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HIGHLIGHTS

¢ Cannabis sativa is a plant with psychoactive properties.
e Marijuana contains 421 active compounds, of which 60 are so-called cannabinoids.

¢ The main psychoactive substance in marijuana is 6-9-tetrahydrocannabinol.

Abstract: Marijuana (Cannabis sativa) is an important annual medicinal plant that belongs to the
Cannabaceae family. It contains 421 substances of 18 chemical types—the most significant compound is 6-
9-tetrahydrocannabinol, which causes several effects, both in the Central Nervous System and in several
peripheral locations in the organism. The objectives of this scientific review are to mention the anatomical
distribution, chemical characteristics and biosynthesis of cannabinoids, as well as its actions mechanisms.
The endogenous cannabinoid system, the therapeutic properties of C. sativa and its action on the nociceptive
control are described. Finally, the modulators of the cannabinoid system in clinical use are indicated, together
with marijuana legalization benefits.

Keywaords: anandamide; biosynthesis; 89-tetrahydrocannabinol.

INTRODUCTION

Marijuana (Cannabis sativa) is an herbaceous, dioicous, annual plant that belongs to the Cannabaceae
family. It grows in tropical and subtropical regions [1]. This family includes several species, among which C.
produces the highest amount and concentration of active principles; C. indica mainly produces fibers and
oil—both species have psychoactive properties [2]. The route of administration is inhalation (intrapulmonary
u oral), and its modes of presentation are of two: first, as plant (a ground mixture of leaves, stems, and female
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floral units or buds), with 5 to 15% of 89-tetrahydrocannabinol (69-THC); the countries with higher production
of this presentation are Mexico, Colombia, Jamaica and USA,; secondly, in form of hashish (dry extract of the
resin), whose content of 89-THC is 10 to 20%; the greatest producers are Morocco, Afghanistan and Pakistan
[3]. Its resin is a yellow and sticky substance that contains the active ingredients. Marijuana contains 421
substances of 18 chemical types—its most important chemical compound is the delta-9-tetrahydrocannabinol
that has synergistic effects with other cannabinoids and cannabinols [4]. The therapeutic effects of isolated
cannabinoids are used in the treatment of psychotic disorders, anorexia, cachexia, asthma, musculoskeletal
disorders, tumoral pathology, arthritis, neuralgias, inflammatory disorders of the gastrointestinal tract,
neuropathy, dysmenorrhea, ulcerative colitis, Crohn's disease, in addition, it has antiglaucoma, antiemetic,
antiobesity, and anticancer properties [5]. At the clinical level, its efficacy has been assessed in the treatment
of neuropathic, oncologic and symptomatic pain in multiple sclerosis in patients unresponsive to usual
treatments, epilepsy, spasticity (related to multiple sclerosis), Huntington's disease or medullary lesions,
AIDS and terminal cancer, [6,7], glaucoma, nausea, chemotherapy-induced vomiting, itching, allergies,
psychiatric symptoms, and motility conditions [8].

It has been determined that the active form of 89-THC is retained by the body for as long as 45 days
after its introduction to the organism. It is stored in liver, lungs, and testicles, gradually disappearing from
these organs that are the most susceptible to damage. Endogenous cannabinoids or endocannabinoids are
a family of molecules produced by any eukaryote tested. Chemically, they are derived from arachidonic acid.
Its main representatives are anandamide and 2-arachidonoylglycerol. During brain development,
cannabinoids participate in the regulation of motor activity, learning, memory and nociception. This is
determined from the distribution of endocannabinoids and CB1 receptors in the brain, in such a way that the
distribution of these receptors in different brain structures has a relationship to the physiological processes
in the Central Nervous System (CNS) [9].

Cannabinoids show different degrees of affinity for CB1 and CB2 receptors. Synthetic cannabinoids that
act as selective agonists or antagonists to either receptor have been developed. §9-THC has an equal affinity
to both receptors, while anandamide has a very low selectivity for CB1 receptors. However, the efficacy of
09-THC and anandamide is lower in CB2 than in CB1 receptors [10]. In 1986, the FDA authorized the
medicinal use of 89-THC to treat nausea and vomiting, secondary effects in chemotherapy patients [11]. On
the other hand, there is a great debate over marijuana legalization in Mexico. In fact, several European
countries and some states of the USA have underwent legalization due to its clinical benefits; the
biotechnological production of in vitro cultures could generate cannabinoids exclusive for medicinal use.
Marijuana ingested orally (or rectally) has important therapeutic properties, especially in terminal phase
patients; in fact, it could be considered the first actually useful anti-suffering drug [12]. It is worth saying that
the medicinal use of marijuana is legal in some countries, among them, Germany, Argentina, Austria,
Canada, Spain, Finland, Portugal and Israel. In contrast, marijuana abuse during adolescence negatively
affects neuronal circuit maturation and increases the risk of suffering mental disorders. Because of the health
risks, especially in children and young adults, its legalization is not justified. Thus, the objective of this
scientific review is to point out the generalities of C. sativa, with mention of its anatomical distribution,
chemical characteristics, and cannabinoid biosynthesis, as well as its mechanism of action. Lastly, the
modulators of the cannabinoid system in clinical use are indicated, as well as some benefits of marijuana
legalization as a necessary step to justify its usefulness against different diseases.

