects (32/3, 32/8 and
32/9) with primary injection sites which included
rostral HVI. This is consistent with the presence of
Voogd’s zone D in these more rostral levels, where
HVI extends most laterally.

The major projection of HVI is to AIP, hence
our lesions abolished NMR conditioning by destroy-
ing either of two stages in a necessary circuit (Yeo et
al. 1985a, b). The location of an effective lesion site
in AIP and the location of the densest terminal label
in the present study are very similar. So, a lesion or
cortical HVI is as effective in disrupting NMR
conditioning as is a lesion of AIP because the latter is
the major efferent target of HVI.

The sagittal zonation of the cerebellum is related
not only to corticonuclear connections but also to the
olivocerebellar projection (Armstrong et al. 1974;
Campbell and Armstrong 1983; Courville 1975;
Groenewegen and Voogd 1977; Groenewegen et al.
1979). Following the classical degeneration studies by
Brodal (1939, 1940) this olivocerebellar projection to
HVI has not been widely studied using the HRP
technique. Studies in the cat (Brodal and Kawamura
1980; Gould 1980; Kotchabhakdi et al. 1978; Rosina
and Provini 1982) report the retrograde transport of
HRP following injections which spread into lobulus
simplex (HVI) from crus 1 (HVII). Examples of the
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olivary projection to HVI in the rat (Bernard et al.
1984; Furber and Watson 1983) and in the opossum
(Linauts and Martin 1978) have also been reported.
The olivary projection in the rabbit is similar to that
of the rat, but there are not sufficiently distinct data
on lobulus simplex in the cat to make close compari-
sons.

The olivocerebellar projection to HVI in the
rabbit arises mainly from medial DAOQO, but also from
the medial parts of the rostral DAO and from the
adjacent medial part of the dorsal leaf of the PO.
This projection was particularly clearly seen in 32/3,
which had a purely hemispheral injection. It is
consistent with the olivocorticonuclear connections
int he cat, in which DAO projects to C1 and C3
cortical zones, which themselves project to AIP
(Groenewegen et al. 1979).

In the rabbit, the medial part of DAO is continu-
ous with the dorsal leaf of PO (Brodal 1940).
Labelled cells in this medial part of PO were found in
32/3 and 32/8 and'in the medial part of the ventral leaf
of PO in 32/8 and 32/9. It was these three subjects
which had terminal label in the dentate nucleus. So,
our findings are in agreement with those in the cat, in
which PO projects to the cortical D zone and this
projects to the dentate nucleus (Groenewegen et al.
1979). The distribution of primary label indicates that
the D zone is present at the more rostral levels of
HVI in the rabbit, where the lobule extends most
laterally (see Fig. 1).

Subjects 32/7 and 32/8, which had spread of
primary label into vermian VI, had an olivary projec-
tion from medial parts of the MAO. This projection
from MAO to zone A and thence to the fastigial
nucleus is consistent with that found in the cat. But
subject 32/9, which had a clear projection to the
fastigial nucleus, had no labelled cells in MAO. It
did, however, like all of the subjects in this study,
have a projection from DAO. This result is evidence
for the presence of cortical zone X in the rabbit since
in the cat, this zone receives an olivary input from
rostral DAO (Voogd 1983).

We found no projections from the dorsal cap of
PO, which is known to have visual connections (see
Ito 1984). But the medial part of MAO, where we
found labelled cells in 32/7 and 32/8 has an input from
deep layers of the superior colliculus in the cat (Saint-
Cyr and Courville 1982; Weber et al. 1978) and visual
responses have been recorded here (Gellman et al.
1983). Because we did not find this projection in
subject 32/3, with a purely hemispheral injection, it is
likely that this part of MAO contributes the climbing
fibre responses to visual stimulation which have been
recorded in the vermian visual area of lobule VI in
the cat (Buchtel et al. 1972). We may conclude that
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the olive does not supply visual information to HVI.
The distribution of auditorily respounsive cells in the
olive may be rather more widespread (Gellman et al.
1983), so it remains to be determined if auditory
information may reach HVI via the olive.

In the light of our lesion experiments with NMR
conditioning (Yeo et al. 1983a, b), the projection to
HVI from medial DAO is of particular interest. In
the cat this region of the olive responds to
somatosensory stimulation of the face (Gellman et al.
1984) and receives input from the spinal nucleus of
the trigeminal nerve (Berkley and Hand 1978). It is,
therefore, most likely that the climbing fibre
responses recorded in HVI of the cat to tactile
stimulation of the face or direct stimulation of the
trigeminal nerve (Miles and Wiesendanger 1975a, b)
arise from this region of the olive. In our condition-
ing rexperiments, the unconditional NM response is
elicited by stimulation of the periorbital region of the
face with a brief electrical shock. If the medial part of
the DAO contributes climbing fibres to HVI essen-
tial for the conditioning, then it is most likely that the
information it contributes is related to this shock
unconditional stimulus (US).

