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Abstract

Background: Cannabis, cannabinoids and endocannabinoids are heavily investigated topics with many articles
published every year. We aimed to identify the 100 most cited manuscripts among the vast literature and analyze
their contents.

Methods: Web of Science (WoS) Core Collection was searched to identify the 100 most cited relevant manuscripts,
which were analyzed with reference to (1) authorship, (2) institution, (3) country, (4) document type, (5) journal, (6)
publication year, (7) WoS category, and (8) citation count. Semantic content and citation data of the manuscripts
were analyzed with VOSviewer.

Results: The most cited manuscripts were published between 1986 and 2016, with the majority being published in
the 2000s (n =51). The number of citations for the top 100 articles ranged from 469 to 3651, with a median citation
count of 635.5. The most prolific authors were Vincenzo Di Marzo (n=11) and Daniele Piomelli (n=11). The major
contributing countries were USA (n=49), Italy (n=22), UK (n=19), and France (n=11). The most prolific institutions
were University of California (n = 14), National Research Council of Italy (n=12) and National Institutes of Health
USA (n=12). The manuscripts consisted of original articles (n = 75), reviews (n =24) and a note (n=1). The most
dominant journal was Nature (n=15). The major WoS categories associated were Multidisciplinary sciences (n =
31), Neurosciences (n = 20), Pharmacology / Pharmacy (n = 16), and General / Internal Medicine (n=11).

Conclusions: The top-ranked manuscripts among the 100 were concerning analgesia, weight loss, long-term
potentiation, depolarization-induced suppression of inhibition, opiates and other topics. Cannabinoid type 1 (CB1)
receptor was studied by more of the top 100 papers in comparison to cannabinoid type 2 (CB2) receptor. The
most frequently mentioned chemicals in these publications were 2-arachidonoylglycerol, tetrahydrocannabinol,
and anandamide. Together, these manuscripts comprise the most highly cited publications in the topic, literally
the molecular neuroscience at its “high”.
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Background

Cannabis sativa L. (cannabis) has been cultivated by hu-
manity for more than 2000 years (Mercuri et al. 2002). It is
estimated that 7.2% of the USA population abused cannabis
during their lifetime (Stinson et al. 2006). The main reason
for its recreational use is its ability to produce euphoria, or
feeling of “high” (Ashton 2001). The euphoriant effect of
cannabinoids derived from cannabis is attributed to their
interactions with the mammalian endogenous cannabinoid
system; stimulation of the endocannabinoid system may
also lead to effects such as perceptual alterations, impaired
psychomotor performance, and tachycardia (Ashton 2001).
On the other hand, endocannabinoids are important lipid
messengers that regulate synaptic transmission and neuro-
transmitter release in the brain (Piomelli 2003).

The endocannabinoid system consists of G protein-
coupled cannabinoid receptors, cannabinoid type 1 (CB1)
and type 2 (CB2) receptors, and endogenous lipid-based
neurotransmitters, known as the endocannabinoids, that
target these receptors in central and peripheral nervous
systems (Pertwee 2015). The CB1 receptor was discovered
by Bonner and his co-workers back in 1990 (Matsuda et al.
1990) and is mainly concentrated in the brain (Pacher et al.
2006), whereas the CB2 receptor was discovered by Munro
et al. in 1993 (Munro et al. 1993) and is mainly found in
the immune system and also the gastrointestinal system
(Pacher and Mechoulam 2011). Research findings have
hinted that there could be additional CB receptors; one
candidate of such is GPR55, which was discovered by
ODowd and his co-workers in 1999 (Sawzdargo et al.
1999) and later found to be activated by various cannabi-
noids (Ryberg et al. 2007). Other candidates may also exist,
though there is still to be a consensus (Rodriguez de Fon-
seca and Schneider 2008).

