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In this study, we analyzed the status and research trends of the GABAergic system in
depression from 2004 to 2020 to provide a reference for further research. The Web of
Science database was used as the data source and 1,658 publishments were included.
Using two visualization analysis software, CiteSpace and VOSviewer, we analyzed the
publishing years, countries, institutions, authors, journals, categories, keywords, and
research frontiers in depression. The publishments revealed an upward trend from 2004
to 2020; the most prolific country and institutions were the United States and INSERM,
respectively. The journal of Neuroscience was the most published and cited journal. The
most relevant category was neurosciences. The hot topics in this field were GABAergic
research in Gaba(a) receptor; the research frontier was depressive model. These analysis
results provide a new perspective for researchers to conduct studies on related topics
in the future and guidance for scientists to identify potential collaborators and research
cooperation institutions.

Keywords: GABAergic, depression, CiteSpace, visualization analysis, VOSviewer

INTRODUCTION

Depression is one of the most common mental disorders, characterized by persistent
depression and lack of pleasure. It includes anxiety, sleep disorders, lack of interest,
hopelessness and helplessness, decreased attention, and suicidal thoughts. Worldwide, more
than 350 million people are affected by depression. From 2005 to 2015, the number of
patients with depression increased by 18%, making it one of the most common diseases
globally (1). In 2015, the World Health Organization ranked depression as the most
significant single factor for global disability, with two-thirds of suicides occurring due to
depression. However, due to stigma, lack of effective treatment and insufficient mental
health resources, depression is generally not diagnosed and treated (2). Depression is also
difficult to treat because of phenotypic diversity and etiological heterogeneity (3). Depression
is caused by several factors, including genetic and environmental factors. The underlying
neurobiological determinants of depression remain unclear despite the efforts in exploring
its pathophysiological mechanisms. First- and second-generation antidepressants are mainly
based on the monoamine hypothesis. First-generation antidepressants include monoamine
oxidase inhibitor (MAOI) and tricyclic drug (TCA), which inhibit the oxidation of monoamine

Frontiers in Psychiatry | www.frontiersin.org

1 May 2022 | Volume 13 | Article 874137


https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://doi.org/10.3389/fpsyt.2022.874137
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyt.2022.874137&domain=pdf&date_stamp=2022-05-18
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles
https://creativecommons.org/licenses/by/4.0/
mailto:261267443@qq.com
mailto:wws@smu.edu.cn
https://doi.org/10.3389/fpsyt.2022.874137
https://www.frontiersin.org/articles/10.3389/fpsyt.2022.874137/full

Lin et al.

Development of GABAergic Network in Depression

and increase the extracellular concentration of 5-
hydroxytryptamine (5-HT), dopamine (DA), and noradrenaline
(NE) (4-6). Second-generation antidepressants, such as selective
serotonin reuptake inhibitors (SSRIs), can increase 5-HT
concentrations in the whole brain. At present, monoaminergic
drugs, especially SSRIs, are recommended as the first-line
therapy at home and abroad. However, monoamine drugs
take weeks and months to produce a treatment response, and
one-third of patients develop treatment resistance (7).

Considering the relatively low efficacy of monoamine
drugs, new drugs with higher efficacy must be developed
to resolve the current treatment limitations. Studies have
reported the role of the GABAergic system in the pathogenesis
of depression, antidepressants, anxiety, and schizophrenia. In
2011, Luscher proposed the GABAergic deficit hypothesis (8),
which indicated an association among depressive symptoms,
the gamma-aminobutyric acid (GABA) system, and GABA
receptor deficiency (9). Stress regulation is based on GABAergic
transmission, and chronic stress is the most critical vulnerability
factor of major depressive disorder (MDD) (10). Mental pressure
can also result in the loss of GABA function, caused by the change
of reversal potential due to a decrease in the transmembrane
KCl anion cotransporter function (11). However, so far,
different neuropsychiatric diseases could not be distinguished by
mutations or functional polymorphisms of genes closely related
to GABAergic transmission, which must be further explored.