There are two likely sources of mossy fibre visual
information to HVI — caudal parts of the dorsolateral
and lateral pontine nuclei and nucleus reticularis
tegmenti pontis (NRTP). Both were labelled bilat-
erally with a contralateral preponderance. The dor-
solateral nucleus receives afferents from the superior
colliculus (Holstege and Collewijn 1984). In cats,
only the caudal pons receives input from the superior
and inferior colliculi (Kawamura 1975; Kawamura
and Brodal 1973); the rostral pons receives input
from visual areas of the cerebral cortex (Robinson et
al. 1984). This caudal pontine projection to HVI is,
therefore, consistent with findings that lesions of the
superior colliculus and/or pretectum abolish NMR
conditioning to a light CS (Skelton et al. 1984) but
decortication leaves NMR conditioning intact (Oak-
ley and Russell 1972, 1977). NRTP may also provide
visual or auditory input to HVI. It receives connec-
tions from the pretectum (Terasawa et al. 1979), the
superior colliculus (Kawamura et al. 1974) and the
inferior colliculus (Altman and Carpenter 1961).

The remaining projections to HVI may not be
crucial for NMR conditioning but this remains to be
determined. The strongly bilateral projection from
the spinal trigeminal nucleus — mainly from pars
oralis (Meesen and Olzewski 1949) — differs from the
strictly ipsilateral projection in the cat (Ikeda 1979;
Matsushita et al. 1982; Somana et al. 1980). But this
projection is clearly coincident with the face repre-
sentation on HVTI via olivary climbing fibres.

These findings are consistent with the suggestion

hat, during NMR conditioning, US-related informa-

tion is supplied to the cerebellum via climbing fibres
from the DAO and CS-related information via mossy
fibres, either from the basilar pontinenuclei or
NRTP. Other evidence provides additional support
for this idea. During NMR conditioning with a
bilaterally presented CS and a unilateral US, in
addition to the conditioning usually recorded ipsilat-
eral to the US,; there is also some weak, contralateral
conditioning (Disterhoft et al. 1977). It follows that
the US pathway must be strongly ipsilateral, but with
a weak contralateral component. Just such a condi-
tion exists for the olivary climbing fibre input to HVI.
Miles and Wiesendanger (1975a, b) recorded climb-
ing fibre responses in HVI of the cat, ipsilateral to
tactile stimulation of the face. In addition to the
ipsilateral climbing fibre response, they also found
responses in contralateral HVI when the stimulation
was stronger, using direct electrical stimulation of the
trigeminal nerve. Although the olive itself is strictly
contralateral in its input to cerebellum, the
trigemino-olivary projection is mainly contralateral,
but with a small ipsilateral component (Berkley and
Hand 1978). These findings further support the
suggestion that the olive supplies US information to
HVI. In principle, the US information could be
relayed direct to HVI via the mossy fibre afferents
from the spinal nucleus of the trigeminal nerve. But
this projection was seen to be strongly bilateral, and
so is a less likely source of the necessary US
information.

In our lesion experiments, conditioning was
established on the right side. After a cerebellar lesion
on the right side, further conditioning sessions
revealed that learning was abolished on the side of
the lesion and that there was no reacquisition. This is
in keeping with the known anatomy and physiology
of the cerebellum: each side of the cerebellum
influences the ipsilateral side of the body. However
in our experiments, subsequent conditioning on the
other, non-lesioned side, was more rapid than condi-
tioning in a completely naive animal. It is most
unlikely that this represents some sort of “transfer”
process, since the critical cerebellar region was now
damaged, and the cerebellum is, in any case, essen-
tially non-commissural. It is more likely that condi-
tioning proceeded rapidly because of the preexisting
weak trace, which had developed during earlier
training sessions on the contralateral side.

Our findings are consistent with the models of
cerebellar cortical function in motor learning prop-
osed by Marr (1969) and Albus (1971). They sug-
gested that mossy fibre information (CS) is modified,
at the level of the cortical Purkinje cell, under the



influence of the olivary climbing fibres (US). Other
interpretations are possible. It has been suggested
that the critical locus of conditioning is at the level of
the cerebellar nuclei’ (McCormick and Thompson
1984, Clark et al, 1984). It is known that climbing
fibres give collaterals to the nuclei (Eccles et al. 1967;
Matsushita and Ikeda 1970; Ikeda and Matsushita
1974; Courville et al. 1977; Groenewegen and Voogd
1977). Our lesions of HVI (Yeo et al. 1985b)
produced degeneration in DAO and may have
deprived the interpositus nucleus of collaterals sup-
plying possible US information. It is doubtful, how-
ever, whether there is a direct, non-cortical route for
CS information to the nuclei. The pontocerebellar
projection does not have a collateral to the nuclei
(Dietrichs et al. 1983), and though there is elec-
trophysiological evidence for a collateral from NRTP
(Tsukahara et al. 1983) this projection has not been
found with anatomical methods (McCrea et al. 1977).

Our findings support the Marr-Albus model of
conditioning at the cerebellar cortex. Further studies
will test these models and complete the characterisa-
tion of the essential circuitry for NMR conditioning.
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