
Italian Journal of Anatomy and Embryology 128(2): 113-123, 2024

Firenze University Press 
www.fupress.com/ijae

ISSN 1122-6714 (print) | ISSN 2038-5129 (online) | DOI: 10.36253/ijae-15756 

ITALIAN JOURNAL OF
ANATOMY AND EMBRYOLOGY

Citation: Benagiano, V., & Rizzi, A. 
(2024). Autonomic functions of the cere-
bellum: Anatomical bases and clinical 
implications. Italian Journal of Anato-
my and Embryology 128(2): 113-123. htt-
ps://doi.org/10.36253/ijae-15756 

© 2024 Author(s). This is an open 
access, peer-reviewed article pub-
lished by Firenze University Press 
(https://www.fupress.com) and distrib-
uted, except where otherwise noted, 
under the terms of the CC BY 4.0 
License for content and CC0 1.0 Uni-
versal for metadata.

Data Availability Statement: All rel-
evant data are within the paper and its 
Supporting Information files.

Competing Interests: The Author(s) 
declare(s) no conflict of interest.

Autonomic functions of the cerebellum: 
Anatomical bases and clinical implications

Vincenzo Benagiano*, Anna Rizzi

Dipartimento di Biomedicina Traslazionale e Neuroscienze, Università di Bari ‘Aldo 
Moro’, Bari, Italy
*Corresponding author. E-mail: vincenzo.benagiano@uniba.it

Abstract. Traditionally, the cerebellum is viewed as a center for integrating vestibular 
and general proprioceptive sensory, enabling the processing of somatic motor respons-
es essential for maintaining balance and posture. Moreover, the cerebellum regulates 
higher motor functions of the neocortex, which involve motor planning and coordina-
tion of movements, as well as nonmotor functions related to cognition and affectiv-
ity. In recent years, several studies have suggested that the cerebellum may play a role 
in regulating visceral functions. Although the specific neural pathways through which 
these visceral functions are mediated remain unclear, anatomical evidence to support 
these functions has been supplied by the detection of a feedback circuit that connects 
bidirectionally the cerebellum and the hypothalamus, the primary integrative center of 
the autonomic nervous system. This hypothalamocerebellar circuit strongly supports 
the idea of the cerebellum as a center of the autonomic nervous system.

Keyword:	 Cerebellum, Hypothalamus, Hypothalamocerebellar circuit, Autonomic 
nervous system.

1. BACKGROUND

1.1. The Cerebellum as a Center of the Somatic Nervous System

The publication of the influential work The Cerebellum as a Neuronal 
Machine by John C. Eccles, Masao Ito, and Janos Szentagothai in 1967 estab-
lished the foundations for understanding the anatomy, physiology, patho-
physiology, and clinical aspects of the cerebellum. A series of neuroscience 
studies conducted in subsequent years have widely validated the findings 
reported in this pivotal study and have led to the modern views according 
to which the cerebellum is considered to play a crucial role in integrating 
vestibular and general proprioceptive sensory and regulating the activity of 
the motor areas of the neocortex. The cerebellum is functionally divided into 
three regions: the vestibulocerebellum, spinocerebellum, and cerebrocerebellum 
(also known as pontocerebellum) (Table 1).

This functional subdivision is reflected in the anatomical subdivision of 
the cerebellum (Figure 1). In fact, the vestibulocerebellum substantially cor-
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responds to the flocculonodular lobe, the spinocerebel-
lum comprises a significant portion of the anterior lobe 
and a portion vermis in the middle lobe, and the cere-
brocerebellum includes most of the middle (or posterior) 
lobe along with portions of the hemispheres in the ante-
rior lobe (Ito, 1984; Berry et al., 1995; Voogd and Glick-
stein, 1998; Fitzpatrick, 2004; Brodal, 2016; Unverdi et 
al., 2024). Interestingly, these functional and anatomi-
cal subdivisions also have phylogenetic significance. 
The vestibulocerebellum is the phylogenetically oldest 
region, known as the archicerebellum; the spinocerebel-
lum occupies an intermediate position from a phyloge-
netic point of view, referred to as the paleocerebellum; 
and the cerebrocerebellum represents the most recent 
phylogenetically region, termed the neocerebellum (Ber-
ry et al., 1995).

The vestibulocerebellum and spinocerebellum, espe-
cially through the fastigial nucleus and the globose and 
emboliform nuclei respectively, control various cent-
ers of the somatic motor system, including the vestibu-
lar nuclei, midbrain tectum, magnocellular red nucleus, 
and some neuronal groups in the reticular formation 
(Table 1). Through these centers, the vestibulocerebellum 
and spinocerebellum regulate the activity of brainstem 
and spinal somatic motor neurons, which are directly 
responsible for the contraction of striated muscle fib-
ers. This regulation is crucial for maintaining muscle 
tone and executing automatic somatic movements. Con-
sequently, both the vestibulocerebellum and spinocer-
ebellum play an essential role in controlling balance, 
posture, walking, and gaze (Ito, 1984; Berry et al., 1995; 
Voogd and Glickstein, 1998; Ghez and Thach, 2000; 
Hook and Mugnaini, 2003; Fitzpatrick, 2004; Voogd and 
Ruigrok, 2012; Brodal, 2016).

The cerebrocerebellum is part of the cerebrocerebel-
lar circuit, which is a feedback or loop circuit establish-
ing a two-way connection between the neocortex and 

the cerebrocerebellum. The circuit consists of a descend-
ing limb that originates from the neocortex and projects, 
via the basilar pontine nuclei, onto the cortex of the cer-
ebrocerebellum; and an ascending limb that originates 
from the cerebrocerebellum, especially from the den-
tate nucleus, and selectively projects, via the thalamus 
(ventrolateral nuclear complex), onto the motor areas of 
the neocortex. This circuit is involved in regulating the 

Table 1. Functional subdivision of the cerebellum: main afferents and efferents.

Afferents Efferents

Vestibulocerebellum ·	 Vestibulocerebellar tract
·	 Olivocerebellar tract

·	 Cerebellovestibular tract
·	 Cerebelloolivay tract

Spinocerebellum ·	 Posterior spinocerebellar tract
·	 Anterior spinocerebellar tract
·	 Cuneocerebellar tract
·	 Reticulocerebellar tracts
·	 Trigeminocerebellar tracts
·	 Olivocerebellar tract

·	 Cerebellotectal tract
·	 Cerebellorubral tract
·	 Cerebelloreticular tracts
·	 Cerebelloolivay tract

Cerebrocerebellum ·	 Pontocerebellar tracts
·	 Reticulocerebellar tracts
·	 Olivocerebellar tract

·	 Cerebellothalamic tract
·	 Cerebelloreticular tracts
·	 Cerebelloolivay tract

Figure 1. Anatomical subdivisions of the human cerebellum. Dia-
gram showing the lobes and lobules of unfolded cerebellum. The 
lobules of the vermis and the right hemisphere of the right side are 
named according to the classic anatomical nomenclature and to the 
Larsell’s nomenclature (Roman numerals from I to X); the hori-
zontal fissure is marked in red. The anatomical of the cerebellum 
subdivision into three lobes largely corresponds to the functional 
subdivision of the cerebellum: the vestibulocerebellum relates to the 
flocculonodular lobe, the spinocerebellum, to the anterior lobe, and 
the cerebrocerebellum, to the middle lobe.
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activity of neocortical areas responsible for planning 
complex spatial and temporal sequences of movements 
as well as executing voluntary movements that require 
high precision and coordination (Kelly and Strick, 2003; 
Schmahmann et al., 2004; Fitzpatrick, 2004; Schmah-
mann and Pandya, 1997a, b; Voogd and Ruigrok, 2012).

