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»Essential Tremor (ET) in one of the most common - - - -
e ol Lo i curves for the effects of propranolol on harmaline-induced tremors GBR12909 decrease harmaline-induced

does not lead to serious complications. However, it has been shown

that ET can be debilitating in a small percentage of patients. harmaline-induced tremors tremors in mice only at 2 mg/kg
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> Although the causes of ET are not known, genetics are thought to “—— Water - Harmaline 30mg/kg
play a role in about 50% of ET cases. Three gene loci (ETM1 on _:;::;::::::;:g;:g::x:}::::z:g;:g
3q13, ETM2 on 2p24.1 and a locus on 6p23) have been identified this —— Propranolol 10 mg/kg - Harmaline 30mglkg|
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).
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»The neuronal circuitries underlying ET are not well understood
either but 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
revealed higher levels of glutamate and asparate and decreased
levels of y-aminobutyric acid (GABA), serine and glycine in the
cerebrospinal fluid. (Mally et al., 1996).
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> Animal models for ET are scarce. Two rodents models that are used 123485 67 8 9 10111213 1815 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 0
to study ET are the harmaline animal model and the GABAA Frequency (rz) Short Events Long Events Total Events Short Events Long Events Total Events
receptor alphal subunit knockout mice (Jankovic and Noebels, Bandwidth
2005; Kralic et al., 2005: Miwa H 2007; Lorenz and Deuschl 2007). During test sessions, the multiples frequencies (hertz) of activity Mice were injected with water, propranolol or gabapentin Mice were injected with water, propranolol or GBR 12909

»Harmaline is a beta-carboline derivative that causes generalized are recorded. Using a Fast Fourier Transform (FFT), an output is (i.p) 20 min prior to harmaline injection. Data represent (i.p) 20 min prior to harmaline injection. Data represent
tremor in mice with a frequency of 11 — 14Hz (Milner et al., 1995). provided showing the percentage of energy (activity) recorded at mean + SEM. mean + SEM.
Harmaline acts on the neurons of the inferior olivary nucleus (ION) each frequency. Center frequency (15 hz) and bandwidth (10 hz)
to modulate their rhythm-generating ionic currents and thereby are used for analysis of tremor events summa
resulting in g ized tremor. ine-induced tremors in mice . ry
can be attenuated by ethanol and octanol suggesting a GABA-ergic . . N - ;
component (Rappaport et al., 1984; Martin et al., 2005). Propranolol . F i g ure 5 . Va I p roate decreases »InICR m:ce,hmjel;tuon c:'f harmaline profduces tremors that are can be
ir:':l(sn:a:‘ei?‘oer:e:: t;oi’r;r;ihit harrqalir;er:induced tremors in mice and F|gure 2: Proprano'o' decreases . . ased on the of energy spent.
v = . . ha rma I ine-in d uced trem ors >We confirmed previously reported data showing the ability of
Hypothesis harmaline-induced tremors p ™ harmminenduosd omore.
200

) ) ” Ll Trrrer——— @ | atr Harmaine 0mOKS ine s0mgika »Pharmacological validation of this model suggests the involvement
GABAergic, glutamatergic and dopaminergic systems - £ Propranolol 2mglkg - Harmaline 30mglkg c R Valproate 50mglkg - Harmaline 30mglkg of GABAergic pathways since GHB blocked the tremors induced by
underlie some of the mechanisms of harmaline-induced % R Propranolol Smg/kg - Harmaline 30mglkg 9 alproate 100mg/kg - Harmaline 30mglkg harmaline. These data support the findings of Kralic et al., (2005)
tremors in mice. I.I>J 150 8 Proprarclel omgikg - Harmalin 30mgha "E 10 :‘\f:r.::: iﬂ%’:‘://:?; Harmaiine gﬂ’r’v‘\:/r:: showing similar effects of GHB in the GABA, KO mice.
Methods s g »Glutamatergic pathways might underlie harmaline-induced tremors
—_— £ * o in mice. Non-competitive NMDA receptor antagonists MK-801 and

