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Summary. Cerebellar involvement in visceral and
affective responses is known from physiological and
behavioral studies, but the pathways involved in these
responses have remained enigmatic. Over the last ten
years neuroanatomical studies have shown that the
cerebellum and hypothalamus are interconnected by
direct hypothalamocerebellar and cerebellohypothalamic
projections and by a multitude of indirect pathways. The
hypothalamocerebellar projection terminates in the
cerebellar nuclei and in all layers of the cerebellar cortex
as multilayered fibres. This projection is, at least in part,
histaminergic. New immunocytochemical experiments
indicate that small numbers of hypothalamocerebellar
neurones may contain GABA- or glycine-like immuno-
reactivity. GABA may function as a transmitter in
hypothalamocerebellar fibres, probably in conjunction
with histamine, but it is not clear whether glycine may
also function as a transmitter or only serve metabolic
functions.

The bidirectional pathways between the cerebellum
and hypothalamus may be part of the circuits through
which the cerebellum participates in the modulation of a
variety of nonsomatic events. In addition, new
observations on patients with well localized cerebellar
lesions reveal simultaneous somatic and visceral
dysfunction. Recent research on direct hypothalamo-
cerebellar pathways and on other connections
between hypothalamus and cerebellum is reviewed. It
is hypothesized that the cerebellum may act as a
general modulator and coordinator of a wide range
of central nervous activities, somatic as well as non-
somatic.
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Introduction

It is well known that the cerebellum plays a
regulatory role in somatic motor activities and
equilibrium (see Brodal, 1981; Ito, 1984 for reviews).
However, a growing body of data implicates that the
cerebellum may also be involved in the control of
nonsomatic activities. Thus, following cerebellar
ablation or stimulation a multitude of visceral and
affective responses has been reported, e.g., cardio-
vascular and endocrinological changes, altered
respiration, intestinal motility and bladder tone, reduced
aggressiveness, mood changes and alerting reactions
(e.g., Moruzzi, 1940, 1950; Chambers, 1947; Dow and
Moruzzi, 1958; Berman et al., 1974; Martner, 1975;
Riklan et al., 1978; Del Bo, 1983a,b; Nakai et al., 1983;
Nisimura and Kawaguchi, 1984; Nisimura and
Watanabe, 1985; Chida et al., 1986; Williams et al.,
1986; Bradley et al., 1987, 1990; Supple and Leaton,
1990). The consensus has been that such responses were
mediated through brain stem reticular nuclei (Dow and
Moruzzi, 1958; Ban, 1964; Martner, 1975), but some
studies have shown that certain autonomic responses
evoked by cerebellar stimulation may be abolished by
precollicular decerebration or diencephalic coagulation
(Zanchetti and Zoccolini, 1954; Sawyer et al., 1961).
Similarly, Supple et al. (1988) found that behavioral
responses induced by hypothalamic lesions could be
moditied by medial cerebellar lesions. The fibre
connections involved in the cerebellar regulation of
these nonsomatic responses have long remained an
enigma. However, for the last ten years a series of
investigations have revealed a complex network of direct
and indirect pathways between hypothalamus and the
cerebellum. It is reasonable to believe that these circuits
may be directly involved in the modulation of non-
somatic activities. This report will summarize our
current knowledge, briefly present some recent data
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concerning these connections, and summarize
observations from two patients whose lesions and
subsequent clinical deficits bear directly on the topic at
hand.

The hypothalamocerebellar projection

A direct pathway from the hypothalamus to the
cerebellum was first demonstrated by retrograde
transport of wheat germ agglutinin-horseradish
peroxidase complex (WGA-HRP) in the cat (Dietrichs,
1984). Subsequent studies have revealed similar
projections in rat (ter Horst and Luiten, 1986; Ericson et
al., 1987; Dietrichs et al., 1992), tree shrew (Haines et
al., 1985), bushbaby (Dietrichs and Haines, 1984),
squirrel monkey (Haines and Dietrichs, 1984) and
Macaca (Haines et al., 1990). Results from studies in
turtle and clearnose skate may be taken to indicate the
presence of hypothalamocerebellar fibres also in these
species (Kiinzle, 1983; Smeets and Boord, 1985). The
hypothalamocerebellar projection is bilateral with an
ipsilateral preponderance (Fig. 1). It originates from
various hypothalamic nuclei and areas, but mainly from
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the lateral, dorsal and posterior hypothalamic areas and
the dorsomedial, ventromedial, supramammillary and
tuberomammillary nuclei (Dietrichs and Zheng, 1984
Haines and Dietrichs, 1987).