General characteristics of Cannabis sativa

Marijuana is a dioicous (with separate sexes—male stem and female stem), annual plant, resistant to
climatic changes, except to freezing. It has a height of 1.6 to 6 meters. The female plants are more leafy and
long-lived. Its leaves have an elongated form with indented edge, dark green in color, with a lighter back, and
its surface is covered by secretory hairs more numerous in the back and arranged in the form of a palm with
5-7 leaves, with the longest one in the center. The male plant has a pollen-producing flower apex, while the
female flowers are smaller. Their ovaries are sheathed in bracts (foliar organs in the proximity of flowers and
different to normal leaves—they don't photosynthesize, since its function is to protect flowers) of color green
and they are not pollinated by insects but by wind. The male plant dies shortly after having scattered the
pollen, while the female flower survives until seed maturity or exposition to low temperatures. Resin acts as
a natural varnish, covering leaves and stems to protect them from dessication, under the conditions of high
temperatures and low humidity in which the plant usually grows [13].
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Anatomical distribution of cannabinoids

The number and concentration of chemical compounds in Cannabis varies with genotype, climate, type
of soil, mode of preparation, and with different cultivation types, which go from garden and pots (natural or
artificial light) to hydroponic techniques [14]. Cannabinoid production occurs in the epidermal glandular
trichomes [15], which show variations with respect to size, form, and population density as a function of the
examined regional anatomical configuration. There are no published reports yet of gland trichomes being
present in the surface of roots, but only in aerial parts, together with non-glandular trichomes. These
epidermal glandular trichomes are divided in two categories: stem and sessile. "Stem" gland trichomes have
one cell or a small group of cells arranged in a Rosetta formation in one-celled or multi-cellular pedestal. This
variation is attributed to the observation of different developmental stages (ontogeny). The stem-less sessile
glandular trichomes have secretory cells located under the epidermal surface. In any case, gland cells are
covered with a "sheath" in which the resins are secreted through vesicles. This sheath consists of a cuticle
covering a polysaccharide layer (cellulose) from the primary cell wall. The resins accumulate until the sheath
protrudes from the secretory cells, forming an spheroidal structure, and is released by the breaking of the
membrane or through pores in its surface. Cannabinoid content in each part of the plant varies in parallel to
the distribution of the observable gland [16]. The roots have only trace amounts. In contrast, stems and
branches have larger quantities, although not so much as leaf. Vegetative leaves contain variable quantities
in function of its position in the plant—the lower ones have less content and the upper ones more content;
the same is true for apical meristems. Leaf glandular trichomes are denser in the abaxial (lower) part than in
the surface. Once sexual differentiation occurs, the production of female reproductive organs and its
associated bracts increases total cannabinoid content. Bracts that underlie female flowers contain a higher
gland density than leaves. The small cup-shaped bract (perigonal) enclosing the pistil has a higher
cannabinoid content than any other part of the plant. The male reproductive structures and the achenia yield
low cannabinoid concentrations, while the highest amount is found in non-germinated female flowers.

Chemical characteristics of cannabinoids

The term "phytocannabinoid" has been proposed for the natural components of the plant and
"endocannabinoid” for the components synthesized in animals and humans that are the endogenous ligands
for cannabinoid receptors [17] cannabinoids in plants are substances that show a carbocyclic structure with
21 carbon atoms and are usually formed by three rings: cyclohexene, tetrahydropirane and benzene.
Cannabinoids contain aromatic oxygenated hydrocarbons and do not contain nitrogen. 89-thc is the
cannabinoid responsible for the main psychoactive effects of many pharmacological products. in some
Cannabis varieties, the additional cannabinoid homologues substitute the pentyl group usually joined to the
aromatic ring with a propyl. Chemical composition of C. sativa is complex because it contains four hundred
chemical products (mono- and sesquiterpenes, sugars, hydrocarbons, steroids, flavonoids, nitrogenated
complexes and amino acids, and a total of sixty six cannabinoids, with 89-THC as the psychostimulant in
highest proportion. the main cannabinoids are §9-tetrahydrocannabinol, &-8-tetrahydrocannabinol (68-THC),
cannabidiol (CBD) and cannabinol (CBN). Other cannabinoids present in the plant are cannabichromene
(CBC), cannabiciclol (CBL), cannabigerol (CBG), cannabigerol monomethyl ether (CBGM), cannabielsoin
(CBE), cannabinodiol (CBND), cannabitriol (CBT), dehydrocannabifuran, and cannabicitran, that appear in
variable amounts according to the Cannabis variety (Figure 1).

