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Introduction

»Essential Tremor (ET) in one of the most common movement
disorders which is thought to be twenty times more common than
Parkinson’s disease. In general, ET is prevalent in the elderly and does
not lead to serious complications. However, it has been shown that ET
can be debilitating in a small percentage of patients.

»>Though the causes of ET are unknown, genetics are thought to play a
role in about 50% of ET cases. Three gene loci (ETM1 on 3q13, ETM2 on
2p24.1 and a locus on 6p23) have been identified in a familial form of
ET. In addition, a Ser9Gly variant in the dopamine D, receptor gene on
3q13 is thought to be a risk factor. (Deng et al., 2007; Higgins et al.,
1999).

»The neuronal circ s underlying ET are not well understood,
however positron emission topography in brains of ET patients
revealed increased activity in the inferior olive, thalamus and
cerebellum (Jenkins et al., 1993). In addition, post mortem studies of
ET patients revealed higher levels of glutamate and asparate and

levels of y i ic acid (GABA), serine, and glycine in
cerebrospinal fluid. (Mally et al., 1996)

>Animal models for ET are scarce. Two rodents models that are used to
study ET are the harmaline animal model and the GABA, receptor a,
subunit knockout mice (Jankovic and Noebels, 2005; Kralic et al., 2005:
Miwa H 2007; Lorenz and Deuschl 2007).

rDopamlne is also implicated in ET. D, receptor null mutant mice show

itivity to the igenic effects of ine (Fowler et
al., 2002), and a serine glycine variant in the dopamine D, receptor gene
is associated with increased risk to develop ET (Jeanneteau et al., 2006;
but see Blair et al., 2008).

is a bet that causes generalized

tremor in mice with a frequency of 11 — 14Hz (Milner et al., 1995).

Harmaline acts on the neurons of the inferior olivary nucleus (ION) to

their rhythi |on|c currents and thereby resulting

in i tremor. Har i duced tremors in mice can be

attenuated by ethanol and octanol suggesting a GABA-ergic

component (Rappaport et al., 1984; Martin et al., 2005) as well as
propranolol (Martin et al., 2005) ing an g

Hypothesis

GABAergic, glutamatergic and dopaminergic systems underlie
some of the mechanisms of harmaline-induced tremors in mice.

Methods

Male ICR mice from Taconic Laboratories (Germantown, NY) were used
in this study. Upon receipt, mice were assigned unique identification
numbers (tail marked) and group housed in OPTI mice ventilated cages.
All animals remained housed in groups of four during the remainder of
the study. Mice were maintained on a 12 hr /12 hr light/dark cycle with
the light on at 6:00 a.m EST. The room temperature was maintained
between 20 and 23°C with a relative humidity maintained between 30%
and 70%. Chow and water were provided ad libitum for the duration of
the study. Prior to testing, all mice were examined on a regular basis,
handled, and weighed to assure adequate health and suitability. In
each test, animals were across groups.
Animals were not disturbed between test days.

Group housed mice were brought to the experimental room for at least
one hour to acclimate prior to testing. Following a 20 min pretreatment
with vehicle or test compounds, mice were injected with harmaline (30
mgl/kg) and placed inside the Tremor Monltor (San Dlego Instruments,
SDI) chamber for a 10 minute period.

tremor activity of the mice is measured for approxlma(ely 8 min. The
recorded frequencies (1-64 hertz) of activity and the number of tremor
events are captured electronically.

Data are analyzed by the tremor monitor software (SDI) in a two part
process. Using a Fast Fourier Transform (FFT), an output is provided
showing the percentage of activity (energy) recorded at each frequency.
A center frequency of activity between 14 - 15 Hz is chosen, along with
a bandwidth of 10 Hz. Using these parameters, tremor events are
tabulated as total tremor events.

Statistical Analysis

Data were analyzed using analysis of variance (ANOVA) followed by
Fisher PLSD post hoc test when appropriate. An effect was considered
significant if p < 0.05.

Figure 1: Fast fourier transform output for
the effects of propranolol on
harmaline-induced tremors
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During test sessions, the multiples frequencies (hertz) of activity
are recorded. Using a Fast Fourier Transform (FFT), an output is
provided showing the percentage of energy (activity) recorded at
each frequency. Center frequency (15 hz) and bandwidth (10 hz)
are used for analysis of tremor events.

Figure 2: Lithium and Carbamazepine
dose-dependently decrease
harmaline-induced tremors
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Mice were injected with vehicle, the mood stabilizer lithium, or the
anticonvulsant carbamazepine 20 min prior to harmaline. Data
represent mean + SEM. *significantly different from vehicle (p<0.05)

Figure 3: GABA, and GABA receptor
agonists muscimol and baclofen
decrease harmaline-induced tremors

Figure 4: N-methyl-p-aspartate (NMDA)
receptor antagonists decrease
harmaline-induced tremors

Figure 6: Dopamine D,, but not D,
receptor stimulation decreases
harmaline-induced tremors
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Mice were injected with vehicle, MK-801 (a non-competitive NMDA
receptor antagonist), or d-CPPene (a competitive NMDA receptor
antagonist) 20 min prior to harmaline injection. Data represent mean +
SEM. *significantly different from vehicle (p<0.05)

Table 1: Effects of AMPA and mGlu5
receptor antagonists on
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Mice were injected with water, SKF82958, or quinpirole 20 min prior to
harmaline injection. Data represent mean * SEM. *significantly
different from vehicle (p<0.05)

Summary

»In ICR mice, injection of harmaline produces tremors that can be quantified based on
the magnitude of energy spent.