It appears from the above mentioned studies that the
number of hypothalamic neurones projecting to the
cerebellum may increase as one ascends the phylo-
genetic scale from rat through tree shrew, prosimian
primates and Saimiri to Macaca. In Macaca Haines et al.
(1990) found about 1100 retrogradely labelled cells in
the hypothalamus after an injection in the cerebellar
nuclei. It is certainly reasonable to suggest that direct
interconnections between the cerebellum and hypo-
thalamus exist in humans and that such connections may
be significant.

The trajectory of the hypothalamocerebellar fibres
has been investigated by anterograde transport of various
tracers (Dietrichs and Haines, 1985b; Dietrichs et al..
1985a; Haines et al., 1986; ter Horst and Luiten, 1986;
Haines and Dietrichs, 1987). It appears from these
studies that most of the descending axons course through
the periaqueductal and periventricular grey (Fig. 1).
They proceed from the periventricular grey around the

Hypothalamocerebellar
cortical fibers

Fig. 1. Semidiagrammatic
representation of the cerebellum,
hypothalamus and brainstem in the
sagittal plane showing the
hypothalamocerebellar projections
discussed in the text. Cell 1 shows a
projection to the cerebellar cortex with
collaterals to the cerebellar nuclei, cell
2 represents hypothalamic neurones
whose axons collateralize to the
cerebellum and spinal cord, and cell 3
is an example of hypothalamic
neurones projecting to cerebellar
structures and the amygdaloid
complex. Hypothalamocerebellar
projections are mainly uncrossed,
although a minor component enters
the contralateral cerebellum. Detail
from the cerebellar cortex (upper
right) shows how hypothalamo-
cerebellar cortical fibres terminate in
all layers of the cerebellar cortex as
multilayered fibres.

Cerebellar
cortex
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medialmost part of the brachium conjuntivum and
course into the cerebellar white matter. In addition, some
fibres may enter the cerebellum from the reticular
formation through brachium points (Haines et al., 1986).

Cerebellar cortical termination

The hypothalamocerebellar projection reaches all
regions of the cerebellar cortex, but the main terminal
areas appear to be the vermis and flocculus (Haines et
al.. 1986). We have shown that hypothalamocerebellar
fibres terminate in all layers of the cerebellar cortex (Fig.
| -detail; Dietrichs and Haines, 1985b; Haines et al.,
1986). Morphologically these fibres are neither mossy
fibres nor climbing fibres, but have been classified as a
third group of cerebellar cortical afferents, which we call
multilayered fibres (Dietrichs and Haines, 1985b; Haines
et al., 1986). Serotoninergic and noradrenergic afferents
to the cerebellar cortex also terminate in this pattern
(see, e.g., Hokfelt and Fuxe, 1969; Chu and Bloom,
1974; Chan-Palay, 1977; Takeuchi et al., 1982).
Therefore, the term multilayered fibres is broadly
applicable to all non-mossy and non-climbing fibre
afferents to the cerebellar cortex. On their course from
the folial white matter these fibres send branches to the
granular and Purkinje cell layers (Fig. 1-detail). At
various levels in the molecular layer these axons ramify,
many travel parallel to the long axes of the folia (Fig. 1-
detail). Although the ultrastructural features of these
terminals have not yet been determined, it is certain that
they form some type of functional synaptic contact.

Most likely all hypothalamocerebellar fibres
terminate as multilayered fibres. However, a few mossy
fibres were labelled in uvula and nodulus after large
hypothalamic tracer injections in squirrel monkey
(Haines et al., 1986). It is unclear whether these were
true hypothalamocerebellar fibres or cerebellar afferents
from nuclei bordering the hypothalamus (see Haines et
al., 1986 for details).