Figure 1. Cannabinoids principal in C. sativa. a) 89-tetrahydrocannabinol (69-THC, C21H3002, 314.45 g/mol); b) 6-8-

tetrahydrocannabinol (88-THC, C21H3002, 314.46 g/mol); c) cannabidiol (CBD, C21H3002, 314.46 g/mol); d) cannabinol
(CBN, C21H2602, 310.43 g/mol); e) cannabichromene (CBC, C21H3002, 314.46 g/mol); f) cannabiciclol (CBL, C21H3002,
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314.46 g/mol); g) cannabigerol (CBG, C21H3202, 316.48 g/mol); h) cannabigerol monomethyl ether (CBGM, C23H3404,
374.5 g/mol); i) cannabielsoin (CBE, C21H3003, 330.46 g/mol); j) cannabinodiol (CBND, C21H2602, 310.43 g/mol); k)
cannabitriol (CBT, C21H3004, 346.46 g/mol); 1) dehydrocannabifuran, (DHC, C21H2402, 308.41 g/mol) and m)
cannabicitran (CBN, C21H3002,314.5 g/mol).

C. sativa has a 89-thc concentration ranging from 0.5 to 5%, while hashish contains 2 to 20% (hall and
degenhardt, 2009). cannabidiolic acid, with antibiotic activity, is an important constituent of fiber-type hemp
[18] &9-thc is the cannabinoid with the highest psychoactive potency and because of its hydrophobic
properties it is soluble in lipids. 88-thc has a pharmacological profile similar to 89-thc, although its effects are
markedly weaker and are found in some varieties in low concentration. Cannabinol (CBN) has psychoactive
properties that are a tenth part of those described for THC, and shows a higher affinity for the CB2 receptor
than for CB1. Cannabidiol (CBD) is a bicyclic compound, being in the split tetrahydropyran ring, virtually has
no psychoactive properties, which is why its potential clinical effects are investigated. Thus, CBD treatment
in humans attenuates some of the psychological alterations from high doses of 89-THC (0.5 mg kg™); for
example, it reduces anxiety and panic [19]. The knowledge of the relationship between cannabinoid structure
and activity permitted the design of analog compounds with great usefulness in pharmacology and
physiology. In some cases, its hydrophobic nature was modified to increase solubility in water, or the affinity
for the receptor was increased. In addition, structural modifications permitted the preparation of by-products
related to some of the activities attributed to these compounds, avoiding their psychotropic effects. In the late
80s, the first synthetic cannabinoids were designed, and showed pharmacological profiles similar to the
natural ones used in cannabinoid receptor characterization. The agonist molecules are response activators
of cannabinoid receptors, for example, the 11-hydroxy- 88-THC-DMH (HU-210) is the most potent synthetic
cannabinoid currently known due to the presence of a hydroxyl group in C11 and a 1,1-dimethylheptyl in its
lateral chain, and it helped in anandamide characterization, the first endogenous cannabinoid isolated from
the brain. The antagonists molecules are able to prevent or reverse the actions of the agonists acting through
CB1, both in vivo and in vitro. Because of this, research centered around the structural modification of natural
analogs has produced five useful classifications. 1.- Natural: lipidic mediators (between 19 and 21 carbon
atoms of tricyclic nature), contain ether and hydroxyl groups; 2.- Modified natural: molecular systems and
pharmacological entities generated from secondary metabolites and structural analogs with potential
pharmacological action of the cannabinoid type for its interactions with CB1 and CB- receptors; 3.- Classic
synthetic: they maintain the natural annular cannabinoid structure and the oxygen atoms, 4.- Non-classic
synthetic: molecules whose reorganization, addition, or elimination with respect to the prototypical structures
is radical, or that have the isosteric replacement of an atomic substitute and 5.- Endogenous: lipidic structures
between 12 and 18 carbon atoms that are characterized by 3-4 insaturations and that constitute biosynthetic
endogenous precursors of local release, whose concentrations depend on the physiological environment
[20,21,22]. Among the main phytochemical constituents of C. sativa are terpenoids such as myrcene (67%)
and limonene (16%). The most abundant monoterpens are B-myrcene, a-pinene, trans-ocimene, a-
terpinolene and sesquiterpene trans-caryophyllene. In the essential oils of five different European cultivars
of Cannabis, the dominant terpens are myrcene (21.1-35.0%), a-pinene (7.2-14.6%), a-terpinolene (7.0-
16.6%), trans-caryophyllene (12.2-18.9%) and a-humulen (6.1-8.7%) [23]. Other terpenoids present in only
trace amounts are sabinene, a-terpinene, 1,8-cineole (eucalyptol), pulegone, y-terpinene, terpineol-4-ol,
bornyl acetate, a-copaene, alloaromadendrene, viridiflorene, B-bisabolene, y-cadinene, trans-B-farnesene,
trans-nerolidol, and B-bisabolol [24]. In respect to hydrocarbon content, fifty hydrocarbons have been
detected in Cannabis ranging from Cg to Csg, 2-methyl, 3-methyl, and sometimes dimethyl alkanes. The main
alkanes present in the essential oil obtained by extraction and steam distillation are n-C,g alkane nonacosane
(55.8 and 10.7%, respectively), heptacosane, 2,6-dimethyltetradecane, pentacosane, hexacosane, and
hentriacontane.