Numerous clinical studies have evidenced that cer-
ebellar disorders can be associated with specific clinical 
symptoms that present a correlation with the anatomi-
cal and functional subdivisions of the cerebellum, even 
if these symptoms may occur in various combinations. 
In summary, vestibulocerebellar disorders are primar-
ily associated with vestibular symptoms, such as bal-
ance defects, dizziness, and nystagmus. Spinocerebel-
lar disorders mainly involve somatic motor symptoms, 
including disturbances in muscle tone (hypotonia), 
posture, and gaze issues, as well as difficulties in per-
forming rapid alternating movements (dysdiadochoki-
nesia). Cerebrocerebellar disorders are characterized by 
motor symptoms resulting from functional deficits in 
the motor areas of the neocortex. These clinically occur 
with impairments in executing coordinated and syner-
gistic movements (motor ataxia). This provokes disorders 
of voluntary movements, including walking, praxias, 
speech articulation, and oculomotion; inability to exe-
cute movements that require high precision during their 
execution, typified by undershooting or overshooting 
the intended position with the hand, arm, or leg (dysme-
tria); appearance of tremor during voluntary movements 
(intention tremor) (Koeppen 2018; Manto et al., 2022; 
Ataullah et al., 2024).

1.2. The Cerebellum as a Center of the Psychic System

More recent research has shown that the cerebrocer-
ebellum plays a crucial role in regulating functions 
played by nonmotor areas of the neocortex (Strick et al., 
2009; Timman et al., 2010; Grimaldi and Manto, 2012; 
Benagiano et al., 2018). The anatomical bases for these 
nonmotor functions of the cerebrocerebellum lie in the 
organization of the cerebrocerebellar circuit into dis-
tinct channels (or subcircuits). Each channel includes a 
descending limb that originates from a specific nonmo-
tor area of the neocortex and projects onto an anatomi-
cally and functionally related region of the cerebrocer-
ebellum; and an ascending limb that starts in the cere-
brocerebellum (especially from the dentate nucleus) and 
projects back onto the same cortical area from which 
the descending limb originated. Therefore, while the tra-
ditional view of the cerebrocerebellar circuit primarily 
focuses on the motor channel, the new views postulate 
the existence of nonmotor channels, including the sen-

sory, associative, and limbic channel. These channels 
establish bidirectional connections between the neocor-
tex of sensory associative and limbic areas and related 
regions of the cerebrocerebellum (Schmahmann and 
Pandya, 1991, 1993, 1995, 1997a, b; Clower et al., 2001; 
Middleton and Strick, 2001; Dum and Strick, 2003; Kel-
ly and Strick, 2003; Ramnani et al., 2006; Akkal et al., 
2007; Leergaard and Bjaalie, 2007).

The presence of distinct channels throughout the 
cerebrocerebellar circuit has been confirmed by stud-
ies carried out with diffusion tensor tractography tech-
niques. These studies have revealed that the tracts in the 
descending limb (neocorticopontine and pontocerebel-
lar tracts) and those in the ascending limb (cerebello-
thalamic and thalamocortical tracts) are organized into 
separate, anatomically distinct fascicles. Each of these 
fascicles connects a specific area of the neocortex with 
a corresponding region in the cerebrocerebellum (Gran-
ziera et al., 2009; Kamali et al., 2010; Kwon et al., 2011; 
Keser et al., 2015; Palesi et al., 2015).

These observations have provided the anatomical 
bases for findings from experimental, neuropsychologi-
cal, and clinical studies, indicating that lesions selec-
tively localized in a specific region of the cerebrocerebel-
lum can disrupt a particular channel and be associated 
with specific nonmotor disorders. The resulting cere-
brocerebellar syndromes can influence cognitive func-
tions, leading to conditions like cognitive ataxia, which 
affects sensory perceptions, learning, memory, language, 
and ideation (Appollonio et al., 1993; Leiner et al., 1993; 
Topka et al., 1993; Daum et al., 1993; Akshoomoff and 
Courchesne, 1994; Silveri and Misciagna, 2000; Got-
twald et al., 2004; Schmahmann et al., 2007a, b; Tim-
man and Daum, 2010). Alternatively, the syndromes can 
impact affective functions, leading to affective ataxia, 
which concerns the adequacy of mood, balance of emo-
tions and feelings, and appropriateness of behavior (Ho 
et al., 2004; Schmahmann et al., 2007a,b; Tavano et al., 
2007; Hoppenbrouwers et al. 2008; Moreno-Lopez et al 
2015; Carta et al 2019).

Finally, in cases of neurodevelopmental disorders of 
the cerebrocerebellum, clinical and behavioral studies 
have described, in addition to motor ataxia, deficits in 
learning and concentration classifiable as autism spec-
trum disorders (Courchesne, 1997; Muratori et al., 2001; 
Jones et al., 2002; Steinlin, 2008; Bolduc and Limperopol-
ous, 2009; Bolduc et al., 2012; Becker and Stoodley, 2013).

The Cerebellar Cognitive Affective Syndrome (CCAS) 
is a complex clinical syndrome characterized by various 
symptoms, including disorientation in space and time, 
difficulty in concentrating (hypoprosexia), challenges 
in solving logical problems, and deficits in generating, 
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developing, and communicating ideas; patients with 
CCAS also exhibit inadequate emotional expressions and 
personality changes. The diverse symptoms associated 
with CCAS have been linked to dysfunction affecting 
the different cerebrocerebellar channels (Schmahmann 
and Sherman, 1998).

Studies using functional magnetic resonance imag-
ing (fMRI) have shown continuous activation of the cer-
ebrocerebellar lobes while performing working memory 
tasks. This has suggested that the cerebrocerebellum and 
its connections with various areas of the neocortex play 
a crucial role in learning and memory processes (Chen 
and Desmond, 2005; Marvel and Desmond, 2010; von 
der Gablentz et al., 2015; Peterburs & Desmond, 2016; 
Brissenden et al., 2021).

1.3. The Cerebellum as a Center of the Autonomic Nervous 
System

Experimental studies and clinical observations have 
suggested that the cerebellum plays a role in regulating 
various visceral functions (Reis and Golanov, 1997; Xu 
and Frazier, 2000; Colombel et al., 2002; Dietrichs and 
Haines, 2002; Zhu et al., 2004; Peng et al., 2006; Zhu 
and Wang, 2008; Cao et al., 2015).

While the idea of the cerebellum acting as a regula-
tory center for the autonomic nervous system has been 
proposed for several years, research on the anatomical 
bases for this function has been surprisingly limited and 
the available information is scarce and incomplete. 

The present review aimed to assess the current 
understanding of the cerebellum as a regulatory center 
for visceral functions. Particular attention was paid to 
exploring whether the somatic, psychic, and autonomic 
functions of the cerebellum influence one another and 
what the consequences of these interactions may be.