Cerebellar nuclear termination

Hypothalamocerebellar fibres to the cerebellar nuclei
(Fig. 1) have been demonstrated in studies using
anterograde transport of WGA-HRP after injections
in the hypothalamus (Dietrichs et al., 1985a)
and retrograde transport of various tracers after
injections and implantations in the cerebellar nuclei
(Dietrichs and Haines, 1985a, Dietrichs et al., 1985a,
1994a; Haines et al., 1990). The cerebellar nuclear
afferents originate within the same hypothalamic regions
that project to the cerebellar cortex. In the cat, the
hypothalamocerebellar nuclear projection reaches
mainly the ipsilateral fastigial and interposed nuclei,
but all cerebellar nuclei receive some afferents
from the hypothalamus (Dietrichs et al., 1994a).
Other experiments have given evidence for a strong
projection to the interposed nuclei in Macaca (Haines et
al., 1990).

Branching pattern of hypothalamocerebellar axons

The branching pattern of the hypothalamocerebellar
projection has been addressed in retrograde fluorescent
tracer studies (Fig. 1). Dietrichs and Zheng (1984)
showed that some hypothalamic neurones project both to
the cerebellar cortex and the spinal cord. In a triple
labelling study Dietrichs and Haines (1986) found that
other neurones project to the cerebellar cortex and
amygdala.

A special point of interest has been whether hypo-
thalamocerebellar cortical and nuclear fibres represent
two different projections, or are solely branches of the
same axons. In a recent study with depositions of one
fluorescent tracer in the cerebellar nuclei and another in
the overlying cerebellar cortex (Dietrichs et al., 1994a),
we found that at least 50% of the hypothalamocerebellar
nuclear fibres are branches from hypothalamocerebellar
cortical axons (Fig. 1). However, due to methodological
limitations this figure is undoubtedly low (Dietrichs et
al., 1994a). It is probable that most, if not all, hypo-
thalamocerebellar nuclear afferents are branches of
axons bound for the cerebellar cortex. In addition to
branches reaching the cerebellar cortex and nuclei, our
experiments have revealed a further ramification so that
many axons supply different parts of the cerebellar
cortex, e.g., homologous lobules on the ipsilateral side
and contralateral side.

Transmitters in hypothalamocerebellar fibres

Since some multilayered fibres contain noradrenaline
or serotonin (see above), these would seem to
be possible transmitter candidates in hypothalamo-
cerebellar fibres. Indeed, since after lateral hypothalamic
stimulation short latency responses in the cerebellar
cortex were diminished under chlorpromazin treatment,
Bratus and Yoltukhovsky (1986) concluded that
the hypothalamocerebellar fibres were adrenergic.
However, since the distribution of noradrenaline
and serotonin containing neurones in the hypothalamus
(see, e.g., Bjorklund and Nobin, 1973; Steinbusch, 1984)
does not correspond to the origin of the cerebellar
projection, these substances are probably not present
in hypothalamocerebellar fibres. Instead, recent
studies have given conclusive evidence that many
multilayered fibres are histaminergic (Airaksinen
and Panula, 1988; Inagaki et al., 1988; Airaksinen
et al., 1989; Panula et al., 1989). Furthermore, it appears
that these histaminergic fibres (e.g., Ericson et al.,
1987; Airaksinen and Panula, 1988; Airaksinen et
al., 1989) originate from those parts of the hypo-
thalamus that contain the greatest concentration
of retrogradely labelled cells subsequent to
cerebellar injections of WGA-HRP (e.g., Dietrichs,
1984; Dietrichs and Haines, 1984; Haines and Dietrichs,
1984; Haines et al., 1990). Also, the results by Bratus
and Yoltukhovsky (1986) would be in keeping with a
histaminergic projection, since chlorpromazin is also
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anti-histaminergic.

GABA and histamine appear to coexist in the
same hypothalamic neurones (Takeda et al., 1984).
Ottersen et al. (1987) have reported the presence
of numerous glycine-like immunoreactive fibres
in the baboon running horizontally in the transversal
plane just superficial to the Purkinje cell layer,
like multilayered fibres. The presence of glycine
releasing terminals in the cerebellum has been suggested
(Wiklund et al., 1982; Ottersen et al., 1988). Further
studies of possible GABA or glycine (perphaps
colocalized in histaminergic cells) in hypothalamo-
cerebellar fibres have not been carried out. We
have therefore recently performed some immuno-
cytochemical experiments to find out whether GABA
or glycine may also be found in hypothalamo-
cerebellar neurones. These results are summarized
below.