>The mood stabilizer lithium and the anticonvulsant carbamazepine showed a dose-

harmaline-induced tremors of har d tremors.
el > The GAB. ic il in ine-induced tremors is supp by our
n Harmaline-induced Tremor Events findings showi:g ion of ine-induced tremors by GABA, and GABAg
(mean * SEM) receptor agonists.
AMPA Receptor >These data also support the ibility of ige
Vehicle 7 108.57 + 16.99 harm'r:line-im.“:ug;dP (remo‘;sMKB:lol; o d" and n-com NMDA receplor
antagonists 'ene an locke ine-il tremors,
NBOX1mghkg 19 10322 + 21.27 addition to NMDA- ition of i AMPA \with NBQX ais6
NBQX 10 mg/kg | 9 57.44+12.52 induced tremors. On the other hand, we found no effect for
NBQX 30 mg/kg | 8 23.88 + 6.20* on this measure, at least with the mGIuR | receptor
Glu5 R family. Further investigation is needed to determine whether other mGIuR receptors are
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tremors, we investigated some of the dopaminergic systems involved. The data

Mice were injected with water, NBQX (AMPA receptor antagonist), or
MPEP (mGlu5 receptor antagonist) 20 min prior to harmaline injection.
*significantly different from vehicle (p<0.05)

Figure 5: The dopamine agonist
apomorphine decreases
harmaline-induced tremors

g 200 . venic g 20 =
hicle Vehicle
2 A £ Muscimol 0.3 mglkg. 5 B £ Baclofen 2.0 mg/kg
w W Muscimol 10mgikg | (T} B Baclofon 5.0 mg/kg
5 * B Muscimol 3.0 mg/kg - 0 Baclofen 10.0 mg/kg
150 2 150

£ E

L 2
= =
° o

@ @

g 100 2 100

S S
° °
£ £

T * :

2 5 2 5
® ®
T o I o

Mice were injected with vehicle, muscimol, or baclofen (oral) 20 min
prior to harmaline injection. Data represent mean + SEM. *significantly
different from vehicle (p<0.05)
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Mice were injected with water, the DA transporter inhibitor, GBR12909,
or apomorphine (s.c.) 20 min prior to harmaline injection. Data
represent mean = SEM. *significantly different from vehicle (p<0.05)

presented show that the dopamine agonist apomorphine attenuated harmaline-induced
tremors. This effect could be pnmarlly on activation if D, since quinpirole, a
D,/D, receptor agonist, sit har ine-induced tremor at all doses
tested. Interestingly, DA D, receptors do not appear to play a role since the DA D,
receptor agonist SKF82958 had no effect on harmaline-induced tremor.

»The harmaline-induced tremor model in mice continues to provide a valuable and
i model for ing novel for of ET.

References

>Blair MA, Ma S, Phibbs F, Fang JY, Cooper MK, Davis TL, Hedera P, 2008. Reappraisal of the role of the DRD3
geno in essentlal tremor. Parkinsonism Relat, Disord. doi 10.1016/j parkreldis.2007.11.002

>Deng H, Le W, Jankovic J (2007) Genetics of essential tremor. Brain 130:1456-1464.

>Deuschl G, Bergman H (2002). Pathophysiology of nonparkinsonian tremors. Mov Disord. 17 Suppl 3:541-8.
>Fowler SC, Zarcone TJ, Vorontsova E, Chen R, 2002. Motor and associative deficits in D2 dopamine receptor
knockout mice. Int. J. Dev. Neurosci. 20(3-5), 309-321

> Higgins JJ, Loveless JM, Jankovic J (1998). Evidence that a gene for essential tremor maps to chromosome 2p
in four families. Mov Disord 13(6):972-977.

>Jankovic J, Noebels JL (2005). Genetic mouse models of essential tremor: are they essential? J Clin Invest
115:584-86.

> Jeanneteau F, Funalot B, Jankovic J, Deng H, Lagarde JP, Lucotte G, Sokoloff P, 2006. A functional variant of the
dopamine D3 receptor is associated with risk and age-at-onset of essential tremor. Proc Natl Acad Sci 103,
10753-58

»Jenkins IH, Bain PG, Colebatch JG, Thompson PD, Findley L, Frackowiak RS, Marsden CD, Brooks DJ. (1993).
Apositron emission tomography study of essential tremor: evidence for overactivity of cerebellar connections.
Ann Neurol. 34(1
»Kralic JE, Criswell HE, Osterman JL, O’Buckley TK, Wilkie ME, Matthews DB, Hamre K, Breese GR, Homanics
GE, Morrow AL (2005). Genetic essential tremor in gamma-aminobutyric acidA receptor alphat subunit knockout
mice. J Clin Invest. 115:774-779,

»Lorenz D, Deuschl G. (2007) Update on pathogenesis and treatment of essential tremor. Curr Opin Neurol
20(4):447-52.

>Mally J, Baranyi M, Vizi ES (1996). Change in the concentrations of amino acids in CSF and serum of patients
with essential tremor. J Neural Transm Gen Sect 103:555-560

>Martin FC, Thu Le A, Handforth A (2005). Harmal luced tremor as a potential preclinical screening method
for essential tremor medications. Mov Disord 20:298-305.

>Milner TE, Cadoret TE, Lessard L, Smith AM, 1995. EMG analysis of harmaline-induced tremor in normal and
three strains of mutant mice with Purkinje cell degeneration and the role of the inferior olive. J. Neurophysiol.
73(6), 2568-2577.

>Miwa H, 2007. Rodent models of tremor. Cerebellum 6(1), 66-72.




