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Cannabidiol, a non-psychoactive component extracted from the plant cannabis
sativa, has gained growing focus in recent years since its extensive
pharmacology effects have been founded. The purpose of this study intends
to reveal the hot spots and frontiers of cannabidiol research using bibliometrics
and data visualization methods. A total of 3,555 publications with
106,793 citations from 2004 to 2021 related to cannabidiol were retrieved in
the Web of Science database, and the co-authorships, research categories,
keyword burst, and reference citations in the cannabidiol field were analyzed
and visualized by VOSviewer and Citespace software. Great importance has
been attached to the pharmacology or pharmacy values of cannabidiol,
especially in the treatment of neuropsychiatric disorders, such as epilepsy,
anxiety, and schizophrenia. The mechanisms or targets of the cannabidiol have
attracted the extreme interest of the researchers, a variety of receptors
including cannabinoids type 1, cannabinoids type 2, 5-hydroxytriptaminelA,
and G protein-coupled receptor 55 were involved in the pharmacology effects
of cannabidiol. Moreover, the latest developed topic has focused on the positive
effects of cannabidiol on substance use disorders. In conclusion, this study
reveals the development and transformation of knowledge structures and
research hotspots in the cannabidiol field from a bibliometrics perspective,
exploring the possible directions of future research.

KEYWORDS

cannabidiol, bibliometrics analysis, data visualization, research hotspots, co-citation
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Introduction

Cannabidiol (CBD), one of the major components of cannabis sativa without
psychological dependence (Devinsky et al., 2014), has presented great pharmacology
values in neuropsychiatric disorders due to its anti-inflammation and anti-oxidation
effects (Campos et al., 2016; Melas et al., 2021; Scarante et al., 2021). A recent double-
blind study revealed that cannabidiol decreased the convulsive-seizure frequency in
the Dravet syndrome (a complex childhood epilepsy disorder) (Devinsky et al.,
2017). In June 2018, the US Food and Drug Administration (FDA) approved the first
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CBD-based drug, Epidiolex (GW Pharmaceuticals, England)
for the treatment of seizures associated with Dravet syndrome
and Lennox-Gastaut syndrome (VanDolah et al., 2019). CBD
alleviated Alzheimer’s disease (AD)-related neuron damage
by regulating inflammation and oxidative stress (Vallée et al.,
2017). Preclinical and clinical trials proved the therapeutic
effects of CBD on Parkinson’s disease (PD)-related non-
motor symptoms (Crippa et al., 2019). CBD could also be
used as a candidate drug for the treatment of pain (Xiong
et al, 2012; De Gregorio et al, 2019). In addition, the
pharmacology values of CBD in substance abuse (Lee
et al., 2017), anti-tumor (Sultan, 2018), and multiple
sclerosis (Mecha et al., 2013) have been investigated in
recent years. Another deeply researched topic is the
molecular mechanism of CBD in these disorders, which
may be related to the endocannabinoid system (ECS),
serotonin system, transient receptor potential vanilloid
(TRPV) channels, G protein-coupled receptor 55 (GPR55),
peroxisome proliferator-activated receptor-gamma (PPARYy),
and so on (Campos et al., 2012). Although great research
progress has been made in CBD research, the hot spots and
frontiers still need to be illustrated to provide useful
information for future research directions.

Bibliometrics is a discipline that explores the distribution
structure, quantitative relationship, and variation trend of
literature using mathematics and statistics methods (Yin
et al,, 2021). Bibliometrics and data visualization could
provide an overview of research categories or themes, co-
authorships, keywords frequencies, and most cited articles or
journals, which contribute significantly to revealing the hot
spots and frontiers in one specific area (Song et al., 2021; Chu
et al., 2022).

In this study, we performed the bibliometrics analysis based
on the published literature related to CBD research from 2004 to
2021 in the Web of Science (WOS) database, and several
networks of categories, keywords, co-authorships, and co-cited
references were visualized by VOSviewer and Citespace software.
This study aims to better understand the dynamic changes of
current CBD research and explore the possible directions for
future research.

Materials and methods
Data searching

The literature published in the WOS core collection Science
Citation Index Expanded (SCI-E) database from 2004 to 2021 was
collected on 15 March 2022. Searching strategies used in this study
were as follows: the topic was set as “cannabidiol”, the literature types
were “article” and “review”, and the language was “English” only.
Therefore, a dataset consisting of 3,555 publications was exported for
subsequent analysis.
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Bibliometrics analysis and data
visualization

The annual number of publications and citations, and
the top 15 most productive countries were visualized in
Microsoft Excel version 2019 based on the report of WOS. A
world map was generated using Bibliometrix R package
version 3.2.1 to reveal the geographical distribution of
publications. A pie chart was drawn based on WOS
categories using Excel. The bibliometrics analysis and
data visualization in this study were performed by
5.8.R3 and VOSviewer
1.6.18 software. Citespace could simplify the search for

Citespace version version
significant papers in a specific area so that one can
search for visually salient features, including categories,
co-cited references, cluster information, and brust
detection (Chen, 2004; Chen, 2006). VOSviewer was used
here to perform the networks of co-authorship and keyword

co-occurrence.

Results
General analysis

A total of 3555 publications including 2,719 articles (76.48%)
and 836 reviews (23.52%) from 2004 to 2021 were retrieved
in the WOS SCI-E database, with a sum of 106,793 citations,
each of the publications was cited on average 30.04. Figure 1
showed the variation of publications and citations with the
years. The annual number of publications increased year
by year, except for 2005, 2008 and 2014, and the annual
growth of publications exceeded 100 for the first time in
2019. The number of citations per year has grown rapidly
from 2019 to 2021. We also retrieve the publications
related to CBD that were published in English before 2004
(data not shown). A total of five articles were published with
a sum of 74 citations, the first of which was published in 1988
with 11 One of the 5 was divided
pharmacology and pharmacy by WOS, and the rest

citations. into
belongs to chemistry fields.

During this period, a total of 94 countries have published
literature related to CBD research. Figure 2A displayed the
geographical distribution of publications, and the top 15 most
productive countries with their number of publications and
citations were shown in Figure 2B. The United States
contributed the highest to this topic, publishing 1,144 papers
and being cited 36,570 times. The second most productive
country was Italy, with 460 publications and 17,887 citations.
England published 394 papers with 23,402 citations, an average
citations of 59.40 per paper. Notably, Scotland showed the
highest average number of citations, each of the literature was
cited on average 93.22.
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FIGURE 1

Annual number of publications and citations.

Category analysis

The category of publications is an important indicator to
reveal the hot spots and applications of CBD research.
Figure 3A presented the top 10 most published categories
in WOS SCI-E database. There are a total of 1271 publications
divided into Pharmacology/Pharmacy, which account for
31.70% of the top published categories.
Neurosciences is the second largest published category,
with 651 publications (16.24%), followed by Clinical
Neurology with 492 publications (12.17%), Psychiatry with
437 publications (10.90%), and Biochemistry Molecular
Biology with 316 publications (7.88%). Subsequently, we

10 most

performed the co-occurrence network of categories based
on the dataset of WOS using Citespace software. 248 nodes
and 1190 links were included in the network, and Figure 3B
showed the top 10 most published categories. Each of the
nodes represents a specific category, and the node size was
used here to reflect the frequency of category occurrence.
Betweenness centrality provides a method to quantify the
importance of the node’s position in a network (Chen,
2006), and the nodes with purple trims indicate the high
3B that
Pharmacology & Pharmacy was the highest co-occurrence

betweenness  centrality.  Figure revealed
category in the network, and its centrality was 0.14. Moreover,
the centrality (0.26),

suggesting that Chemistry is a pivotal point or tipping

Chemistry presented maximum

point in the network.
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Co-authorship analysis

To investigate the co-authorship between different countries,
institutions, and authors, we performed the collaboration network
based on the WOS dataset using VOSviewer software. There are a
total of 94 countries, 3,569 institutions, and 14,040 authors who have
contributed to this topic. As shown in Figure 4, each node represents
a different country/institution/author, the node size represents the
number of documents, the thickness of connecting lines represents
the strength of inter collaboration, and each color represents a cluster.
Figure 4A presented the inter collaboration between different
countries. Some of the 94 countries in the network were not
connected, and the largest set consisted of 86 countries. The
United States was the most productive and cooperative country,
with 573 link strengths. The second most cooperative country was
England, with a sum of 412 link strengths, and the third-highest
number of documents. Italy, Spain, Canada, Germany, and Brazil also
showed high productivity and cooperative strength in the network.