Immunocytochemical experiments

Four cats were used in experiments that combined
retrograde tracing and immunocytochemistry. In each of
these one of the following were injected into the
cerebellar cortex and nuclei: 5 ul of 4% rhodamine-B-
isothiocyanate (RITC), 7% Fast Blue, diluted rhodamine
labelled latex microspheres or 2% WGA-HRP. The
sections were incubated with GABA antiserum (GABA-
25) diluted 1:200 in buffered 1% swine serum or glycine
antiserum (Gly-31) diluted 1:100 in buffered 1% swine
serum. The antisera, kindly provided by Dr. Jon Storm-
Mathisen, were obtained from rabbits that had been
immunized with glycine or GABA coupled to a carrier
protein by means of glutaraldehyde (Storm-Mathisen et
al., 1983: see also Ottersen et al., 1987, 1988).
Specificity testing and processing were performed as
described by Ottersen and Storm-Mathisen (1984).

Fig. 2. Fluorescence photomicrographs from the lateral hypothalamic area in cat EPC 13 showing (A,C) neurones retrogradely labelled with RITC after
cerebellar injection (exposed with 530 nm light). B and D show the same parts of the section exposed with 490 nm light for fluorescein to reveal GABA-
like immunoreactivity. Note that one of the cells (arrow in B) shows no immunoreactivity, whereas the other cell (arrow in D) shows very faint staining.
c: capillary. Bar= 15 um; all same scale.
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The three cases injected with fluorescent tracers all
had a small number of retrogradely labelled hypo-
thalamocerebellar neurones. In sections incubated with
anti-GABA few cells in the posterior hypothalamus
showed strong immunoreactivity, whereas neuropil
labelling was dense in the entire region. Most of the
retrogradely labelled neurones stood out as negative
ghosts against the neuropil when examined for GABA-
like immunoreactivity (Fig. 2A,B). However, four
possible double labelled cells were found in the lateral
hypothalamic area. A photomicrograph of one of these
was shown by Dietrichs and Haines (1989; their Fig. 3).
A few other cells showed very faint immunoreactivity of
uncertain significance (Fig. 2C,D). Faint glycine-like
immunoreactivity was found in many cells, but very few
neurones showed strong immunoreactivity. None of the
latter cells were double labelled, but many retrogradely
labelled cells showed a weak glycine-like staining.

The cat injected with WGA-HRP had several hundred
retrogradely labelled cells in the hypothalamus. Cells
with GABA-like immunoreactivity were found scattered
in the tuberomammillary and supramammillary nuclei
and in the lateral, dorsal and posterior hypothalamic
areas, and just inside the borders of the medial
mammillary nucleus. Most of these cells showed only
weak immunoreactivity, and only few cells were
strongly labelled. None of the latter neurones were also
labelled with WGA-HRP, whereas about 30 cells with
weak GABA-like immunoreactivity were double
labelled (Fig. 3A). These were located in the above
mentioned nuclei and areas. Glycine-like immuno-
reactivity was found in most of the hypothalamic
neurones, but the staining was faint in the vast majority

“
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of these. None of the cells with strongest glycine-like
immunoreactivity were labelled with WGA-HRP, but a
high number of weakly stained cells in various parts of
the caudal hypothalamus were double labelled (Fig. 3B).

Different subpopulations?

These immunocytochemical results indicate that
some hypothalamocerebellar neurones contain glycine-
like immunoreactivity. However, since glycine may have
metabolic functions. the occurrence in a neurone of
glycine-like immunoreactivity can not be taken as
conclusive evidence that glycine is a transmitter in this
cell.