2. HYPOTHALAMOCEREBELLAR CIRCUIT

The anatomical bases for the role of the cerebellum 
as a regulatory center of the autonomic nervous system 
could be supported by the demonstration of the hypo-
thalamocerebellar circuit. This is a feedback circuit that 
bidirectionally connects the hypothalamus, the main 
regulatory center of visceral functions, and the cerebel-
lum (Haines et al., 1997; Zhu et al., 2006; Sakakibara, 
2018; Rizzi et al., 2020; Urbini et al., 2023).

Similar to the cerebrocerebellar circuit, the hypo-
thalamocerebellar circuit is composed of a descending 
and an ascending limb. The descending limb includes a 
direct and an indirect pathway (Figure 2).

2.1. Direct Hypothalamocerebellar Pathway

The direct hypothalamocerebellar pathway connects 
the hypothalamus and cerebellum directly and bidirec-
tionally (Benagiano et al., 2018; Rizzi et al., 2020).

Descending limb: hypothalamocerebellar fibers (Fig-
ure 2A). Anatomical studies carried out on experimental 
animals have shown that the descending limb consists 
of direct hypothalamocerebellar fibers originating from 
neurons in various hypothalamic nuclei. These nuclei 
include the preoptic, ventromedial, dorsomedial, medial 
mamillary, and tuberomamillary nucleus. To a lesser 
extent, hypothalamocerebellar neurons have also been 
detected in the suprachiasmatic, posterior, paraventricu-

Figure 2. Hypothalamocerebellar circuit: A. descending limb; B. 
ascending limb. The diagram illustrates both the direct and indirect 
pathways of the circuit. The hypothalamic nuclei putatively at the 
origin of hypothalamocerebellar, hypothalamoreticular, and hypo-
thalamopontine fibers include the preoptic, ventromedial, dorso-
medial, medial mamillary, and tuberomamillary nucleus. Abbre-
viations: BPN: basilar pontine nucleus; CC: cerebellar cortex; CN: 
cerebellar nucleus; H: hypothalamus; RF: reticular formation.
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lar, and arcuate nucleus (Dietrichs and Haines, 1984; 
Haines and Dietrichs, 1984). The hypothalamocerebellar 
fibers descend to the midbrain tegmentum and preva-
lently enter the homolateral superior cerebellar peduncle, 
reaching the central core of the white matter in the cer-
ebellum. Here, they send collaterals to all the cerebellar 
nuclei and ultimately radiate towards the cortex of all 
the cerebellar lobes (Dietrichs and Haines, 1984; Haines 
and Dietrichs, 1984; Supple, 1993; Dietrichs et al., 1994; 
Haas and Panula, 2003; Haas et al., 2008).

Microscopic observations have revealed that the 
hypothalamocerebellar fibers terminate in all layers of 
the cerebellar cortex, multilayered fibers, possibly syn-
apsing on various types of corticocerebellar neurons 
(Panula et al., 1993; Li et al., 2014). Consequently, it has 
been proposed to consider the multilayered fibers as 
a third type of afferent fibers to the cerebellar cortex, 
alongside the well-known mossy and climbing fibers 
(Haines et al., 1997).

Immunocytochemical studies have shown that the 
terminals of the multilayered fibers are immunoreac-
tive for histamine and use it as a chemical neurotrans-
mitter (Airaksinen et al., 1988; Panula et al., 1993; Li 
et al., 1999; Rizzi et al., 2019). Accordingly, histamine 
receptors (H-receptors) have been detected in the cer-
ebellar cortex of various species of mammals, using 
autoradiographic, immunocytochemical, and in situ 
hybridization techniques. Specifically, H-1 receptors 
have been found in all the cortical layers, located on 
the parallel fibers (Rotter and Frostholm, 1986; Traif-
fort et al., 1994); H-2 receptors have been detected in 
the Purkinje neuron layer, on the Purkinje neuron 
bodies and preaxons, and granular layer, on the gran-
ule dendrites (Vizuete et al., 1997); H-3 receptors have 
been detected in the Purkinje neuron layer only (Cha-
zot et al., 2001; Pillot et al., 2002), and have been visu-
alized in the human cerebellum by positron emission 
tomography (PET) (Ashworth et al., 2010). In vitro 
studies have shown that histaminergic terminals have 
excitatory effects on H-1 and H-2 receptors expressed 
by granules (Li et al., 1999), and on H-2 receptors 
expressed by Purkinje neurons (Tian et al., 2000).

Histamine-containing neurons have been demon-
strated in some hypothalamic nuclei, primarily in the 
tuberomamillary nucleus, and to a lesser extent, the 
ventromedial, dorsomedial, and paraventricular nucle-
us (Brown et al., 2001; Haas & Panula, 2003; Haas et 
al., 2008). It is noteworthy that these nuclei also con-
tain the neurons at the origin of the hypothalamocer-
ebellar fibers.

Ascending limb: cerebellohypothalamic fibers (Fig-
ure 2B). The excitatory signals sent by the histamin-

ergic terminals of the multilayered fibers activate the 
Purkinje neurons either directly or indirectly. These 
neurons serve as the source of output from the cerebel-
lar cortex, sending corticonuclear fibers to the neurons 
located in all the cerebellar nuclei (Ito, 1984; Berry et al., 
1995; Voogd and Glickstein, 1998). It is well known that 
the outputs from Purkinje neurons to the nuclear neu-
rons are inhibitory and use GABA as a neurotransmitter 
(Benagiano et al., 2000, 2001).

Anatomical studies using anterograde and retro-
grade tract-tracing techniques, along with physiologi-
cal studies based on electrophysiology techniques, have 
identified the cerebellohypothalamic fibers. These fib-
ers originate from neurons located in all the cerebellar 
nuclei, primarily the fastigium and interpositus nucle-
us. They travel through the superior cerebellar pedun-
cle, midbrain tegmentum, and into the hypothalamus 
(Dietrichs and Haines, 1984; Haines and Dietrichs, 1984; 
Wang et al., 1997; Cavdar et al., 2001a, b). Most of the 
cerebellohypothalamic fibers cross at the decussation of 
the midbrain tegmentum, and reach the contralateral 
hypothalamus, differently from the hypothalamocer-
ebellar fibers, which establish homolateral connections 
(Lemaire et al., 2011). These fibers project onto hypo-
thalamic nuclei that correspond largely to those at the 
origin of the descending limb, including the ventrome-
dial, dorsomedial, and tuberomamillary nucleus (Wang 
et al., 1997; Cavdar et al., 2001a, b). The effects of the 
cerebellohypothalamic fibers on hypothalamic neurons 
can be of excitatory type, mediated by glutamate (Lu et 
al., 2012; Cao et al., 2015), or, more rarely, of inhibitory 
type, mediated by GABA (Wang et al., 2011; Cao et al., 
2013; Lu et al., 2015).

2.2. Indirect Hypothalamocerebellar Pathways

In the indirect pathways, the connections between 
the hypothalamus and cerebellum are established 
through the involvement of brainstem centers. Briefly, 
fibers originating in the same hypothalamic nuclei that 
give rise to the direct hypothalamocerebellar pathway, 
before reaching the cerebellum, interrupt in brainstem 
nuclei, such as nuclei of the reticular formation and basi-
lar pontine nuclei.

