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Abstract. Stress responses activate protective mechanisms to 
achieve homeostasis, but they can be detrimental when such 
responses become maladaptive. Anxiety relates to risk 
assessment of a potential threat and involves uncertainty 
regarding the anticipation of a threatening situation and it 
dampers quality of life. Gamma-Aminobutyric Acid (GABA) is the 
major inhibitory system in the central nervous system and plays 
a key role in the regulation of neuronal transmission in the 
brain, affecting many physiological and psychological processes. 
This mini-review aims to summarize key points concerned with 
the GABAergic transmission and basic aspects related to the 
GABAergic system in anxiety. 
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Introduction 

Stress is a state of threatened 
homeostasis during which a variety of 
adaptive processes are activated to 
produce “protective” physiological and 
behavioral changes to achieve 
homeostasis. The hypothalamic–
pituitary–adrenal (HPA) axis constitutes 
one of the major endocrine systems that 
maintain such responses to stressful 
conditions and it is likely to be one of the 
most prominent endocrine components 
of the stress response. Another crucial 
activated response to stressful conditions 
is the sympathetic nervous system which 
promotes catecholamine release from 
sympathetic nerve terminals (Juruena, 
2014; Bali and Jaggi, 2015; Belda et al., 
2015). 

These mechanisms help to cope 
with stressful stimuli and account for the 
physiopathology of anxiety - a disabling 
disorder that imposes serious 
consequences on afflicted individuals. 
Anxiety relates to risk assessment of a 
potential threat and involves uncertainty 
regarding the anticipation of a 
threatening situation. It is triggered by 
less explicit and more generalized cues 
and is characterized by a more diffuse 
state of distress with symptoms of 
hyperarousal and pointless worries. 
Major depression is a common condition 
coexisting with other mental illnesses 
increasing the odds of substance abuse. 
Albeit the seriousness of anxiety, it has 
seldom been investigated and, 
consequently, its underlying 
neurobiological aspects remain poorly 
investigated (Fox and Kalin, 2014; Réus 
et al., 2014; Stein and Sareen, 2015). 

Gamma-aminobutyric acid 
(GABA) is the major inhibitory system in 
the central nervous system and plays a 
key role in the regulation of neuronal 
transmission in the brain, affecting many 

physiological and psychological 
processes. Changes in its levels lead to an 
imbalance of excitatory/inhibitory 
signals causing neuropsychiatric 
disorders. GABA acts via ionotropic 
(GABAA) and metabotropic (GABAB) 
receptors and either type of receptors 
are targets for many clinically important 
drugs used in the drug therapy of anxiety 
disorder. Drugs that act on 
GABAA receptors, for instance, 
benzodiazepines, barbiturates, 
neuroactive steroids, intravenous and 
inhalational anesthetics, and ethanol are 
of major importance (Möhler, 2012; 
Kumar et al., 2013). 

Molecular interactions and the 
effects evoked by drugs acting at 
GABA receptors are complex due to the 
structural heterogeneity these receptors 
possess and the existence of a myriad of 
allosterically interconnected binding 
sites, let alone the numerous chemically 
distinct ligands (Beltrán et al., 2014; 
Chua and Chebib, 2017). As such, this 
review aims to summarize key points 
concerned with the GABAergic 
transmission and anxiety focusing on 
molecular aspects of GABA receptors per 
se and basic aspects related to the 
GABAergic system in anxiety. 

Molecular aspects of GABAA 
receptors 

The GABAA receptor is a Cl--
channel involved in fast synaptic 
inhibition and member of a superfamily 
of transmitter-gated ion channels that 
includes the nicotinic acetylcholine, 
strychnine-sensitive glycine, and 5-HT3 
receptors. These ion channels are 
structurally similar, composed of five 
subunits that assemble to form an ion 
channel (Figure 1). Each subunit 
possesses four transmembrane domains 
and when the channel forms, these 
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subunits organize in a way that their 
second transmembrane domains form 
the wall of the channel pore. In addition, 
there is a large intracellular loop 
between transmembrane domains three 

and four believed to be the target for 
protein kinases and to be necessary for 
subcellular targeting and membrane 
clustering of the receptor (Chebib and 
Johnston, 1999; Sieghart, 2006). 