Biosynthesis of cannabinoids

Cannabinoid biosynthesis occurs in the glandular trichomes of C. sativa flowers. Cannabinoids are
prenylated polyketides derived from fatty acids and isoprenyl precursors, although the pathway is not
completely elucidated at the molecular level. Recent research has determined that the first proposed enzyme
for the cannabinoid pathway is the polyketide synthase Il (PKS), which catalyzes the condensation of
hexanoyl-CoA with three molecules of malonyl-CoA to form the olivetolic acid (OA) [25]. This aldol cyclization
reaction C2—C7 is necessary for retaining the carboxylated molecule, which is rare in plant polyketides.
Olivetolic acid is geranylated to form cannabigerolic acid (CBGA), which is transformed into the main
cannabinoid, 89-THC, and cannabidiolic acid (CBDA) through oxydocyclase enzymes. 89-THC and CBDA
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undergo a non-enzymatic decarboxylation into its neutral forms, THC and cannabidiol (CBD), respectively
(Figure 2) [26].
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Figure 2. Biosynthetic route of the cannabinoids of C. sativa. A). The route begins with the main cannabinoid acid 69-
tetrahydrocannabinolic acid (89-THC) and cannabidylic acid (CBDA), which is decarboxylated to &9-
tetrahydrocannabinol (THC) and cannabidiol (CBD, respectively. B). The recombinant enzyme TKS produces tricetides
(PDAL) and tetracetydes (HTAL and olivetol) by in vitro products [25].

Endogenous cannabinoid system and action mechanism

The characterization of the structure of substances is the initial step for elucidating the action
mechanisms of said substances. In 1964, the metabolite of 89-THC was isolated and identified, which led to
the discovery in the 1990s of the endocannabinoid system and protein receptors CB1 and CB2, 472-473 and
360 amino acids in size, respectively [27]. The known acting routs of cannabinoids are mediated by two types
of receptors coupled to Gi proteins distributed in the CNS, in regions involved in motor coordination, memory,
reward system, effects on tumoral cells brain areas that process nociceptive information, among others. CB1
receptors are located in the CNS and in the testicles, while CB2 receptors are found in the immune system
and other tissues [28]. Its functional activity was identified through neuroimaging tools for brain metabolism
[29]. The cannabinoid receptors CB1 were the first to be cloned and identified [30]. They are located in the
CNS, in the periphery of the brain cortex, basal ganglia, cerebellum, and hippocampus in abundance [31].

Cannabinoid Receptors in the Central Nervous System: Their Signaling and Roles in Disease

The identification of cannabinoid receptors allowed for the discovery of their endogenous ligands, known
as endocannabinoids. They act in the brain as neuromodulators. The central cannabinoid receptor is
expressed in pre-synaptic neurons. Thus, endogenous production is local, that is, close to the action site [32].
Cannabinoids, both endogenous and exogenous, bind to receptors and cause a cell response. All the
endocannabinoids are synthesized from membrane lipids (polyunsaturated fatty acids), which makes them
different in its chemical structure to plant phytocannabinoids [33]. Among the endocannabinoids identified so
far are anandamide (N-arachidonoyl-ethanolamide, AEA), 2-arachidonoyl-glycerol (2-AG), 2-arachidonoyl-
glycerol ether (noladin ether), O-arachidonoyl-ethanolamine (virodhamine) and N-arachidonoyl-dopamine
(NADA) [34]. First two endocannabinoids ever discovered, anandamide and 2-AG, are the most studied ones.
They have a chemical structure different to 89-THC and lack its psychotropic properties [35]. In contrast to
other chemical signals in the brain, they are not synthesized nor stored in vesicles, as it is the case of other
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neurotransmitters deposited in brain cells—rather, they are generated from precursors and released on
demand [36]. Endocannabinoids are produced as a consequence of increases in intracellular Ca?* and they
interact with CB1 receptors located in pre-synaptic neurons, modulating the release of neurotransmitters
(NT), like dopamine. These in turn activate ionotropic (iR) and metabotropic (mR) receptors [37]. Once
released, the endocannabinoids are deactivated quickly through cell re-uptake and metabolization. The
endocannabinoids are removed from the synaptic space by a specific transporter (T), once they are in the
cytoplasm [38]. Anandamide and 2-AG metabolism mainly occurs by enzymatic hydrolysis by fatty acid amido
hydrolase (FAAH) on ethanolamine (Et) and arachidonic acid (AA) , and monoacylglycerol-lipase (only in the
case of 2-AG) [39].The functions of cannabinoids in the organism help the modulation of neuro-transmission
in order to exert the characteristic physiological effects regulating several physiological processes (Table 1).