o fi PCP blocked harmaline-induced tremors. However, since both
Animals |: 100 . compounds can increase dopaminergic tone either directly or
— * S indirectly, we tested the dopamine uptake blocker GBR12909 and
Male ICR mice from Taconic Laboratories (Germantown, NY) were S * g found that it also attenuated harmaline-induced tremors at 2 mg/kg
used in this study. Upon receipt, mice were assigned unique @ % € only.
identification numbers (tail marked) and were group housed in OPTI Q 5% 3 >The i agents in and showed a
mice ventilated cages. All animals remained housed in groups of g * * * z d ion of ine-induced tremors,
four during the remainder of the study. Mice were maintained on a z * * )
12 hr /12 hr light/dark cycle'wit!| the light on at 6:00 a.m ESTu The Short Events Long Events Total Events >The data suggest the i of multiple
room temperature was maintained between 20 and 23°C with a 0 systems in harmaline-induced tremors in mice. Further validation is
relative humidity maintained between 30% and 70%. Chow and water Short Events Long Events Total Events needed to support a dopaminergic role in this test.
were provided ad libitum for the duration of the study. Prior to Vi iniected with wat ol (i.p) 20 mi . Mice were injected with water, propranolol or valproate
testing, all mice were examined on a regular basis, handled, and ice were injected with water or propranolo (i-p) 20 min prior (i.p) 20 min prior to harmaline injection. Data represent Nonetheless, harmaline-induced tremors in mice provide could be
weighed to assure adequate health and suitability. In each test, to harmaline injection. Data represent mean + SEM. used as a model for ing novel i for ET.
animals were i across groups. Animals mean = SEM. .

were not disturbed between test days.

Harmaline-induced tremors Figure 3: y-hydroxybutyrate decreases Figure 6: N-methyl-p-aspartate References
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period. Following the habituation period, tremor activity of the mice
is for approxil 8 min. The ies (1-
64 hertz) of activity and the number of tremor events are captured
electronically.

B Water - Harmaline 30mglkg
£ Propranolol 10mgkg - Harmaline 30mglkg
S K801 0.02 mglkg - Harmaline 30mglkg
IK-801 0.05mglkg - Harmaline 30mglkg
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IK-801 0.1 mg/kg - Harmaline 30mg/kg
B PCP 1 mgikg - Harmaline 30mglkg
£33 PCP 3 mghkg - Harmaline 30mglkg
£33 PCP 10 mgikg - Harmaline 30mglkg
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Data are analyzed by the tremor monitor software (San Diego
Instruments) in a two part process. Using a Fast Fourier Transform
(FFT), an output is provided showing the percentage of acf
(energy) at each A center freq y of activity
between 14 - 15 Hz is chosen, along with a bandwidth of 10 Hz.
Using these parameters, tremor events are tabulated as short, long,

Number of Tremor Events

Number of Tremor Events

and total events. A short event was an event that lasted 0.3 - 0.5 * * 50 ¥ Lorenz D, Deuschl G. (2007) Update on pathogenesis and treatment of essential tremor.
seconds and a long event lasted more than 0.5 seconds. 0 * Curr Opin Neurol. 20(4):447-52.
. > Louis ED, Ford B, Lee H (1998). Diagnostic criteria for essential tremor: a population
SortEvents Long Events Total Events perspective. Arch Neurol 55(6):823-828.
Statistical analysis Mice were injected with water or GHB (i.p) 20 min prior to Short Events Long Events. Total Events > Mally J, Baranyi M, Vizi ES (1996). Change in the concentrations of amino acids in CSF and
harmaline injection. Data represent mean + SEM. serum of patients with essential tremor. J Neural Transm Gen Sect 103:555-560
Data were analyzed using analysis of variance (ANOVA) followed by Mice were injected with water, propranolol, phencyclidine > Martin FC, Thu Le A, Handforth A (2005). Harmaline-induced tremor as a potential preclinical
Fisher PLSD post hoc test when appropriate. An effect was considered (PCP) or MK-801 (i.p) 20 min prior to harmaline injection. screening method for essential tremor medications. Mov Disord 20:298-305.

significant if p < 0.05. Data represent mean + SEM.