GABA is a crucial inhibitory neurotransmitter of the central
nervous system (CNS). GABAergic neurons are located in the
hippocampus (HPC), thalamus, basal ganglia, hypothalamus, and
brainstem. GABA is synthesized by glutamate decarboxylases
(GAD65 and GAD67) in the cytoplasm of presynaptic neurons.
After synthesis, GABA is loaded into synaptic vesicles through
vesicular inhibitory amino acid transporters (VGAT1 and
VGAT?2). The SNARE (soluble N-ethylmaleimide-sensitive factor
attachment protein receptor) complex helps to couple the vesicles
to the plasma membrane of the cell. When the action potential
reaches the presynaptic cell, the voltage-gated calcium channel
opens, and calcium binds to a synaptic binding protein, fusing
vesicles and plasma membrane and releasing GABA into the
synaptic gap bind with the GABA receptor. GABA can then be
degraded or transported back to glial or presynaptic cells. GABA
is degraded into succinic semialdehyde by GABA transaminase
and enters the citric acid cycle (12, 13).

Early pioneering studies have revealed that patients with
depression have lower plasma and cerebrospinal fluid GABA
levels (14-16). The introduction of magnetic resonance
spectroscopy (MRS) can directly and non-invasively measure
GABA levels in the brain. Studies have indicated that GABA
levels in the prefrontal cortex (PFC), anterior cingulate cortex,
and occipital lobe are decreased in patients with MDD (17-20).
This is the most substantial evidence that GABA deficiency may
cause depression. Gabbay et al. concluded that the therapeutic
effect of SSRIs may involve a GABAergic mechanism (21).
Additionally, SSRIs increase GABA levels in the brain by
stimulating the 5-HT2B receptor of astrocytes (22). Transcranial
magnetic stimulation (TMS) can regulate cortical GABAergic
and glutamatergic imbalance. TMS has been widely used in

adult clinical treatment and is highly considered an experimental
treatment for depression in adolescents who do not respond
to conventional treatments, such as cognitive behavioral
therapy and SSRIs. However, unknown factors related to
neurodevelopment and TMS exposure in adolescents must be
considered (23).

With the development of research, the GABAergic system
plays an increasingly crucial role in depression. In this study,
we discussed the research status, hot spots, and development
trend of the GABAergic system in the field of depression through
the visual analysis of literature data by CiteSpace to provide a
reference for research in related areas in the future.

MATERIALS AND METHODS

Data Acquisition

Data for GABAergic and depression analysis were collected
from the Web of Science Core Collection (WoSCC), including
SCI-Expanded, one of the most influential scientific literature
databases, on 1 August 2021. The retrieval strategy in WoSCC
is [(TS = (gabaergic) OR TS = (GABAergic)] AND TS =
(depression) AND DT = (Article OR Review) AND Timespan:
2004-01-01-2020-12-31. The search produced 1,658 records, and
only the original articles and reviews were included (Figure 1).
All the retrieved publishments were exported in plain text format.

Statistical Analysis

Origin is a scientific drawing and data analysis software
developed by the OriginLab company. In the current study,
we drew charts using Origing 2018 to display trends between
publishments and year intuitively.