Table 1. Main physiological systems whose regulation is influenced by the endocannabinoid system [38,39].

System Effect
Respiratory system Bronchial relaxation
Physiological system Endo cannabinoids function
Cardiovascular system Arterial pressure
Gastrointestinal system Gastric emptying
Skeletal system Bone formation
Reproductive system Spermatic implantation and motiliy
Immune system Cytokine inflammation and release
Periphal nervous system Neurigenic inflammation and nociception
Hypothalamus-hypophysis-adrenal Corticosteroid reléase and stress response
axis
Central nervous system Learning and memory, emotion, neuronal excitability,

intake, locomotion, motivation, nociception, and synaptic

plasticity

Therapeutic properties of C. sativa

In the present, the use of cannabinoid derivatives for the treatment of several pathologies is a serious
possibility, thanks to the isolation and identification of 89-THC [40] and the endocannabinoid system,
receptors, enzymatic systems, and physiological effects. The therapeutic effects of isolated cannabinoids are
used in psychotic conditions, anxiety, depression, anorexia, cachexia, asthma (bronchodilation action), pain,
musculoskeletal diseases, tumoral pathologies, arthritis, neuralgias, dysmenorrhea, ulcerative colitis, Crohn's
disease [41]. and additionally they have antiglaucoma, antiemetic, antiobesity, and anticancer properties [42].
At the clinical level, its efficacy has been assessed in the treatment of neuropathic, oncologic and
symptomatic pain in multiple sclerosis in patients unresponsive to usual treatments, epilepsy, spasticity
(related to multiple sclerosis), Huntington's disease or medullary lesions, AIDS and terminal cancer, [43,44],
glaucoma, nausea, chemotherapy-induced vomiting, itching, allergies, psychiatric symptoms, and motility
conditions 89-THC metabolism occurs by hydroxylation, glucuronidation, and oxidation processes mediated
by enzymes of the cytochrome p450 system in the liver. The main subfamily involved is CYP2C.
Approximately one hundred metabolites of THC have been identified—most of them are monohydroxylated
[45]. In addition, cannabinoids have interaction with several neurotransmitters and neuromodulators, such as
gamma aminobutyric acid (GABA), histamine, serotonin, dopamine, glutamate, norepinephrine,
prostaglandins, and opioid peptides. Cannabis extracts contain 3-5% of 89-THC, CBN, and CBD, which
increases the permeability of the hematoencephalic barrier by making the entry into the brain easier [46].
Entry and distribution of 89-THC in blood and tissues is quick, with a kinetics similar to the one obtained after
its intravenous administration [47]. Only 3% of the 89-THC present in blood is in free form. Due to its high
hydrophobicity, it binds to different plasmatic components. 9% binds to blood cells, 60% to plasmatic
lipoproteins and the rest to albumin. This property explains its quick penetration in tissues of vascularized
organs—Iungs, liver, kidney, heart, stomach, spleen, adipose tissue, placenta, adrenal cortex, thyroid,
pituitary, and mammary gland. Subsequently, it moves into fatty tissue, that together with the spleen are its
major storage sites three days after its intake [48,49]. The drug can persist for several weeks before its
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elimination as free acid or as conjugate with glucoronic acid, after its administration ceases. On the other
hand, research lines have shown the capacity of cannabinoids to provoke cell apoptosis (programmed cell
death). In animal assays, 89-THC and a synthetic agonist, WIN-55,212-2, have been observed to reduce and
disappear malignant gliomas, one of the most dangerous brain tumors known to date. Other studies show
the antiproliferative effect of anandamide in breast cancer, and it is also mediated by cannabinoid receptors
in the kinase A and MAPkinases (MAPK) pathways. The knowledge of the endocannabinoid system allows
us to know the regulation of several processes involved in the development of cancer progression.
Cannabinoids are potent anticancer agents against lung cancer [50], gliomas [51, 52, 53, 54], thyroid
epithelioma [55], lymphoma/leukemia skin carcinoma [56], uterus [57 58], breast [59; 60, 61], prostate [62
63], and colon cancers [64 65], as well as neuroblastoma [66], which is why cannabinoid production by in
vitro culture biotechnology would produce a sustainable and viable alternative. Cannabinoids exert a direct
anti-proliferative effect on tumors of different origin. They have been shown to be anti-migratory and anti-
invasive and inhibit MMPs which in turn degrade the extra-cellular matrix (ECM), thus affecting metastasis of
cancer to the distant organs [67].