 
 
 

 
Figure 1. Schematic diagram of a GABAA receptor composition, structure, and binding sites for 
GABA and BZs (benzodiazepines). Source: Jacob et al. (2008). 
 
 
 

GABAA receptors are selectively 
blocked by bicuculline and modulated by 
benzodiazepines, steroids, and 
barbiturates. Johnston, 1996 described 
GABAA receptors as the most complicated 
of the superfamily of ligand-gated ion 
channels in terms of many receptor 
subtypes and the variety of ligands that 
interact with specific sites on the 
receptors. So far, sixteen human GABAA 
receptor subunits have been 
characterized and grouped according to 
amino acid similarity and classified as: α 

1–6, β 1–3, γ 1–3, δ, ε, θ, and π (Campbell 
et al., 2004; Karim et al., 2013) 

The activation of GABAA 
receptors by GABA is therefore not 
restricted to fast synaptic transmission 
alone and is in part dependent on 
subunit composition. These receptors are 
hetero-oligomeric, made up of a mixture 
of the mentioned subunits and, 
consequently, an immense array of 
combinations may exist for these 
receptor subtypes. However, if a fully 
functional GABAA receptor is to exist, an 
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α, β, and one other subunit type is 
necessary (Chebib and Johnston, 2000; 
Sinkkonen et al., 2000) 

Regarding the six α-subunits, 
α 1-3 are localized at synapses, α 4-6 
subunits are extrasynaptically located 
and have higher sensitivity to GABA. The 
γ 2-containing GABAA receptors can be 
found at both synaptic and extra-
synaptic sites and combine with α1–3,5-
subunits to form benzodiazepine 
sensitive receptors. Each α-subunit 
confers different physiological 
characteristics and displays differential 
regional expression profiles in the brain. 
The role of each α-subunit in relation to 
benzodiazepine pharmacology has been 
elucidated using genetically modified 
mice in which a genetic mutation was 
introduced to individual α-subunits to 
render the receptor subtype diazepam-
insensitive. These studies found that the 
sedative, anterograde, amnestic, and 
partly the anticonvulsant actions of 
diazepam were mediated by α1-
containing GABAA receptors, the 
anxiolytic-like effects were mediated by 
α2-containing GABAA receptors, and the 
myorelaxant action was mediated in part 
by α3- and α5- containing GABAA 
receptors. Moreover, the development of 
tolerance to the sedative action of 
benzodiazepines was linked to α 5-
containing GABAA receptors, while the 
addictive properties have been linked to 
α1-containing GABAA receptors (Rudolph 
et al., 2001; Chebib et al., 2004; Atack et 
al., 2005). 

Molecular aspects of GABAB 
receptors 

GABAB receptors predominantly 
couple to Gi/o proteins; the effect is 
primarily inhibitory via inhibition of 
presynaptic voltage-gated Ca+2 channels, 
activation of postsynaptic K+ channels, 
and inhibition of adenylyl cyclase. These 
receptors are regulated either by 
receptor phosphorylation as well as their 
interaction with associated proteins. 
They have a central core domain of 7 

transmembrane helices responsible for 
G-protein coupling (Figure 2). The GABAB 
receptor is an obligatory heterodimer 
and is formed by 2 subunits, GABAB1 and 
GABAB2 (Emson et al., 2007; Li et al., 
2013). 

The former contains a large 
extracellular domain that binds GABA or 
other ligands such as baclofen; the latter 
couples the receptor with the effector G 
protein. The activation of GABAB 
receptors results from successive 
conformational changes of its two 
subunits. Two isoforms of GABAB1 
subunits exist GABAB1a and GABAB1b. 
They differ mostly due to the presence in 
GABAB1a of a pair of extracellular 
domains, which are termed sushi 
domains. They are conserved protein-
binding structures involved in protein 
interactions. The GABAB1 and GABAB2 
receptor subunits interact with many 
extracellular and intracellular proteins 
that take part in trafficking, anchoring, 
and signaling (Benarroch, 2012). 