CiteSpace is a visualization software for creating scientific
knowledge maps. CiteSpace draws the knowledge map of related
fields, directly displays the information panorama of a certain
knowledge field, identifies imperative literature, hot research, and
Frontier direction of a certain scientific field through diversified
and dynamic network analysis (24). Node centrality is an index
to quantify the importance of nodes in the network; higher
centrality indicates more contacts in the network that must pass
through the node, indicating its vital role in communicating with
other nodes and acting as a bridge. As the representative of core
words with high frequency in papers, a keyword embodies crucial
information. The module value (Q value) and average contour
value (S value) are calculated according to the network structure
and clustering clarity in the keyword clustering network. Q >
0.3 indicates significant clustering structure, S > 0.5 indicates
reasonable clustering, and S > 0.7 indicates reliable clustering.
In addition, the variant words of a topic in the future are a sign of
the sudden growth of hot spots in the field and a valuable measure
of the future development trend of the topic. The mutation
value represents the mutation size; the larger the variation value,
the more obvious the developmental trend of topics related to
variation words. Using the bibliometric research method, we used
the CiteSpace 5.8.R3 software to discuss the years, countries,
institutions, journals, categories, keywords and hotspot from
2004 to 2020 (Figure 1). We set the threshold value as slice length
= 1, selection criteria select Top50, respectively select “country,’
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Search
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Import

Analysis

for analysis.

Search for relevant studies from WOSCC
Retrieval strategy in WoSCC is ((TS = (gabaergic) OR TS = (GABAergic)) AND TS = (depression))
AND DT = (Article OR Review) AND Timespan: 2004-01-01~2020-12-31.

Produce 1658 records
All the retrieved publishments were exported in plain text format.

Import into CiteSpace and VOSviewer
We set the threshold value as slice length = 1, selection criteria select Top50

FIGURE 1 | Flow chart of retrieving publishments from Web of Science Core Collection, obtaining publishments and importing them into CiteSpace and VOSviewer

“institution,” “keyword,” “category,” four nodes to explore the
author, country, institution and keywords of publishments, and
selected “cited author,” and “cited journal” three nodes to explore
the co-citation of papers.

VOSviewer is a bibliometric analysis software, which is easy
to operate and presents a more concise diagram than CiteSpace.
The results were shown in two forms, namely, general view
and thermal diagram. This paper used it to analyse countries,
institutions and keywords.

RESULTS

Research Trends of the GABAergic System

and Depression

The number and changes of published papers in a certain period
are important indicators to measure the research status in related
fields. Figure 2A showed the number of publishments related to
GABAergic system and depression over the years. From 2004 to
2020, the overall number of publishments showed an upward
trend, indicating that the research had attracted more attention.
Before 2015, the number of publishments increased year by year.

From 2016 to 2018, the number of publishments decreased and
fluctuated slightly compared with 2015. In the past 3 years, the
publishing volume had increased rapidly. By 2020, the number of
publishments had doubled from 2004.

Visual Analysis of Countries and

Institutions
Among the papers published in the research field of depression
and GABAergic system, the United States had the largest number,
with 680 (41%), which was much higher than that of other
countries (Figure 2B). China, Germany, Japan and Italy ranked
second to fifth. In the visual density map, the area and brightness
of the United States were also much higher than those of
other countries (Figure 2C). The visual density map was made
by VOSviewer. In Figure 2C, if the density of countries and
institutions was smaller, the color of nodes was closer to blue;
if the density of countries or institutions was bigger, the color
of nodes was closer to yellow, indicating the closer relationship
between countries or institutions.

A total of 1,469 institutions participated in the issuance
of papers, of which 6 institutions issued more than 2%. The
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FIGURE 2 | Analysis of the annual publishments, countries, and institutions. (A) Line graphs of papers published every year from 2004 to 2020. (B) Pie chart of
publishment issued by countries and institutions. (C) The density visualization of countries and institutions.

institution with the highest number of articles was Institut
National de la Sant é et de la recherche médicale (INSERM),
which had published 74 articles (4.5%) (Figure 2B). INSERM,
founded in 1964, is the only public research organization
fully committed to human health in France (https://www.
inserm.fr/). Although France was not among the top five

countries with the largest number of publishments, the
institution with the largest number of publishments was in
France. In the visual density map, its color was yellow and
its area was large, indicating that it had carried out close
cooperation with the world’s top research institutions in the past
17 years (Figure 2C).
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FIGURE 3 | The analysis of cited-authors. (A) Visualization of cited authors. (B) The top cited authors with the strongest citation bursts.

