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Cannabinoid derivatives and the pharmacological management of pain

Derivados canabindides e o tratamento farmacologico da dor
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ABSTRACT

BACKGROUND AND OBJECTIVES: Medical properties of
Cannabis sativa have been reported for centuries for the treat-
ment of different disorders and, more recently, to manage pain.
This study aimed at reviewing major pharmacological advances of
the endocannabinoid system and the potential therapeutic use of
some cannabinoid compounds to manage different types of pain.
CONTENTS: A search was carried out in Pubmed, Scielo and
Lilacs databases to identify studies and literature reviews on the
pharmacology and therapeutic use of cannabinoids for pain.
The following keywords were used: Cannabis sativa, tetra-hy-
drocannabinol, cannabidiol, sativex, cannador, cannabinoids,
endocannabinoid, pain and neuropathic pain. Synthetic canna-
binoids and Cannabis sativa extracts have shown analgesic effects
in several clinical trials, suggesting their potential role for pain
management, especially neuropathic pain. Synthetic cannabi-
noids and CS extracts have also induced anxiolytic effects when
used as adjuvants to treat cancer pain, rheumatoid arthritis and
multiple sclerosis. However, significant adverse effects, such as
euphoria, depression and sedation limit the clinical use of such
cannabinoids.

CONCLUSION: Further understanding of endocannabinoid
system pharmacology, together with study results involving pain
management with cannabinoid substances may be very useful for
the development of drugs allowing a significant advance in the
treatment of patients with painful syndromes, especially difficult
to control. However, further studies are needed to confirm such
findings and to determine the safety of such compounds.
Keywords: Cannabis, Endocannabinoids, Management, Pain,
Pharmacology,
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RESUMO

JUSTIFICATIVA E OBJETIVOS: As propriedades medicinais
da Cannabis sativa tém sido relatadas por muitos séculos para o
tratamento de diversos distirbios e, mais recentemente, para o
tratamento da dor. O objetivo deste estudo foi revisar os princi-
pais avancos na farmacologia do sistema endocanabindide e no
potencial uso terapéutico de alguns compostos canabinéides no
tratamento de diversas formas de dor.

CONTEUDO: Foi realizada uma busca nos bancos de dados
Pubmed, Scielo e Lilacs, identificando-se estudos e revisoes da
literatura sobre a farmacologia e o uso terapéutico de substincias
canabindides em dor. Nessa busca foram utilizadas as seguintes
palavras-chaves: Cannabis sativa, tetra-hidrocanabinol, canabi-
diol, sativex, cannador’, canabindides, endocanabinéide, dor e
dor neuropdtica. Os canabindides sintéticos e os extratos de Can-
nabis sativa apresentaram efeito analgésico em diversos ensaios
clinicos, sugerindo um potencial papel no tratamento da dor,
em particular naquela de origem neuropdtica. Os canabindides
sintéticos e os extratos de Cannabis sativa também apresentaram
efeitos ansioliticos quando usados como adjuvantes no tratamen-
to da dor no cincer, na artrite reumatoide e na esclerose multip-
la. Porém, efeitos adversos significativos, como euforia, depressao
e sedagio limitam o uso clinico desses agentes canabindides.
CONCLUSAO: Um melhor conhecimento sobre a farmacolo-
gia do sistema endocanabindide, juntamente com os resultados
dos estudos envolvendo o tratamento da dor com substincias de
natureza canabindide, podem ser de grande valor para o desen-
volvimento de firmacos que permitam um avanco significativo
na terapéutica de pacientes portadores de sindromes dolorosas,
em particular nos casos de dificil controle. Porém, mais estudos
s40 necessdrios para confirmar esses achados e determinar a segu-
ranca desses compostos.

Descritores: Cannabis, Dor, Endocanabindides, Farmacologia,
Tratamento.

INTRODUCTION

Among plant species domesticated by men, may be none
is as versatile as Cannabis sativa (CS). Popularly known in
Brazil by its African name (maconha), marijuana is part of
humankind history for hundreds of years. From Gutenberg’s
Bible and paper money, to the original text of the Ameri-
can constitution, CS-derived fiber has been broadly used to
manufacture paper. In addition to its psychoactive effect, CS
has nutritional, medicinal and industrial importance as food,
drug, fiber and fuel oil, in addition to its use in religious cere-
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monies in different parts of the world. Recently, in Brazil, the
controversial discussion about CS for medical use has been
intensified due to the need for legal authorization to import
cannabidiol for the treatment of children with seizures refrac-
tory to conventional therapies.