The indirect pathways include the hypothalamor-
eticulocerebellar and hypothalamopontocerebellar path-
ways. Each of these pathways consists of a proximal 
segment, either the hypothalamoreticular fibers or the 
hypothalamopontine fibers, and a distal segment, either 
the reticulocerebellar fibers or the pontocerebellar fib-
ers. The hypothalamoreticular fibers primarily project 
onto neurons located in the precerebellar lateral reticular 
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nucleus, which is located in the lateral medullary retic-
ular formation (Dietrichs et al., 1985; Mihailoff et al., 
1989; Allen and Hopkins, 1990); the hypothalamopontine 
fibers target neurons that are sparse in the rostral medial 
and dorsal medial basilar pontine nuclei (Aas, 1989; Liu 
and Mihailoff, 1999). Actually, detailed information on 
the anatomy, neurochemistry, and physiology of these 
pathways is lacking in the literature.

3. DISCUSSION

The existence of a hypothalamocerebellar circuit, 
which connects bidirectionally the hypothalamus and 
the cerebellum, is now well established (Dietrichs and 
Haines, 1984; Haines and Dietrichs, 1984; Supple, 1993; 
Dietrichs et al., 1994). This is a feedback circuit organized 
similarly to the more widely recognized cerebrocerebel-
lar circuit. It consists of a descending limb that originates 
from various hypothalamic nuclei, specifically, the ven-
tromedial, dorsomedial, and tuberomamillary nucleus, 
and terminates in the cerebellar cortex across all cerebel-
lar lobes; and an ascending limb that starts in the cere-
bellar cortex and projects back onto the same hypotha-
lamic nuclei from which the descending limb originates. 
It is important to note that the hypothalamocerebellar 
fibers are distributed throughout all cerebellar lobes. 
They terminate as multilayered fibers in all cortical lay-
ers and express histamine as a chemical neurotransmitter 
(Li et al., 1999; Haas and Panula, 2003; Haas et al., 2008; 
Rizzi et al., 2019). All these are characteristics that differ-
entiate the hypothalamocerebellar fibers, which form the 
hypothalamocerebellar circuit, from the pontocerebellar 
ones, which form the cerebrocerebellar circuit.

The hypothalamus acts as the primary regulatory 
center for visceral functions and is an important subcor-
tical component of the limbic system (Onat and Cavdar, 
2003; Saper, 2012). It is likely that the signals sent to the 
cerebellum via the hypothalamocerebellar fibers, which 
form the descending limb of the hypothalamocerebel-
lar circuit, contain information related to the visceral 
and limbic systems. These connections suggest that the 
cerebellum, through the cerebellohypothalamic fibers, 
ascending limb of the hypothalamocerebellar circuit, 
plays a regulatory role of hypothalamic nuclei involved 
in visceral and limbic functions.

The role of the hypothalamic-cerebellar circuit would 
be comparable to that of the cerebrocerebellar circuit: the 
cerebellum could influence the activity of the hypotha-
lamic nuclei just as the cerebrocerebellum controls the 
activity of motor and nonmotor areas of the neocortex. 
Interestingly, the entire cerebellum would be involved in 

regulating the hypothalamus, while only the cerebrocer-
ebellum would be involved in regulating the neocortex.

The existence of the hypothalamocerebellar circuit 
provides anatomical evidence supporting a series of 
observations that indicate the role of the cerebellum in 
regulating visceral functions and its involvement in the 
pathogenesis of visceral disorders. These findings align 
with experimental studies showing that electrical stim-
ulation or lesions of the cerebellum can trigger visceral 
changes affecting gastrointestinal, cardiovascular, res-
piratory, immune, and other visceral functions (Reis and 
Golanov, 1997; Xu and Frazier, 2000; Colombel et al., 
2002; Dietrichs and Haines, 2002; Zhu et al., 2004; Peng 
et al., 2006; Zhu and Wang, 2007; Cao et al., 2015).

Additionally, the hypothalamus is a center of the 
limbic system, which is extensively connected to other 
limbic centers, including the limbic lobe of the neocor-
tex, hippocampus, amygdala, and ventral striatum. This 
suggests that the hypothalamocerebellar circuit may play 
a role in regulating psychic functions related to mood, 
emotions, feelings, and instinctive behaviors (Ho et al., 
2004; Schutter and van Honk, 2005; Schmahmann et al., 
2007; Tavano et al., 2007; Hoppenbrouwers et al., 2008; 
Moreno-Lopez et al., 2015; Carta et al., 2019). These 
functions, influenced by the hypothalamocerebellar cir-
cuit, would complement those exerted through the lim-
bic channel of the cerebrocerebellar circuit.

The hypothalamocerebellar fibers connect the hypo-
thalamus with all lobes of the cerebellum. This means 
they inevitably terminate in regions of the cerebellum 
that also receive other types of inputs, i.e., vestibular 
afferents (vestibulocerebellum), general proprioceptive 
afferents (spinocerebellum), and cerebrocerebellar affer-
ents (cerebrocerebellum). The overlap of these different 
types of afferents in the same regions of the cerebellar 
cortex enhances the interaction among the somatic, psy-
chic, and visceral functions regulated by the cerebellum. 
The integration of the vestibular sensory, played by the 
vestibulocerebellum, and that of the general proprio-
ceptive sensory, played by the spinocerebellum, would 
be influenced by visceral sensory information from the 
hypothalamus, which reach the vestibulocerebellum and 
the spinocerebellum. In turn, both the vestibulocerebel-
lum and spinocerebellum send back to the hypothalamus 
signals that would influence its visceral motor responses. 
On the other hand, the regulatory function of the neo-
cortex, played by the cerebrocerebellum through the cer-
ebrocerebellar circuit, would be influenced by visceral 
sensory information, leading to complex interactions 
between the somatic, psychic, and autonomic system.

Finally, the basilar pontine nuclei and some neu-
ronal groups within the reticular formation, which are 
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intercalated in the descending limb of the indirect hypo-
thalamocerebellar pathway and the cerebrocerebellar 
circuits, could serve as further points of contact between 
the two main regulatory circuits within the central nerv-
ous system.

4. CONCLUSION

The cerebellum can be regarded as a central com-
ponent of the somatic, psychic, and autonomic systems. 
It plays a significant role in regulating various areas of 
the neocortex, through the cerebrocerebellar circuit, as 
well as different hypothalamic nuclei, through the hypo-
thalamocerebellar circuit.

These new perspectives on the cerebellum functions 
may help explain the development of visceral disorders, 
mood disorders, and behavioral disturbances, commonly 
observed in patients with cerebellar diseases, alongside the 
symptoms commonly associated with these conditions.

Unfortunately, these insights have not yet gained 
widespread recognition in clinical settings, where the cer-
ebellum is often viewed solely in terms of its motor func-
tions. It is crucial that further experimental, behavioral, 
and clinical studies support these new perspectives so that 
they can be effectively integrated into clinical practice.

REFERENCES

Aas J.E. (1989) Subcortical projections to the pontine 
nuclei in the cat. J. Comp. Neurol. 282: 331-354.

Airaksinen M.S., Panula P. (1988) The histaminergic sys-
tem in the guinea pig central nervous system: an 
immunocytochemical mapping study using an antise-
rum against histamine. J. Comp. Neurol. 273: 163-186.

