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Etomidate enhances oscillatory activity in the delta and theta bandia
Uit GABA , receptors containingP,; subunits in neocortical neurons in vitro
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Abstract

Results

Hypothesis

Introduction:Numerous subtypes of GABAreceptors are known, differing
in subunit composition. The intravenous anesthettimidate acts at GABA
receptors containinfl, or B, subunits: The exchange of a single amino acid
in the transmembrane domain 2 of fasubunit (N265M) leads to a strongly
attenuated effect of etomid&té/e have previously shown that in neocortical
slice cultures etomidate depresses spontaneous gmiential firing in the
wild type to a significantly larger extent thanfigN265M) mutant mice. In
the neocortex about 20% of all GARAeceptors contaifi; subunits.
Methods:Neocortical slice cultures were prepared from tadive days old
B4(N265M) mutant and wild type mice as described l@hw@iler. After three
weeks in vitro these cultures were used for expamial studies. The local
field potential (micro-EEG) as a measure of synoimed synaptic activity
was recorded by llular electrodes. Osciltation the local field
potential were characterized by Fourier analysis.

Results:No differences in ongoing neuronal activity weresetved between
wild type andB,(N265M) mutant mice preparations under control dtioms.
Oscillatory population activity with dominant fregucies within the delta
and theta band (5 — 8 Hz) were heavily amplified b% M etomidate in
wild type, but depressed in preparations fr@iN265M) mutant mice
(ANOVA, p < 0.05). Changes in powerspectra of thealdield potential in
wild type (circles) and33(N265M) mutant (triangles) preparations induced
by 0.2uM etomidate. The difference spectrum is obtainedsbtracting
control from drug condition.

Conclusions:Only GABA, receptors containing; subunits mediate the
synchronizing effect of etomidate. In contrastite synchronizing effect, the
depression of action potential firing is causedblogh B, and B, containing
GABA, receptors. Therefore etomidate affects cortical mesirvia at least
two different GABA, receptor subtypes in different ways. Due to thellsma
subanesthetic concentrations tested here, theseatitfactions of etomidate
possibly correspond to the sedative and amneséctedf the drug.
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Fig. 1: Amino-acid point mutation i,(N265S) mice. The wild typg,
subunits have an asparagine (Asn) residue in posR#5 in the second
transmembrane region. GARAreceptors that contain these subunits are
sensitive to propofol and etomidate. In mutant mibe,Asn is replaced by a
methionine (Met). These receptors are insensitivetdmidate and propofol.
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Flg. 2: Correlation of action potential firing (upper tragand local field
potentials (lower traces) shown at different tenapoesolutions. Upper left
traces Three episodes of ongoing activity occurred spoedusly within
60 s of recording time._Upper righthe first episode is displayed at a higher
time resolution. Lower leftEarly phase of ongoing activity. Note the peak in
the local field potential. Lower right ate phase of the same episode. Note
the action potential firing at regular intervals dathe corresponding
oscillations in the local field potential.
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Fig. 3: Left: Power density spectrum of the Local Field Potnsiample size is n=9 for the wild type and n=gtfe mutant under control conditions. The averaged
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Fig. 4: Effects of etomidate on spontaneous IPSCs in sliceuras of
somatosensory cortex prepared from wild type andantutnice._Left
Averaged IPSCs recorded in the absence and in #sepce of the drug.
Time courses were fitted with the sum of two expuia functions (not
shown). Right In wild type and mutant mice etomidate exclusively
prolonged the slower decay time constant. Thisceféppeared to be more
pronounced in wild type compared to mutant micee &sterisk indicates a
statistically significant difference.
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power densities with a peak close to 6 Hertz wettesignificantly different between both types ofparation. (p > 0.05). RighThe difference spectra are obtained by
subtracting control from drug condition for bothidviype and mutant. Etomidate exhibits opposed tffen oscillations in the theta range in the wyidet and in the

mutant, most prominent between 3 and 8 Hertz.

Etomidate causes seizure-like electroencephalograptiivity in patients
suffering from epilepsy (Gancher S et al 1984: Ahesiblogy 61, 616-618).
Furthermore, the anesthetic increases seizure idiratduring
electroconvulsive therapy (Trzepacz PT et al 199 Gosp Psychiatry 15,
115-120). In a rat model of absence epilepsy efateiproduces uninter-
rupted oscillatory EEG activity in the theta andtaleange (Duysens J et al
1991: Int J Neurosci 57, 213-217). In rodents osilly theta activity is
regarded as a hallmark for absence seizures. Liagghts in the mechanism
underlying these absence seizures have indicatdthis kind of activity
originates in the somatosensory cortex (Meeren HKMI&002: J Neurosci
22, 1480-1495).

Here we report that etomidate amplifies oscillatacyivity in the delta- and
theta range in brain slices derived from the sos®teory cortex of wild
type mice. However, in slices from mutant mice ghescillatory activity was
strongly depressedrigure 3).

On the molecular leveF{gure 4), etomidate enhances a slow component of
GABA, receptor mediated events in a selective manneris €ffect is
decreased but not completely abolished in slicesyfmutant mice. So, at
least two different subtypes of GARAeceptors seem to be involved in
producing this effect, only one of them containgrfg subunit.

It is hypothesized that GABAreceptors characterized by (1) a slow decay
time (time constant: 38 ms) and (&) subunits mediate pro-epileptogenic
actions, whereas receptor subtypes lacking;asubunit mediate anti-
epileptogenic effectsHigure 5).

The differences reported for etomidate and propafoklectroconvulsive
therapy and in producing seizure activity in pasesuffering from epilepsy
are explained by the involvement of different GAB#&ceptor subtypes.
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Flg. 5: Comparison on the effects of etomidate reportedtsin vivo and
in brain slices of the somatosensory cortex derifredn wild type and
mutant micen vitro. Two circles represent episodic oscillatory agjivit the
theta range. Three circles are indicating etomidateced enhancement
whereas a single circle displays depression. Féhénexplanations see text
above.