Figure 4B displayed the inter collaboration between different
institutions. We picked out the top 100 most productive
institutions to generate the partnership network, but two
institutions were excluded due to a lack of cooperation with
other institutions. The University of Sao Paulo was the most
productive and cited institution, with the highest cooperative link
strength. The University of Sao Paulo was the first and the largest
modern comprehensive university in Brazil. It is also the most
important scientific research center in Brazil. Table 1 submitted
detailed information on the top 10 most cooperative institutions.
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FIGURE 2
(A) Geographical distribution of publications. (B) The top 15 most productive countries in the publications and citations.

Nine of the top 10 most cooperative institutions were from strengths. The most cooperative author was Huestis MA with a
different research universities and only one was owned by a total of 98 link strengths, 45 documents, and 1,684 citations.
pharmaceutical company, indicating that the current study on

CBD was still dominated by basic research. GW Res Ltd.

established a world-leading position in the development of Funding agency contribution

plant-derived cannabinoid therapeutics, which has developed

the first FDA-approved CBD-based drug, Epidiolex for the The source of funding reflects, to a certain extent, the
treatment of Dravet syndrome and Lennox-Gastaut syndrome. different levels of the country’s support for the field at

Figure 4C showed the inter collaboration between different different stages and the enthusiasm of the research
authors. 106 authors met the threshold of 10 or more published community. Table 2 presented the top 10 most productive
articles, while only 86 authors were founded to connect with the funding agencies for CBD research. United States Department
other authors in the network. The most productive author was of Health and Human Services was listed in the first, providing
Guimaraes FS with a total of 51 documents, 2,406 citations, and funds for 426 documents, which accounts for 11.98% of all the
65 link strengths. However, the most cited author was Di Marzo publications. The followed funding agencies were the National
V with a sum of 4,419 citations, 47 documents, and 53 link Institutes of Health (NIH)-USA and the European Commission
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(A) The top 10 most published categories. (B) The network of the top 10 most published categories.

with 422 and 360 documents, accounting for 11.87% and 10.13%
of all the publications, respectively. Three of the top 10 most
productive funding agencies were from the United States and
sponsored a total of 1,071 publications, which accounts for
30.12% of all the publications. Additionally, the residual top
10 most productive funding agencies including three Brazil
agencies, two England agencies, and one Canada agency,
12.19%, 4.81%, 1.97% of all the
publications, respectively.

accounting for and

Journal contribution

A total of 3,555 publications were published in 999 different
journals. Table 3 listed the top 10 most-cited journals in the CBD area.
The most cited journal was the British Journal of Pharmacology with
cited times of 9,906, and a sum of 95 papers were published. Epilepsia
was listed second with 2,212 citations and 42 papers, followed by
Neuropsychopharmacology with 2,093 citations and 21 papers. Four of
the 10 listed journals were from England, other four journals were
from the United States, and the rest were from Germany and
Switzerlands. The top three journals with the highest impact factor
(IF)  were the of Pharmacology (8.739),
Neuropsychopharmacology (7.885), and Epilepsia  (5.866). In
addition, the H-index and ISSN of the journal were also listed in
Table 3.

British ~ Journal

Keywords co-occurrence and burst
detection

The keyword plays an important role to highlight and
emphasize the focus and core content of the whole article.
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The keyword co-occurrence network enables an overview of
the core content of published articles, as well as reveals the
connections between the content. There are a total of
11,116 keywords included in the 3555 publications, and
282 keywords meeting the frequency threshold of more than
20. Figure 5A displayed the co-occurrence network consisting of
282 keywords using the Vosviewer software. Each node
represents a keyword, the node size indicates the frequency of
the keyword, and each color reveals a cluster in the network. The
top 15 keywords with the highest occurrence frequencies and

strongest connection were cannabidiol (1,960, 11,444),
cannabinoids (949, 5,747), cannabis (535, 3,336),
endocannabinoid ~ system (405,  2,750), delta  (9)-
tetrahydrocannabinol (394, 2,770), CBD (363, 2,393),
marijuana (348, 2,236), THC (326, 2,275), delta-9-

tetrahydrocannabinol (303, 2,204), and double-blind (282,
2,024), cannabinoid (248, 1,565), epilepsy (240, 1,565),
expression (233, 1,376), in-vitro (214, 1,385), seizures (213,
1,316). 282 keywords in the network were divided into five
clusters, and the detailed information was summarized as
follows: 1) Mechanism was represented by red: cannabinoid
receptor, CB1, CB2, inflammation, antioxidant, protein, and
apoptosis; 2) Disease was represented by blue: schizophrenia,
anxiety, psychosis, behavior, rat, prefrontal cortex, and
cognitive
represented by purple: epilepsy, Dravet syndrome, therapy,
seizures, antiepileptic drugs, and children; 4) Clinical trial was

impairment; 3) Treatment of epilepsy was

represented by yellow: double-blind, neuropathic pain,
efficacy, medical cannabis, safety, risk, and tolerability; 5)
Synthesis and metabolism were represented by green:
bioavailability, blood, plasma, chromatography, metabolism,
cannabinoids, extraction,

pharmacokinetics, synthetic

identification, and quantification.
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Co-authorships analyses. (A) Co-authorships between different countries. (B) Co-authorships between different institutions. (C) Co-
authorships between different authors.

Frontiers in Pharmacology 06 frontiersin.org


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.969883

Liu et al.

TABLE 1 The top 10 most collaborative institutions.

Institution Documents
University of Sao Paulo 208
King’s College London 90
Hebrew University of Jerusalem 105
GW Research Limited 42
University of Toronto 52
University of Melbourne 39
University College London 54
New York University 37
University of Naples Federico IT 54
Tel Aviv University 56

TABLE 2 The top 10 most productive funding agencies in the cannabidiol field.

Organization

United States Department of Health & Human Services

National Institutes of Health (NIH) - United States

European Commission

NIH National Institute on Drug Abuse (NIDA)

Conselho Nacional de Desenvolvimento Cientifico E Tecnologico (CNPQ)
Fundacao de Amparo a Pesquisa do Estado de Sao Paulo (FAPESP)
Coordenacao de Aperfeicoamento de Pessoal de Nivel Superior (CAPES)
United Kingdom Research and Innovation (UKRI)

Medical Research Council United Kingdom (MRC)

Natural Sciences and Engineering Research Council of Canada (NSERC)

TABLE 3 The top 10 most-cited journals in the cannabidiol field.

Jorunal Country
British Journal of Pharmacology England
Epilepsia United States
Neuropsychopharmacology England
Psychopharmacology Germany
Journal of Pharmacology and Experimental Therapeutics United States
Journal of Psychopharmacology England
Epilepsy and Behavior United States
Cannabis and Cannabinoid Research United States
Frontiers in Pharmacology Switzerland
Neuropharmacology England

Citations Country
10,140 Brazil 134
5126 England 108
6412 Israel 88
2266 England 67
1259 Canada 65
2718 Australia 63
2934 England 57
3946 United States 55
3540 Ttaly 54
1818 Israel 46
Documents Country
426 United States
422 United States
360 European Commission
223 United States
199 Brazil
130 Brazil
104 Brazil
92 England
79 England
70 Canada
If (2020) Documents Citations
8.739 95 9906
5.866 42 2212
7.855 21 2093
4.53 43 1959
4.03 25 1952
4.153 34 1834
2.937 67 1797
58 96 1601
5.811 78 1581
5.251 45 1572

Brust detection served to recognize the emergent terms and

sharp increases of interest (Chen, 2006), which significantly

contributed to revealing the frontiers in one specific field. We

performed the keyword burst detection based on the dataset of

Frontiers in Pharmacology
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Total collaborative strength

Percentages (%)

11.98
11.87
10.13
6.27
5.60
3.66
2.93
2.59
222
1.97

H-index

211

191

219

196

225

114

104

17

81

167

ISSN

0007-1188
0013-9580
0893-133X
0033-3158
0022-3565
0269-8811
1525-5050
2578-5125
1663-9812
0028-3908

WOS using Citespace software, and the top 10 keywords with the

strongest bursts were displayed in Figure 5B. Anandamide was

the top 1 strongest burst keyword that emerged in 2004 and

ended in 2015, revealing that anandamide was extensively
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TABLE 4 The top 10 most cited articles from 2004 to 2021.