In our experiments few hypothalamocerebellar
neurones showed GABA-like immunoreactivity. Clearly,
the actual number of GABAergic neurones may be
higher since there may be false negatives. The reported
coexistence of histamine and GABA in hypothalamic
neurones and the previous demonstrations of
histaminergic hypothalamocerebellar neurones (sce
above), would lead to the assumption that some
cerebellar projecting hypothalamic cells should contain
GABA. On the other hand, it should also be stressed that
the occurrence of GABA-like immunoreactivity in a
neurone does not prove that GABA is the transmitter in
this cell. Nonetheless, cerebellar projecting neurones
seem to show a more widespread distribution within the
hypothalamus than do the histaminergic neurons (see,
e.g., Panula et al., 1984; Steinbusch and Mulder, 1984;
Watanabe et al., 1984). This is taken to indicate that
histamine and/or GABA may be transmitters in some,
but not all hypothalamic fibres.

Fig. 3. Bright field photomicrographs from cat EPC 17. A shows a neurone in the region of the tuberomammillary nucleus double labelled by WGA-HRP
retrogradely transported from the cerebellum (dark grains) and GABA-like immunoreactivity (arrowheads point to diffuse labelling of cytoplasm).
Immunoreactive labelling of nerve terminals is out of focus. B shows a neurone in the lateral hypothalamic area double labelled by WGA-HRP (dark
grains) and glycine-like immunoreactivity (arrowheads point to diffuse labelling of cytoplasm). Bar= 20 um; both same scale.
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When these data are taken into account, it seems
probable that subpopulations of hypothalamocerebellar
neurones with different transmitters may exist. One
could also speculate whether some of these neurones
used an excitatory amino acid transmitter. This has not
yet been clarified. but Dietrichs et al. (1992) in a recent
report failed to demonstrate a specific uptake mechanism
for excitatory amino acids.

Due to their unique morphology, and since no other
transmitters have been convincingly demonstrated, it is
tempting to speculate that all multilayered tibres are
monoaminergic. 1f so, histamine and possible dopamine
would most likely be the transmitters.

Recent reports have given evidence that some
multilayered fibres may contain dopamine (Wolters
et al., 1988; Panagopoulos et al., 1991), enkephalin
(King et al., 1987) or corticotropin-releasing factor
(Cummings, 1989; Mugnaini and Nelson, 1989). It is
still unclear which of these fibres may originate in the
hypothalamus.

Indirect hypothalamocerebellar pathways

The existence of indirect neuronal connections from
hypothalamus to the cerebellum has been proposed in
physiological studies. After hypothalamic stimulation
evoked potentials at various latencies have been
recorded from the cerebellar cortex (e.g., Ban, 1964,
Bratus and Yolthukovsky, 1986). However, the relay
nuclei for such indirect pathways long remained
unknown.

A series of different brain stem nuclei (Fig. 4) could
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act as potential relay stations for disynaptic and poly-
synaptic hypothalamocerebellar pathways. Thus. the
hypothalamus gives origin to descending fibres, e.g.. to
the periaqueductal grey, the raphe nuclei, the dorsal
motor vagal nucleus, the nucleus of the solitary tract,
area postrema, the parabrachial nuclei and parts of the
reticular formation proper (Veazey et al., 1982: Holstege,
1987). All these nuclei (Fig. 4) in turn project to the
cerebellum (Chan-Palay, 1977; Pierce et al., 1977;
Somana and Walberg, 1979a,b; Kotchabhakdi et al..
1980; Zheng et al., 1982; Dietrichs, 1983, 1988; Shapiro
and Miselis, 1985).

In a recent study lkai et al. (1992) found a
dopaminergic projection to the cerebellar cortex from the
ventral tegmental area. Since this region also receives
afferents from the hypothalamus (Cruce, 1977), a
hypothalamo-tegmento-cerebellar pathway should also
be considered (see Fig. 4).