Akkal D., Dum R.P., Strick P.L. (2007) Supplementary 
motor area and presupplementary motor area: targets 
of basal ganglia and cerebellar output. J. Neurosci. 27: 
10659-10673.

Akshoomoff N.A., Courchesne E. (1994) ERP evidence 
for a shifting attention deficit in patients with dam-
age to the cerebellum. J. Cogn. Neurosci. 6: 388-399.

Allen G.V., Hopkins D.A. (1990) Topography and synap-
tology of mamillary body projections to the mesen-
cephalon and pons in the rat. J. Comp. Neurol. 301: 
214-231.

Appollonio I.M., Grafman J., Schwartz V., Massaquoi S., 
Hallett M. (1993) Memory in patients with cerebellar 
degeneration. Neurology 43: 1536-1544.

Ashworth S., Rabiner E.A., Gunn R.N., Plisson C., Wil-
son A.A., Comley R.A., Lai R.Y.K., Gee A.D., Laruel-

le M., Cunningham V.J. (2010) Evaluation of C-11-
GSK189254 as a novel radioligand for the H-3 recep-
tor in humans using PET. J. Nucl. Med. 51: 1021-
1029.

Ataullah A.H.M., Singla R., Naqvi I.A. (2024) Cerebellar 
dysfunction. In: StatPearls [Internet]. Treasure Island 
(FL): StatPearls Publishing.

Becker E.B., Stoodley C.J. (2013) Autism spectrum dis-
order and the cerebellum. Int. Rev. Neurobiol. 113: 
1-34.

Benagiano V., Flace P., Virgintino D., Rizzi A., Roncali L., 
Ambrosi G. (2000) Immunolocalization of glutamic 
acid decarboxylase in postmortem human cerebel-
lar cortex. A light microscopy study. Histochem. Cell 
Biol. 114: 191-195.

Benagiano V., Rizzi A., Lorusso L., Flace P., Saccia M., 
Cagiano R., Ribatti D., Roncali L., Ambrosi G. (2018) 
The functional anatomy of the cerebrocerebellar cir-
cuit: a review and new concepts. J. Comp. Neurol. 
526: 769-789.

Benagiano V., Roncali L., Virgintino D., Flace P., Errede 
M., Rizzi, A., Girolamo F., Robertson D., Bormann J., 
Ambrosi G. (2001) GABA immunoreactivity in the 
human cerebellar cortex: a light and electron micro-
scopical study. Histochem. J. 2001; 33: 537-543.

Berry M.M., Standring S.M., Bannister L. (1995) Cer-
ebellum. In: Williams P.L.: Gray’s anatomy; Churchill 
Livingstone, New York, Edinburgh, London, Tokyo, 
Madrid, Melbourne: pp. 1027-1065.

Bolduc M.E., du Plessis A.J., Sullivan N., Guizard N., 
Zhang X., Robertson R.L., Limperopoulos C. (2012) 
Regional cerebellar volumes predict functional out-
come in children with cerebellar malformations. Cer-
ebellum 11: 531-542.

Brissenden J.A., Tobyne S.M., Halko M.A., Somers D.C. 
(2021) Stimulus-specific visual working memory rep-
resentations in human cerebellar lobule VIIb/VIIIa. J. 
Neurosci. 41: 1033-1045.

Brodal P. The cerebellum. In: Brodal P.: The central nerv-
ous system; Oxford University Press Inc., Oxford: pp. 
405-425.

Brown R.E., Stevens D.R., Haas H.L. (2001) The physiol-
ogy of brain histamine. Prog. Neurobiol. 63: 637-672.

Cao B.B., Huang Y., Jiang Y.Y., Qiu Y.H., Peng Y.P. (2015) 
Cerebellar fastigial nuclear glutamatergic neurons 
regulate immune function via hypothalamic and 
sympathetic pathways. J. Neuroimmune Pharmacol. 
10: 162-178.

Cao B.B., Huang Y., Lu J.H., Xu F.F., Qiu Y.H., Peng Y.P. 
(2013) Cerebellar fastigial nuclear GABAergic projec-
tions to the hypothalamus modulate immune func-
tion. Brain Behav. Immun. 27: 80-90.



120 Vincenzo Benagiano, Anna Rizzi

Cavdar S., Onat F., Aker R., Sehirli U., San T., Yananli 
H.R. (2001a) The afferent connections of the posteri-
or hypothalamic nucleus in the rat using horseradish 
peroxidase. J. Anat. 198: 463-472.

Cavdar S., San T., Aker R., Sehirli U., Onat F. (2001b) Cer-
ebellar connections to the dorsomedial and posterior 
nuclei of the hypothalamus in the rat. J. Anat. 198: 37-45.

Carta I., Chen C.H., Schott A.L., Dorizan S., Khodakhah 
K. (2019) Cerebellar modulation of the reward cir-
cuitry and social behavior. Science 363: eaav0581.

Chazot P.L., Hann V., Wilson C., Lees G., Thompson C.L. 
(2001) Immunological identification of the mamma-
lian H3 histamine receptor in the mouse brain. Neu-
roreport 12: 259-262.

Chen S.H., Desmond J.E. (2005) Cerebrocerebellar net-
works during articulatory rehearsal and verbal work-
ing memory tasks. NeuroImage 24: 332-338.

Clower D.M., West R.A., Lynch J.C., Strick P.L. (2001) 
The inferior parietal lobule is the target of output 
from the superior colliculus, hippocampus and cer-
ebellum. J. Neurosci. 21: 6283-6291.

Colombel C., Lalonde R., Caston J. (2002) The effects of 
unilateral removal of the cerebellar hemispheres on 
motor functions and weight gain in rats. Brain Res. 
950: 231-238.

Courchesne E. (1997) Brainstem, cerebellar and lim-
bic neuroanatomical abnormalities in autism. Curr. 
Opin. Neurobiol. 7: 269-278.

D’Angelo E. (2018) Physiology of the cerebellum. Handb. 
Clin. Neurol. 154: 85-108.

Daum I., Ackermann H., Schugens M.M., Reimold C., 
Dichgans J., Birbaumer N. (1993) The cerebellum and 
cognitive functions in humans. Behav. Neurosci. 107: 
411-499.

Dietrichs E., Haines D.E. (1984) Demonstration of hypo-
thalamo-cerebellar and cerebello-hypothalamic fib-
ers in a prosimian primate (Galago crassicaudatus). 
Anat. Embryol. 170: 313-318.

Dietrichs E., Haines D.E. (2002) Possible pathways for cer-
ebellar modulation of autonomic responses: micturi-
tion. Scand. J. Urol. Nephrol. Suppl. 2002; 210: 16-20.

Dietrichs E., Haines D.E., Qvist H. (1985) Indirect hypo-
thalamo-cerebellar pathway? Demonstration of hypo-
thalamic efferents to the lateral reticular nucleus. 
Exp. Brain Res. 60: 483-491.

Dietrichs E., Haines D.E., Roste G.K., Roste L.S. (1994) 
Hypothalamocerebellar and cerebellohypothalamic 
projections: circuits for regulating nonsomatic cer-
ebellar activity? Histol. Histopathol. 9: 603-614.

