-

P
brought to you by i CORE

View metadata, citation and similar papers at core.ac.uk

provided by Kazan Federal University Digital Repository

Neuroscience 340 (2017) 153—-165
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Abstract—Hydrogen sulfide (H,S) is an endogenous gaso-
transmitter with neuroprotective properties that participates
in the regulation of transmitter release and neuronal
excitability in various brain structures. The role of H,S in
the growth and maturation of neural networks however
remains unclear. The aim of the present study is to reveal
the effects of H,S on neuronal spontaneous activity relevant
to neuronal maturation in hippocampal slices of neonatal
rats. Sodium hydrosulfide (NaHS) (100 pM), a classical
donor of H,S produced a biphasic effect with initial activa-
tion and subsequent concentration-dependent suppression
of network-driven giant depolarizing potentials (GDPs) and
neuronal spiking activity. Likewise, the substrate of H,S
synthesis L-cysteine (1 mM) induced an initial increase fol-
lowed by an inhibition of GDPs and spiking activity. Our
experiments indicate that the increase in initial discharge
activity by NaHS is evoked by neuronal depolarization which
is partially mediated by a reduction of outward K* currents.
The subsequent decrease in the neuronal activity by H,S
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appears to be due to the rightward shift of activation and
inactivation of voltage-gated Na* currents, thus preventing
network activity. NaHS also reduced N-methyl-p-aspartate
(NMDA)-mediated currents, without essential effect on
AMPA /kainate or GABA,-mediated currents. Finally, H,S
abolished the interictal-like events induced by bicuculline.
In summary, our results suggest that through the inhibitory
action on voltage-gated Na™ channels and NMDA receptors,
H,S prevents the enhanced neuronal excitability typical to
early hippocampal networks. © 2016 IBRO. Published by
Elsevier Ltd. All rights reserved.
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INTRODUCTION

Hydrogen sulfide (H2S) has been recently identified as an
important intra- and intercellular messenger, regulating
various physiological and pathological processes
(Kimura, 2010; Hermann et al., 2012a; Wang, 2012). In
the central nervous system H,S induces long-term poten-
tiation in the hippocampus (Abe and Kimura, 1996), mod-
ulates neuronal excitability of the subfornical organ, the
nucleus of the solitary tract (Kuksis et al., 2014; Kuksis
and Ferguson, 2015; Malik and Ferguson, 2016) and
trigeminal neurons (Feng et al., 2013) and mediates cen-
tral inhibition of the respiratory rhythm (Chen et al.,
2013). In the peripheral nervous system H,S modulates
transmitter release as well as exo- and endocytosis of
synaptic vesicles in motor nerve endings (Sitdikova
et al., 2011; Gerasimova et al., 2013, 2015; Mitrukhina
et al., 2013). H,S also exerts neuro-protectant effects by
preventing oxidative stress (Kimura and Kimura, 2004)
and by increasing glutathione levels (Kimura et al,
2010). Furthermore, H,S participates in the pathophysiol-
ogy of central nervous system diseases such as
epilepsy, stroke, neurodegenerative diseases and
hyper-homocysteinemia (Wang, 2012; Luo et al., 2014).
Neurotoxic or neuroprotective action of H,S is critically
dependent on its concentration and cellular location
(Wedmann et al., 2014).

H,S can change neuronal excitability through
modulation of Na* channels (Khademullah and
Ferguson, 2013; Kuksis and Ferguson, 2015) and differ-
ent types of K* channels (Pan et al., 2010; Sitdikova
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