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a b s t r a c t

Extracts from Glycyrrhiza are traditionally used for the treatment of insomnia and anxiety. Glabridin is
one of the main flavonoid compounds from Glycyrrhiza glabra and displays a broad range of biological
properties. In the present work, we investigated the effect of glabridin on GABAA receptors. For this
purpose, we employed the two-electrode voltage-clamp technique on Xenopus laevis oocytes expressing
recombinant GABAA receptors. Through this approach, we observed that glabridin presents a strong
potentiating effect on GABAA α1β(1�3)γ2 receptors. The potentiation was slightly dependent on the β
subunit and was most pronounced at the α1β2γ2 subunit combination, which forms the most abundant
GABAA receptor in the CNS. Glabridin potentiated with an EC50 of 6.371.7 mM and decreased the EC50 of
the receptor for GABA by approximately 12-fold. The potentiating effect of glabridin is flumazenil-in-
sensitive and does not require the benzodiazepine binding site. Glabridin acts on the β subunit of GABAA

receptors by a mechanism involving the M286 residue, which is a key amino acid at the binding site for
general anesthetics, such as propofol and etomidate. Our results demonstrate that GABAA receptors are
strongly potentiated by one of the main flavonoid compounds from Glycyrrhiza glabra and suggest that
glabridin could contribute to the reported hypnotic effect of Glycyrrhiza extracts.
& 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

GABAA receptors are chloride-selective, heteropentameric io-
notropic receptors that mediate fast inhibitory synaptic trans-
mission in the central nervous system. They constitute a target for
the majority of clinically relevant anesthetics, e.g., propofol and
etomidate [1]. They are also targets for many neuroleptic, anxio-
lytic and anticonvulsant drugs [2,3]. GABAA receptors are com-
posed of different combinations of the following subunits: α1–6,
β1–3, γ1–3, δ, ε, π and ϑ [2]. The most prominent native receptors
in the CNS are the post-synaptically localized heteromultimers of
α, β, and γ subunits. The GABA-binding pocket is formed by the α/
β-subunit interface, whereas the benzodiazepine-binding pocket
is located at the α/γ interface.

More than ten distinct modulatory binding sites in GABAA re-
ceptors are currently known, and these constitute the target of
many sedative, anticonvulsive, anxiolytic, antiepileptic, and hyp-
notic compounds of different chemical classes [4]. Benzodiaze-
pine-site agonists act mainly on γ2-containing GABAA receptors. In

contrast, several other modulators, such as the general anesthetics
propofol or etomidate, target the β subunit [5]. Flavonoid mod-
ulation of GABAA receptors has been the focus of intense research
for many years. The mechanism of potentiation is complex, only
partially understood, and includes flumazenil-sensitive modula-
tion at the benzodiazepine binding site, flumazenil-insensitive
modulation at other sites and second-order modulation of ben-
zodiazepine potentiation [6].

Glabridin is a polyphenolic flavonoid compound from liquorice
(Glycyrrhiza glabra, Fabaceae) and is one of the main components
of the flavonoid fraction. It has a wide range of biological prop-
erties, ranging from neuroprotective to skin-whitening (reviewed
by [7]), and is used in dietary supplements, foods and cosmetic
products. Liquorice extracts show hypnotic-sedative actions in
animal models and are traditionally used for the treatment of in-
somnia and anxiety [7–9]. Prior research showed that low mM
concentrations of glabridin strongly potentiate GABA-induced
currents in rat dorsal raphe neurons [10]. However, until recently,
no data regarding the effect of glabridin on recombinant GABAA

receptors has been published, and the mechanism of potentiation
has not yet been studied. In the present work, we addressed these
questions and studied the effect of glabridin on different subtypes
of heterologously expressed GABAA receptors.
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Fig. 1. Modulating effect of glabridin on recombinant GABAA receptors. (a) Several components (10 mM) were screened for the potentiation of GABA-induced currents (left,
n¼3–4). The chemical structure of glabridin (right). (b) Representative voltage-clamp recording of a Xenopus oocyte expressing the α1β2γ2 GABAA subtype exposed to 3 mM
GABA in the absence and presence of glabridin 30 mM (left). Higher concentrations of glabridin leads to an activation of the GABAA receptor. (c) Dose-response relationship
for the effect of glabridin on GABA induced currents (n of 4–6 oocytes). (d) Co-application of glabridin (30 mM) leads to a leftward shift in the dose-response curve of GABA on
α1β2γ2 receptors (n of 4 oocytes). Higher concentrations of glabridin lead to an activation of the GABAA receptor (n of 4 oocytes). (e) Representative voltage-clamp recording
of a Xenopus oocyte exposed to increasing concentrations of GABA in the absence (left) and presence (right) of 30 mM glabridin.
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