Dum R.P., Strick P.L. (2003) An unfolded map of the cer-
ebellar dentate nucleus and its projections to the cer-
ebral cortex. J. Neurophysiol. 89: 634-639.

Eccles J.C., Ito M., Szentagothai J. (1967) The cerebellum 
as a neuronal machine; Springer Verlag, Berlin, Hei-
delberg.

Fitzpatrick D. Modulation of movement by the cerebel-
lum (2004). In: Purves D., Augustine G.J., Fitzpatrick 
D., Hall W.C., Lamantia A.S., Mcnamara J.O, Wil-
liams S.M.: Neuroscience; Sinauer Associates Inc. 
Publ., Sunderland: pp. 435-452.

Ghez C., Thach W.T. (2000) The cerebellum. In: Kandel 
E.R., Schwartz J.H., Jessell T.M.: Principles of neural 
sciences; Mc Graw-Hill, New York: pp. 832-852.

Gottwald B., Wilde B., Mihajlovic Z., Mehdorn H.M. 
(2004) Evidence for distinct cognitive deficits after 
focal cerebellar lesions. J. Neurol. Neurosurg. Psychi-
atry 75: 1524-1531.

Granziera C., Schmahmann J.D., Hadjikhani N., Meyer 
H., Meuli R., Wedeen V., Krueger G. (2009) Diffusion 
spectrum imaging shows the structural basis of func-
tional cerebellar circuits in the human cerebellum in 
vivo. PLoS One 4: e5101.

Grimaldi G., Manto M. (2012) Topography of cerebellar 
deficits in humans. Cerebellum 11: 336-351.

Haas H., Panula P. (2003) The role of histamine and the 
tuberomamillary nucleus in the nervous system. Nat. 
Rev. Neurosci. 4: 121-130.

Haas H.L., Sergeeva O.A., Selbach O. (2008) Histamine in 
the nervous system. Physiol. Rev. 88: 1183-1241.

Haines D.E., Dietrichs E. (1984) An HRP study of hypo-
thalamo-cerebellar and cerebello-hypothalamic con-
nections in squirrel monkey (Saimiri sciureus). J. 
Comp. Neurol. 229: 559-575.

Haines D.E., Dietrichs E., Mihailoff G.A., McDonald E.F. 
(1997) The cerebellar-hypothalamic axis: basic cir-
cuits and clinical observations. Int. Rev. Neurobiol. 
41: 83-107.

Ho B.C., Mola C., Andreasen N.C. (2004) Cerebellar dys-
function in neuroleptic naive schizophrenia patients: 
clinical, cognitive, and neuroanatomic correlates of cer-
ebellar neurologic signs. Biol. Psychiatry. 55: 1146-1153.

Hoppenbrouwers S.S., Schutter D.J., Fitzgerald P.B., Chen 
R., Daskalakis Z.J. (2008) The role of the cerebellum 
in the pathophysiology and treatment of neuropsychi-
atric disorders: a review. Brain Res. Rev. 59: 185-200.

Houk J.C., Mugnaini E. (2003) Cerebellum. In: Squire 
L.R., Bloom F.E., Mc Connell S.K., Roberts J.L., 
Spitzer N.C., Zigmond M.J.: Fundamental neurosci-
ence; Academic Press, Amsterdam, Boston, London, 
New York, Oxford, Paris: 841-872.

Ito M. (1984) The cerebellum and neural control; Raven 
Press, New York.

Jones W., Hesselink J., Courchesne E., Duncan T., Mat-
suda K., Bellugi U. (2002) Cerebellar abnormalities 



121Autonomic functions of the cerebellum

in infants and toddlers with Williams syndrome. Dev. 
Med. Child Neurol. 44: 688-694.

Kamali A., Kramer L.A., Frye R.E., Butler I.J., Hasan 
K.M. (2010) Diffusion tensor tractography of the 
human brain cortico-ponto-cerebellar pathways: 
a quantitative preliminary study. J. Magn. Reason. 
Imaging 32: 809-817.

Kelly R.M., Strick P.L. (2003) Cerebellar loops with motor 
cortex and prefrontal cortex of a nonhuman primate. 
J. Neurosci. 23: 8432-8444.

Keser Z., Hasan K.M., Mwangi B.I., Kamali A., Ucisik-
Keser F.E., Riascos R.F., Narayana PA. (2015) Diffu-
sion tensor imaging of the human cerebellar path-
ways and their interplay with cerebral macrostruc-
ture. Front. Neuroanat. 9: 41.

Koeppen A.H. (2018) The neuropathology of the adult 
cerebellum. Handb. Clin. Neurol. 154: 129-149.

Kwon H.G., Hong J.H., Hong C.P., Lee D.H., Ahn S.H., 
Jang S.H. (2011) Dentatorubrothalamic tract in 
human brain: diffusion tensor tractography study. 
Neuroradiology 53: 787-791.

Leergaard T.B., Bjaalie J.B. (2007) Topography of the 
complete corticopontine projection: from experi-
ments to principal maps. Front. Neurosci. 1: 211-223.

Leiner H.C., Leiner A.L., Dow R.S. (1993) Cognitive and 
language functions of the human cerebellum. Trends 
Neurosci. 16: 444-447.

Lemaire J.J., Frew A.J., McArthur D., Gorgulho A.A., Alg-
er J.R., Salomon N., Chen C., Behnke E.J., De Salles 
A.A. (2011) White matter connectivity of human 
hypothalamus. Brain Res. 1371: 43-64.

Li B., Zhu J.N., Wang J.J. (2014) Histaminergic afferent 
system in the cerebellum: structure and function. 
Cerebellum Ataxias 1: 5.

Li W.C., Tang X.H., Li H.Z., Wang J.J. (1999) Histamine 
excites rat cerebellar granule cells in vitro through 
H-1 and H-2 receptors. J. Physiol. Paris 93: 239-244.

Liu H., Mihailoff G.A. (1999) Hypothalamopontine pro-
jections in the rat: anterograde axonal transport stud-
ies utilizing light and electron microscopy. Anat. Rec. 
255: 428-451.

Lu J.H., Mao H.N., Cao B.B., Qiu Y.H., Peng Y.P. (2012) 
Effect of cerebellohypothalamic glutamatergic projec-
tions on immune function. Cerebellum 11: 905-916.

Lu J.H., Wang X.Q., Huang Y., Qiu Y.H., Peng Y.P. (2015) 
GABAergic neurons in cerebellar interposed nucleus 
modulate cellular and humoral immunity via hypo-
thalamic and sympathetic pathways. J. Neuroimmu-
nol. 283: 30-38.

Manto M.U., Gruol D.L., Schmahmann J.D., Koibuchi N., 
Sillitoe R.V. (2022) Handbook of the cerebellum and 
cerebellar disorders; Springer, Cham.

Marvel C.L., Desmond J.E. (2010) The contributions of 
cerebro-cerebellar circuitry to executive verbal work-
ing memory. Cortex 46: 880-895.

Middleton F.A., Strick P.L. (2001) Cerebellar projections 
to the prefrontal cortex of the primate. J. Neurosci. 
21: 700-712.

Mihailoff G.A., Kosinski R.J., Azizi S.A., Border B.G. 
(1989) Survey of noncortical afferent projections to 
the basilar pontine nuclei: a retrograde tracing study 
in the rat. J. Comp. Neurol. 282: 617-643.