GABAB receptors are located 
presynaptically, postsynaptically, and on 
extrasynaptic membranes. Studies in 
transgenic mice show that isoforms 
containing GABAB1a and GABAB1b possess 
differential synaptic distribution, 
location, roles, and pharmacologic 
features. Generally, GABAB1a isoform is 
expressed in glutamatergic terminals, 
whilst GABAB1a and GABAB1b isoforms are 
located at GABAergic terminals. 
Postsynaptic GABAB receptors can be 
formed from either GABAB1a or GABAB1b 
subunits together with a GABAB2 subunit, 
which entirely depends on the cellular 
type. These spatial and temporal 
differences in the expression of the 
GABAB1a and GABAB1b subunits suggest 
distinct functional roles these receptors 
play in a wide range of physiological 
conditions that could be fully 
therapeutically explored to allow for 
drug design and development studies to 
reach further towards a full 
comprehension of this system (Varani et 
al., 2014). 
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Figure 2. Schematic diagram of a GABAB receptor composition, structure, and binding sites for 
GABA and intracellular mechanisms. Source: Benarroch (2012). 
 
 
 
 
GABAergic transmission and 
anxiety 

Anxiety relates to risk assessment 
of a potential threat and involves 
uncertainty regarding the anticipation of 
a threatening situation. It is triggered by 
less explicit and more generalized cues 
and is characterized by a more diffuse 
state of distress with symptoms of 
hyperarousal and pointless worries. 
Anxiety disorders include five major 
debilitating subtypes disorders: 
generalized anxiety disorder (GAD), 
panic disorder (PD), obsessive-
compulsive disorder (OCD), social 
anxiety disorder (SAD), and post-
traumatic stress disorder (PTSD). 
Specific phobias are distinct but less 

debilitating. In anxiety patients, neutral 
stimuli or only slightly aversive stimuli 
can lead to extreme hyperarousal, 
emotional distress, and attempts to 
escape from or to avoid the anxiety-
inducing situation (Baldwin et al., 2005; 
2010). 

Drugs targeting GABAergic 
transmission have been widely employed 
for anxiety therapy. As discussed before, 
specific GABA subunits are involved in 
the anxiolytic effects of drugs and are 
held responsible for mediating such 
effects on pre-clinical studies. 
Additionally, specific GABA subunits 
lacking animals, either GABAA or GABAB 
subunits, are less prone to develop 
anxiety-like behaviors. This information 
hence provides us with a rationale for the 
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development of selective drugs, opening 
avenues for further studies on the role of 
the diverse subtypes of GABA receptors 
in the physiopathology of anxiety 
(Chebib and Johnston, 2000). 

A beneficial effect of GABAergic 
drugs in depression would be expected 
based on the available literature showing 
that patients can present a deficit in 
cortical GABA levels (Sanacora et al., 
1999; Hasler et al., 2007), a deficit in 
cortical GABAA receptors (Klumpers et 
al., 2010) or a deficit in the number of 
cortical GABA neurons (Rajkowska et al., 
1999; 2007). Thus, these factors would 
be contributory in modulating anxiety 
states (Möhler, 2012). 

The interest in the role of GABAB 
receptors in emotion regulation was 
fortified by the recognition that GABAB1 
deficient mice show anxiety- and panic-
like behavior. Conversely, chronic 
treatment of mice with the GABAB 
receptor positive allosteric modulator 
CG39783, induced persistent anxiolysis 
without tolerance and ethanol 
interaction (Cryan and Kaupmann, 
2005). In addition, GABAB receptors were 
implicated in mediating symptoms of 
depression and being possibly involved 
in the response to antidepressants 
(Ghose et al., 2010). 

As discussed, the GABAergic 
transmission pharmacology is complex, 
and a plethora of components contribute 
to its functioning and network in the 
nervous system, let alone the many 
effects GABA per se possesses in other 
systems, acting as a major inhibitory 
signaling molecule. In anxiety states, the 
GABAergic system has shown a major 
contra-regulatory effect. A misbalance of 
this system is detrimental and, therefore, 
contributes to the physiopathology of 
anxiety disorders and other psychiatric 
conditions alike. 
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