10.3389/fphar.2022.969883

Title Authors Journal Citations IF H-index
(2020)

The orphan receptor GPR55 is a novel cannabinoid receptor Ryberg, E, et al. British Journal of 984 8.739 211
Pharmacology

The diverse CB1 and CB2 receptor pharmacology of three plant cannabinoids: ~ Pertwee, RG. British Journal of 955 8.739 211

Delta (9)-tetrahydrocannabinol, cannabidiol and Delta (9)- Pharmacology

tetrahydrocannabivarin

Taming THC: potential cannabis synergy and phytocannabinoid-terpenoid Russo, Ethan B, British Journal of 664 8.739 211

entourage effects et al. Pharmacology

Trial of Cannabidiol for Drug-Resistant Seizures in the Dravet Syndrome Devinsky, O, etal. New England Journal of 628 91.253 1030
Medicine

Cannabidiol enhances anandamide signaling and alleviates psychotic Leweke, FM, etal.  Translational Psychiatry 547 6.222 82

symptoms of schizophrenia

The Endocannabinoid System and the Brain Mechoulam, R, Annual Review of 528 24.137 243

et al. Psychology

Non-psychotropic plant cannabinoids: new therapeutic opportunities from an  Izzo, AA, et al. Trends in Pharmacological 491 14.819 218

ancient herb Sciences

Cannabidiol: Pharmacology and potential therapeutic role in epilepsy and Devinsky, O, etal.  Epilepsia 459 5.866 191

other neuropsychiatric disorders

Changes in Cannabis Potency Over the Last 2 Decades (1995-2014): Analysis  ElSohly, MA, Biological Psychiatry 450 13.382 319

of Current Data in the United States et al.

Cannabidiol in patients with treatment-resistant epilepsy: an open-label Devinsky, O, etal.  Lancet Neurology 444 44.182 291

interventional trial

studied and discussed during this period. The seizure was the
most recent keyword with high burst strength that appeared in
2018. The bursts of the keyword cannabinoid receptor,
constituent, in vivo, mice, and 5-htla receptor sustained at
least 10 years.

Reference co-citation analysis and
timeline map

Reference citation and co-citation frequencies could clearly
illustrate the intellectual concerns in a field. In general, an article
with a high co-citation frequency suggests it has a high citation
frequency. Table 4 listed the top 10 most cited articles from
2004 to 2021 in the CBD field. The most cited reference was
published by Ryberg et al. (2007), which revealed that the orphan
receptor GPR55 was a novel cannabinoid receptor. A review
published by Pertwee (2008) summarized the diverse CB1 and
CB2 receptor pharmacology of three plant cannabinoids,
indicating that CBD displayed high potency as a CB2 receptor
antagonist. The reference published by Russo (2011) reviewed
the pharmacology effects of CBD in anti-oxidant, anti-anxiety,
anti-depressant, anti-convulsant, and so on, and the possible
mechanisms were also discussed. Devinsky et al. (2017)
conducted a double-blind trial of cannabidiol for drug-
resistant seizures in 120 individuals, revealing that CBD
exhibited greater effects in decreasing the convulsive-seizure
frequency than placebo. This research was published in the
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New England Journal of Medicine with the highest H-index
(1030) in the top 10 most cited articles. Moreover, Leweke
et al. (2012) demonstrated that CBD alleviated the psychotic
symptoms of schizophrenia by enhancing anandamide signaling.
Mechoulam and Parker (2013) summarized the actions of the
endocannabinoid system on anxiety, depression, neurogenesis,
reward, cognition, learning, and memory. Notably, three of the
top 10 most cited articles attached concerns to the pharmacology
effects of CBD on seizures, and these articles were published by
the team of Devinsky et al. (2014), Devinsky et al. (2016),
Devinsky et al. (2017), another three articles focus on the
mechanisms and molecular targets of CBD pharmacology
effects (Ryberg et al., 2007; Pertwee, 2008; Mechoulam and
Parker, 2013).

Next, we performed the co-citation network of reference
based on the WOS dataset using the Citespace software.
1,248 nodes and 6,077 links were founded in Figure 6A, and
the top 10 most co-cited articles were highlighted in the network.
The top 2 most co-cited articles were published by Devinsky et al.
(2016), Devinsky et al. (2017), with 354 and 288 co-citations,
respectively. The former article assessed the safety, tolerability
and efficacy of CBD in patients already receiving stable doses of
antiepileptic drugs, indicating that CBD might decrease the
frequency of seizure frequency with sufficient safety in
children and young adults with highly treatment-resistant
epilepsy (Devinsky et al., 2016). The latter focused on drug-
resistant epilepsy in Dravet syndrome and evaluated the efficacy
and safety of CBD in it, suggesting that cannabidiol reduced the
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FIGURE 6

Reference co-citation analyses. (A) The network of the co-cited articles. (B) Cluster analysis of the co-cited articles. (C) A timeline view of the

top 10 clusters.

frequency of convulsive seizures in children and young adults
with Dravet syndrome but was associated with adverse events
including somnolence and elevation of liver enzyme levels
(Devinsky et al., 2017). The followed most co-cited articles
were published by Thiele et al. (2018) with 238 co-citations,
and Devinsky et al. (2018) with 222 co-citations, both of them
explored the effects of CBD on seizures in the Lennox-Gastaut
syndrome through the clinical trial. Laprairie et al. (2015)
illustrated that Cannabidiol is a non-competitive negative
allosteric modulator of CBI1 receptors. Besides, the side effects,
toxicity, and drug-drug interaction of CBD therapies were also
discussed based on clinical data and animal studies (Geffrey et al.,
2015; Whiting et al., 2015; Iffland and Grotenhermen, 2017). In
summary, the clinical trials of CBD on seizures have absorbed
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great interest from researchers, and investigated the mechanism
of the CBD effect helps to better elucidate the pharmacology
value of CBD. In addition, there are serious concerns about the
issues of safety and side effects of CBD, more trials still need to be
conducted for solving these problems.

Clusters of co-cited articles provided a method to detect the
transition of research frontiers in an area (Chen, 2006). Figure 6B
displayed the clusters of co-cited articles using Citespace
software. The modularity Q and silhouette values of the
clusters were 0.791 and 0.9081, respectively, which indicated
the structure of the clusters was significant and all of the clusters
were convincing. All of the co-cited articles were assigned to
18 different clusters, and the clusters of the same color represent
co-citations made within the same time slice. The first cluster of
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TABLE 5 The detailed information of 10 clusters in Figure 5C.

