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Abstract

Abnormal activity in a neuronal network in which the cerebellum is included is coherent
with continuous tremor oscillation. Within the cortico-Olivo-cerebella-thalamic circuit,
the inferior olive could be an oscillator by having pacemaker properties. Despite that, the
olivary pacemaker hypothesis faces many contradicting findings against the concept of a
single oscillator. The attention has changed from the interactions between the elements
and structures of the neural network in which the oscillators are contained to concentrate
on its features. These features include the intensity and direction of the connection.
Deficiency in the glutamatergic system in ET may be a better explanation for abnormal
cerebellar function in ET. A reduction in dentate GABA receptor levels could be a basic
defect in this disease. This may be explained by the reduced production of GABA from
Purkinje cells at the postsynaptic neurons. This results in the release of deep cerebellar
nuclei from previous inhibition. The correlation between genetic abnormalities and
cerebellar dysfunction may explain this in the future.
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Introduction

There is an agreement that central mech- asis on the connectivity between diffe-
anisms have a role in essential tremors rent regions )

(ET). The neuronal activity in a network These findings imply that ET is linked to
consisting of the frontal cortex, cereb- an increase in tremor-related activity in
ellum, thalamus, and the olivary region, many cerebellar circuit theories that co-
has been revealed to be coherent with uld explain the malfunctioning of the
continuous tremor oscillation (using ele- cortico-Olivo-cerebellum-thalamic
ctromyography, (EMG)) [1, 2]. ET cases network in ET includes:

were found to have higher cerebellar act- ) ]

ivity when compared to simulated trem- 1-The hypothesis of the olivary pac-
or, according to functional magnetic emaker: o

resonance imaging (FMRI) studies 1. ET The hyperpolarization of some_neuronal
patients have altered connections in the membranes causes them to osglllate_at_a
cerebellum-dentate-thalamic tract, accor- set frequency independently ®I. Within
ding to other fMRI studies with emph- the cortico-Olivo-cerebella-thalamic cir-

cuit, the inferior olive, which possesses
these pacemaker qualities, could be an
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oscillator®- It demonstrates elevated ex-
pression of EAAT2, a key glutamate re-
uptake transporter linked to the ET phe-
notype in genome-wide association inve-
stigations "1, The fact that rhythmic sti-
mulation can entice ET across various
areas (thalamus and cerebellum) contr-
adicts the concept that there is a single
oscillator (or pacemaker) [, Multiple,
geographically isolated tremor clusters
within the posterior division of the
ventrolateral thalamus (VL) are capable
of driving the tremor, according to
investigations employing deep brain sti-
mulation (DBS) electrodes in individuals
with ET and tremor-dominant Parkins-
on's disease (PD), [°l. This is another evi-
dence against the concept of a single
oscillator.

These discoveries have redirected focus
to network features such as the strength
and direction of connectivity between th-
ese regions, which consider the neural
network containing these oscillators, not
on the relations between the network's
elements and structures 29, Although b-
oth voluntary and involuntary tremors
are caused by the same circuit M, the
involuntary tremors have thalamocortical
connections which are different in being
in both directions [*1].

The data mentioned previously point to a
changing pattern of cooperation among
all tremor network members, with the
exact network composition altering over
time 2. So, all the components of net-
works can entrain each other in a dyn-
amic way and behave as oscillators. A
previous question was why some ET
improves after cerebellar stroke could be
answered based on that 3 but returns
after ipsilateral cerebellectomy in others
[141 1t also corresponds with the finding
that ET can be removed by lesions in
multiple locations within the cerebello-
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thalamocortical circuit, arguing against a
single oscillator 131,

2-The GABA Hypothesis:

The strongest evidence about ET neur-
ochemistry is related to the Gamma-
aminobutyric acid (GABA), GABAer-
gic, and glutamatergic systems, with a
piece of weaker evidence for adenosine,
dopaminergic, and adrenergic systems,
while there is insufficient data about oth-
er neurotransmitter systems %1 Purkinje
cell loss is one of the morphological
alterations seen in ET patients [*¢1 and
another set of patients had enhanced
Purkinje cell recurrent collateral develo-
pment 71 Purkinje cell loss reduces
inhibitory GABAergic cerebellar cortic-
ofugal output, while Purkinje cell recu-
rrent collateral development increases
inhibition of neighboring Purkinje cells,
lowering inhibitory GABAergic output
[16]. Increased basket cell axonal plexus
hypertrophy also leads to increased Pur-
kinje cell inhibition, resulting in dimini-
shed Purkinje cell inhibitory GABAergic
output 81, The efficacy of primidone, to-
piramate, gabapentin, and ethanol in ET
provides further evidence for GABA's
role in ET as these drugs enhance GABA
[19On the other hand, harmaline is
thought to elicit tremor by blocking
GABA-A receptors, causing increased
electrical coupling of cerebellar afferents
in the inferior olive % Also, a postural
tremor in lab animals was elicited by
blocking GABAergic transmission and
ET-like postural and kinetic tremor was
observed in GABA-A receptor 1 deletion
in mice [24,

GABA receptor binding was discovered
to be changed in nuclear imaging tests in
ET. Positron emission tomography
(PET) was used in a study and was fou-
nd that enhanced 11Cflumazenil binding
to GABA-A receptors in the ventro-
lateral thalamus, the dentate nucleus of
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the cerebellum, and the premotor cortex
in eight ET patients was higher than in
healthy controls 2. In an ET post-
mortem research comparing between ET
cases, controls, and PD patients, levels
of GABA-A and GABA-B receptors in
the dentate nucleus of the cerebellum
were shown to be lowest in ET 2],
According to the previous findings, a
reduction in dentate GABA receptor
levels could be a basic defect in this ill-
ness, by the reduced production of GA-
BA from Purkinje cells at the postsyn-
aptic neurons. This in turn results in the
release of deep cerebellar nuclei from
previous inhibition. 31, This cause the
deep cerebellar nuclei neurons to be ov-
eractive and potentially causing tremor
by traveling up the cerebellothalamoco-
rtical circuit.

Despite these findings, which point to
GABA's role in ET, no genetic factors
have been discovered to explain these
GABAergic abnormalities in ET, and no
evidence for a link between GABA
receptor and transporter polymorphisms
and ET [24 251,

Conclusion

The cerebellar dysfunction in ET is a
well-established feature in ET. The
olivary pacemaker theory failed to exp-
lain all findings in ET cases The GABA
hypothesis is more and more gaining
trust in explaining the abnormal cereb-
ellar function in ET. Despite that further
studies are needed searching for genetic
factors that could explain these abnormal
findings
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