Analysis of Co-authors

Through the co-analysis of authors by CiteSpace, we can
show the core authors in a discipline or research field and
their cooperation intensity and mutual citation relationship.
From 2004 to 2020, the map (Figure3A) had 866 nodes

and 5,249 connections, and the network density was 0.014.
It can be seen from the map that Sanacora G, Paxinos G
and Freund TF appeared the most frequently, indicating that
their papers was cited more and played an important role in
this field.
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Among the strongest citation bursts of the top 25 cited authors
from 2004 to 2005, Luscher was the author with the longest
duration, from 2012 to 2020, indicating that his articles had
a great impact after publishment (Figure 3B). The red bars
indicated keywords cited frequently; the green bars indicated
keywords cited infrequently.

Analysis of Journals and Cited Journals
The 1,659 publishments involved 97 journals. The top 10
journals with published articles and the top 10 journals

with cited times were shown in Figure4A. The Journal of
Neuroscience was ranked first, followed by Neuroscience,
Neuropharmacology, Journal of Neurophysiology, and European
Journal of Neuroscience. For all the top 10 journals with
published articles, the impact factor (IF) was <10. The IF was
acquired from Clarivate Analytics’ Journal Citation Reports.

The IF of co-cited journals was generally higher than that
of published journals. In addition, the Journal of Neuroscience
ranked first among the co-cited journals. The Journal of
Neuroscience had the largest node in the visual map (Figure 4B).
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Combining the findings presented in Figure 4A, we confirmed
that the Journal of Neuroscience was the core journal with
the most relevant papers, indicating its comprehensive strength
and influence over the other journals in GABAergic research
of depression.

Analysis of Categories

GABAergic research in depression primarily involved the field
of Neuroscience and Pharmacology, Psychiatry, Biochemistry
Molecular Biology and Clinical Neurology. The top 10 categories
were shown in Figure5. In addition, it also involved the
multidisciplinary science and endocrine metabolism of
depression, indicating that its research and application in
these two directions had further exploration value.

Analysis of Keywords
Statistics revealed 491 keywords in the papers related to the
GABAergic system of depression from 2004 to 2020. As shown
in Table1, the top 10 keywords with the highest centrality
ranking were more than 0.05, but only one keyword had strong
centrality (>0.1). The crucial central node was the “GABA(a)
receptor;” indicating that the research of GABAergic system in
depression mainly focuses on GABA(a) receptor. The primary
keywords in the literature related to the study of the GABAergic
system of visual depression were shown in Figure 6A. The
node size indicated the frequency of referencing keywords; the
higher the frequency, the larger the corresponding node. The
visualization map divided the keywords into three categories: red
for related mechanisms, blue for drug research, and green for
clinical research.

At present, the rodent model of depression is more mature,
and relevant research is also more extensive. The application
of the depression model in non-human primates, which are

TABLE 1 | The top 10 centrality of keyword.

Rank Keyword Centrality Number
1 Gaba(a) receptor 0.10 103
2 Hippocampus 0.07 135
3 Synapse 0.07 77
4 Central nervous system 0.07 57
5 Cerebral cortex 0.07 35
6 Rat 0.06 142
7 Receptor 0.06 127
8 GABAergic neuron 0.06 104
9 Serotonin 0.06 62
10 Dentate gyrus 0.06 59