Meanwhile, there are various endocannabinoids, includ-
ing the well-known eicosanoids anandamide and 2-arachi-
donoylglycerol, which are metabolized by fatty acid amide
hydrolase and monoacylglycerol lipase respectively (Pert-
wee 2006). Other chemicals considered to be endocannabi-
noids included 2-arachidonyl glyceryl ether (Hanus$ et al.
2001), N-arachidonoyl dopamine (Bisogno et al. 2000), vir-
odhamine (Porter et al. 2002), and lysophosphatidylinositol
(Henstridge et al. 2009). With regard to phytocannabinoids,
it is believed that the Cannabis plant contains over 100
cannabinoids (Aizpurua-Olaizola et al. 2016), including
tetrahydrocannabinol (THC), cannabidiol (CBD) and can-
nabinol (CBN). Some cannabinoids are psychoactive, and
some are not; and they often interact with one another by
synergism (Russo 2011). There are also diverse synthetic
cannabinoids, including nabilone used as an antiemetic and
for neuropathic pain (Herman et al. 1979; Toth et al. 2012).

Due to large volume of literature on the topic, the ap-
plication of bibliometric analysis can facilitate better un-
derstanding of the field. Bibliometric analysis
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encompasses for example surveying journal editorial
practice (Yeung 2017), or assessing the publication and
citation data of a specific research field (Yeung et al
2017a). A recent  bibliometric  analysis  of
cannabis-related literature investigated six topics involv-
ing genetics, biochemistry, and biology (Matielo et al.
2018). We aimed to evaluate the literature from another
perspective, by identifying the most impactful manu-
scripts concerning endocannabinoid, cannabis and can-
nabinoid. Further in the manuscript we would relate to
these manuscripts as cannabis and cannabinoid-related
manuscripts. By analyzing the 100 most cited articles,
we aimed to provide a quick guide on the most influen-
tial research in the field, which can serve as a starting
point for fellow researchers to quickly identify the high
impact topics, their contributors, and outlining possible
future research directions and collaborations.

In the current manuscript we described the 100 most cited
cannabis and cannabinoid-related manuscripts and identified
the major contributors and research themes. We also ana-
lyzed relationships between the citation count of these man-
uscripts and various bibliometric parameters, such as author
number, reference number, and journal impact factor.

Methods

Data sources

Bibliometric data was extracted from Web of Science
(WoS) Core Collection online database, a multidisciplin-
ary database hosted by Clarivate Analytics. In November
2018, we queried WoS with string: TOPIC = (“endocan-
nabinoid*” OR “cannabi*”). This query returned manu-
scripts that contain the words “endocannabinoid”,
“cannabis”, “cannabinoid” or their derivatives in their
title, abstract or keywords. WoS search engine does not
distinguish uppercase and lowercase characters, so we
did not include the same search words in uppercase. No
additional restriction was placed on the search. The
authors’” WoS subscription included publications from
the year 1956 forward. Therefore, publications published
before that year could not be analyzed.

The manuscripts were sorted by descending citation
count. Two authors (AWKY and AGA) assessed the titles
and abstracts of the manuscripts to exclude irrelevant ones.

Some manuscripts might use terms such as CB1 (canna-
binoid receptor type 1 receptor), CB2 and marijuana without
mentioning endocannabinoid or cannabis or cannabinoid.
These manuscripts were identified by an additional search
with string: TOPIC = (“CB1” OR “CB2” OR “marijuana”)
NOT TOPIC = (“endocannabinoid*” OR “cannabi*”).

Data extraction
The 100 most-cited papers were evaluated for: (1) author-
ship, (2) institution, (3) country, (4) document type, (5)
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journal, (6) publication year, (7) WoS category, and (8)
citation count.

Pearson’s correlation tests were conducted in SPSS
25.0 (IBM, New York, USA) to evaluate if the citation
counts were correlated to the number of authors, num-
ber of references and 2017 journal impact factor. Corre-
lations showing p < 0.05 were considered significant.

Bubble maps

The VOSviewer software was used to analyze the seman-
tic content of titles, abstracts and keywords, relate them
to citation data, and visualize the results as bubble maps
(van Eck and Waltman 2009). Each bubble represents a
word or phrase. The bubble size indicates the appear-
ance frequency of the term (multiple appearances in one
manuscript count as one). The bubble color indicates
the mean citation count received by manuscripts con-
taining the term. Two bubbles are closer to each other if
the two terms co-appeared in the manuscripts more fre-
quently. Only terms that appeared in at least 5 of the
manuscripts were included in the figure.