In addition to these connections, hypothalamic
projections to some of the major precerebellar
relay nuclei have now been demonstrated (Fig. 4).
Both the inferior olive and the lateral reticular
nucleus appear to receive sparse projections from the
hypothalamus (Walberg, 1981; Dietrichs et al., 1985b),
and a strong projection from the mammillary body to the
pontine nuclei has been revealed (Aas and Brodal,
1988). The presence of a conspicuous hypothalamo-
ponto-cerebellar pathway has been verified in
experiments combining anterograde transport after
hypothalamic tracer depositions with retrograde
transport after cerebellar tracer depositions (Aas and
Brodal, 1989). Quantitatively, this indirect pathway

Fig. 4. Semidiagrammatic representation of the hypothalamus and
brainstem showing the distribution of those descending hypo-
thalamic fibres described in the text. Most, if not all, of those areas
receiving hypothalamic input project to, among other targets, the
cerebellar cortex and/or nuclei.
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appears to be stronger than the direct connection. A
topical arrangement has also been suggested. The
hypothalamo-ponto-cerebellar fibres appear to have their
main terminal area in lateral cerebellar regions, while the
direct pathway primarily reaches the vermis. The
posterior parts of the cerebellar hemispheres, especially
the ventral paraflocculus, receive indirect input mainly
from the medial mammillary nucleus, whereas the
intermediate and lateral parts of the cerebellar anterior
lobe receive such inputs from the dorsal, posterior and
lateral hypothalamic areas (Aas and Brodal, 1988, 1989).

The cerebellohypothalamic projection

Sparse termination in the posterior hypothalamus
after lesions in the cerebellum or brachium
conjunctivum was described in some early reports
(Wallenberg, 1905; Cohen et al., 1958; Jacobs, 1965:
Martin et al., 1974). Furthermore, Whiteside and Snider
(1953) after cerebellar stimulation recorded responses of
short latency in the posterior hypothalamus. In spite of
these observations, a possible cerebellohypothalamic
projection was not mentioned in most previous studies.

Subsequent to the demonstration of direct hypo-
thalamocerebellar fibres, we have also studied the
distribution of cerebellohypothalamic fibres (Fig. 5) in
cat (Dietrichs and Haines, 1985a), tree shrew (Haines et
al., 1985), bushbaby (Dietrichs and Haines, 1984),
squirrel monkey (Haines and Dietrichs, 1984: Haines et
al., 1984) and Macaca (Haines et al., 1990). These
investigations have revealed that all cerebellar nuclei
give rise to a chiefly crossed projection to the posterior,
dorsal and lateral hypothalamic areas and the dorso-
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medial nucleus (Fig. 5; see especially Haines et al.,
1990).

The cerebellohypothalamic fibres appear to follow
the route taken by cerebellothalamic fibres into the
contralateral diencephalon, where they exit the main
bundle and filter ventrally into the hypothalamus (Fig.
5). A relatively small proportion of these fibres appear to
recross the midline (Fig. 5) to reach homologous parts of
the ipsilateral hypothalamus (Dietrichs and Haines,
1985a; Haines et al., 1990). It remains for future studies
to determine whether these direct cerebellohypothalamic
fibres are a unique projection of their own, collaterals of
cerebellothalamic axons, or a combination of these two
patterns. The latter is the most likely situation (see
Haines et al.. 1985).

The cerebellohypothalamic projection shows a
conspicuous contralateral preponderance, while the
hypothalamocerebellar connection is mainly uncrossed.
In spite of these patterns, there appears to be some
degree of reciprocity. Thus, after depositions of WGA-
HRP into the hypothalamus, some retrogradely labelled
neurones in the cerebellar nuclei are surrounded by
anterogradely labelled presumably terminal fibres
(Dietrichs and Haines, 1985a; Dietrichs et al., 1985a),
and similar observations are made in the hypothalamus
after cerebellar nuclear tracer depositions (Dietrichs and
Haines, 1984: Haines and Dietrichs, 1984; Haines et al.,
1985, 1990).