Cluster ID Size Silhouette
0 155 0.937
1 146 0.844
2 124 0.867
3 116 0.889
4 90 0.899
5 84 0.96
6 76 0.889
7 71 0.879
8 70 0.943
9 68 0.876

10.3389/fphar.2022.969883
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FIGURE 7
The top 20 references with the strongest citation bursts.

co-cited articles was epilepsy, and the followed were anxiety,
inflammatory bowel disease, cocaine, multiple sclerosis, HPLC,
basal ganglia, cannabis, and oxidative stress. Figure 6C provided
a timeline view of the top 10 clusters, and detailed information
about these clusters was listed in Table 5. The early studies
focused on the pharmacology effects of CBD on multiple sclerosis
(2004), inflammatory bowel disease (2008), and anxiety (2009),
as well as the regulatory effect of CBD on the endocannabinoid
system and the serotonin system in the basal ganglia (2002). In
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Mean (year) Top terms

2016 Epilepsy

2009 Anxiety

2008 Inflammatory bowel disease

2017 Cocaine

2004 Multiple sclerosis

2017 Hplc

2002 Basal ganglia

2014 Cannabis

2016 Pain

2012 Oxidative stress
Year Strength Begin End 2004 - 2021
2007 39.19 2007 2013 S
2006 30.93 2006 2011 N —
2008 53.18 2008 2013 -
2007 38.58 2008 2013 - EEE——
2007 31.07 2008 2013 e
2006 28.7 2008 2011
2008 28.32 2008 2013 ———
2009 54.36 2010 2015  ea—
2012 48.07 2012 2017 s
2011 31.46 2012 2017  ——
2014 4984 2014 2019 —
2013 32.63 2014 2019  —
2015 28.02 2015 2019 -
2015 37.09 2016 2021
2016 36.99 2016 2019 —
2015 30.77 2016 2021
2015 29.22 2016 2021 ™
2015 27.81 2016 2021
2017 32.44 2018 2021
2018 29.58 2018 2021 —

2012, the anti-oxidative effects of CBD attracted the attention of
researchers. In 2014, researchers were interested in exploring the
values of cannabis. Notably, the effects of CBD in the treatment
of epilepsy have been enthusiastically investigated in 2016, and
great progress has also been made in drug development. The
most recent themes in the CBD area were cocaine and HPLC.
CBD could be used as a potential therapeutic drug for the
treatment of cocaine use disorders (Mahmud et al, 2017;
Lujan et al., 2020).
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Burst detection of co-cited reference

Figure 7 presented the top 20 references with the strongest
citation bursts. The article with the highest burst strengths was
entitled “Non-psychotropic plant cannabinoids: new therapeutic
opportunities from an ancient herb” (Izzo et al., 2009), which
reviewed the therapeutic applications of CBD in inflammation,
diabetes, cancer, affective and neurodegenerative diseases. The
article with the earliest citation bursts has begun in 2006 and was
entitled “Inhibition of an equilibrative nucleoside transporter by
cannabidiol: A mechanism of cannabinoid immunosuppression”
(Carrier et al., 2006), which demonstrated that CBD could
decrease inflammation by enhancing adenosine signaling. The
latest burst articles were “Trial of cannabidiol for drug-resistant
seizures in the Dravet syndrome” (Devinsky et al., 2017) and
“Cannabidiol in patients with seizures associated with Lennox-
Gastaut syndrome (GWPCARE4): a randomised, double-blind,
placebo-controlled phase 3 trial” (Thiele et al., 2018), both of
them were focused on the clinical trials of CBD in the seizures
related Dravet syndrome or Lennox-Gastaut syndrome.
According to Figure 7, the themes of the top 20 burst
references consisted of the molecular mechanism investigation
(7), clinical trial on epilepsy (6), pharmacology effects (6), and

treatment of schizophrenia (1).

Discussion

Our present study attempts to reveal the hot spots and
research trends in the CBD field, a dataset including
3555 publications from 2004 to 2021 was analyzed using a
bibliometrics method. Based on the searching reports of the
WOS database, we firstly evaluated the publication and citation
trends over the years and the contributions of different counties/
funding agencies. The research categories, the collaboration
relationships, keywords bursts, and co-cited references were
detected by bibliometrics tools.

The number of published articles related to CBD has
increased over time except for 2005, 2008, and 2014, and
significant growth could be observed from 2019 to 2021.
Moreover, the number of citations showed growth continually,
especially from 2019 to 2021, indicating increased focus in the
field among researchers in recent years. In 2017 and 2018, great
concerns were attached to the clinical trials of CBD in epilepsy.
With the FDA approval of the first CBD-based drug for the
treatment of seizures associated symptoms in 2018, the
therapeutic values of CBD in neuropsychiatric disorders have
been increasingly recognized by researchers.

Among the 94 countries that have participated in CBD
research, the United States was the world leader with
1,114 articles and a total of 36,570 citations, which could be
explained by two possible reasons. Firstly, the financial policies of
the funding agencies in the field. The United States Department
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of Health and Human Services, National Institutes of Health
(NIH)-USA, and NIH National Institute on Drug Abuse (NIDA)
have provided funds for a total of 1,071 publications, which
accounts for 30.12% of all the publications. Secondly, the
collaboration strength with other countries. The United States
was the most cooperative country with other countries, and a
total of 573 link strengths could be detected. Still, there is only
one United States institution on the list of the top 10 most
cooperative institutions. One possible reason is that there are
many institutions working in this area in the United States, but
they do not have outstanding advantages. Another possible
reason has to do with United States funding policies. Fund
management departments need to allocate funds to more
institutions, but this argument needs more evidence to back it
up. England contributed second in citations in the field, with
394 articles cited 23,402 times, which was related to the
predominant research institutions, such as King’s College
London, GW Research Limited, and University College
London. Notably, GW Pharmaceuticals has sponsored several
impactful clinical trials, which have contributed significantly to
the drug development of seizure treatment (Devinsky et al., 2016,
2017; Thiele et al., 2018). On the other hand, England had the
second strongest collaboration with other countries, and 412 link
strengths were included in the network. In addition, Italy,
Canada, and Brazil have also been pivotal in the advancement
of the field, due to the high outputs and citations of their articles,
and extensive partnership with other countries. In Brazil, the
University of Sao Paulo was the most productive institute with
208 documents published, accounting for 70.5% of all the
documents. The University of Sao Paulo was also the most
collaborative institute with other countries in the CBD field.
Furthermore, Brazil accounted for three of the top 10 most
productive funding agencies, which indirectly reflected that
the Brazil government attaches great importance to CBD
research.

Co-authorships analysis revealed the most productive, most
cited, and extensive cooperative authors in the CBD field. The top
three most productive authors were Guimaraes FS, Mechoulam
R, and Di Marzo V, they were from three different institutions,
the University of Sao Paulo (Brazil), Hebrew University of the
Jerusalem (Israel), and Laval University (Canada). The top three
authors with the highest citations were Di Marzo V, Mechoulam
R, and Devinsky O (New York University, United States). While
the top three authors who had the most corporations with others
were completely different from the top three most productive or
cited authors. Huestis MA was the most cooperative author with
others in the field and was from Jefferson University
(United States), AW
(University of Sao Paulo, Brazil), and Crippa JA (University

the followed authors were Zuardi

of Sao Paulo, Brazil).

The category analysis of 3555 publications suggested that
Pharmacology/Pharmacy, and Neuroscience/Neurology were the
hot researched subjects in the CBD field, and Chemistry plays a
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key role in the evolution of research subjects. The cluster analysis
of keywords divided 282 keywords with a frequency greater than
20 times into five clusters, which could be concluded as the
1) Mechanism; 2)
Treatment of epilepsy; 4) Clinical trial; 5) Synthesis and

following five themes: Disease; 3)
metabolism. Keywords bursts detection indicated that
seizure was one of the research hot spots in the field.
Over the past decade, the pharmacology effects of CBD on
neuropsychiatric disorders have been widely explored. It is
worth noting that great achievements were made in the
treatment of seizures, a CBD-based drug, Epidiolex, was
approved by the FDA in 2018. However, with the
Epidiolex used in the clinical trials, a series of side effects,
including somnolence, decreased appetite, diarrhea, rash,
sleep disorder, infections, and so on have raised concerns
of researchers (Taylor et al., 2018; Pauli et al., 2020). To
better the
tolerability of CBD in the treatment of epilepsy, large-

elucidate long-term efficacy, safety, and
scale or in-depth clinical trials and analyses are necessary.
In Parkinson’s disease, clinical trials indicated that CBD
could alleviate the rapid eye movement sleep behaviour
disorder (Chagas et al., 2014a), anxiety symptoms (de
Faria et al, 2020), and improve the life quality of PD
patients (Chagas et al., 2014b). In schizophrenia, CBD
showed beneficial effects for anti-psychotic symptoms and
through
anandamide-independent and  dopamine-independent
mechanisms (McGuire et al., 2018; Leweke et al., 2021). In
the

prospects of CBD in neuropsychiatric disorders have been

improved cognitive performance in patients

conclusion, promising research and application
confirmed, and its neuroprotective effect may be an
important direction for future drug development of CBD.
For the treatment of multiple sclerosis-related symptoms,
such as spasticity and pain, a drug combined delta (9)-
tetrahydrocannabinol (THC) and CBD, Sativex has been
investigated by researchers (Wade et al., 2004; Rog et al,,
2005). In 2020, Sativex (GW Pharmaceuticals, England) has
been approved by more than 25 countries in the world.

