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ARTICLE INFO ABSTRACT

Keywords: Over the past years, several lines of evidence support a therapeutic potential of Cannabis derivatives and in par-
Cannabis ticular phytocannabinoids. A’~-THC and cannabidiol (CBD) are the most abundant phytocannabinoids in Cannabis
Cannabidiol o plants and therapeutic application for both compounds have been suggested. However, CBD is recently emerging
Endocannabinoid system as a therapeutic agent in numerous pathological conditions since devoid of the psychoactive side effects exhibit-

Neurological diseases

Cancer ed instead by A°-THC. In this review, we highlight the pharmacological activities of CBD, its cannabinoid

receptor-dependent and -independent action, its biological effects focusing on immunomodulation, angiogenetic
properties, and modulation of neuronal and cardiovascular function. Furthermore, the therapeutic potential of
cannabidiol is also highlighted, in particular in nuerological diseases and cancer.
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vanilloid receptor; VCAM-1, vascular cell adhesion molecule-1.

* Corresponding authors at: Department of Medicine, Surgery and Dentistry “Scuola Medica Salernitana”, University of Salerno, Via Salvatore Allende, Baronissi, SA, Italy.

E-mail addresses: spisanti@unisa.it (S. Pisanti), mbifulco@unisa.it (M. Bifulco).

! These authors equally contributed to the work.

http://dx.doi.org/10.1016/j.pharmthera.2017.02.041
0163-7258/© 2017 Published by Elsevier Inc.

Please cite this article as: Pisanti, S., et al., Cannabidiol: State of the art and new challenges for therapeutic applications, Pharmacology & Therapeu-
tics (2017), http://dx.doi.org/10.1016/j.pharmthera.2017.02.041



http://dx.doi.org/10.1016/j.pharmthera.2017.02.041
mailto:mbifulco@unisa.it
Journal logo
http://dx.doi.org/10.1016/j.pharmthera.2017.02.041
http://www.sciencedirect.com/science/journal/01637258
www.elsevier.com/locate/pharmthera
http://dx.doi.org/10.1016/j.pharmthera.2017.02.041

2 S. Pisanti et al. / Pharmacology & Therapeutics xxx (2017 ) XXX-xXx

1. Introduction
1.1. Phytocannabinoids: focus on CBD

Cannabis sativa contains hundreds of chemical entities produced by
secondary metabolism including, beyond cannabinoids, terpenes and
phenolic compounds, each one with potential interesting biological
properties (Andre, Hausman, & Guerriero, 2016). Known cannabinoids
are more than 90, even if some derive from breakdown reactions. Cur-
rently, the scientific community indicates with the term ‘cannabinoid’
these terpenophenols derived from Cannabis sativa but also synthetic
compounds able to directly or indirectly act on cannabinoid receptors
(Appendino, Chianese, & Taglialatela-Scafati, 2011). Delta-9-
tetrahydrocannabinol (A°-THC) is the main component of Cannabis
sativa and the first cannabinoid to be discovered and studied, well
known for its psychoactive effects (Russo, 2011). Among the other
major phytocannabinoids isolated from the plant there are: CBD
(Mechoulam & Shvo, 1963), cannabichromene (CBC) (Gaoni &
Mechoulam, 1966), cannabigerol (CBG) (Gaoni & Mechoulam, 1964),
cannabidivarin (CBDV) and tetrahydrocannabivarin (THCV) (Gill,
Paton, & Pertwee, 1970; Vollner, Bieniek, & Korte, 1969) (Table 1). Al-
though these compounds have similar chemical structures, they can
elicit different pharmacological actions. Mainly, their pharmacological
properties rely on the interaction with components of the
endocannabinoid system machinery like cannabinoid receptors and en-
zymes of endocannabinoid synthesis and degradation. Focusing on CBD,
it is well known that this compound is the second major comonent of
the plant, the most prevalent in the fibre-type hemp, it is not associated

Table 1
Molecular structure and mechanism of action of phytocannabinoids.

with psychoactivity and does not affect motor function, memory or
body temperature on its own. It displays with respect to A°>-THC lower
CB; and CB, receptor affinity (Bisogno et al., 2001; Pertwee, 1999;
Showalter, Compton, Martin, & Abood, 1996; Thomas, Gilliam, Burch,
Roche, & Seltzman, 1998) and it was found to be an inverse agonist at
the human CB, receptor, property that may contribute to its anti-
inflammatory effects (Thomas et al., 2007). Beyond numerous per se
pharmacological effects, CBD acts as an entourage molecule, reducing
the collateral effects of A>-THC, thus ameliorating its safety profile.

1.2. Overview of the pharmacological action of CBD

Thanks to its good safety profile and the lack of psychoactivity, CBD
is undoubtedly the more interesting cannabinoid with a lot of reported
pharmacological effects in several models of pathologies, ranging from
inflammatory and neurodegenerative diseases, to epilepsy, autoim-
mune disorders like multiple sclerosis, arthritis, schizophrenia and can-
cer (Table 2). CBD shows lower CB; and CB, receptor affinity with
respect to A9-THC. In the presence of A°-THC, it is able to antagonize
CB, at low nanomolar concentrations, finding that supports its regulato-
ry properties on A>-THC related adverse effects like tachycardia, anxi-
ety, sedation and hunger in humans and rats (Murillo-Rodriguez,
Millan-Aldaco, Palomero-Rivero, Mechoulam, & Drucker-Colin, 2006;
Nicholson, Turner, Stone, & Robson, 2004; Russo & Guy, 2006). Indeed,
both human and animal studies suggest anxiolytic properties associated
with CBD. In generalized social anxiety disorders, CBD significantly de-
creased anxiety in patients and such effect was associated with its action
on paralimbic and limbic areas as revealed by single photon emission

Phytocannabinoids

A°-tetrahydrocannabinol
(A®-THC)

Cannabidiol (CBD)

Cannabinol (CBN)

A°-tetrahydrocannabivarin

Cannabidivarin (CBDV)

Cannabidiolic acid

Cannabigerol

Psychoactive. Most abundant in drug-type plants
Partial agonist CB1 ~ CB2

Non psychoactive. Most abundant in fiber-type plants. Not specific antagonist of CB1 e CB2
Inhibitor of AEA uptake and metabolism

Weak CB1 agonist, partial CB2 agonist

A9-THCV antagonizes A9-THC at low doses (<3 mg/kg)
CB1 agonist at greater doses (10 mg/kg)

Mechanism of action unknown

Selective inhibitor of COX2 TRPA1 and TRPV1 agonist

TRPA1 and TRPV1 agonist

S CB agonist; inhibitor of AEA reuptake

Cannabichromene

TRPA1 agonist

Inhibitor of AEA reuptake
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