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Learning Objectives

e To define and give examples of psychoactive ingredients

e To identify the main plant sources of psychoactive drugs and their points of origin

e To have a comprehensive understanding of Amanita muscaria, Myristica fragrans, and Cannabis sativa; their traditional use; their
confirmed biological activities and active ingredients connected to these; their adverse effects

17.1 DEFINITION

Psychoactive drugs in general affect the central nervous system (CNS). Many are obtained from plant material, either in
extract form or isolated compounds that can excite and enhance mental alertness and physical activity without altering
consciousness; reduce fatigue and hunger (stimulants); while they can also repress mental activity; awareness; physical
performance (depressant); and cause changes in mood, space and (or) time perception, visions, illusions (hallucinations).

17.2 EXAMPLES

Hallucinogens occur in different genera of fungi such as Amanita, Psiolcybe, Conocybe, and higher plants. Plants with
hallucinogenic properties are present in most botanic families, e.g., wormwood (Artemesia absinthium; Asteraceae),
diviner’s sage (Salvia divinorum; Lamiaceae), deadly nightshade (Atropa belladonna; Solanaceae), peyote (Lophophora
williamsii; Cactaceae), iboga (Tabernanthe iboga; Apocynaceae), and many others.

17.3 PLANT SOURCES

17.3.1 Amanita Muscaria

The fly agaric (Amanita muscaria) is a poisonous mushroom with a characteristic red or orange cup, often covered with
white flecks. Various species occur in many continents and usually grow in deciduous wood, especially beech and birch
as well as coniferous ones. In some parts of northeastern and western Siberia, the local tribes (e.g., chuckchee) use the

Pharmacognosy. DOI: http://dx.doi.org/10.1016/B978-0-12-802104-0.00017-2
© 2017 Elsevier Inc. All rights reserved. 363


http://dx.doi.org/10.1016/B978-0-12-802104-0.00017-2

364 PART | IIl Plant Metabolites: Their Effects

fly agaric as an intoxicant. These inhabitants of Siberia ingest the mushroom alone, either sun-dried or toasted slowly
over the fire. They may also take it as reindeer milk or with juice of wild plants, like those of a genus Vaccinium. The
symptoms start after 20—30 min and usually end within 2 h. A small dose (up to four mushrooms) can cause dizziness,
nausea, tiredness, a feeling of weightlessness, visual and auditory hypersensitivity, space distortion, unawareness of
time, and colored hallucinations [1]. A larger dose gives more pronounced symptoms of poisoning with spasm and
more vivid hallucination. Aggressive attitudes have not been reported. As a result of the poisoning, dryness in the
mouth and mydriasis (dilation of the pupils) can occur followed by a period of drowsiness, then a deep sleep with vivid
dreams, usually 2 h after. After the deep sleep, which generally lasts 8 h, the poisoning ends [2].

For a long time, it was believed that the intoxicating effects of A. muscaria was due to the alkaloid, muscarine
(Schmiedeberg O, Koppe R. Das Muscarin, das giftige Alkaloid des Fliegenpilzes (in German). Leipzig, Germany: F.C.W.
Vogel. OCLC 6699630;1869), but the concentration of this ingredient is in such minute concentrations (up to 3 mg/kg
of fresh mushroom), that it could not act as the inebriant. It is now recognized that, in the drying or extraction of the
mushrooms, ibotenic acid forms several derivatives. The most important is muscimole (formed through decarboxylation
of ibotenic acid), the main pharmacologically active principle. Other compounds, such as muscazone, are found in
lesser concentrations and may contribute to the intoxication. Ibotenic acid (a-amino-3-hydroxy-5-isoazoloacetic acid)
as well as muscazone can be regarded as amino acids, while ibotenic acid and muscimole are oxazol derivatives.

Most bioactive ingredient in Amanita muscaria: muscimole

The mushroom is given the name fly agaric because of its age-old use in Europe as a fly killer. The mushrooms
were left in an open dish, flies were attracted to and settled on the mushrooms, the flies were subsequently stunned
resulting in the mushroom being deemed as having insecticidal properties.

Fly agaric = fly killer, an observation made in Europe years ago

17.3.2 Bioactivity

In vivo research confirms that biochemical changes develop 30 min after peritoneal injection of aqueous extracts of
A. muscaria into male rats. Such changes included a decrease of acetylcholine esterase activity, liver glycogen, and
blood urea nitrogen, together with an increase of blood glucose levels. Serum transaminase activities were not affected
and all values returned to normal within 6 h [3]. The latter data demonstrated that the poisoning was not detrimental as
vital organs like the liver and kidneys were not affected.