As revealed in the reference co-citation analysis and burst
attached

pharmacology effects of CBD in the alleviation of seizures

detection,  researchers great importance to
related symptoms. The reference with the highest co-citations
illustrated the clinical trials of CBD on epilepsy, and six of the top
20 burst references focused on epilepsy. Notably, the molecular
mechanisms, targets, or signaling pathways of the CBD effects
were also the hot spots in the field. ECS is involved in modulating
the developments and functions of the brain and thus plays an
important role in depression, anxiety, cognitive, memory, and
rewarding effects (Mechoulam and Parker, 2013; Micale et al.,
2013). CB1 and CB2 are the two major receptors of the ESC, but
there are still divergences regarding the regulatory role of CBD
on these receptors. One view supported that CBD has a low

affinity or even no activity for CB1 and CB2 receptors (Ryberg
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et al., 2007; McPartland et al., 2015). In contrast, another
perspective pointed out that CBD was a high-efficiency
antagonist of CB1 and CB2 receptor agonists (Thomas
et al., 2007; Laprairie et al., 2015). 5-HT1A receptor was
one of the top 10 bursts keywords, which has been
thoroughly studied in the CBD field. CBD presented effects
on antiepileptic, antianxiety, and antidepressant disorders by
activating the 5-HT1A receptor (Campos and Guimaries,
2008; Zanelati et al., 2010; Devinsky et al., 2014). GPR55 is
a high affinity receptor of the cannabinoids family, and CBD
can be activated as a selective antagonist of GPR55 to prevent
inflammation-associated impairments (Li et al, 2013;
Chiurchit et al., 2015). In addition, PPARy has also
displayed significant value in the anti-inflammatory and
antioxidative effects of CBD (Vallée et al., 2017; Sonego,
2018). TRPV channels are the potential targets for CBD
activity, especially TRPV2 medicated Ca2+ dynamics
(Nabissi et al., 2013; Hassan et al., 2014). The modulatory
effects of CBD on TRPV channels may be involved in anti-
neuroinflammation (Hassan et al., 2014), anticancer (Santoni
et al., 2020), and antinociception (Maione et al., 2011). The
above researches indicates that the anti-inflammation effect of
CBD may be one of the core pharmacological mechanisms of
CBD. In fact, by targeting inflammation, CBD decreased the
AD-related and PD-related neuron damage (Vallée et al,
2017, 2021),
inflammatory impairments

preventing multiple sclerosis-associated
(Mecha et 2013)
alcohol-induced liver injury (Wang et al., 2017), and

al., and
inhibiting methamphetamine-induced reinstatement in rats
(Karimi-Haghighi et al., 2020). Additionally, the anti-
inflammation effect of CBD was mediated by several
signaling pathways, including GPR55, PPARy, and TRPV
Do
and

exhibit time-
the
conditions? Whether these signaling pathways interact with

channels. these signaling pathways

specificity spatial-specificity  under same
each other or are co-regulated by a specific signaling
molecule? These are worthy of deeper consideration and
exploration in the future.

The timeline view of the co-cited references revealed the
effect of CBD on cocaine use disorders is a newly developed
theme in recent years. Studies have reported that CBD effectively
attenuated the cocaine-induced rewarding effects, drug-seeking
behaviors (Lujan et al., 2020; Ledesma et al., 2021), and seizures
(Gobira, 2015) in the preclinical trials. A double-blind trial
indicated that CBD reduced cue-induced craving and anxiety
in heroin use disorders (Hurd et al., 2019). Moreover, the great
value of CBD in the treatment of methamphetamine (Karimi-
Haghighi and Haghparast, 2018), morphine (Rodriguez-Mufioz
et al., 2018), and alcohol (Turna et al., 2019) use disorders have
also been proved. In short, these studies provided new
perspectives and approaches in treating substance use
disorders, however, more researches and efforts are still

needed before using CBD as a therapeutic drug.
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Conclusion

Our present study performed a bibliometrics analysis in the
CBD field based on the literature published from 2004 to
2021 with the expectation to reveal the research hot spots and
frontiers. The pharmacology and pharmacy of CBD have always
been enthusiastically investigated by researchers, particularly in
neuropsychiatric disorders, such as epilepsy, schizophrenia,
anxiety, etc. CBD meditated the CB1, CB2, 5-HT1A, GPR55,
PPARy receptors, and TRPV channels may be explained its
extensive pharmacology effects. In recent years, the values of
CBD in the treatment of substance use disorders have attracted

researchers’ interest.

Data availability statement

The original contributions presented in the study are
included in the article/Supplementary Materials, further
inquiries can be directed to the corresponding authors.

Author contributions

LL contributed to data analysis and original manuscript
writing; JL collected the data; MZ provided software; MC and
FL were responsible for data analysis and validation; XZ and BZ

References

Campos, A. C,, Fogaga, M. V., Sonego, A. B., and Guimaraes, F. S. (2016).
Cannabidiol, neuroprotection and neuropsychiatric disorders. Pharmacol. Res. 112,
119-127. doi:10.1016/j.phrs.2016.01.033

Campos, A. C., and Guimaries, F. S. (2008). Involvement of 5SHT1A receptors in
the anxiolytic-like effects of cannabidiol injected into the dorsolateral
periaqueductal gray of rats. Psychopharmacology 199, 223-230. doi:10.1007/
$00213-008-1168-x

Campos, A. C., Moreira, F. A., Gomes, F. V., Del Bel, E. A, and Guimaraes, F. S.
(2012). Multiple mechanisms involved in the large-spectrum therapeutic potential
of cannabidiol in psychiatric disorders. Philos. Trans. R. Soc. Lond. B Biol. Sci. 367,
3364-3378. doi:10.1098/rstb.2011.0389

Carrier, E. J., Auchampach, J. A, and Hillard, C. J. (2006). Inhibition of an
equilibrative nucleoside transporter by cannabidiol: A mechanism of cannabinoid
immunosuppression. Proc. Natl. Acad. Sci. U. S. A. 103, 7895-7900. doi:10.1073/
pnas.0511232103

Chagas, M. H. N, Eckeli, A. L., Zuardi, A. W., Pena-Pereira, M. A., Sobreira-Neto,
M. A, Sobreira, E. T., et al. (2014a). Cannabidiol can improve complex sleep-related
behaviours associated with rapid eye movement sleep behaviour disorder in
Parkinson’s disease patients: A case series. J. Clin. Pharm. Ther. 39, 564-566.
doi:10.1111/jept.12179

Chagas, M. H. N., Zuardi, A. W., Tumas, V., Pena-Pereira, M. A, Sobreira, E. T.,
Bergamaschi, M. M., et al. (2014b). Effects of cannabidiol in the treatment of
patients with ~ Parkinson’s disease: An exploratory double-blind trial.
J. Psychopharmacol. 28, 1088-1098. doi:10.1177/0269881114550355

Chen, C,, Liang, S. Y, Shih, Y. P, Lee, Y. M., and Chang, L. (2006). CiteSpace II:
Detecting and visualizing emerging trends and transient patterns in scientific
literature. J. Clin. Microbiol. 57, 359-365. doi:10.1128/JCM.44.2.359-365.2006

Chen, C. (2004). Searching for intellectual turning points: Progressive knowledge
domain visualization. Proc. Natl. Acad. Sci. U. S. A. 101, 5303-5310. doi:10.1073/
pnas.0307513100

Frontiers in Pharmacology

10.3389/fphar.2022.969883

supervised data analysis and revised the manuscript. All authors
reviewed the manuscript.