Results and discussion

Major contributors

The search resulted in 44,643 manuscripts. The 100
most-cited cannabis manuscripts were all in English. They
were published between 1986 and 2016 (Fig. 1). The most
prolific authors were Vincenzo Di Marzo (n=11) and
Daniele Piomelli (# = 11). The major contributing countries
were USA (n=49), Italy (n=22), UK (n=19), and France
(n=11). The most prolific institutions were University of
California (n = 14), National Research Council of Italy (n =
12) and National Institutes of Health USA (n=12). The
manuscripts consisted of original articles (1 =75), reviews
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(n=24) and a note (n = 1). The most dominant journal was
Nature (n =15). The major WoS categories associated with
the manuscripts were Multidisciplinary sciences (n=31),
Neurosciences (# = 20), Pharmacology / Pharmacy (n = 16),
and General / Internal Medicine (# =11). Consistent to
previous surveys on Cannabis literature, the majority of the
publications focused on the biological/medicinal science
instead of plant science (Matielo et al. 2018; Treister-Goltz-
man et al. 2018). Table 1 lists the top five most prolific au-
thors, institutions, countries, and journals, in terms of their
publication count and averaged citations per manuscript.
Here, we observed that Italy was behind the USA as the
second major contributor, and the Italian roots of the most
prolific authors, Vincenzo Di Marzo and Daniele Piomelli.
The Italian contribution in the cannabis and cannabinoids
research is large compared to research in other related
fields, such as ethnopharmacology (1%) (Yeung et al.
2018b), nutraceuticals (2%) (Yeung et al. 2018c), natural
products in cancer studies (5.2%) (Yeung et al. 2018a), and
neurosciences (5-6.5%) (Yeung 2018; Yeung et al. 2017a;
Yeung et al. 2017b). In fact, pollen records has suggested
that the central Italy has a long history of cultivating Can-
nabis for more than 2000 years (Mercuri et al. 2002). More-
over, it was estimated that 3.3—5.5 million people in Italy
(with a total population of around 61 million) had used
cannabis at least once (Farcomeni and Scacciatelli 2013).
The abundance of C. sativa and the history of its cultivation
may partly explain large Italian contribution to the
cannabis-related research. It is likely that Italy’s prominence
in the field also results from political, regulatory or
funding-related factors but analysis of such claims lies be-
yond scope of this work.

The additional search for identifying manuscripts that
mentioned CB1, CB2 or marijuana while omitting terms

-
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Table 1 The major contributors to the 100 most cited cannabis
and cannabinoid-related manuscripts

Entity Publication Mean citations
count per manuscript
Author
Vincenzo Di Marzo 11 7825
Daniele Piomelli 1 854.0
Ken Mackie 8 859.8
Roger G. Pertwee 7 1395.7
Raphael Mechoulam 6 1457.0
Institution
University of California 14 8714
National Research Council of Italy 12 8119
National Institutes of Health USA 12 1146.2
University of Washington 8 900.9
University of Aberdeen 7 1395.7
Country
USA 49 908.2
Italy 22 76538
UK 19 1049.2
France 11 896.5
Germany 8 7159
Journal
Nature 15 1246.1
Proceedings of the National 8 7926
Academy of Sciences of the
United States of America
Science 8 1196.5
Lancet 7 686.9
British Journal of Pharmacology 4 560.5

endocannabinoid, cannabis or cannabinoid returned 11,436
manuscripts. Nineteen of them had citation count of over
469, the citation count of the last manuscript ranked 100th
on our list. However, while we focused on molecular biol-
ogy of the cannabis, most of the additionally identified 19
manuscripts were national surveys or epidemiology studies
that targeted drug dependence / substance use / drug ad-
diction, in which marijuana was only one of the many
items recorded. The only relevant manuscript was a survey
reporting that maternal marijuana use led to decreased in-
fant birth weight and length (Zuckerman et al. 1989).