Medical use of CS has been recommended for different clini-
cal conditions for many centuries'. In this sense, it is worth
stressing that the two most widely used classes of drugs to
manage pain (opioids and anti-inflammatory drugs), have
vegetal origin. Popular consumption of willow bark to con-
trol pain and subsequent results of this plant have led to the
development of aspirin and then to the discovery of the role
of prostaglandins on inflammation and pain. Opium, ob-
tained from poppy sap, has given origin to morphine, which
is the prototype of opioid analgesics and which has allowed
the characterization of several peptides, receptors, enzymes
and signaling pathways which form the endogenous opioid
system.

As from these breakthroughs there has been major scientific-
technological development related to the manufacturing and
use of these products and their derivatives. Similarly, stud-
ies related to CS pharmacological properties and its potential
therapeutic use have gained major impulse in recent decades,
especially as from the isolation in 1964 of its major psychoac-
tive component, A’-tetra-hydrocannabinol (THC). This ad-
vance has allowed for the discovery of the endogenous “can-
nabinergic” system, subsequently called endocannabinoid
system (ECS) or endogenous cannabinoid. Several clinical
and experimental evidences are suggesting the ECS participa-
tion in pain modulation!, opening space for pharmaceutical
developments in this area.

This study aimed at reviewing major pharmacological ad-
vances of endocannabinoid system pharmacology and the
therapeutic use of some cannabinoid compounds to manage
different types of pain.

CONTENTS

Selected articles for this review were identified by means of
electronic query in Pubmed, Scielo and Lilacs databases. The
following keywords were used: Cannabis sativa, tetra-hydro-
cannabinol, cannabidiol, sativex, cannador, cannabinoids,
endocannabinoid, pain and neuropathic pain. Selection was
made up of studies and literature reviews on pharmacology
and therapeutic use of cannabinoid derivatives for pain. Stud-
ies using drugs produced as from raw plant extract were also
included.

Then, a review of references of articles was carried out and
clinical and experimental studies were included. Considering
the broad individual variation of different studied samples,
dose or composition of different cannabinoids were not ar-
bitrated. Studies using smoked CS were not included in this
review due characteristics related to its use, such as previous
experience of users, which impair the performance of a blind
study, use of devices for plant combustion, etc.
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PHARMACOLOGY OF THE ENDOCANNABINOID
SYSTEM

In 1988, the first cannabinoid receptor was identified” and was
susequently called endocannabinoid receptor 1 (CB,). In 1993,
a second receptor was discovered and called endocannabinoid
receptor 2 (CB,)’. Both receptors belong to the family of cell
membrane proteins coupled to proteins Gi/o. Tissue distribu-
tion of CB,, especially in basal ganglia, cerebellum, hippocam-
pus, cortex, spinal cord and peripheral nerves, explains most
part of psychotropic effects of endocannabinoid substances®.
CB, receptors are found in immune system cells’, which par-
tially may explain the effects of these substances on pain and
inflammation.

Cannabinoids are divided in three types: phytocannabinoids,
synthetic cannabinoids and endogenous cannabinnoids or
endocannabinoids, which are natural chemical substances es-
pecially represented by anandamide (N-arachidonoil ethanol-
amine) and by 2-arachidonoil glycerol. Anandamide and 2-ara-
chidonoil glycerol are compounds found in several animals,
especially those hibernating, and are physiologically related to
functions such as “relax, eat, sleep, forget and protect™.

ECS includes endocannabinoids, their synthesis and catabo-
lism enzymes and their corresponding receptors’. The name
anandamide derives from the Sanskrit term ananda, which
means ecstasy, supreme happiness, joy or blessedness. Both
anandamide and 2-arachidonoil glycerol are agonists of re-
ceptors CB, and CB,. However, due to the involvement in a
larger number of metabolic pathways, cell and tissue levels of
2-arachidonoil glycerol are higher as compared to anandamide.
Clinical and experimental evidences suggest that ECS, which
is made up of endocannabinoid receptors, its endogenous li-
gands and synthesis and metabolic enzymes, may play impor-
tant physiological role in regulating several signaling pathways,
including those involved with pain pathophysiology.

Most endocannabinoids identified to date are derived from
long chain poly-unsaturated fatty acids, specifically arachidon-
ic acid. So, anandamide and 2-arachidonoil glycerol are formed
by phospholipid-dependent pathways, the synthesizing en-
zymes of which are selective N-acyl phosphate diethanolamine
phospholipase D and selective sn-1-diaglycerol lipase, respec-
tively®®. After release, anandamide and 2-arachinodoil glycerol
suffer neuronal reuptake process and then are rapidly metabo-
lized in inactive compounds by FAAH (fatty acid amide hydro-
lase) and by MGL lipase (monoacyl glycerol), respectively'®!’.

