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HUMAN ENDOCANNABINOID SYSTEM CB1 AND CB2 ¥

THE MOST WELL KNOWN CANNABINOID RECEPTORS, CB1 AND CB2, ARE PROTEINS THAT ARE IMBEDDED IN THE MEMBRANE OF CELLS. THESE SURFACE PROTEINS ARE THEN ATTACHED TO ANOTHER PROTEIN THAT DETERMINES THE SIGNALING DIRECTION ACTIVATION OR INHIBITION

CB1

CB1 Receptors are primarily

found in the brain and central . ; in the peripheral organs
‘ especially cells associated

CB2 Receptors are mostly

nervous system, and to a
lesser extent in the other tissues. , with the immune system.

CB1 Receptors target : CB2 Receptors target :
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Phytocannabinoids:
cahnabinoids that
oceur naturally in the
cannabis plant.




Legal Medical & Recreational Marijuana SIEICE
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States with legal medical & recreational marijuana
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Cannabis sativa: The Plant of the
Thousand and One Molecules

Christelle M. Andre*, Jeanx aeQis Hausman and Gea Guerriero

Environmental Research ang

Flavonoids,
Sterols,
efe.

CBD, CBG,
CBN, THC

Cannabis sativa
which has been

ACEeOoUS species origi
. . Cannabinoids d as a source of te
of times. This fast ecently seen a resurge

of its multi-purpose 3 © indeed a treasure trove o
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of Cannabidiol

Sinemyiz Atalay, Iwona Jarocka-Karpowicz and Elzbieta Skrzydlewska *

Department of Analytical Chemistry, Medical Unive
sinemyiz.atalay@umb.edu.pl (S.A.); iwona.jargg
* Correspondence: elzbieta.skrzydlewskag

damabBiatystok, 15-089 Biatystok, Poland;
zedu.pl (I).-K.)
85-882

Received: 19 November 2019; Accepted; December 2019

Abstract: Cannabidiol (CBD) is g
Cannabis sativa L. CBD is non-psyc
including anti-inflammatory and 4
as well as various molecular target?
endocannabinoid system with whi
preclinical and clinical studies have con flanding of the therapeutic potential of
CBD for many diseases, including diseases 2% s vith oxidative stress. Here, we review the
main biological effects of CBD, and its synthetic derivatives, focusing on the cellular, antioxidant,

ly active phytocannabinoids of
neficial pharmacological effects,
stry and pharmacology of CBD,
ors and other components of the
extensively studied. In addition,

A

Anti-lnflammatory



Article
Chemical Characterization and Evaluation of the

Antibacterial Activity of Essential Oils from
Fibre-Type Cannabis sativa L. (Hemp)

\ Antonella Lambertini 1,
ofania Benvenuti !

Ramona Iseppi "1, Virginia Brighe
Carla Sabia 117, Patrizia Messi 1, E

1 Department of Life Sciences, Univg

41125 Modena, Italy; ramona.isepj
anto.lambertini@gmail.com (A.L.);
stefania.benvenuti@unimore.it (S.B
Department of Biomedical, Metabolid : :
Via del Pozzo 71, 41124, Modena, Italy;Y A“‘n BaCfel'la'
*  Correspondence: federica.pellati@unimore™™ 05-8565
t Both authors contributed equally to this work.

ia, Via G. Campi 103/287,
enti@unimore.it (V.B.);
rizia.messi@unimore.it (P.M.);

ersity of Modena and Reggio Emilia,

molecules 'MDPI

F



CLINICAL REPORT

Cannabidiol (CBD) as a treatment of acute and chronic back pain:

A case series and literature rev

Jonathan P. Eskander, MD, MBA; Junaid
Rinoo V. Shah, MD, MBA; Alan D. Kayyg
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compression fracture
low back pain
chronic nain

Objé orts are presented describing the use of can
bidio ; pic relief of a lumbar compression fracture an
the mitiQn A“algesw scomfort and dysesthesia secondary to a surgic
resected menirme
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Endocannabinoids and Inflammatory Response in @
Periodontal Ligament Cells CrossMar

Burcu Ozdemir''?*, Bin Shi*>, Hans Peter Bantleon®, Andreas Moritz?, Xiaohui Rausch-Fan?3,
Oleh Andrukhov?*