Citation counts

The citation counts of the identified 100 papers ranged
from 469 to 3651 (mean +SD: 845.1 + 546.3, cumulative
total citations = 84,510; Table 2). The adjusted citation
count (i.e., citation count per year since publication) ranged
from 16.6 to 245.5 (mean+SD: 56.5+ 384, Table 2).
Devane et al. (Devane et al. 1992) published the top-ranked
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manuscript that reported the discovery of anandamide, a
natural ligand for the cannabinoid receptors. The total
citation count positively correlated with the number of
authors (r =0.232, p =0.023), but not with journal impact
factor (r=0.170, p = 0.099), or number of references (r = -
0.044, p = 0.668). The adjusted citation count did not cor-
relate with number of authors (r = 0.033, p = 0.753), impact
factor (r=0.128, p=0.216) nor number of references (r =
0.038, p = 0.714). Meanwhile, the total citation and adjusted
citation counts were positively correlated (r=0.408, p <
0.001). These relationships were just partly consistent to
the summary of citation analysis literature reported by
Hanel and Haase (Hanel and Haase 2017), in which they
reported that citation frequency was always positively cor-
related to impact factor and number of references,
while the relationship was mixed for number of au-
thors. The discrepancy here could be explained by the
existence of possible research field-specific differences
or by the fact that in the current study we analyzed
only the 100 most cited manuscripts, so the results of
this exploratory correlation analyses may not be the
same for the literature body as a whole.

Bubble maps

There were 113 terms that appeared in the titles and ab-
stracts of at least 5 of the 100 manuscripts (Fig. 2). The
bubble map showed that manuscripts concerning anal-
gesia seemed to have more citations than those concern-
ing weight loss. Moreover, tetrahydrocannabinol (THC),
which also has analgesic effects, also received many cita-
tions (n = 16, citations per manuscript = 972.4) (Munro et
al. 1993). We further examined the dataset to look for
some notable terms that might appear in fewer than 5 of
the manuscripts, and found that opiate was mentioned in
2 manuscripts (citations per manuscript = 748.5), whereas
the non-psychoactive compounds cannabidiol (CBD) and
cannabinol (CBN) were mentioned in 2 manuscripts (cita-
tions per manuscript = 598.5) and 1 manuscript (citations
= 568), respectively.

There were 30 keywords that appeared in at least 5 of the
100 manuscripts (Fig. 3). The bubble map of keywords
showed that the rat and mouse models were frequently
used (keywords: “rat brain” (n=23) and “mice” (1=09)).
“Long-term potentiation” (n=9), “depolarization-induced
suppression” (n=6), and “food intake” (n=5) were
frequently mentioned concepts. Long-term potentiation is
considered as one of the most crucial mechanisms under-
lying learning and memory (Bliss and Collingridge 1993).
Rat study has revealed that long-term cannabinoid
treatment can undermine reference and working memory
performance, and impair long-term potentiation in the
hippocampus (Hill et al. 2004). In addition, endocannabi-
noids may have a role in modulation of anxiety and condi-
tioned fear via long-term potentiation (Marsch et al. 2007;
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Table 2 The list of 100 most cited cannabis and cannabinoid-related manuscripts
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Rank Reference

Impact
Factor 2017

Total citation
count

Adjusted
citation count

20

21

Devane, W. A, Hanus, L., Breuer, A, Pertwee, R. G, Stevenson, L. A, Griffin, G, ... & Mechoulam, R.
(1992). Isolation and structure of a brain constituent that binds to the cannabinoid receptor.
Science, 258 (5090), 1946—1949.

Matsuda, L. A, Lolait, S. J, Brownstein, M. J,, Young, A. C, & Bonner, T. I. (1990). Structure of a
cannabinoid receptor and functional expression of the cloned cDNA. Nature, 346 (6284), 561-564.

Munro, S, Thomas, K. L., & Abu-Shaar, M. (1993). Molecular characterization of a peripheral receptor
for cannabinoids. Nature, 365 (6441), 61-65.

Mechoulam, R, Ben-Shabat, S., Hanus, L, Ligumsky, M., Kaminski, N. E,, Schatz, A. R, ... & Pertwee, R.
G. (1995). Identification of an endogenous 2-monoglyceride, present in canine gut, that binds to
cannabinoid receptors. Biochemical Pharmacology, 50 (1), 83-90.

Howlett, A. C, Barth, F.,, Bonner, T. I, Cabral, G, Casellas, P., Devane, W. A, ... & Mechoulam, R. (2002).