THC metabolism

The elimination mechanisms of §9-THC are well known in both experimental animals and humans. Only
a minimal amount of this compound is eliminated from the body in its original form, while most of it appears
in the form of metabolites in faeces (68%) or in urine (12%). The drug is also present in other tissues and
biological fluids such as hair, saliva and sweat. Most metabolism occurs in the liver, although it can also occur
in other organs such as the lung and intestine. In chronic marijuana smokers there is a significant increase
in the amount of urine secreted [68]. In the urine there is an appreciable presence of 110H-THC and a high
concentration of THC-11-oic acid, both in free or conjugated form [69]. The concentration of THC-11-oic acid
present in human urine does not show an appreciable correlation with that present in blood, although it seems
to improve when the logarithms of these concentrations are compared [70]. Regarding the reactions involved
in their catabolism, 69-THC and 88-THC follow a very similar path of degradation [71]. The first enzyme to
act is cytochrome P-450, which oxidizes the corresponding cannabinoid to mono-, di- or trihydroxylated
derivatives [72]. 89-THC and 88-THC are rapidly hydroxylated to 11-hydroxy- 89THC and 11-hydroxy- &8-
THC, respectively, in the liver [73]. The hydroxylation pattern reflects the isoform distribution of cytochrome
P-450. Thus, in humans, the isoform P450 2C9 hydroxylates THC in 11, P450 3A hydroxylates THC in 8 and,
in the monkey, P450 RM-A hydroxylates THC in 11 and 8, while P450 JM-C hydroxylates THC in 3.
Hydroxylation can occur at more than eight different sites (1', 2', 3', 4', 5', 8a, 8B and 11) where the relative
proportion varies between species, which may be related to differences between species of cytochrome P-
450. Hydroxylation at position 11 is the most important reaction of the metabolism of §9-THC in most species
including humans. The 11-hydroxy- 89-THC has a similar pharmacological activity and potency to 89-THC.
This compound can be oxidized to the corresponding carboxylic acid (89-THC-11-oic acid) or re-
hydroxylated. In the second case, it becomes 8,11-dihydroxy- 89-THC, which can be hydroxylated in the
lateral chain. These hydroxylated compounds are subsequently transformed into other, more polar
metabolites by breaking of the lateral chain and oxidation to the corresponding carboxylic acid. It is also
possible to reduce the double bond of THC, resulting in the corresponding hexahidrocannabinol, which is
usually oxidized in C-11. In some cases there is an epoxidation that produces 9a,10a
epoxyhexahidrocannabinol. The fact that CBN and its derivatives have been found in urine and bile from
animals administered 89-THC seems to indicate that CBN is a metabolite of 89-THC [74].

Pharmacological action of cannabinoids in nociceptive control

Nociception is a sensory somatic modality with a protective function, performed by focusing attention on
a harmful stimuli that threatens the integrity of the organism and that must be avoided [78]. In this sense, the
cannabinergic system has an important role, given that endogenous and synthetic cannabinoids produce
analgesia. The mechanism of signal transduction (the set of processes, reactions, activations, and
conformation changes by which a molecule in the outside of a cell causes a response in the interior of the
cell) of the cannabinoid binding to those receptors is explained in the following lines. Endogenous
cannabinoids are a central and peripheral heuromodulation system because of their action on cannabinoid
CB: and CB: receptors, which belong to a family of receptors coupled to effectors through G proteins (that
bind to GTP), formed by three types of subunits: a (binds to and hydrolyzes GTP), $ and y. The binding of
the agonist to the receptor increases the affinity of the a subunit for GTP [79]. In most of the analyzed tissued,
the cannabinoid receptor couples to an effector through an inhibitor Gi,, G protein, and a coupling to Gs has
also been observed. Another possible effector that regulates the cannabinoid receptor through G proteins is
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the phospholipase C enzyme, which hydrolyzes one of the lipids in the plasmatic membrane, inositol
phosphatidyl, to split it into two products: diacyl gliceryl (DAG) and phosphate inositol (IP).