Funding

This work was supported by the National Nature Science
Foundation of China (81930055, 82160325), the Yunnan Applied
Basic Research Projects Joint
(202201AY070001-020).

Special  Project

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Chiurchit, V., Lanuti, M., De Bardi, M., Battistini, L., and Maccarrone, M. (2015).
The differential characterization of GPR55 receptor in human peripheral blood
reveals a distinctive expression in monocytes and NK cells and a proinflammatory
role in these innate cells. Int. Immunol. 27, 153-160. doi:10.1093/intimm/dxu097

Chu, P. L., Wang, T., Zheng, J., Xu, C. Q., Yan, Y.J., Ma, Q. S,, et al. (2022). Global
and current research trends of unilateral biportal endoscopy/biportal endoscopic
spinal surgery in the treatment of lumbar degenerative diseases: A bibliometric and
visualization study. Orthop. Surg. 14, 635-643. doi:10.1111/0s.13216

Crippa, J. A. S, Hallak, J. E. C,, Zuardi, A. W., Guimaraes, F. S., Tumas, V., and
dos Santos, R. G. (2019). Is cannabidiol the ideal drug to treat non-motor
Parkinson’s disease symptoms? Eur. Arch. Psychiatry Clin. Neurosci. 269,
121-133. doi:10.1007/s00406-019-00982-6

de Faria, S. M., de Morais Fabricio, D., Tumas, V., Castro, P. C., Ponti, M. A.,
Hallak, J. E., et al. (2020). Effects of acute cannabidiol administration on anxiety and
tremors induced by a Simulated Public Speaking Test in patients with Parkinson’s
disease. J. Psychopharmacol. 34, 189-196. doi:10.1177/0269881119895536

De Gregorio, D., McLaughlin, R. J., Posa, L., Ochoa-Sanchez, R., Enns, J., Lopez-
Canul, M., et al. (2019). Cannabidiol modulates serotonergic transmission and
reverses both allodynia and anxiety-like behavior in a model of neuropathic pain.
Pain 160, 136-150. doi:10.1097/j.pain.0000000000001386

Devinsky, O., Cilio, M. R., Cross, H., Fernandez-Ruiz, J., French, J., Hill, C,, et al.
(2014). Cannabidiol: Pharmacology and potential therapeutic role in epilepsy and
other neuropsychiatric disorders. Epilepsia 55, 791-802. doi:10.1111/epi.12631

Devinsky, O., Cross, J. H., Laux, L., Marsh, E., Miller, I, Nabbout, R., et al. (2017).
Trial of cannabidiol for drug-resistant seizures in the Dravet syndrome. N. Engl.
J. Med. 376, 2011-2020. doi:10.1056/NEJMoal611618

Devinsky, O., Marsh, E., Friedman, D., Thiele, E., Laux, L., Sullivan, J., et al.
(2016). Cannabidiol in patients with treatment-resistant epilepsy: An open-label
interventional trial. Lancet. Neurol. 15, 270-278. doi:10.1016/S1474-4422(15)
00379-8

frontiersin.org


https://doi.org/10.1016/j.phrs.2016.01.033
https://doi.org/10.1007/s00213-008-1168-x
https://doi.org/10.1007/s00213-008-1168-x
https://doi.org/10.1098/rstb.2011.0389
https://doi.org/10.1073/pnas.0511232103
https://doi.org/10.1073/pnas.0511232103
https://doi.org/10.1111/jcpt.12179
https://doi.org/10.1177/0269881114550355
https://doi.org/10.1128/JCM.44.2.359-365.2006
https://doi.org/10.1073/pnas.0307513100
https://doi.org/10.1073/pnas.0307513100
https://doi.org/10.1093/intimm/dxu097
https://doi.org/10.1111/os.13216
https://doi.org/10.1007/s00406-019-00982-6
https://doi.org/10.1177/0269881119895536
https://doi.org/10.1097/j.pain.0000000000001386
https://doi.org/10.1111/epi.12631
https://doi.org/10.1056/NEJMoa1611618
https://doi.org/10.1016/S1474-4422(15)00379-8
https://doi.org/10.1016/S1474-4422(15)00379-8
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.969883

Liu et al.

Devinsky, O., Patel, A. D., Cross, J. H., Villanueva, V., Wirrell, E. C,, Privitera, M.,
etal. (2018). Effect of cannabidiol on drop seizures in the lennox-gastaut syndrome.
N. Engl. ]. Med. 378, 1888-1897. doi:10.1056/NEJMoal714631

Geffrey, A. L., Pollack, S. F., Bruno, P. L., and Thiele, E. A. (2015). Drug-drug
interaction between clobazam and cannabidiol in children with refractory epilepsy.
Epilepsia 56, 1246-1251. doi:10.1111/epi.13060

Gobira, P. H,, Vilela, L. R., Goncalves, B. D. C., Santos, R. P. M., de Oliveira, A. C.,
Vieira, L. B., et al. (2015). Cannabidiol, a Cannabis sativa constituent, inhibits
cocaine-induced seizures in mice: Possible role of the mTOR pathway and
reduction in glutamate release. Neurotoxicology 50, 116-121. doi:10.1016/j.
neuro.2015.08.007

Hassan, S., Eldeeb, K., Millns, P. ]., Bennett, A. J., Alexander, S. P. H., and Kendall,
D. A. (2014). Cannabidiol enhances microglial phagocytosis via transient receptor
potential (TRP) channel activation. Br. J. Pharmacol. 171, 2426-2439. doi:10.1111/
bph.12615

Hurd, Y. L., Spriggs, S., Alishayev, J., Winkel, G., Gurgov, K., Kudrich, C,, et al.
(2019). Cannabidiol for the reduction of cue-induced craving and anxiety in drug-
abstinent individuals with heroin use disorder: A double-blind randomized
placebo-controlled trial. Am. J. Psychiatry 176, 911-922. doi:10.1176/appi.ajp.
2019.18101191

Iffland, K., and Grotenhermen, F. (2017). An update on safety and side effects of
cannabidiol: A review of clinical data and relevant animal studies. Cannabis
Cannabinoid Res. 2, 139-154. doi:10.1089/can.2016.0034

Izzo, A. A., Borrelli, F., Capasso, R., Di Marzo, V., and Mechoulam, R. (2009).
Non-psychotropic plant cannabinoids: New therapeutic opportunities from an
ancient herb. Trends Pharmacol. Sci. 30, 515-527. doi:10.1016/j.tips.2009.07.006

Karimi-Haghighi, S., Dargahi, L., and Haghparast, A. (2020). Cannabidiol
modulates the expression of neuroinflammatory factors in stress- and drug-
induced reinstatement of methamphetamine in extinguished rats. Addict. Biol.
25, €12740. doi:10.1111/adb.12740

Karimi-Haghighi, S., and Haghparast, A. (2018). Cannabidiol inhibits priming-
induced reinstatement of methamphetamine in REM sleep deprived rats. Prog.
Neuropsychopharmacol. Biol. Psychiatry 82, 307-313. doi:10.1016/j.pnpbp.2017.
08.022

Laprairie, R. B., Bagher, A. M., Kelly, M. E. M., and Denovan-Wright, E. M.
(2015). Cannabidiol is a negative allosteric modulator of the cannabinoid
CBI receptor. Br. J. Pharmacol. 172, 4790-4805. doi:10.1111/bph.13250

Ledesma, J. C., Manzanedo, C., and Aguilar, M. A. (2021). Cannabidiol prevents
several of the behavioral alterations related to cocaine addiction in mice. Prog.
Neuropsychopharmacol. Biol. Psychiatry 111, 110390. doi:10.1016/j.pnpbp.2021.
110390

Lee, J. L. C,, Bertoglio, L. J., Guimaraes, F. S., and Stevenson, C. W. (2017).
Cannabidiol regulation of emotion and emotional memory processing: Relevance
for treating anxiety-related and substance abuse disorders. Br. J. Pharmacol. 174,
3242-3256. doi:10.1111/bph.13724