International Union of Pharmacology. XXVII. Classification of cannabinoid receptors.
Pharmacological Reviews, 54 (2), 161-202.

Devane, W. A, Dysarz, F. 3, Johnson, M. R, Melvin, L. S, & Howlett, A. C. (1988). Determination and
characterization of a cannabinoid receptor in rat brain. Molecular Pharmacology, 34 (5), 605-613.

Zygmunt, P. M, Petersson, J., Andersson, D. A, Chuang, H. H., Sergéard, M., Di Marzo, V., .. &
Hogestatt, E. D. (1999). Vanilloid receptors on sensory nerves mediate the vasodilator action of
anandamide. Nature, 400 (6743), 452-457.

Herkenham, M., Lynn, A. B, Little, M. D., Johnson, M. R, Melvin, L. S, De Costa, B. R, & Rice, K. C.
(1990). Cannabinoid receptor localization in brain. Proceedings of the National Academy of Sciences,
87 (5), 1932-1936.

Rinaldi-Carmona, M, Barth, F., Héaulme, M, Shire, D,, Calandra, B., Congy, C, ... & Ferrara, P. (1994).
SR141716A, a potent and selective antagonist of the brain cannabinoid receptor. FEBS Letters, 350
(2-3), 240-244.

Herkenham, M., Lynn, A. B., Johnson, M. R, Melvin, L. S, de Costa, B. R, & Rice, K. C. (1991).
Characterization and localization of cannabinoid receptors in rat brain: a quantitative in vitro
autoradiographic study. Journal of Neuroscience, 11 (2), 563-583.

Cravatt, B. F, Giang, D. K, Mayfield, S. P, Boger, D. L, Lerner, R. A, & Gilula, N. B. (1996). Molecular
characterization of an enzyme that degrades neuromodulatory fatty-acid amides. Nature, 384
(6604), 83-87.

Sugiura, T, Kondo, S., Sukagawa, A, Nakane, S., Shinoda, A, Itoh, K, ... & Waku, K. (1995).
2-Arachidonoylgylcerol: a possible endogenous cannabinoid receptor ligand in brain. Biochemical
and Biophysical Research Communications, 215 (1), 89-97.

Mountjoy, K. G, Robbins, L. S, Mortrud, M. T, & Cone, R. D. (1992). The cloning of a family of genes
that encode the melanocortin receptors. Science, 257 (5074), 1248-1251.

Piomelli, D. (2003). The molecular logic of endocannabinoid signalling. Nature Reviews Neuroscience,
4(11), 873-884.

Jordt, S. E, Bautista, D. M., Chuang, H. H, McKemy, D. D., Zygmunt, P. M., Hogestatt, E. D, ... & Julius,
D. (2004). Mustard oils and cannabinoids excite sensory nerve fibres through the TRP channel
ANKTM1. Nature, 427 (6971), 260-265.

Di Marzo, V., Fontana, A, Cadas, H., Schinelli, S, Cimino, G., Schwartz, J. C,, & Piomelli, D. (1994).
Formation and inactivation of endogenous cannabinoid anandamide in central neurons. Nature,
372 (6507), 686-691.

Moore, T. H,, Zammit, S, Lingford-Hughes, A, Barnes, T. R, Jones, P. B, Burke, M., & Lewis, G. (2007).
Cannabis use and risk of psychotic or affective mental health outcomes: a systematic review. The
Lancet, 370 (9584), 319-328.

Marsicano, G, Wotjak, C. T,, Azad, S. C, Bisogno, T, Rammes, G,, Cascio, M. G, ... & Di Marzo, V.
(2002). The endogenous cannabinoid system controls extinction of aversive memories. Nature, 418
(6897), 530-534.

Tsou, K, Brown, S., Sanudo-Pena, M. C,, Mackie, K, & Walker, J. M. (1998). Immunohistochemical
distribution of cannabinoid CB1 receptors in the rat central nervous system. Neuroscience, 83 (2),
393-411.

Pacher, P., Batkai, S., & Kunos, G. (2006). The endocannabinoid system as an emerging target of
pharmacotherapy. Pharmacological Reviews, 58 (3), 389-462.