Anandamide is hydrolized by FAAH in arachidonic acid break-
down products and ethanolamine'. 2-arachidonoil glycerol is
hydrolyzed by the MGL enzyme in arachidonic acid and glyc-
erol®. FAAH is a post-synaptic enzyme which controls anan-
damide levels close to synthesis sites, and MGL is a pre-syn-
aptic enzyme'* controlling 2-arachidonoil glycerol levels after
its action on CB, receptors. It is intriguing to notice that both
endocannabinoids are degraded both in pre-synaptic (2-ara-
chidonoil glycerol) and post-synaptic (anandamide) ways, thus
making modulation of FAAH and MGL activity an important
pharmacological target with potential therapeutic use.
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ECS us active both in central (CNS) and peripheral nervous
systems acting on spinal, supraspinal and peripheral pain
modulation’>'¢.
in CNS by demand aiming at decreasing sensitivity to pain'’.
Several studies have already documented high ECS activity in

pain integration key-centers'8*2. Endocannabinoids seem to be

Endocannabinoid substances are produced

mediators involved in the modulation of painful phenomena,
such as wind up® and allodynia*’. Peripherally, activation of
CB, receptors seems to have important role in decreasing both
hyperalgesia and allodynia®*.

By means of CB, and CB,-mediated mechanisms, ECS seems
to play important role also in peripheral pain, particularly

in inflammatory processes and hyperalgesia®®

. Astrocytes
and microglia-mediated inflammatory response depends on
mechanisms involving activation of spinal CB, receptors®.
THC inhibits prostaglandin E-2 synthesis?® and stimulates li-
poxygenase”, however it does not affect cycloxigenase-1 and
cycloxigenase-2 synthesis®. In addition to anti-inflammatory
action, cannabinoids also have antioxidant activity via non-
cannabinoid mechanisms?'.

Cannabidiol, which is a phytocannabinoid present in high
concentrations in raw CS extract, inhibits both FAAH and
anandamide reuptake®, in addition to decreasing THC liver
metabolism, thus decreasing psychotic changes and signs and
symptoms of anxiety®. So, cannabidiol seems to act as ECS
mediator, attenuating THC effects on behavior®, appetite®
and short term memory®. Cannabidiol seems to be effective to
control endometriosis pain, among other conditions, especially
those which may be considered ECS-mediated pain®. High
cannabinoid activity has been already documented in differ-
ent mediator areas of painful response in the gastrointestinal
tract®®¥.

Cannabinoid substances specifically inhibit glutamate release
in the hippocampus® decreasing NMDA-mediated painful
response”® so, they could be useful for the management of
NMDA-mediated painful disorders*!, such as migraine, fibro-
myalgia and other diseases where glutamatergic mechanisms
seem to be involved®.

A promising pharmacological approach of particular interest for
pain therapy is the combination of cannabinoids and opioids.
Cannabinoid substances and ECS have different interaction
levels with the endogenous opioid system. Known cannabinoid
system interaction mechanism with the opioid system are: en-
dorphin release®?; opioid sparing effect*!; decreased phenomena

1¥; and analgesic rescue by

of opioids tolerance and withdrawa
opioids after the tolerance phenomenon®. It is interesting to
notice that it seems to be pharmacological synergy between
cannabinoid and opioid substances and that this phenomenon
could potentiate analgesic effects of both drugs, thus decreas-
ing doses without impairing therapeutic effects, in addition to
significantly decreasing adverse effects of both drugs.

Based on above-mentioned action mechanisms, as well as on
described pharmacological interactions for cannabinoid sub-
stances and ECS, it is possible to suggest that a functional ECS
change may significantly contribute for the onset or worsening
of pathological pain.
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CLINICAL TRIALS ON THE USE OF SYNTHETIC
CANNABINOIDS AND PAIN