1 Department of Periodontology, Faculty of Dentistry, Gazi University, Ankara, Turkey, 2 Division of Oral Biology, Bernhard Gottlieb School of Dentistry, Medical University,
Vienna, Austria, 3 Division of Orthodontics, Bernhard Gottlieb School of Dentistry, Medical University, Vienna, Austria, 4 Division of Conservative Dentistry, Periodontology
and Prophylaxis, Bernhard Gottlieb School of Dentistry, Medical University, Vieasg i3 5 Department of Oral Surgery, First Affiliated Hospital of Fujian Medical
University, Fuzhou, China

Abstract

Endocannabinoids are associated with
anandamide (AEA) and 2-arachidonylglycs
patients, but the association between
endocannabinoids still remain unclear. Th
proliferation/viability and cytokine/chemok
lipopolysaccharide (P. gingivalis LPS). The
2,5-diphenyl tetrazolium bromide (MTT)-assa Promo-re
(MCP-1) levels were examined at gene express -
did not reveal any significant effects on proliferat Heah"g
viability was significantly increased by 10-20 uM A

gingivalis LPS, AEA and 2-AG did not exhibit any significanTe

tissues. The main endocannabinoids,
gingival crevicular fluid of periodontitis
dontal ligament cells (hPdLCs) and
ne the effects of AEA and 2-AG on the
ce/absence of Porphyromonas gingivalis
easured using 3,4,5-dimethylthiazol-2-yl-
-8), and monocyte chemotactic protein-1
PCR and ELISA, respectively. AEA and 2-AG
absence of P. gingivalis LPS. However, hPdLCs
#1 P. gingivalis LPS (1 pg/ml). In the absence of P.
e expression of IL-8 and MCP-1 expression in hPdLCs,
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Immune Responses Regulated by Cannabidiol

James M. Nichols and Barbara LF. Kaplan™

Abstract
Introduction: Cannabidiol (CBD) as Ey
Drug Administration (FDA) to treat rarg
creased societal acceptance of recreati
to CBD is increasing, even though all
CBD to be anti-inflammatory and imm
anisms of CBD in the immune system. |3

ently approved by the US. Food and
ge and older. Together with the in-
ical use in many states, the exposure
| Once such example is the ability of
ew is to summarize effects and mech-
tifying receptors through which CBD

a?fts, sincs the “CBD k:ecep‘cor,'d if a single O Promo-re hentiﬁed for the myriad immune syste:jn
effects. The review then provides a summa . e immune system, in autoimmune mod-
els, with a focus on experimental autoimmune 8 'mmu"”y @ ends with identification of knowledge gaps.

Conclusion: Overall, the data overwhelmingly support the notion that CBD is immune suppressive and that the
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A Cross-Sectional Study of Cannabidiol Users

Jamie Corroon'? and Joy A. Phillips®
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Chronic Pain

Arthritis/Joint Pain

Anxiety

Depression

Insomnia or Other Sleep Disorder
Migraine, Cluster, Tension Headaches
PTSD

Nausea

Cancer

Allergies or Asthma

Epilepsy or Other Seizure Disorder
Multiple Sclerosis

COPD/Other Lung Condition
Parkinson's Disease

Alzheimer's Disease

Other
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FIG. 1. Number of medical conditions for which respondents reported using CBD, by medical condition
(n=3963). CBD, cannabidiol; COPD, chronic obstructive pulmonary disease; PTSD, post-traumatic stress

disorder. 8 7
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Cannabinoid Delivery Systems for Pain and
Inflammation Treatment
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Aan;::lstter R Name Drug Ug:)‘;igez{)s:;w Disease Application Development Stage  Reference
Oral Dronabinol THC Solid HIV, chemotherapy Anorexia, nausea Market [56]
Oral Nabilone THC analogue Solid Chemotherapy, chronic pain Nausea, pain Market [59,60]
Oral Epidiolex CBD Liquid Lennox_(z;i:;i;r;d Ryt Epilepsy Market [62-64]
Oral CBD Solid Crohn’s disease, GVHD Clinical trials [66]
Oral THC SEDDS I’“P’°";’t‘agb‘.3hi.st;°l“ﬁ°“' Preclinical [69-71]
Oral THC-glycosides Prodrugs Drug-rebs(i)svtirlltdiir;g;azmatory Inflammation Clinical trials [72,73]