Di Marzo, V., Goparaju, S. K, Wang, L, Liu, J, Batkai, S., Jarai, Z, .. & Kunos, G. (2001). Leptin-
regulated endocannabinoids are involved in maintaining food intake. Nature, 410 (6830), 822-825.
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Table 2 The list of 100 most cited cannabis and cannabinoid-related manuscripts (Continued)

Page 6 of 13

Rank Reference

Impact
Factor 2017

Total citation
count

Adjusted
citation count

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

Pertwee, R. G. (1997). Pharmacology of cannabinoid CB1 and CB2 receptors. Pharmacology &
Therapeutics, 74 (2), 129-180.

Van Gaal, L. F, Rissanen, A. M,, Scheen, A. J, Ziegler, O., Rossner, S., & RIO-Europe Study Group.
(2005). Effects of the cannabinoid-1 receptor blocker rimonabant on weight reduction and
cardiovascular risk factors in overweight patients: 1-year experience from the RIO-Europe study.
The Lancet, 365 (9468), 1389-1397.

Kathuria, S, Gaetani, S, Fegley, D., Valifio, F,, Duranti, A, Tontini, A, .. & Giustino, A. (2003).
Modulation of anxiety through blockade of anandamide hydrolysis. Nature Medicine, 9 (1), 76-81.

Stella, N, Schweitzer, P., & Piomelli, D. (1997). A second endogenous cannabinoid that modulates
long-term potentiation. Nature, 388 (6644), 773-778.

Wilson, R. I, & Nicoll, R. A. (2001). Endogenous cannabinoids mediate retrograde signalling at
hippocampal synapses. Nature, 410 (6828), 588-592.

Després, J. P, Golay, A, & Sjostrom, L. (2005). Effects of rimonabant on metabolic risk factors in
overweight patients with dyslipidemia. New England Journal of Medicine, 353 (20), 2121-2134.

Freund, T. F, Katona, I, & Piomelli, D. (2003). Role of endogenous cannabinoids in synaptic
signaling. Physiological Reviews, 83 (3), 1017-1066.

Galiegue, S, Mary, S, Marchand, J.,, Dussossoy, D., Carriere, D., Carayon, P., ... & Casellas, P. (1995).
Expression of central and peripheral cannabinoid receptors in human immune tissues and
leukocyte subpopulations. Furopean Journal of Biochemistry, 232 (1), 54-61.

Ledent, C, Valverde, O., Cossu, G., Petitet, F., Aubert, J. F, Beslot, F,, .. & Vassart, G. (1999).
Unresponsiveness to cannabinoids and reduced addictive effects of opiates in CB1 receptor
knockout mice. Science, 283 (5400), 401-404.

Cravatt, B. F, Demarest, K, Patricelli, M. P, Bracey, M. H., Giang, D. K, Martin, B. R, & Lichtman, A. H.
(2001). Supersensitivity to anandamide and enhanced endogenous cannabinoid signaling in mice
lacking fatty acid amide hydrolase. Proceedings of the National Academy of Sciences, 98 (16), 9371-
9376.

Everard, A, Belzer, C, Geurts, L., OQuwerkerk, J. P., Druart, C, Bindels, L. B, ... & De Vos, W. M. (2013).
Cross-talk between Akkermansia muciniphila and intestinal epithelium controls diet-induced
obesity. Proceedings of the National Academy of Sciences, 110 (22), 9066-9071.

Van Sickle, M. D., Duncan, M,, Kingsley, P. J,, Mouihate, A, Urbani, P, Mackie, K, ... & Marnett, L. J.
(2005). Identification and functional characterization of brainstem cannabinoid CB2 receptors.
Science, 310 (5746), 329-332.

Pi-Sunyer, F. X, Aronne, L. J,, Heshmati, H. M., Devin, J,, Rosenstock, J,, & RIO-North America Study
Group. (2006). Effect of rimonabant, a cannabinoid-1 receptor blocker, on weight and cardiometa

bolic risk factors in overweight or obese patients: RIO-North America: a randomized controlled trial.

JAMA, 295 (7), 761-775.

Dinh, T. P, Carpenter, D,, Leslie, F. M., Freund, T. F,, Katona, I, Sensi, S. L., ... & Piomelli, D. (2002).
Brain monoglyceride lipase participating in endocannabinoid inactivation. Proceedings of the
National Academy of Sciences, 99 (16), 10,819-10,824.