The cannabinoid receptor inhibits the adenyl cyclase (AC, catalyzes the conversion of ATP into cyclic
AMP (cAMP), increasing the amount of cAMP in the interior of the cell) through the Gi/o a subunit, and
decreases in that way intracellular cAMP, which constitutes an activation signal with biological effects [80].
In some cases, the receptor is interacting with Gs and stimulates the adenylyl cyclase activity by increasing
the levels of intracellular Camp [81]. Thus, cannabinoids decrease the feeling of pain by inhibiting the calcium
channels that reduce the release of neurotransmitters [81]. In turn, agonist drugs imitate the activity of
neurotransmitters by interacting with their receptors, while the agonists reduce or suppress their activity by
blocking their receptors. The synthesis of cannabinoid antagonists with analgesic action comparable to
opioids rekindles the interest for applications in pain treatment (cancer, migraine, arthritis, severe post-
operation pain, and multiple sclerosis). Cannabinoids modulate or inhibit processes related to pain and act
in its transmission, which occurs in pain receptors in the spinal cord, and the signal arrives to the brain, where
the pain is assimilated at a conscious level. Regarding the brain, the pain stimuli is transmitted from the spinal
cord to the thalamus and from there to the amygdala and the somatic sensory brain cortex. CB1 receptors
are present in all those areas, and are involved with the modulation of pain transmission throughout the CNS.
Antinociception is caused by the activation of cannabinoid receptors, specially CB1, since it has intrinsic
psychotropic effects which are inseparable to the antinociceptive action (pain avoiding), which increases
patient's quality of life. Regarding the spinal cord, when neuropathic pain occurs, microglia cells secrete
inflammatory substances that sensitize neurons, producing pain. These cells have CB. receptors, where
cannabinoids act and in consequence decrease pain. CB; receptors are involved in antinociception by
modulating the release of pro and inflammatory factors of non-neural cells located in the proximity of
nociceptive neurons related to the modulation of the immune response [82,83,84]. In relation to inflammatory
pain, mastocytes are cells that secrete pro-inflammatory substances that sensitize pain receptors. These
cells have CB: and CB: receptors that upon their activation, a modulation of the secretion of these
inflammatory substances occurs, which decreases both inflammation and pain. Clinical studies in humans
show that cannabinoids are analgesic substances per se with a potency similar to opioids such as codeine
[85]. It is worth noting the presence of CB; and CB, cannabinoid receptors in dorsal roots ganglia (DRG),
where receptors transported to the periphery through axons are synthesized [86] which constitutes the entry
of the nociceptive stimulus into the spinal cord, allowing for the modulation of antinociception at this level.
The inconvenient secondary effects of cannabinoid use for pain treatment are related to depression of the
CNS, with probable dizziness, disorientation, ataxia, vertigo, disconnection, dry mouth, cloudy vision, and
memory alteration [87]. A dose of 5 mg of 89-THC is tolerable in neuropathic pain without causing alterations
in consciousness. In the long term, secondary effects are tolerance and dependence. Chronic use of
Cannabis does not produce cognitive alterations, unlike alcohol, but high doses increase up to six-fold the
incidence of schizophrenia and other psychosis. This risk seems to be correlated to genetically predisposed
individuals and it depends on the amount of Cannabis that under use. High doses produce chronic bronchitis.
The pharmacological strategies to enhance the antinociceptive action of cannabinoids limit the apparition of
undesirable effects by combining cannabinoid or opioid agents with anandamide re-uptake inhibitors, which
enhances analgesic effects and minimizes secondary effects [88]. Lastly, the topical use of cannabinoids
enhances the antinociceptive effects of topical morphine [89].

Modulators of the cannabinoid system in clinical use or under research

Two synthetic agonists of cannabinoid receptors are currently under medical use: 1.- dronabinol, the
international generic name of 89-THC, 2.- nabilone, useful both in fybromyalgia-type and neurophatic pain,
respectively; a Cannabis extract (Sativex®), and an antagonist of cannabinoid receptors (rimonabant). In
1985, the FDA (Food and Drug Administration) approved Marinol® pills containing synthetic dronabinol (2.5,
5, 10 mg), produced by Unimed Pharmaceuticals and available in the USA since 1987. Later, in 1992, the
FDA approved Marinol ® for anorexia associated to weight loss in HIV patients—it is available under
prescription in Canada and several European countries. In 2005, the mouth aerosol Sativex®, a Cannabis
extract applied on mouth mucosa that contains approximately equal parts of dronabinol (THC) and
cannabidiol (CBD) was approved in Canada for neurological pain and spasticity in multiple sclerosis [90]. It
is made by GW Pharmaceuticals and commercialized in Canada by Bayer Health Care. This compound is
under study for its approval as drug in United Kingdom, Spain, Denmark, and the Netherlands. Every day
there is more information that suggests that the cannabinoid system is a fundamental mechanism in the
regulation of food intake, as well as in the energetic metabolism. Cannabinoid agonists increase appetite,
while antagonists have the opposing effect, as observed in studies both in animals and humans. In 2006,
rimonabant, an antagonist of cannabinoid receptors, received the approval of the European Medicines
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Agency. It is available in the United Kingdom under the commercial name of Acomplia®, and it is used for
cessation of tobacco use [91] and even in weight control for those who have stopped smoking and also in
obesity, in which case it helps to achieve an improvement in metabolic syndrome in addition to weight loss,
with changes in the lipidic and glucidic metabolism that are not observed with the use of other antiobesity
drugs currently in use in 2006, Cesamet® pills were approved (synthetic derivative of the dronabinol known
as nabilone) for fighting nausea and vomiting provoked by cancer chemotherapy in patients unresponsive to
conventional antiemetic treatments [92].