Oromucosal Nabiximols THC CBD 1:1 Spray Multiple sclerosis Spasticity Market [75,78]
Oromucosal Cancer Pain Clinical trials [77]
Oromucosal CBD Powder Formulation study [79]
Oromucosal THC CBD 1:1 Chewing-gum Several potential diseases Pain, spasticity, dementia etc. Preclinical [80]
Intranasal CBD Liquid formulations Bioavailability study Preclinical [82]
Pulmonary CBD Solid /liquid Formulation study [86]
Pulmonary Powderhl;nheatlir:d-dose Bioavailability study Clinical trials [87]
Transdermal Phytocannabinoids Induced dermatitis Inflammation Preclinical [92]
Transdermal CBD Gel Arthritis Inflammation Preclinical [93]
Transdermal CBD Ethosomes Oedema Inflammation Preclinical [95]
Transdermal CBD Gel Epilepsy, °Sst;§3’rg‘;‘:5 fragile-X Clinical trials [96-98]
Transdermal CBD Oil, spray, cream Epidermiolysis bullosa Pain, blistering Clinical treatment [100]
Transdermal CBD Patch Formulation study [112]
Transdermal CBD + hyaluronic acid Gel Pain, wound management Formulation study [105]
Transdermal CBD+ argan oil Rheumatic diseases Inflammation Formulation study [107]
Transdermal CBD+boswellic acid Inflammation Formulation study [108]
Topical ocular THC analogue Prodrugs Glaucoma Reduce intraocular pressure Formulation study [111]

THC, A%-tetrahydrocannabinol; CBD, cannabidiol; GVHD, graft-versus-host disease; SEDDS, Self-emulsifying drug delivery systems.
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Vaporization as a Smokeless Cannabis Delivery
System: A Pilot Study

DI Abrams">?, HP Vizoso", SB Shade'?, C Jay**, M_ -

ellyl’z’3 and NL Benowitz>°

Although cannabis may have potential therapeutic value, ink
system. The aim of the study was to investigate vaporizay
of delivery of inhaled Cannabis sativa. Eighteen healthy,
cannabinoids by vaporization to marijuana smoked in
tetrahydrocannabinol (THC)) and delivery system wj
concentrations of A-9-THC, expired carbon monox#
outcome measures. Peak plasma concentrations aljs
vere similar. CO levels were reduced with vaporiz:
safe and effective mode of delivery of THC. Further ¢

f a combustion product is an undesirable delivery
2 Volcano® device as an alternative means

s enrolled to compare the delivery of

. One strength (1.7, 3.4, or 6.8%

, each of the 6 study days. Plasma
\uropsychologic effects were the main
a concentration-time curve of THC
curred. Vaporization of cannabis is a
ess of cannabis could utilize vaporization
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Substitution of medical cannabis -
for pharmaceutical agents for pain,

o =~ r
anxiety, and sleep = 50-
2 404
: L
§ 30- 1S.N¢
Brian J Piper’-23, Rebecca M DeKeuster*12, MonicaL ' 5, 1 ’
Catherine M Cobb#6, Corey A Burchman’-8, Leah Perk: g .
Shayne T Lynn?, Stephanie D Nichols!® and Alexander =~ %
0-
Q'\
Abstract -\'0‘& : 3 &
A prior epidemiological study identified a reduction in opioid overdose deaths in US : R be'Q plai
this phenomenon is a potential substitution effect of MC for opioids. This study e N 5 als

applies to other psychoactive medications. New England dispensary members (n = 1,513) completed an online survey about their medical history ar
MC experiences. Among respondents that regularly used opioids, over three-quarters (76.7%) indicated that they reduced their use since they starte
MC. This was significantly (p < 0.0001) greater than the patients that reduced their use of antidepressants (37.6%) or alcohol (42.0%). Approximate
two-thirds of patients decreased their use of anti-anxiety (71.8%), migraine (66.7%), and sleep (65.2%) medications following MC which significant
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Cannabidiol: A Potential New Alternative for the
Treatment of Anxiety, Depression,
and Psychotic Disorders
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Could Cannabidiol Be a Treatment for Coronavirus
Disease-19-Related Anxiety Disorders?