Leweke, F. M., Piomelli, D., Pahlisch, F., Muhl, D., Gerth, C. W., Hoyer, C,, et al.
(2012). Cannabidiol enhances anandamide signaling and alleviates psychotic
symptoms of schizophrenia. Transl. Psychiatry 2, €94. doi:10.1038/tp.2012.15

Leweke, F. M, Rohleder, C., Gerth, C. W., Hellmich, M., Pukrop, R., and Koethe,
D. (2021). Cannabidiol and amisulpride improve cognition in acute schizophrenia
in an explorative, double-blind, active-controlled, randomized clinical trial. Front.
Pharmacol. 12, 614811. doi:10.3389/fphar.2021.614811

Li, K., Feng, J., Li, Y., Yuece, B, Lin, X, Yu, L, et al. (2013). Anti-inflammatory
role of cannabidiol and O-1602 in cerulein-induced acute pancreatitis in mice.
Pancreas 42, 123-129. doi:10.1097/MPA.0b013e318259f6f0

Lujén, M. A, Cantacorps, L., and Valverde, O. (2020). The pharmacological
reduction of hippocampal neurogenesis attenuates the protective effects of
cannabidiol on cocaine voluntary intake. Addict. Biol. 25, €12778. doi:10.1111/
adb.12778

Mahmud, A., Gallant, S., Sedki, F., D’Cunha, T., and Shalev, U. (2017). Effects of
an acute cannabidiol treatment on cocaine self-administration and cue-induced
cocaine seeking in male rats. J. Psychopharmacol. 31, 96-104. doi:10.1177/
0269881116667706

Maione, S., Piscitelli, F., Gatta, L., Vita, D., De Petrocellis, L., Palazzo, E., et al.
(2011). Non-psychoactive cannabinoids modulate the descending pathway of
antinociception in anaesthetized rats through several mechanisms of action. Br.
J. Pharmacol. 162, 584-596. doi:10.1111/j.1476-5381.2010.01063.x

McGuire, P., Robson, P., Cubala, W. J., Vasile, D., Morrison, P. D., Barron, R.,
et al. (2018). Cannabidiol (CBD) as an adjunctive therapy in schizophrenia: A
multicenter randomized controlled trial. Am. J. Psychiatry 175, 225-231. doi:10.
1176/appi.ajp.2017.17030325

McPartland, J. M., Duncan, M., Di Marzo, V., and Pertwee, R. G. (2015). Are
cannabidiol and d9-tetrahydrocannabivarin negative modulators of the

Frontiers in Pharmacology

15

10.3389/fphar.2022.969883

endocannabinoid system? A systematic review. Br. J. Pharmacol. 172, 737-753.
doi:10.1111/bph.12944

Mecha, M., Felit, A., Inigo, P. M., Mestre, L., Carrillo-Salinas, F.]., Guaza, C,, et al.
(2013). Cannabidiol provides long-lasting protection against the deleterious effects
of inflammation in a viral model of multiple sclerosis: A role for A2A receptors.
Neurobiol. Dis. 59, 141-150. doi:10.1016/j.nbd.2013.06.016

Mechoulam, R., and Parker, L. A. (2013). The endocannabinoid system and the
brain. Annu. Rev. Psychol. 64, 21-47. doi:10.1146/annurev-psych-113011-143739

Melas, P. A., Scherma, M., Fratta, W., Cifani, C., and Fadda, P. (2021).
Cannabidiol as a potential treatment for anxiety and mood disorders: Molecular
targets and epigenetic insights from preclinical research. Int. J. Mol. Sci. 22, 1863.
doi:10.3390/ijms22041863

Micale, V., Di Marzo, V., Sulcova, A., Wotjak, C. T., and Drago, F. (2013).
Endocannabinoid system and mood disorders: Priming a target for new therapies.
Pharmacol. Ther. 138, 18-37. doi:10.1016/j.pharmthera.2012.12.002

Nabissi, M., Morelli, M. B., Santoni, M., and Santoni, G. (2013). Triggering of the
TRPV2 channel by cannabidiol sensitizes glioblastoma cells to cytotoxic
chemotherapeutic agents. Carcinogenesis 34, 48-57. doi:10.1093/carcin/bgs328

Pauli, C. S, Conroy, M., Vanden Heuvel, B. D., and Park, S.-H. (2020).
Cannabidiol drugs clinical trial outcomes and adverse effects. Front. Pharmacol.
11, 63. doi:10.3389/fphar.2020.00063

Pertwee, R. G. (2008). The diverse CB1 and CB2 receptor pharmacology of three
plant cannabinoids: delta9-tetrahydrocannabinol, cannabidiol and deltad-
tetrahydrocannabivarin. Br. J. Pharmacol. 153,199-215. doi:10.1038/s.bjp.0707442

Rodriguez-Mufioz, M., Onetti, Y., Cortés-Montero, E., Garzoén, J., and Sanchez-
Blazquez, P. (2018). Cannabidiol enhances morphine antinociception, diminishes
NMDA-mediated seizures and reduces stroke damage via the sigma 1 receptor. Mol.
Brain 11, 51. doi:10.1186/s13041-018-0395-2

Rog, D. J., Nurmikko, T. J., Friede, T., and Young, C. A. (2005). Randomized,
controlled trial of cannabis-based medicine in central pain in multiple sclerosis.
Neurology 65, 812-819. doi:10.1212/01.wnl.0000176753.45410.8b

Russo, E. B. (2011). Taming THC: Potential cannabis synergy and
phytocannabinoid-terpenoid ~ entourage effects. Br. J. Pharmacol. 163,
1344-1364. doi:10.1111/j.1476-5381.2011.01238.x

Ryberg, E., Larsson, N., Sjogren, S., Hjorth, S., Hermansson, N.-O., Leonova, J.,
et al. (2007). The orphan receptor GPR55 is a novel cannabinoid receptor. Br.
J. Pharmacol. 152, 1092-1101. doi:10.1038/sj.bjp.0707460

Santoni, G., Amantini, C., Maggi, F., Marinelli, O., Santoni, M., Nabissi, M., et al.
(2020). The TRPV2 cation channels: From urothelial cancer invasiveness to
glioblastoma multiforme interactome signature. Lab. Investig. 100, 186-198.
doi:10.1038/s41374-019-0333-7

Scarante, F. F., Ribeiro, M. A., Almeida-Santos, A. F., Guimaries, F. S., and
Campos, A. C. (2021). Glial cells and their contribution to the mechanisms of action
of cannabidiol in neuropsychiatric disorders. Front. Pharmacol. 11, 618065. doi:10.
3389/fphar.2020.618065

Sonego, A. B, Prado, D. S,, Vale, G. T., Sepulveda-Diaz, J. E., Cunha, T. M,,
Tirapelli, C. R,, et al. (2018). Cannabidiol prevents haloperidol-induced vacuos
chewing movements and inflammatory changes in mice via PPARY receptors. Brain
Behav. Immun. 74, 241-251. doi:10.1016/j.bbi.2018.09.014

Song, Y., Ma, P., Gao, Y., Xiao, P., Xu, L., and Liu, H. (2021). A bibliometrics
analysis of metformin development from 1980 to 2019. Front. Pharmacol. 12,
645810. doi:10.3389/fphar.2021.645810

Sultan, A. S., Marie, M. A., and Sheweita, S. A. (2018). Novel mechanism of
cannabidiol-induced apoptosis in breast cancer cell lines. Breast 41, 34-41. doi:10.
1016/j.breast.2018.06.009

Taylor, L., Gidal, B., Blakey, G., Tayo, B., and Morrison, G. (2018). A phase I,
randomized, double-blind, placebo-controlled, single ascending dose, multiple
dose, and Food effect trial of the safety, tolerability and pharmacokinetics of
highly purified cannabidiol in healthy subjects. CNS Drugs 32, 1053-1067.
doi:10.1007/s40263-018-0578-5