Indirect cerebellohypothalamic pathways

In addition to short latency responses (see above),
Whiteside and Snider (1953) also recorded medium and

Fig. 5. Semidiagrammatic representation of the
cerebellum and the hypothalamus in the sagittal plane
showing the trajectory of cerebellohypothalamic axons
as described in the text. These fibres cross in the
decussation of the superior cerebellar peduncle.
Although most appear to end contralateral to their origin,
a few recross in the caudal hypothalamus to end
ipsilaterally.
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long latency responses from the hypothalamus after
cerebellar stimulation. Thus, it is reasonable to assume
that both disynaptic and multisynaptic hypothalamo-
cerebellar pathways exist. Certain parts of the reticular
formation proper are potential relay stations for
disynaptic connections (see especially Del Bo and
Rosina, 1986). In their double labelling study Del Bo
and Rosina (1986) also found evidence for hypothalamo-
cerebellar relays in the nucleus locus coeruleus and
parabrachial nucleus. The presence of cerebellar
efferents to the locus coeruleus complex has been
disputed (see Dietrichs, 1988 for details), but species
differences may exist. It appears that in some species
axons from Purkinje cells in the posterior lobe vermis
may reach these nuclei (Haines, 1975; Paton et al.,
1991).

Functions of the hypothalamocerebeliar circuits

Questions about the exact functions of the direct and
indirect bidirectional pathways between the hypo-
thalamus and cerebellum have remained unanswered,
but several theories have been forwarded. First, it is well
known that the cerebellum may be involved in the
regulation of nonsomatic responses (see Introduction).
Clearly, many such responses may be mediated directly
through cerebellar influence on lower brain stem visceral
centres, e.g., the paramedian reticular nucleus, nucleus
parasolitarius, nucleus tractus solitarii and the para-
brachial nuclei (Miura and Reis, 1969; Person et al.,
1986; Paton and Spyer, 1992). However, since some of
the autonomic responses seen after cerebellar
manipulation are abolished by mesencephalic or
diencephalic lesions (see Introduction), certain circuits
involved in this aspect of cerebellar function must reach,
at least, diencephalic levels. The cerebellum also appears
to play a role in emotions such as fear, and the neuronal
basis for this may be pathways to and from the reticular
formation. the limbic system and the hypothalamus
(Lalonde and Botez, 1990). It therefore seems
reasonable to suggest that a system of interconnections
between the cerebellum and hypothalamus represents a
substrate through which the cerebellum may modulate/
control a wide range of nonsomatic functions.

Another possibility is that the hypothalamocerebellar
circuits only participate in motor control. Previous
studies have shown that some parts of the hypothalamus,
¢.g., the lateral hypothalamic area, are involved in motor
activities (Gladfelter and Brobeck, 1962; Wayner et al.,
1981; Sinnamon et al., 1987). However, this possibility
seems less likely because of the special morphological
and chemical properties of the direct hypothalamo-
cerebellar pathway.

Most likely, the direct and indirect connections
between the cerebellum and various higher centres
including the hypothalamus represent systems through
which the cerebellum may receive and coordinate
various types of information. It appears that the
cerebellum may mediate a modality-specific modulation

of sensory responses (Crispino and Bullock, 1984).
Leiner et al. (1986, 1993) have further suggested that the
cerebellum may contribute to mental skills. The
cerebellum may not only play a role in learning
of simple motor responses, but also be involved in
learning of cognitive behaviours, spatial learning and
discriminative learning (Lalonde and Botez, 1990). Aas
and Brodal (1988, 1989) have suggested that the
quantitatively important mammillo-ponto-cerebellar
pathway may convey a motivational influence upon the
initiation of, or learning of, movements, and that it may
supply the cerebellum with information related to spatial
memory and assist the planning and performance of
spatially directed movements.

We have hypothesized that the cerebellum may
be the primary brain centre responsible for integrating
and coordinating information from various somato-
motor, somatosensory, special sense and visceral
systems to produce a coordinated response (Haines
and Dietrichs, 1989). One example could be the
visceral responses seen during locomotion. Clearly,
these responses may be mediated via different
systems, but the systems described here represent
one alternative. The cerebellar nuclei may receive
proprioceptive input through collaterals of spino-
cerebellar fibres or other cerebellar afferents. This
information may be relayed to the hypothalamus
and other visceral brain stem centres through direct
and indirect pathways. They may, in a feedforward
manner, prepare for an increased demand to the
visceral motor system during somatic motor activity.
Similarly, during sustained somatic motor activity the
visceral responses could be continuously adjusted to
demand in a feedback manner (Haines and Dietrichs,
1989).