Saoirse E. O'Sullivan,'” Carl W. Stevenson,” and Steven R. Laviolette*”

Abstract
Coronavirus disease-19 (COVID-19)-related anxiety and post-traumatic stress symptoms (PTSS) or post-traumatic
ess disorder (PTSD) i 0 be a significant Igpe=—=aq{ssue emerging frops rent pandemic. We b
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Cannabinoids in periodontal disease
amid the COVID-19 pandemic

Jun-Beom Park @ "2, Kwang-Mook Jung (© %, Daniele Piomelli ¢ »3*"

'Department of Periodontics, The Catholic University of Korea College of Medicine, Seoul, Korea
’Department of Anatomy and Neurobiology, University of California School of Medicine, Irvine, CA, USA
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Article
In Search of Preventative Strategies: Novel Anti-

Inflammatory High-CBD Cannabis Sativa Extracts
Modulate ACE2 Expressmn in COVID 19 Gateway
Tissues
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Cannabidiol for Pain Treatment: Focus on
Pharmacology and Mechanism of Action

Jakub Milost 9, Marta Bryk ' and Katarzyna $*

Department of Neurochemistry, Maj Institute of ” A
31-343 Krakow, Poland; mlost@if-pan.krakow.p
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e the two comp¢
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Cannabidiol

in cannabis, A9tetrahydrocannabinol (A9-THC) and cannabidiol (CBD \
in the highest concentrations. CBD itself does not produce typical beha
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Cannabidiol modulates serotonergic transmission
and reverses both allodynia and anxiety-like

behavior in a model of neuropathic pain

Danilo De Gregorio?, Ryan J. McLaughlin
Martha Lopez-Canul®, Matthew Aboud?,

-heZz?, Justine Enns?,
° Gabriella Gobbi®¢*

Abstract

Clinical studies indicate that cannabidiol (CBD),
receptor, may possess analgesic and anxiolytic ¢
neuropathic pain are unknown. First, using in vive
increasing doses of CBD (0.1-1.0 mg/kg) decreas
administration of the 5-HT, 5 antagonist WAY 100
CB; receptor antagonist AM 251 (1 mg/kg, i.v.). F
5-HT firing through desensitization of 5-HT 5 rece
HT firing activity, mechanical allodynia, and incre
suppressed feeding test. Seven days of treatmcin oo L JUTG

Dis that interacts with the serotonin ( -I—Q

e activity, as well as its impact on models of
‘e demonstrated that acute intravenous (i.v.)
sal raphe nucleus, which was prevented by
st capsazepine (1 mg/kg, i.v.) but not by the
subcutaneously [s.c.], for 7 days) increased
Iry model for 24 days showed decreased 5-
lus maze test, open-field test, and novelty-

_Ciynia, decreased anxiety-like behavior, and |
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Cannabidiol Is a Novel Modulator of
Bacterial Membrane Vesicles

llchini S. Kosgodage, Paul Matewele, Brigitte Awamaria', Igor Kraev?, Purva Warde?,

i, Alistair V. Nunn®, Geoffrey W. Guy®, Jimmy D. Bell®, Jameel M. Inal®
ge 7%

ar Immunology Research Centre, School of Human Sciences, London Metropolitan University, London,
ool of Life, Health and Chemical Sciences, The Open University, Milton Keynes, United Kingdom,
Group, Extracellular Vesicle Research Unit, School of Life and Medical Sciences, University of

o, United Kingdom, # School of Biological and Chemical Sciences, Queen Mary University of London,

ccles (MVs) released from bacteria participate in cell communication and
: interactions. Roles for MVs in antibiotic resistance are gaining increased
atlention and In this study we investigated if known anti-bacterial effects of cannabidiol
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Determination of the Antibiotic Properties of Cannabidiol
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as therapy for very diverse health issues which displayed various
almost all kinds of inflammatory diseases.

¥ generates much controversy as there is conclusive evidence of its
~ffects due to psychoactive power of some of its main components.

ng ways to administer cannabinoids, specifically, cannabidiol (CBD),
without the presence of any of ive compounds. Extensive study in this field could be used amicably
and we may also find ways to evaluate the effectiveness of this kind of treatment.