Wilson, R. I, & Nicoll, R. A. (2002). Endocannabinoid signaling in the brain. Science, 296 (5568),
678-682.

Cota, D,, Marsicano, G, Tschop, M, Gribler, Y., Flachskamm, C, Schubert, M, ... & Tomassoni,
F. (2003). The endogenous cannabinoid system affects energy balance via central orexigenic
drive and peripheral lipogenesis. The Journal of Clinical Investigation, 112 (3), 423-431.

Caspi, A, Moffitt, T. E, Cannon, M, McClay, J, Murray, R, Harrington, H,, .. & Poulton, R. (2005).
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Marsicano et al. 2002). Meanwhile, depolarization-induced
suppression of inhibition mediated via endocannabinoids /
cannabinoid type 1 (CB1) receptor is a primary cortical
process that enables neurons to communicates backwards
across synapses to modulate their inputs, and thus contrib-
utes to multiple forms of cortical plasticity and synaptic
strengthening (Kreitzer and Regehr 2001; Ohno-Shosaku et
al. 2001; Wilson and Nicoll 2001). With respect of food in-
take, endocannabinoids in the hypothalamus might condi-
tionally activate CB1 receptors to maintain and regulate
food intake together with leptin (Di Marzo et al. 2001).
Findings from clinical trial have demonstrated that the
intake of CB1 receptor blocker, rimonabant, together with
hypocaloric diet could lead to significant decrease in body
weight and risk of having cardiovascular disease (Van Gaal
et al. 2005). However, rimonabant was withdrawn for

treatment due to its adverse effects such as causing mood
swings and suicide (Christensen et al. 2007). Research is
still ongoing for food intake regulation and it is proposed
that peripherally restricted CB1 receptor blockers may be
therapeutic in the future (Simon and Cota 2017). Moreover,
the CB1 receptor was frequently the focus of research, with
frequent recurrence of keywords: “CB1” (n = 6), “cannabin-
oid CB1 receptor” (n=5), and anandamide (n =17, cita-
tions per manuscript = 823.6), its famous agonist reported
by the manuscript with the highest citation count (Devane
et al. 1992). When appearances in titles, abstracts and key-
words are considered together, CB1 appears in 23 manu-
scripts, whereas CB2 emerged in 10 manuscripts. One
important function of CB2 receptors is modulation of mast
cell activation and thus inflammation via agonist binding
(Facci et al. 1995). Thus, it seems that the CB1 receptor
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Fig. 2 Bubble map showing words from titles and abstracts of the 100 most-cited cannabis manuscripts. Words from titles and abstracts were
parsed, analyzed and visualized by VOSviewer. There were 113 terms that appeared in 5 or more manuscripts and hence were included in the
map. Each bubble represents a word or phrase. The bubble size indicates its appearance frequency. The bubble color indicates the averaged
citation count received by manuscripts containing the term. If two terms co-appeared in more manuscripts, the two bubbles are closer to each
other. The lines indicate the 500 strongest co-appearance links between the terms

was studied by more of the top 100 papers in comparison
to the CB2 receptor. Another frequently mentioned
chemical was 2-arachidonoylglycerol (1 =9, citations per
manuscript = 747.1), an endocannabinoid that mediates
analgesia, hypothermia, hypomotility and modulates long-
term potentiation (Hanu$ et al. 2001; Long et al. 2009;
Stella et al. 1997). The structures of these frequently men-
tioned chemicals are listed in Fig. 4.

General thoughts on existing evidence

The literature analysis has revealed that there were many
rat and mice studies. The primary limitation of murine
studies is they do not accurately mirror the wide spectrum
of variability in the treatment response of the most human
subjects tested with cannabis-based medicine. Reactions
and effects may vary significantly due to for example gen-
etic predispositions causing varying amounts of endocanna-
binoid receptors. Moreover, a complex multi-molecule
mentality may be more suitable for understanding the can-
nabinoid compound class than a small molecule mentality,
due to the limited number of over 10 active compounds
that work in unison to create successful treatment. For ex-
ample, without some amounts of THC, cannabidiol (CBD)
becomes relatively inert as an anti-inflammatory agent
(Aso et al. 2015). THC and CBD can also work in syner-
gism for other therapeutic purposes such as neuroprotec-
tion and managing neoplasms (Burstein 2015; Russo and

Guy 2006). This is why traditional pharmaceuticals-mental-
ity sometimes may struggle to comprehend cannabis-based
(as well as in general plant medicine-based) effects because
isolating specific compounds from medicinal plants often
results in poorer results or requiring significantly higher
doses.