Moreno-Lopez L., Perales J.C., van Son D., Albein-Urios 
N., Soriano-Mas C., Martinez-Gonzalez J.M., Wiers 
R.W., Verdejo-García A. (2015) Cocaine use severity 
and cerebellar gray matter are associated with rever-
sal learning deficits in cocaine-dependent individu-
als. Addict. Biol. 20: 546-556.

Muratori F., Cesari A., Casella C. (2001) Autism and cer-
ebellum. An unusual finding with MRI. Panminerva 
Med. 43: 311-315.

Onat F., Cavdar S. (2003) Cerebellar connections: hypo-
thalamus. Cerebellum 2: 263-269.

Palesi F., Tournier J.D., Calamante F., Muhlert N., Castellaz-
zi G., Chard D., D’Angelo E., Wheeler-Kingshott C.A. 
(2015) Contralateral cerebello-thalamo-cortical path-
ways with prominent involvement of associative areas 
in humans in vivo. Brain Struct. Funct. 220: 3369-3384.

Panula P., Takagi H., Inagaki N., Yamatodani A., Tohy-
ama M., Wada H., Kotilainen E. (1993) Histamine-
containing nerve fibers innervate human cerebellum. 
Neurosci. Lett. 160: 53-56.

Peng Y.P., Qiu Y.H., Qiu J., Wang J.J. (2006) Cerebellar 
interposed nucleus lesions suppress lymphocyte func-
tion in rats. Brain Res. Bull. 71: 10-17.

Peterburs J., Desmond J.E. (2016) The role of the human 
cerebellum in performance monitoring. Curr. Opin. 
Neurobiol. 40: 38-44.

Pillot C., Heron A., Cochois V., Tardivel-Lacombe J., 
Ligneau X., Schwartz J.C., Arrang J.M. (2002) A 
detailed mapping of the histamine H(3) receptor and 
its gene transcripts in rat brain. Neuroscience 114: 
173-193.

Ramnani N., Behrens T.E., Johansen-Berg H., Richter, 
M.C., Pinsk M.A., Andersson J.L., Rudebeck P., Cic-
carelli O., Richter W., Thompson A.J., Gross C.G., 
Robson M.D., Kastner S., Matthews P.M. (2006) The 
evolution of prefrontal inputs to the cortico-pontine 
system: diffusion imaging evidence from macaque 
monkeys and humans. Cereb. Cortex 16: 811-818.

Reis D.J., Golanov E.V. (1997) Autonomic and vasomotor 
regulation. Int. Rev. Neurobiol. 41: 121-149.

Rizzi A., Saccia M., Benagiano V. (2019) Distribution of 
multilayered fiber terminals in the human cerebellar 



122 Vincenzo Benagiano, Anna Rizzi

cortex (2019) Visualization by immunohistochemis-
try for histamine. On. J. Neur. Br. Disord. 2: 130-133.

Rizzi A., Saccia M., Benagiano V. (2020) Is the cerebel-
lum involved in the nervous control of the immune 
system function? Endocr. Metab. Immune Disord. 
Drug Targets 20: 546-557.

Rotter A., Frostholm A. (1986) Cerebellar histamine-H1 
receptor distribution: an autoradiographic study of 
Purkinje cell degeneration, staggerer, weaver and reel-
er mutant mouse strains. Brain Res. Bull. 16: 205-214.

Saper C. B. (2012) Hypothalamus. In: Mai J.K., Paxinos 
G.: The human nervous system; Elsevier, Amsterdam, 
Boston, Heidelberg, London, New York, Oxford, 
Paris, San Diego, San Francisco, Singapore, Sydney, 
Tokyo: pp. 549-583.

Schmahmann J.D., Pandya D.N. (1991) Projections to the 
basis pontis from the superior temporal sulcus and 
superior temporal region in the rhesus monkey. J. 
Comp. Neurol. 308: 224-248.

Schmahmann J.D., Pandya D.N. (1993) Prelunate, occipi-
totemporal, and parahippocampal projections to the 
basis pontis in rhesus monkey. J. Comp. Neurol. 337: 
94-112.

Schmahmann J.D., Pandya D.N. (1995) Prefrontal cortex 
projections to the basilar pons in rhesus monkey: 
implications for the cerebellar contribution to higher 
function. Neurosci. Lett. 199: 175-178.

Schmahmann J.D., Pandya D.N. (1997a) The cerebrocer-
ebellar system. In: Schmahmann J.D.: The cerebellum 
and cognition; Academic Press, San Diego, London, 
Boston, New York, Sydney, Toronto: pp. 31-60.

Schmahmann J.D., Pandya D.N. (1997b) Anatomic 
organization of the basilar pontine projections from 
prefrontal cortices in rhesus monkey. J. Neurosci.17: 
438-458.

Schmahmann J.D., Rosene D.L., Pandya, D.N. (2004) 
Motor projections to the basis pontis in rhesus mon-
key. J. Comp. Neurol. 478: 248-268.

Schmahmann J.D., Sherman J.C. (1998) The cerebellar 
cognitive affective syndrome. Brain 121: 561-579.

Schmahmann J.D., Weilburg J., Sherman J.C. (2007) The 
neuropsychiatry of the cerebellum - insights from the 
clinic. Cerebellum 6: 254–267.

Schutter D.J., van Honk J. (2005) The cerebellum on the 
rise in human emotion. Cerebellum 4: 290-294.

Sakakibara R. (2019) The cerebellum seems not a ‘little 
brain’ for the autonomic nervous system. Clin. Neu-
rophysiol. 130: 160.

Silveri M.C., Misciagna S. (2000) Language, memory and 
cerebellum. J Neurolinguistics 13: 129-143.

Steinlin M. (2008) Cerebellar disorders in childhood: 
cognitive problems. Cerebellum 7: 607-610.

Strick P.L., Dum R.P., Fiez J.A. (2009) Cerebellum and 
nonmotor function. Annu. Rev. Neurosci. 32: 413-
434.

Supple W.F. Jr. (1993) Hypothalamic modulation of 
Purkinje cell activity in the anterior cerebellar ver-
mis. Neuroreport 4: 979-982.

Tavano A., Grasso R., Gagliardi C., Triulzi F., Bresolin N., 
Fabbro F., Borgatti R. (2007) Disorders of cognitive 
and affective development in cerebellar malforma-
tions. Brain 130: 2646-2660.

Tian L., Wen Y.Q., Li H.Z., Zuo C.C., Wang J.J. (2000) 
Histamine excites rat cerebellar Purkinje cells via H2 
receptors in vitro. Neurosci. Res. 36: 61-66.

Timmann D., Daum I. (2010) How consistent are cogni-
tive impairments in patients with cerebellar disor-
ders? Behav. Neurol. 23: 81-100.

Timmann D., Drepper J., Frings M., Maschke M., Richter 
S., Gerwig M., Kolb F.P. (2010) The human cerebel-
lum contributes to motor, emotional and cognitive 
associative learning. A review. Cortex 46: 845-857.

Topka H., Valls-Solé J., Massaquoi S.G., Hallett M. (1993) 
Deficit in classical conditioning in patients with cer-
ebellar degeneration. Brain 116: 961-969.