Open Access Original
Cureus Article DOI: 10.7759/cureus.6809

Comparison of Efficacy of Cannabinoids
versus Commercial Oral Care Products in
Reducing Bacterial Content from Dental
Plaque: A Preliminary Observation

Veronica Stahl ! , Kumar Vasudevan *

1. Dentistry, Euro Dent Belgium, Mortsel, BEL 2. Genetics, Cannibite, Antwerp, BEL

Corresponding author: Veronica Stahl, stahlveronica@euro-dent.be

Abstract
Background

Dental plaque is a complex biofilm that gets formed on the teeth and acts as a reservoir of
different microbec It ic the root cance for the ocenirrence of ceveral dental nrobleme and




Effect of cannabinoids on 6 groups of DPSI
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Vasudevan and Stahl Journal of Cannabis Research (2020) 2:20

. Journal of Cannabis
https://doi.org/10.1186/5s42238-020-00027-z

Research

Cannabinoids infused mouthwash products

Ché;:i; for

are as effective as chlorhexidine on
inhibition of total-culturable bacterial .~ =
content in dental plaque samples

Kumar Vasudevan' and Veronica Stahl™'

 Abstract

Background: Dental plaque is a global health problem affecting people of various age gro j38 CARRABIRGL  are

gaining enormous research attention due to its beneficial properties for various application ssA Breliming
| observation on antimicrobial pronertv of cannabinoids aaainst dental plaate bacteria has baen rer
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Fig. 3 Panel A, the averages of inhibition zones of all samples combining all DPSI score groups. The positive error bars represent secondary
inhibition zone. Panel B, the percentage of samples with inhibition zones greater than 15 mm. The percentages including and excluding the
secondary zones are highlighted separately as minimum and maximum zones
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Polishing by Inhibiting Dental Plaque Bacteria
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Analogous modulation of inflammatory @
responses by the endocannabinoid system
in periodontal ligament cells and microglia

Andreas Jager', Maria Setiawan?, Eva Beins’, Ingo Schmidt-Wolf* and Anna Konermann'"

Abstract

Background: Periodontal ligament (PDL) cells
primary host defense mechanisms in neuroinfla@™ | &8 ~®the central nervous system. As these two cell
types manifest similarities in their immunomodiaats.. B8RS\ .7 40is study investigated the thesis that the

immunological features of PDL cells might be ™ % cndocannabinoid system, as seen for microglia.
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Simple Summary: The use of cannabinoids containing plant extracts as he
back to as early as 500 BC. In recent years, the medical and health-re
non-psychotic cannabinoids, cannabidiol or CBD, has garnerec
we will discties the most recent findines that stronelv suuinvort the further develooment of CBI) ag a

d application?®

remendous attention. In this review,
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Cannabidiol: an alternative therapeutic agent for oral mucositis?
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isco B

Anti-
Oxidant Inflammatory

CBP Oil may
reduce
Mucositis

Relief

wucositis,

could medTA® the development of oral .
AN However, despite our undzrstanding of the pathogenesis of th
What is known and objective: Chemo- and radiotherapy are condition, its prevention and treatment are still considered
therapeutic modalities often used in patients with malignant challenge to the dentist.
neoplasms. They kill tumour cells but act on healthy tissues as The use of cannabinoids, components of Cannabis sativa, in th
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OFEN The effects of cannabidiol on
‘impulsivity and memory during
‘abstinence in cigarette dependent
smokers

C. Hindocha®?, T. P. Freeman'?, M. Grabski'3, H. Crudgington?, A. C. Davies?, J. B. Stroud,
. R.K.Das?, W. Lawn?, C. J. A. Morgan®* & H.V. Curran!

©Acute nicotine abstinence in cigarette smokers results in deficits in performance on specific cognitive
. processes, mcludmg worklng memory and impulsivity which are important in relapse. Cannabidiol
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Substance use disorder is characterized by repeated use of a substance, leading
to clinically significant distress, making it a serious public health concern. The
endocannabinoid system plays an important role in common neurobiological processes
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Use of B-caryophyllene to combat bacterial ®
dental plaque formation in dogs
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Abstract

Background: Periodontal disease is a h y dogs, reaching up to 85 %
prevalence in individuals over the age ¢ for combating the formation of
dental plague in these animals, the etio {ine, which has several side effects
reported. Thus, surveys are conducted t fy potential substitutes for

antimicrobial therapy and prevention of | the work was to evaluate the
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