closely related to human beings, is still under exploration, and
primates have a better simulation effect than rodents (25). Some
chronic stress models model depressive behaviors in rodents,
such as chronic restraint stress, chronic unpredictable stress
(CUS), and chronic social frustration stress (CSDS) (26). Chronic
unpredictable mild stress (CUMS) is a widely accepted model
to induce depression-like behavior in rodents (27). In the brain,
chronic stress changes the function of neurotransmitters and
appropriate neuroplasticity, resulting in human depression (28).
Therefore, this is widely used by researchers as a depression
model in rodents. The CUMS model summarizes several core
behavioral characteristics of human depression. In addition to
depression, the cumulative effect of CUMS may result in transient
overload in vivo, and it may lead to systemic diseases, such as
atrophy of neurons in the HPC and PFC, myocardial ischaemia,
abnormal liver metabolism, and poor renal prognosis (29).
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FIGURE 6 | The analysis of keywords. (A) Visualization of keywords. (B) The top 25 keywords with the strongest citation bursts.
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Astrocytes are a central target for identifying newer and more
effective treatments for depression.

Hot Research Analysis

Figure 6B showed the top 10 keywords, of which the keyword
with the most robust citation bursts was “transmitter release,”
and the duration was from 2004 to 2010. The current
research Frontier trends were “synaptic plasticity,” “MRS,”
“pyramidal neurons.”

Synaptic plasticity was the research Frontier in this field.
Decreased synaptic plasticity and altered excitatory or inhibitory
balance were considered potential mechanisms of depression to
study the effect of GABA on synaptic plasticity, especially in the
PEC (30). The role of astrocytes in regulating neuronal activity
and plasticity suggests that astrocytes are the central target of new
and more effective treatments for depression. In addition, it also
proves the importance of developing future treatment strategies
using cell type specific drug delivery. In addition, NMDA
receptor (NMDAR) was a unique ionic glutamate receptor that
played a vital role in neural plasticity. The decline of plasticity
caused by the deterioration of the NMDAR function results
in learning and memory impairment. Learning and memory
dysfunction in severe depression was related to the deterioration
of the NMDAR function. Blocking NMDAR in a depression-like
state can lead to improvement or remission of symptoms (31).

DISCUSSION

Summary of Findings

Using CiteSpace and VOSviewer, we analyzed the publishing
years, countries, institutions, authors, journals, categories,
keywords, and research frontiers in depression. The
publishments revealed an upward trend from 2004 to 2020;
the most prolific country and institutions were the United States
and INSERM, respectively. The Journal of Neuroscience was
the most published and cited journal. The most relevant
category was neurosciences. The hot topics in this field were
GABAergic research in Gaba(a) receptor; the research frontier
was depressive model.

There were two reasons for the rapid growth in the
publishments on GABA in depression in the past 3 years. First, it
was inseparable from the policies of various countries. According
to the survey statistics of the World Health Organization, from
2017 to 2020, the proportion of countries in which the treatment
of patients with specific mental health conditions (psychosis,
bipolar disorder and depression) was included in the national
health insurance or reimbursement plan increased from 73% in
2017 to 80% in 2020 (32).

Another major reason affecting the publishment volume
was that the outbreak of coronavirus at the end of 2019 and
the epidemic by 2020 had affected individual mental health,
including patients, individuals contacting patients and medical
personnel, and worsened many determinants of mental health
through direct psychological effects and long-term economic and
social consequences (33-35). In the first year of the COVID-19
pandemic, global prevalence of anxiety and depression increased
by a massive 25%, according to a scientific brief released by the

World Health Organization (WHO) (36). A systematic review
was published in the Lancet, collecting data on mental illness
patients from various countries and regions in the world from
January 2020 to January 2021 and compared the prevalence
of depression and anxiety before and after COVID-19, which
showed that the incidence rate of psychological diseases increased
significantly during COVID-19 period (37).