Study limitations

Our study was designed such that manuscripts were col-
lated from a single database only, the WoS Core Collec-
tion, so that we might have missed some relevant
manuscripts in the literature. This was decided because
citation numbers for each manuscript differ across dif-
ferent databases, and merging data from multiple data-
bases is a complicated yet controversial challenge. We
chose to focus on WoS Core Collection for our study
because it is hosted by Clarivate Analytics, the same
company that releases the journal impact factors and
thus represents the most established authority in the
area of research evaluation. This also allowed a better
exploration of relationship between citation counts and
journal impact factors. Finally, it should be noticed that
100 analyzed publications constitute only a very small
percentage of the entire literature on the topic. Thus,
the publications might not represent the complete lit-
erature but rather reflect the most influential research
of this scientific area.
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Cannabis- and cannabinoids-related treatments: what is
new?

More than two decades have passed until enormous
changes have occurred in legal situation and social pol-
icies in regards to the use of cannabis for medical and
other purposes (Corroon Jr et al. 2017). Today, there are
around 30 countries worldwide that have legalized med-
ical cannabis or cannabis-derived products for certain
uses, including the United States (33 states so far plus
the District of Columbia), Australia, Argentina, Canada,

Chile, Israel, Mexico, Switzerland, Turkey, Uruguay, 15
European Union countries, and others. However, there
are very strict guidelines regulating the medical use of
cannabis-derived pharmaceuticals. It should be noticed,
that some EU countries such as the Netherlands, Poland,
Norway, Germany, Italy, and others are leaders in canna-
bis legalization so far, ie., legalized access for the needs
of patients with medical conditions. In other EU coun-
tries such as Spain, France, and Slovenia, the use of
cannabis-derived drugs for some afflictions is permitted.

Tetrahydrocannabinol (THC)

(16; 972.4) (17;

citations per publication for each chemical are provided in brackets

Anandamide

Fig. 4 The structures of the chemicals frequently mentioned in the top 100 cannabis-related manuscripts. The number of publications and

2-Arachidonoylglycerol (2-AG)

823.6) (9; 741.1)
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Meanwhile, Uruguay and Canada are the only countries
that legalized the sale and consumption of cannabis for rec-
reational use. In the United States, 14 states have more re-
strictive laws limiting THC content, while ten states and D.
C. have legalized the recreational use of cannabis. In the
United States, the cannabidiol (CBD) containing medicine
Epidiolex was recently approved by the FDA as the first
prescription drug available for the treatment of rare dis-
eases such as Dravet syndrome (also known as severe myo-
clonic epilepsy of infancy, SMEI) or Lennox-Gastaut
syndrome (LGS) (Rubin 2018). In addition, the FDA-ap-
proved drugs Marinol, Syndros and Cesamet represent syn-
thetic cannabinoids, which structures are similar to that of
THC (Rubin 2018). All these medicines are used to treat
nausea and vomiting caused by cancer chemotherapy,
whereas the first two are also used as appetizer in the treat-
ment of patients with AIDS (Rubin 2018).

Conclusions

A bibliometric analysis was conducted to identify the 100
most cited endocannabinoid, cannabis and cannabinoid-re-
lated manuscripts. The top-ranked manuscripts among the
100 concerned analgesia, weight loss, long-term potenti-
ation, depolarization-induced suppression of inhibition, and
other topics. The CB1 receptor was studied by more of the
top 100 papers in comparison to the CB2 receptor. The
most frequently mentioned chemicals in these publications
were 2-arachidonoylglycerol, tetrahydrocannabinol, and
anandamide. Together, these manuscripts comprise the
most highly cited literature body on the topic, literally the
molecular neuroscience at its “high”.
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