Other phenomena, indicative of visceromotor
interaction, may be mediated through hypothalamo-
cerebellar and cerebellohypothalamic circuits. These
include affectional and/or emotional influence on
movement control and balance, or vice versa. One
puzzling question, however, is why visceral dysfunction
and emotional changes are rarely seen in patients with
cerebellar lesions. Such a lack of symptoms could argue
against a cerebellar role in nonsomatic control of
viscerosomatic integration. Two factors come into play
regarding this specific point. First, the brain exhibits a
remarkable degree of compensation (plasticity?)
subsequent to chronic cerebellar lesions. Even though
different manifestations of ataxia dominate the clinical
picture after cerebellar damage, conspicuous affective
responses have been reported after cerebellar surgery
and eléctrical stimulation in humans (see Riklan et al..
1978; van Buren et al., 1978). Second, many lesions in
the cerebellum produce general increases in intracranial
pressure or result in direct pressure on the pons and/or
medulla oblongata. Although these patients may exhibit
some visceral deficits, it is impossible to determine if the
visceral dysfunctions are related to the cerebellar lesion
or to affection of brainstem visceral centres.
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Preliminary clinical observations

We have recently seen two patients (one in Oslo, one
in Jackson) with well localized (on MRI) vascular
lesions in the cerebellum (Dietrichs et al., 1994b; Haines
et al.,, 1994). In both patients there was no evidence of
other CNS pathology and no evidence of increased
intracranial pressure or displacement of cerebellar or
brainstem structures. The first patient (male, 60 years
old) had a small hematoma about 1 ¢cm in diameter in the
left fastigial nucleus and adjacent white matter. He
exhibited severe gait ataxia, bradycardia and hypo-
ventilation. While his gait improved and his respiration
returned to normal, the bradycardia persisted. The
second patient (male, 73 years old) also had a left side
cerebellar hematoma which involved parts of the
anterior lobe cortex, rostral parts of the dentate,
emboliform and probably fastigial nucleus, and adjacent
parts of the brachium conjunctivum. He exhibited
profound intention tremor in the left arm and leg.
Concurrent with the intention tremor this patient had a
pronounced flushing over his face and complained of
feeling very hot. This visceral motor response/perception
did not appear before or after the intention tremor, but
only during the abnormal somatic motor movements.
Those disrupted cerebellar circuits that account for the
somatic tremor simultaneously produced abnormal
visceral motor responses (Haines et al., 1994).
Interestingly enough, this second patient also exhibited
an obvious affective response (pathological laughter)
that also appeared concurrent with the somatic and
visceral signs (Doorenbos et al., 1993).

In both these patients a single lesion produced
simultaneous somatic and visceral motor dysfunction.
These observations support the hypothesis (see Haines
and Dietrichs, 1989) that the cerebellum actively
regulates visceral functions via the direct and indirect
interconnections between the hypothalamus and
cerebellum as described above. Furthermore, this takes
place simultaneously with the cerebellar regulation of
somatic motor activity.

Concluding remarks

Together with the results from numerous
experimental studies (see Introduction), our own and
other clinical observations indicate that the cerebellum is
involved not only in motor control, but also in the
regulation of various visceral and affective responses.
The finding that the direct hypothalamocerebellar
pathway is at least partly histaminergic (see especially
Airaksinen et al., 1989; Dietrichs et al., 1992), and that
it, like other monaminergic afferents, terminate as multi-
layered fibres (Dietrichs and Haines, 1985b; Haines
et al.,, 1986), may be taken to support the notion that
this connection has a broader regulatory role. The
histaminergic system have been reported to regulate
various activities, such as arousal state, brain energy
metabolism, locomotor activity, neuroendocrine,

autonomic and vestibular functions, drinking, sexual
behavior and analgesia (Wada et al., 1991). Pollard and
Schwartz (1987) have suggested that histaminergic
neurones do not transmit discrete sensorimotor
information, but instead modulate the sensitivity of
target neurones to more discrete inputs. Together with
the other direct and indirect bidirectional pathways
between the cerebellum and various nonsomatic centres,
the circuits between hypothalamus and the cerebellum
thus may be part of a system enabling the cerebellum to
act as a general modulator and coordinator of a wide
variety of central nervous activities, somatic as well as
nonsomatic.
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