Pathogenesis of GABAergic-Related
Depression

There is increasing evidence that GABAergic system changes
in depression. In 1980, clinical statistics showed that the
GABA level in lumbar cerebrospinal fluid of patients with
depression decreased, which was proved after the appearance
of nuclear magnetic resonance spectroscopy (18, 38). GABA
levels in plasma or cerebrospinal fluid are normal in other
major mental diseases, such as schizophrenia and anxiety
(39). The density of GAD65 or GAD67-immunoreactivity in
hypothalamic paraventricular nucleus of patients with depression
decreased, which was significant in major depression (40).
Somatostatin (SST) is a y-Neuropeptides expressed in GABA
interneuron subtypes target the dendrites of pyramidal neurons.
It was found that the density of SST-labeled neurons in lateral
amygdala, lateral basolateral nucleus and medial basolateral
nucleus decreased significantly in patients with MDD (41). The
functional defect of a1py2-adrenoceptor may increase the GABA
release of the ventral tegmental area interneurons and enhance
the GABAergic inhibition of the adjacent dopaminergic neurons,
inducing loss of pleasure, the core symptom of severe depressive
disorder (8, 42).

Chronic stress is one of the inducing factors of depression.
In rodents, stress-induced behavioral changes were related
to decreased glutamate decarboxylase expression, vesicles and
plasma membrane transporters during GABA release, injury
of GABAergic interneurons, and reduced density and function
GABAergic synapses in addition (43-45). Western blot analysis
and quantitative real-time PCR have shown that CUS exposure
for 5 weeks could significantly reduce the GAD67 protein levels
in the PFC of rats (46). Chronic stress can also change chloride
ion reversal potential to depolarisation membrane potential (47).
Benzodiazepines can enhance GABA activity, thereby opening
chloride channels and allowing chloride ions to enter neurons
(27). However, the long-term use of benzodiazepine results in a
decrease in GABA levels; the resulting depolarization of neurons
blocks the action potential and induces anti-anxiety, muscle
relaxing, sedative, and antiepileptic activities (48).

GABA Receptor

GABA receptors are divided into GABA-A receptor (GABAAR)
and GABA-B receptor (GABABR) subtypes (49). GABA-C
receptor is usually classified as a subtype of the GABAAR, named
GABA-A-rho (50). The GABAAR is a ligand-gated chloride
channel (ionic type). It is a tetramer or pentamer uniquely
composed of multiple subunits. At present, at least 19 different
GABAAR subunits (termed a1-6, f1-3, y1-3, 3, €, 71, 6 and p1-3)
have been reported (51).
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GABAAR mediates rapid synaptic transmission, which is
located in the postsynaptic membrane. The level of GABAAR
and its subnunites changes in some patients with depression.
Fatemi et al. revealed that postnatal lipopolysaccharide exposure
can damage adult hippocampal neurogenesis and trigger the
down-regulation of GABAAR in the later stage through early
astrocyte activation, leading to depression like behavior (52). The
GABRal subunit is expressed in most GABAARs. Some studies
has found that GABRal protein level was significantly increased
in lateral cerebellum of subjects with major depression (53).
Therefore, drugs targeting GABAAR sites have also been used to
treat depression. In the 1940s, Selye proved that some pregnane
steroids have the effect of rapid sedation and anesthesia (54).
Furthermore, electrophysiological experiments of rat brains that
general steroid anesthesia enhances the stimulation of exogenous
GABAAR (55). GABA receptor subunits are assembled near
the central chloride pore and have been widely described as
the target of several psychotropic drugs, such as the GABA-A
agonist/antagonist site. Benzodiazepines bind to the GABAAR
and increase the permeability of chloride ions by changing the
opening frequency of the chloride channel (56). a2/a3 GABAAR
modulators, such as TPA023, are a new type of anti-anxiety drugs
that are superior to traditional benzodiazepines because they lack
sedative effect and drug dependency (57).

GABABR is a G protein-coupled receptor, a heterodimer
composed of GABAB1 and GABAB2 subunits; they are mainly
located in the presynaptic region act as their receptors to inhibit
the release of GABA (40). GABA-B mediates slow synaptic
transmission related to memory, emotion, and pain (58, 59).
The activation of GABABR can inhibit the transmission of
serotonergic, and the decrease of serotonergic neuron activity is
related to the development of depression (60, 61).