Fig. 17.1 shows the chemical structures of isozasol derivatives (ibotenic acid and muscimol) present in A. muscaria
which are similar to those of glutamic acid and GABA (~-aminobutyric acid), products of their enzymatic decarboxyl-
ation. Similarities in the structures of these compounds are thought to contribute to their ability to bind and activate
receptors of endogenous [4].
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FIGURE 17.1 Psychoactive ingredients: ibotenic acid and muscimol.
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Behavioral changes, like ataxia and sedation, induced by muscimol (agonist of GABA, receptor and partially
GABA, receptor) in mice depend on high-affinity binding of this compound to a distinct subtype of GABA4 receptor
in the cerebral cortex [5]. Moreover, mucimol inhibits GABA uptake by neurons and astrocytes and is a substrate to
GABA transaminase [4,6,7]. For this reason the structure of muscimol was used as a template for the design of GABA
uptake inhibitors and GABA agonists [7].

It is assumed that the two main compounds responsible for the hallucinogenic properties of A. muscaria are ibotenic
acid and muscimol and the mechanism of their activity is connected to ligation of glutamate and GABA receptors,
respectively [4]. However, the studies concerning the connection between brain activity involved with paradoxical sleep
appearance and various paradoxical sleep-associated phenomena (called pedunculopontine tegmental nucleus) seem to
negate hallucinogenic properties, both GABA and glutamate agonists.

The injection of glutamic acid and muscimol into pedunculopontine tegmental nucleus in rats resulted in induction
or suppression of one of the paradoxical sleep hallmarks [8]. Influence of both toxins on the sleep architecture seem to
be due to GABA and glutamate-dependent mechanisms that modulate activities of cholinergic neurons within peduncu-
lopontine tegmental nucleus [4,9]. Muscimol, dose-dependently, affected encephalogram in experimental animals
clearly differently from other typical hallucinogens such as LSD and mescaline. Particularly, electroencephalogram pat-
tern caused by muscimol showed spikes, characteristic of convulsing activity [4,10]. Injected intravenously, muscimol
also potentiates analgesic effects of opiates (morphine) in rats and mice and these effects are disrupted by GABAergic
system [11,12].

17.3.3 Adverse Effect

It is important that the intake of fly agaric (A. muscaria) does not cause any damage to organs (liver, kidneys) and sub-
sequent gastrointestinal disorders with vomiting are inconstantly reported [13]. Nevertheless the active components of
A. muscaria may induce in vivo brain lesions. Regular consumption of the mushroom would probably be harmful, even
though the vast majority of human poisoning cases do not report any after-effects [1].

17.4 MYRISTICA FRAGRANS

Nutmeg (Myristicae semen) is the kernel of the dried, ripe seed of Myristica fragrans Houtt, belonging to family
Myristicaceae. The nutmeg tree grows to 10—20 m in height, with a natural origin in the Moluccas, but it has been cul-
tivated in Indonesia, Malaysia, Sri Lanka, and the West Indies. M. fragrans is a dioecious tree, bushy and evergreen. In
plantation the number of male trees is reduced to roughly 10% in total. The fruit is a one-seeded fleshy drupe, yellow
and pear-shaped. During fruit ripening, the aromatic, orange pericarp splits, disclosing the black seed surrounded by a
red, net-like aril, which is separated and dried to give the crude drug mace. The seed, after removing the red aril is dried
in high temperature (in the oven) until the kernel shrinks and rattling can be heard in the testa. Seed shell (testa) is
crushed after and separated from the kernel, which is the proper nutmeg drug. Nutmeg contains 30—40% of fats and
about 10% of essential oils [14], which is mostly composed of terpenes (a-pinene, camphene, p-cymene, sabinene,
3-phellandrene, ~-terpinene, myrcene), terpene derivatives (linalool, geraniol, terpineol), and phenylopropanes (myristi-
cin, elmicin, safrole) [15]. Mace oil has a similar composition, but it contains higher levels of terpenes. Both nutmeg
and mace are the two major primary products of M. fragrans that are commercially used as spices.

17.4.1 Bioactivity

Various extracts and essential oils of nutmeg seeds have been reported with antimicrobial activities against
gram-positive and gram-negative bacteria, as well as a variety of fungi. Ethanolic extract of nutmeg seeds demonstrated
antimicrobial activity against enterohemorrhagic Escherichia coli, which was found to be highly sensitive to 3-pinene
[16]. Another research reported potent antibacterial activity of chloroform extracts, against both gram-positive and
gram-negative bacteria and trimyristin and myristic acid proved to be the chief antibacterial principles isolated from
M. fragrans Houtt [17].