Thiele, E. A., Marsh, E. D., French, J. A., Mazurkiewicz-Beldzinska, M., Benbadis,
S. R, Joshi, C,, et al. (2018). Cannabidiol in patients with seizures associated with
lennox-gastaut syndrome (GWPCARE4): A randomised, double-blind, placebo-
controlled phase 3 trial. Lancet 391, 1085-1096. doi:10.1016/S0140-6736(18)
30136-3

Thomas, A., Baillie, G. L., Phillips, A. M., Razdan, R. K, Ross, R. A., and Pertwee,
R. G. (2007). Cannabidiol displays unexpectedly high potency as an antagonist of
CBI1 and CB2 receptor agonists in vitro. Br. . Pharmacol. 150, 613-623. doi:10.
1038/sj.bjp.0707133

Turna, J,, Syan, S. K., Frey, B. N, Rush, B., Costello, M. J., Weiss, M., et al. (2019).
Cannabidiol as a novel candidate alcohol use disorder pharmacotherapy: A
systematic review. Alcohol. Clin. Exp. Res. 43, 550-563. doi:10.1111/acer.13964

frontiersin.org


https://doi.org/10.1056/NEJMoa1714631
https://doi.org/10.1111/epi.13060
https://doi.org/10.1016/j.neuro.2015.08.007
https://doi.org/10.1016/j.neuro.2015.08.007
https://doi.org/10.1111/bph.12615
https://doi.org/10.1111/bph.12615
https://doi.org/10.1176/appi.ajp.2019.18101191
https://doi.org/10.1176/appi.ajp.2019.18101191
https://doi.org/10.1089/can.2016.0034
https://doi.org/10.1016/j.tips.2009.07.006
https://doi.org/10.1111/adb.12740
https://doi.org/10.1016/j.pnpbp.2017.08.022
https://doi.org/10.1016/j.pnpbp.2017.08.022
https://doi.org/10.1111/bph.13250
https://doi.org/10.1016/j.pnpbp.2021.110390
https://doi.org/10.1016/j.pnpbp.2021.110390
https://doi.org/10.1111/bph.13724
https://doi.org/10.1038/tp.2012.15
https://doi.org/10.3389/fphar.2021.614811
https://doi.org/10.1097/MPA.0b013e318259f6f0
https://doi.org/10.1111/adb.12778
https://doi.org/10.1111/adb.12778
https://doi.org/10.1177/0269881116667706
https://doi.org/10.1177/0269881116667706
https://doi.org/10.1111/j.1476-5381.2010.01063.x
https://doi.org/10.1176/appi.ajp.2017.17030325
https://doi.org/10.1176/appi.ajp.2017.17030325
https://doi.org/10.1111/bph.12944
https://doi.org/10.1016/j.nbd.2013.06.016
https://doi.org/10.1146/annurev-psych-113011-143739
https://doi.org/10.3390/ijms22041863
https://doi.org/10.1016/j.pharmthera.2012.12.002
https://doi.org/10.1093/carcin/bgs328
https://doi.org/10.3389/fphar.2020.00063
https://doi.org/10.1038/sj.bjp.0707442
https://doi.org/10.1186/s13041-018-0395-2
https://doi.org/10.1212/01.wnl.0000176753.45410.8b
https://doi.org/10.1111/j.1476-5381.2011.01238.x
https://doi.org/10.1038/sj.bjp.0707460
https://doi.org/10.1038/s41374-019-0333-7
https://doi.org/10.3389/fphar.2020.618065
https://doi.org/10.3389/fphar.2020.618065
https://doi.org/10.1016/j.bbi.2018.09.014
https://doi.org/10.3389/fphar.2021.645810
https://doi.org/10.1016/j.breast.2018.06.009
https://doi.org/10.1016/j.breast.2018.06.009
https://doi.org/10.1007/s40263-018-0578-5
https://doi.org/10.1016/S0140-6736(18)30136-3
https://doi.org/10.1016/S0140-6736(18)30136-3
https://doi.org/10.1038/sj.bjp.0707133
https://doi.org/10.1038/sj.bjp.0707133
https://doi.org/10.1111/acer.13964
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.969883

Liu et al.

Vallée, A., Lecarpentier, Y., Guillevin, R, and Vallée, J.-N. (2017). Effects of
cannabidiol interactions with Wnt/B-catenin pathway and PPARy on oxidative
stress and neuroinflammation in Alzheimer’s disease. Acta Biochim. Biophys. Sin.
49, 853-866. doi:10.1093/abbs/gmx073

Vallée, A., Vallée, ].-N., and Lecarpentier, Y. (2021). Potential role of cannabidiol
in Parkinson’s disease by targeting the WNT/B-catenin pathway, oxidative stress
and inflammation. Aging (Albany NY) 13,10796-10813. doi:10.18632/aging.202951

VanDolah, H. J., Bauer, B. A., and Mauck, K. F. (2019). Clinicians’ guide to
cannabidiol and hemp oils. Mayo Clin. Proc. 94, 1840-1851. doi:10.1016/j.mayocp.
2019.01.003

Wade, D. T., Makela, P., Robson, P., House, H., and Bateman, C. (2004). Do
cannabis-based medicinal extracts have general or specific effects on symptoms in
multiple sclerosis? A double-blind, randomized, placebo-controlled study on
160 patients. Mult. Scler. 10, 434-441. doi:10.1191/1352458504ms10820a

Wang, Y., Mukhopadhyay, P., Cao, Z., Wang, H., Feng, D., Hasko, G., et al.
(2017). Cannabidiol attenuates alcohol-induced liver steatosis, metabolic

Frontiers in Pharmacology

16

10.3389/fphar.2022.969883

dysregulation, inflammation and neutrophil-mediated injury. Sci. Rep. 7, 12064.
doi:10.1038/541598-017-10924-8

Whiting, P. F., Wolff, R. F., Deshpande, S., Di Nisio, M., Duffy, S., Hernandez, A.
V., et al. (2015). Cannabinoids for medical use: A systematic review and meta-
analysis. JAMA 313, 2456-2473. doi:10.1001/jama.2015.6358

Xiong, W, Cui, T., Cheng, K., Yang, F., Chen, S.-R., Willenbring, D., et al. (2012).
Cannabinoids suppress inflammatory and neuropathic pain by targeting a3 glycine
receptors. J. Exp. Med. 209, 1121-1134. doi:10.1084/jem.20120242

Yin, M., Xu, C., Ma, J., Ye, J., and Mo, W. (2021). A bibliometric analysis
and visualization of current research trends in the treatment of cervical
spondylotic myelopathy. Glob. Spine J. 11, 988-998. doi:10.1177/
2192568220948832

Zanelati, T., Biojone, C., Moreira, F., Guimarées, F., and Joca, S. (2010).
Antidepressant-like effects of cannabidiol in mice: Possible involvement of 5-
htla receptors. Br. J. Pharmacol. 159, 122-128. doi:10.1111/j.1476-5381.2009.
00521.x

frontiersin.org


https://doi.org/10.1093/abbs/gmx073
https://doi.org/10.18632/aging.202951
https://doi.org/10.1016/j.mayocp.2019.01.003
https://doi.org/10.1016/j.mayocp.2019.01.003
https://doi.org/10.1191/1352458504ms1082oa
https://doi.org/10.1038/s41598-017-10924-8
https://doi.org/10.1001/jama.2015.6358
https://doi.org/10.1084/jem.20120242
https://doi.org/10.1177/2192568220948832
https://doi.org/10.1177/2192568220948832
https://doi.org/10.1111/j.1476-5381.2009.00521.x
https://doi.org/10.1111/j.1476-5381.2009.00521.x
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.969883

	A bibliometrics and visualization analysis of cannabidiol research from 2004 to 2021
	Introduction
	Materials and methods
	Data searching
	Bibliometrics analysis and data visualization

	Results
	General analysis
	Category analysis
	Co-authorship analysis
	Funding agency contribution
	Journal contribution
	Keywords co-occurrence and burst detection
	Reference co-citation analysis and timeline map
	Burst detection of co-cited reference

	Discussion
	Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