Classically indicated for treating loss of appetite in human
immunodeficiency virus (HIV) patients and to treat nausea
and vomiting of patients under chemotherapy, dronabinol
is available in the American market with the commercial
name of marinol in gelatin capsules of 2.5, 5 and 10mg.
Dronabinol has been used in studies with neuropathic pain
patients” %, but without significant benefit in pain control,
in addition to presenting major adverse effects which have
limited its use. For multiple sclerosis pain, dronabinol has
produced significant relief”, however there has been no evi-
dent effect on postoperative pain®®. Dronabinol has been used
to relieve itching in jaundice patients, however there are no
controlled studies in this area, being this effect described only
as case reports’'. In a crossover study, dronabinol was evalu-
ated in patients with chronic non-cancer pain under opioids
and results were significant with regard to pain relief’?. In a
study with patients with spinal cord injury and neuropathic
pain, dronabinol was not better than diphenhydramine®.
Nabilone, with commercial name of Cesamet is another THC
semi-synthetic analog, available in oral capsules of 1 and 2mg
in the United States and in Europe. It has more prolonged
therapeutic effect as compared to THC for having pharmaco-
logical potency approximately 10 times higher, as well as for
presenting longer half-life*". Notwithstanding reports of the
use of nabilone to treat neuropathic pain® and other painful
syndromes’®, its classic indication is as antiemetic agent for
patients under chemotherapy. In polyneuropathy patients,
nabilone has resulted in significant pain improvement after
three months of use”.

A controlled study with nabilone three times a day in patients
with postoperative pain has shown increased visual analog scale
(VAS) scores®. In a double-blind study with mixed spastic
syndrome patients, nabilone has improved pain scores as com-
pared to placebo®, however there has been no improvement in
other parameters such as spasticity, motor function or daily ac-
tivities. In a double-blind crossover study comparing nabilone
and dihydrocodeine for neuropathic pain®, both drugs had no
satisfactory results. In a different controlled study with fibro-
myalgia patients, nabilone versus placebo has shown significant
improvement in VAS and anxiolytic effects®'.

A more recent study with nabilone versus amitriptyline with
fibromyalgia patients has shown beneficial effects only for
sleep-related parameters, without significant results for pain,
mood or even quality of life®”. Bestard & Toth, evaluating
nabilone versus gabapentin, have found comparable effects
in peripheral neuropathic pain improvement and in other
symptoms®. However, in general, significant adverse effects,
especially sedation and euphoria, have also limited its use in
most studies.

Ajulemic acid, another synthetic THC analog®, was used by
Karst et al. in a controlled clinical trial with patients with
peripheral neuropathic pain, showing possible improvement
of pain-related symptoms®.
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CLINICAL TRIALS ON THE USE OF CANNABIS EX-
TRACTS AND PAIN

Cannador is administered in oral capsules and is manu-
factured as from raw CS extract with different THC/can-
nabidiol percentages®, but which in general is approxi-
mately 2:1. Cannador’ was used in patients with spasticity
changes in multiple sclerosis®®® and has shown slight
postoperative pain relief®®. However, side effects, such as
sedation and psychoactive changes, were evident®.
Sativex is produced as from raw plant extract and is ad-
ministered as oral spray which combines a partial agonist
effect on CB, and CB,. In addition to THC and canna-
bidiol, Sativex has in its composition other minor can-
nabinoids, propylene glycol, terpenoids, ethanol and fla-
voring mint excipient®®. Sativex has been used to treat
cancer pain refractory to opioids and to relieve symptoms
related to multiple sclerosis, such as central neuropathic
pain and spasticity. Sativex is formulated as from two CS
strains where THC and cannabidiol predominate’. Sa-
tivex has shown satisfactory results in patients with pain
refractory to conventional treatment and/or with neuro-
genic symptoms’! and in patients with untreatable chron-
ic pain’®. In patients with chronic pain by brachial plexus
avulsion, Sativex' has also significantly decreased pain’.
Sativex’ for rheumatoid arthritis patients has significantly
improved pain both at rest and at movement’. Sativex’
was also used in patients with peripheral neuropathic
pain associated to allodynia and again has decreased pain
and allodynia levels”>. In virtually all chronic pain clinical
trials, Sativex” has significantly improved quality of sleep,
not due to drug sedative effect, but rather by significant-
ly decreasing symptoms’®. Sativex adverse effects may be
considered mild, being most common: bitter taste, oral
burning, dry mouth, dizziness, nausea and fatigue. Psy-
choactive sequelae are early and transient and have been
significantly decreased by a slower and less aggressive ti-
tration scheme.

CONCLUSION

Pharmacological studies and clinical trials partially sup-
port the use of cannabinoid agents as analgesics for
chronic pain, creating the perspective that drugs based
on phytocannabinoids and synthetic cannabinoids may
be used as adjuvant for pain control, especially for that of
neuropathic origin. Due to their unique pharmacological
profile, with multimodal effect and low risk of adverse
effects, cannabinoid agents have potential to offer health
professionals a useful option to treat neuropathic pain.
However, further studies are needed to confirm the effica-
cy and safety of these compounds for patients, especially
with regard to the incidence and intensity of adverse ef-
fects during long term treatment.
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