GABAergic System in the Treatment of

Depression

At present, the first-line treatment of depression includes
antidepressants and cognitive behavioral therapy, but 30-50%
of patients are ineffective (62). Studies have shown that after
successful maintenance treatment of acute TMS can sometimes
alleviate for 3 months or even 8 years (63-65). In refractory
depression, TMS reduced the inhibitory neurophysiological
markers of GABA receptor-mediated depression (N45 and N100)
(66, 67). Scangos et al. (68) improved patients’ depression rapidly
and continuously through closed-loop therapy. Other treatments
include electroconvulsive therapy, transcranial direct current
stimulation and vagus nerve stimulation (69-73). Traditional
antidepressants mainly inhibit monoamine transporters.
Monoamine antidepressants have excellent limitations, such as
low efficacy, delayed treatment, and most importantly, treatment
unresponsiveness in some patients (estimated to be one-third of
patients with depression) (74-76). Practicing yoga at least once a
week helps maintain the improvement of GABA levels (77).

The drug treatment of depression needs to improve and
go beyond the limitations of monoamine system, and may
even put forward new ideas to improve the treatment effect of
patients. A diminished GABAergic input to the hypothalamic

paraventricular nucleus may contribute to the activation of
corticotropin releasing hormone-immunoreactivity neurons in
depression, most prominently in major depression, which
provides a rationale for prescribing GABAergic agonists for
these patients (40). The emergence of new rapid drugs for
the GABA system has solved specific problems and provided
better therapeutic intervention for this persistent disease (78).
The emergence of ketamine, a new rapid drug for GABA
system, solves specific problems and provides better therapeutic
intervention for this persistent disease (78). The initial cellular
trigger of ketamine’s rapid antidepressant effect is Glun2b
NMDAR on GABA interneurons (16). Ketamine has recently
been approved for the treatment of refractory depression, and
its dose and plasma concentration are positively correlated with
antidepressant response (79, 80).

Enhancing the transmission of GABA is the core of some
new antidepressant treatments. Several studies have supported
that primary excitatory neuron play a role in the GABAergic
neuroactive steroids (NASS) synthesis, an endogenous steroid
synthesized by cholesterol in the brain and nervous system
(81-83). NASS can regulate the surface expression of the
GABAAR. However, unlike phenylene bisulfide, they only
regulate the receptor containing gamma subunit; based on
the multichannel characteristics of the GABAAR, positive
allosteric modulators may improve the therapeutic effect (84,
85). This suggests that a novel technique to treat depression
is to develop novel antidepressants that can enhance the
function of GABA and act on GABA receptors. The deletion
of the GABA receptor-y2 subunit increases GABA inhibition
and results in anti-anxiety and antidepressant behaviors (45).
Cognitive impairment is now considered the core symptom
of depression and other mental disorders (86-88). A decrease
in the signal pathway of SST + neurons/a5-GABA receptor
pathway will lead to cognitive dysfunction, representing a
new treatment target for treating cognitive disorder symptoms
of depression (45). However, more studies must be carried
out on the association of GABAergic deficiency with other
pathophysiological changes of depression, such as inflammation,
apoptosis, and oligodendrocyte dysfunction (89-91).

CONCLUSION

Based on the CiteSpace, VOSviewer, and WoSCC, the
current study performed a bibliometric analysis and in-
depth interpretation on the research of the GABAergic system
in depression in the last 10 years from the aspects of the
number of studies published, co-occurrence of research authors,
journals, countries, categories, institutions, keywords, and
research hotspots. Our study’s findings revealed that the
research had developed rapidly over the past 17 years, especially
in the last 5 years. Further developments in GABAergic
research are promoting the exploration of the pathogenesis of
depression to a certain degree. In this review, we systematically
summarized the basic information and pathogenesis of
GABAergic system. We discussed the potential value of the
GABAergic system in treating depression, which may provide
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strategic suggestions for future research and more ideas for
clinicians and researchers.
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