Traiffort E., Leurs R., Arrang J.M., Tardivel-Lacombe J., 
Diaz J., Schwartz J.C., Ruat M. (1994) Guinea pig 
histamine H1 receptor. I. Gene cloning, characteriza-
tion, and tissue expression revealed by in situ hybrid-
ization. J. Neurochem. 62: 507-518.

Unverdi M., Alsayouri K. (2024) Neuroanatomy, cerebel-
lar dysfunction. In: StatPearls [Internet]. StatPearls 
Publishing, Treasure Island.

Urbini N., Siciliano L., Olivito G., Leggio M. (2023) 
Unveiling the role of cerebellar alterations in the 
autonomic nervous system: a systematic review of 
autonomic dysfunction in spinocerebellar ataxias. J. 
Neurol. 270: 5756-5772.

Vizuete M.L., Traiffort E., Bouthenet M.L., Ruat M., 
Souil E., Tardivel-Lacombe J., Schwartz J.C. (1997) 
Detailed mapping of the histamine H2 receptor and 
its gene transcripts in guinea-pig brain. Neuroscience 
80: 321-343.

Voogd J., Glickstein M. (1998) The anatomy of the cer-
ebellum. Trends Neurosci. 21: 370-375.

Voogd J., Ruigrok T.J.H. (2012) Cerebellum and precer-
ebellar nuclei. In: Mai J.K., Paxinos G.: The human 
nervous system. Elsevier, Amsterdam, Boston, Hei-
delberg, London, New York, Oxford, Paris, San Diego, 
San Francisco, Singapore, Sydney, Tokyo: pp. 472-530.

von der Gablentz J., Tempelmann C., Munte T.F., Held-
mann M. (2015) Performance monitoring and behav-
ioral adaptation during task switching: an fMRI 
study. Neuroscience 285: 227-235.



123Autonomic functions of the cerebellum

Wang F., Cao B.B., Liu Y., Huang Y., Peng Y.P., Qiu Y.H. 
(2011) Role of cerebellohypothalamic GABAergic 
projection in mediating cerebellar immunomodula-
tion. Int. J. Neurosci. 121: 237-245.

Wang J.J., Pu Y.M., Wang T. (2000) Influences of cerebel-
lar interpositus nucleus and fastigial nucleus on the 
neuronal activity of lateral hypothalamic area. Sci. 
Chin. Life Sci. 40: 176-183.

Xu F.D., Frazier D.T. (2000) Modulation of respiratory 
motor output by cerebellar deep nuclei in the rat. J. 
Appl. Physiol. 89: 996-1004.

Zhu J.N., Wang J.J. (2008) The cerebellum in feeding 
control: possible function and mechanism. Cell Mol. 
Neurobiol. 28: 469-478.

Zhu J.N., Yung W.H., Kwok-Chong Chow B., Chan Y.S., 
Wang J.J. (2006) The cerebellar-hypothalamic circuits: 
potential pathways underlying cerebellar involvement 
in somatic-visceral integration. Brain Res. Rev. 52: 
93-106.

Zhu J.N., Zhang Y.P., Song Y.N., Wang J.J. (2004) Cer-
ebellar interpositus nuclear and gastric vagal affer-
ent inputs could reach and converge onto glycemia-
sensitive neurons of the ventromedial hypothalamic 
nucleus in rats. Neurosci. Res. 48: 405-417.


	In memory of Lucia Formigli on the 10th anniversary of her death: the scientist, the teacher, the woman
	Chiara Sassoli, Alessia Tani, Flaminia Chellini, Daniele Nosi, Sandra Zecchi-Orlandini
	Performance evaluation in titanium implant surface: A literature review
	Ylenia Della Rocca1,*, Francesca Diomede1, Antonella Mazzone1, Oriana Trubiani1 , Jacopo Pizzi-canella2,§, Guya Diletta Marconi1,§
	White fibers anatomy through dissection - Klingler Method and its clinical correlation 
	Giulia Bassalo Canals Silva1, Carolina Simão Martini2,*, Raissa Piassali Carvalho3, Jemaila Maciel da Cunha4, Ricardo Silva Centeno5, Paulo Henrique Pires de Aguiar6,7
	Complex and multiple anomalies of the aortic arch: Atypical origin of the vertebral artery of continuing interest among embryologists, anatomists, and clinicians1
	Cheryl Melovitz-Vasan1, Susan Huff2, Nagaswami Vasan3,*
	A study of morphology and morphometry of scapula in North Indian population and its evolutionary significance
	Ritika Sharma1, Rajan Sharma2, Rajan Kumar Singla3, Jagdev Singh Kullar4
	Anatomical and radiological notes on the sternum of Sicily’s earliest known woman (San Teodoro Cave, Messina, Palaeolithic Period, 14,500 BP)
	Francesco Maria Galassi1,a, Elena Varotto2,a,*, Giuseppe Carotenuto3, Luca Sineo3
	Human coronary vessels: Distribution of cholinergic nerve fibres and age-related changes
	Antonello Ciccarelli1,#, Flavio Forte2,#, Ivano Pindinello3, Luigi Cofone3, Francesco M. Galassi4,*, Francesco Circosta5, Veronica Papa6,#, Samanta Taurone1,#
	Anatomical insights into double cystic duct: A rare variation observed in cadaveric dissection
	Adrian Cotovanu1,3, Mădălina Iuliana Bud3, Alexandru Vlad Pleșa3, Ioana Cosma-Epure4 ,Cătălin Cosma1,2 
	Chronic mastitis or breast cancer in The Charity by Francesco Salviati? An educational discussion
	Ferdinando Paternostro1,*, Donatella Lippi1, Elisa Zucchini2, Jacopo Nori3, Francesco M. Galassi4, Andreas G. Nerlich5, Raffaella Bianucci6 
	A forgotten debate in the history of medicine: vascular anastomoses, from open functional relationships to tight structural connections
	Paola Saccheri*, Enrico Crivellato, Luciana Travan
	Drawings, artifacts and anatomical preparations: the collections of the Senese Museums for teaching Anatomy yesterday as today
	Davide Orsini1,*, Mariano Martini2, Stefano Ottoboni3, Margherita Aglianò4, Daniela Franci4, Paola Lorenzoni4, Daniele Saverino5
	Perception of physical therapists towards cadaver dissection: a qualitative survey study
	Federica Fulceri1, Larisa Ryskalin1, Gabriele Morucci1, Paola Soldani1, Stefano Ratti2, Lucia Manzoli2, Marco Gesi1,*
	Effectiveness of facial anatomy cadaver lab training in aesthetic medicine programs 
	Giulio Nittari1, Demetris Savva2, Enea Traini1, Daniele Tomassoni3, Francesco Amenta1*
	The brain as a “hyper-network”: impact on neurophysiology and neuropharmacology
	Diego Guidolin1,*, Cinzia Tortorella1, Deanna Anderlini2, Manuela Marcoli3, Luigi F. Agnati4
	Autonomic functions of the cerebellum: Anatomical bases and clinical implications
	Vincenzo Benagiano*, Anna Rizzi
	3D Digital tools in neuro-anatomy teaching: from peer-to-peer tutoring to clinically oriented approaches
	Paola Alberti
	A narrative review of astrocytes and suicide in psychiatric disorders
	Stefano Tambuzzi1,*, Cristina Cattaneo1, Alida Amadeo2