The nutmeg extracts demonstrated antifungal activity against Candida albicans and Aspergillus niger. Earlier studies
have proposed that one of the mechanisms of the antifungal effects involved the inhibition of various cellular processes,
followed by an increase in plasma membrane permeability and finally ion leakage from the cells [18]. Methanol extract
of M. fragrans Houtt., containing lignans, has AChE (acetylcholinesterase) inhibition activity. Different AChE



366 PART | IIl Plant Metabolites: Their Effects

inhibitors have been shown to significantly improve the cognitive function in Alzheimer’s disease (these compounds
enhance the signal transmission in nerve synapses by prolonging the effect of acetyl choline) [19].

It has been reported that myristicin, present in the volatile oil of M. fragrans, is a potential chemopreventive agent,
by way of its ability to induce the activity of the detoxifying enzyme system, glutathione S-transferase [20]. In addition,
extracts of nutmeg strongly suppressed the growth of human lymphoid leukemic cells (Molt 4B) [21]. Moreover, the
dihydroguaiaretic acid from M. fragrans mace suppressed the viability of several cancer cell lines, leukemic, colon, and
lung [22]. Myristicin, as well, induced apoptosis via the mitochondrial pathway and downregulated genes belonging to
the DNA damage response pathway in human leukemia cells [23].

In vivo research examined the antimutagenic potential of nutmeg in male wistar rats. The plant extract showed sig-
nificant bioactivities as there was a decrease in the mutation index in a dose-dependent manner. This was due to the
antioxidant activities of the present phytochemicals that scavenged the active oxygen radicals [24].

17.4.2 Adverse Effects

Consumption of nutmeg seeds in large quantities cause a hallucinogenic effect, which is followed by unpleasant side
effects such as facial flushing, tachycardia, hypertension, dry mouth, feelings of euphoria, unreality, and delirium.
Several cases of nutmeg seed ingestion have been reported in adolescents who attempted to achieve a euphoric state at
low cost [25]. For the psychoactivity of nutmeg to be experienced, the metabolic conversion of the two components of
nutmeg essential oil, myristicin and elmicin into compounds similar to amphetamine has to take place. As a result of
the metabolism of elemicin, 3,4,5- trimethoxyamphetamine is produced and metabolism of muyristicin leads to
3-methoxy-4,5-methylenedioxy amphetamine [26]. Moreover, myristicin, as a weak inhibitor of monoamine oxidase,
could be responsible for some symptoms of circulatory disorders [27].

17.5 CANNABIS

Cannabis (Indian hemp, C. sativa herba) consists of the dried, aerial parts of C. sativa L. belonging to family
Cannabidaceae (also Cannabaceae). It is an annual diecious, wind-pollinated herb, with male and female flowers that
develop on separate plants. The leaves and bracts on both types of plants have unicellular covering hairs with a pointed
end and wide base. They also have glandular hairs which secrete a resin rich in cannabinoids. The plant occurs naturally
in India, Bangladesh, and Pakistan and is grown in numerous countries with tropical climates suitable for fiber and seed
production. The stem of the plant, which can grow up to 10 cm in diameter, contains long and tough fibers (the most
durable fibers of natural origin), which are used for the production of ropes, carpets, etc. Although both male and
female plants produce cannabinoids, female plants produce larger amounts of the resin and this is the reason they are
preferred.

17.5.1 Cannabinoids

Cannabinoids are a group of C,; compounds occurring in resin produced by glandular hairs of C. sativa L. Among the
over 420 known constituents of cannabis, more than 60 belong to cannabinoids, which chemically belong to the terpe-
nophenols. Cannabinoids (phytocannabinoids) are accumulated in the glandular hairs, which account for more than 80%
of the subcuticular secretion. Generally, they are present in all plant parts, except the seeds.

There are no qualitative differences in cannabinoid content among particular plant parts, only quantitative. The high-
est concentration of cannabinoids can be found in the bracts of the flowers and fruits while the other parts of the plant
(foliage leaves, stem, and roots) possess lower amounts of the active phytocannabinoids.

The most important representative is A’—tetrahydrocannabinol (THC), which has hallucinogenic properties. The
other principal components are: cannabinol (CBN), cannabidiol (CBD), A®—tetrahydrocannabinol, cannabigerol, and
cannabichromene (CBC).

Most of the cannabinoids have an acid analog, where the only difference is the presence of a carboxyl group (acidic
cannabinoids are regarded as being the primary compounds). In the fresh plant material they may occur in larger
amounts compared to their neutral counterparts. The main cannabinoids (THC, CBD, CBN, and CBC) are usually
detected in each breeding strain or cultivar of C. sativa. For the cannabinoid profile of a plant, storage and breeding
conditions play a significant role along with variations during preparations of the medicine, mixing with other compo-
nents (e.g., tobacco), and heating. Findings confirm that cannabinoids, except those produced from biosynthetic
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pathways (acidic cannabinoids), leaving mainly the neutral cannabinoids (the majority that result from decarboxylation)
are products of degradation (oxidation and isomerization) and are called artifacts. For example, cannabinoids of the
CBN type are not formed as by-products of plant metabolism, but rather oxidative degradation of THC and CBD types.
Also the A®—tetrahydrocannabinol is the product of isomerization of THC.