Legal aspects

Marijuana is the illegal psychoactive substance with the most extended use in the world. The UN
estimates that in 2009 between 125 and 203 million people consumed this substance, with an annual
prevalence of 2.8 - 4.5% of the global total population between 15 and 64 years old [93]. Torres and fiestas
Social groups against marijuana legalization note that it is not benign, that it produces irreversible damage in
young people, that it shares many of the traits of illegal drugs, that legalization and depenalization will
increase its use among young people, and that the social, economic, and health costs will be very high. In
addition, in the last 30 years, the complex cultivation of the plant has considerably increased its 89-THC
concentration. In the 1960s and 1970s, the 89-THC content of a marijuana cigarette was 10 mg. Today, a
cigarette produced by special techniques contains 150 to 300 mg of 89-THC [94, 95]; for this reason, smokers
today have greater risk of intoxicating effects from high doses than users 30 years ago. On the other hand,
abuse during childhood and adolescence affects the maturation of neuronal circuits and increases the risk of
suffering from mental illnesses, which is why its legalization is not justified. On the other hand, social groups
that propose an allowed consumption of small quantities for personal use defend that it is a safe,
misclassified, and benign drug, that has been prosecuted for its commercialization and possession. They
also argue that in terms of economic and health costs for society, alcohol and tobacco cause a greater
damage to collective and individual health than marijuana, which is debatable—this position is absurd
because it posits that the right thing to do is to legalize a third drug. In the Netherlands, C. sativa is legally
available in Dutch licensed drugstores, following pharmaceutical standards supervised by the Office of
Medicinal Cannabis, which depends on the Dutch Ministry of Health [96].

Its consumption is punished and its possession for personal use (up to 5g) has the lowest judicial priority.
The sale of 5g (per buyer/day) is not usually investigated and the maximum “stock” allowed is 500 g per
business. In contrast, a possession greater than 5g is punished (30 days in jail); sale and use marketing are
forbidden. In other countries, the possession of small amounts of Cannabis for medical use is tolerated, for
example, in Spain, Belgium, and some regions in Switzerland. In Canada, it is possible to ask for an
exemption certificate for medical use, which otherwise would be illegal. In addition, the ministry of health
(Health Canada) sells Cannabis plants to patients if they do not want to grow them themselves. In the case
of California, USA, a first time possession of small amounts (smaller than one oz, 28.5 @), is considered as a
minor offense that do not deserve detention, although it is punishable by a 100 dollars fine. Possession of
larger amounts is punished with six months in jail and a 500 dollars fine. Officially authorized patients and
providers can possess it and grow it, but cannot sell nor distribute it—they can only do it under medical
recommendation or approval [97]. However, 15 states and one district in the American Union to date allow
its medical use. In some of them, doctors have the prerogative to recommend medical marijuana to patients
with cancer and HIV, or to indicate their patients where to acquire it. In this country, medical research
continues to progress; research-grade Cannabis for specific protocols can be acquired. Until today, it is
informed that more than 350 research protocols about marijuana medical properties are in official course.
Marijuana that is administered orally (or rectally) has therapeutic properties in terminal-phase patients; and
it can even be regarded as the first actually useful anti-suffering drug [98]. It is worth noting that the medicinal
use of marijuana is legal in other countries, among them Germany, Argentina, Austria, Canada, Spain,
Finland, Israel, Portugal, and eleven states of the United States (Alaska, California, Colorado, Hawaii, Maine,
Montana, Nevada, Oregon, Rhode Island, Vermont, and Washington) have legalized the medicinal use of
Cannabis under their state laws, but it is still illegal at the federal level [99,100]. In Uruguay, controlled used
was recently approved. Lastly, no human deaths have been reported in association to Cannabis consumption
since it has a very low toxicity. At the international level, the debate over marijuana has been centered around
its medicinal use and several initiatives establishing its efficient and safe use against mortal diseases like
cancer and HIV are undergoing [101, 102].
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CONCLUSION

The therapeutic effects of cannabinoids are used in the treatment of neuropathic, oncologic and
symptomatic pain in multiple sclerosis in patients unresponsive to usual treatments, epilepsy, spasticity
(related to multiple sclerosis), Huntington's disease or medullary lesions, AIDS and terminal cancer, hausea,
chemotherapy-induced vomiting, itching, allergies, psychiatric symptoms, and motility conditions. Marijuana
that is administered orally (or rectally) is used in patients in terminal phase; it is actually a truly useful anti-
suffering drug. Cannabinoids like d9-tetrahydrocannabinol are found naturally in the Cannabis sativa plant.
Some compounds like nabilone, rimonabant, and levonantradol have been synthesized, and inside the
organism there are endogenous cannabinoids, or endocannabinoids, such as anandamide, 2-arachidonoyl-
glycerol, 2-arachidonoyl-glycerol ether, O-arachidonoyl-ethanolamine and N-arachidonoyl-dopamine, that
are part of the endocannabinoid system and participate in the regulation of motor activity, learning, memory
and nociception. The progress of scientific research has permitted the identification of molecular targets
activated or inhibited by these substances, targets that are part of the inter-cellular communication
endogenous cannabinoid system, especially active in the CNS, and that as many other systems is susceptible
to pharmacological manipulation. In vitro tissue culture biotechnology could be projected as an efficient tool
to produce cannabinoids in a safe way. In the United States and several European countries, the debate over
marijuana is centered around its medicinal use and many initiatives in other countries are in operation or
recognize and establish its efficacy and safeness in some of the mortal diseases, for example: multiple
scleraosis, arthritis, epilepsy, glaucoma, HIV, chronic pain, Alzheimer's disease and cancer.
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