17.5.2 Hallucinogenic Effects of C. sativa

The main reason why people almost all over the world use cannabis is to get “high.” Cannabis users understand this
term, as an experience of euphoria, relaxation, perceptual alternation, and the intensification of ordinary sensory experi-
ences, such as eating, watching films, and listening to music. The “high states” may be accompanied by excessive
laughter and talkativeness. Cognitive effects (including short-term memory and feeling of associations), motor skills,
and reaction time are impaired. Since cannabis, specifically THC, lowers the psychological inhibitions comparable to
alcohol, it may be perceived that sexual impulse and libido are heightened. The perception of senses like touch, smell,
hearing, taste, and so on are sharpened and hence the sexual stimulants that lead to sexual arousal can be perceived to
be enhanced. For that reason cannabis “products” are also used as aphrodisiacs. Body perception may become distorted
after smoking a certain dosage of marijuana as spatial-temporal perception may alter in a dose-dependent manner. Time
is perceived to pass slower or sometimes faster.

The tactile perception may become more intense. Visual hallucinations occur, about which the subject is aware that
these are the acute effects of THC, not the reality. Hallucinations can appear as bright and colorful light flashes. After
the ingestion of cannabis (including as a main compound THC), the following symptoms can occur: lowered skin tem-
perature, increased heart rate and blood pressure, analgesia, sedation, slowed speech, slow reaction time and coordina-
tion disorder, challenges with concentration and memory, feelings of extreme pleasure, giggling and laughter, different
feelings of senses (music may seem more distinct and subtle colors more brighter), a strong desire for food, impaired
time perception, and feeling of being separated from reality. Less frequently occurring symptoms are delusions, seeing
and hearing, anxiety, panic, attack of paranoia (feeling of being scared or suspicious without reason). Long-term effects
include short-term memory impairment, difficulty in learning and problems solving, breathing problems, reproductive
system problems, decreased motivation, and low energy [28—33].

17.5.3 The Endocannabinoid System

Natural cannabinoids (phytocannabinoids) are substances acting on the endocannabinoid system (ECS), which regulates
numerous physiological processes. There are two types of cannabinoids’ receptors: CB1 and CB2. The CB1 receptors
have been shown to be highly concentrated in neuronal cells of the CNS, especially those placed in the cerebral cortex,
hippocampus, lateral caudate-putament, substantia nigra pars reticulate, and cerebellum [34,35]. This location explains
documented effects of cannabinoids on cognition and brain function. Agonists of CB1 receptors also exhibit analgesic
properties reflective of the role presence of CB1 receptors on pain pathways in the brain and spinal cord and at the
peripheral axons of primary sensory neurons. CB1 receptors are present at low levels in neurons located in peripheral
tissues, including heart, bladder, vascular smooth muscle cells, lung smooth muscle cells, and intestine [36].

Within the CNS, endocannabinoids and their receptors modulate neuronal signaling and play very important roles in
the regulation of movement (coordination of motor function, posture, balance), sleep, emotion, appetite, body tempera-
ture, memory storage, and pain perception.

The second type of cannabinoid receptors (the CB2 receptor) are found preferentially in the periphery. They are
located in the cells of the immune and hematopoietic system, but have been found to also be present in the brain and
other tissues. The presence of the CB2 in the lymphoid organs (tonsils, thymus, spleen) is prerequisite, that in addition
to their psychoactive effects in the CNS, the ECS has a role in modulating the immune system. Indeed, cannabinoids
have profound influence on cell mediated immunity by inhibiting the proliferation of T cells, cytokine secretion (proin-
flammatory agents), and the humoral responses from B cells. Such bioactivities demonstrate the therapeutic potential of
cannabinoids as antiinflammatory agents [37].

The two best studied endogenous agonists of cannabinoid receptors are: anandamide (N-arachidonoyloethanolamide)
and its glycerol ester 2-AG (2-arachidonoyl glycerol). The former acts as an endogenous ligand for the aCB; receptor,
but has a very low affinity for the CB, receptor. 2-AG exhibits agnostic patterns to both receptors.
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17.5.4 Bioactivity
17.5.4.1 Parkinson’s Disease

Parkinson’s disease (PD) is overwhelmingly a chronic, progressive, and neurodegenerative disease caused by the degen-
eration of dopamine-containing neurons of the substantia nigra, which innervate the striatum. Termination of dopami-
nergic neurotransmission subsequently interferes with the function of the basal ganglia decisive to coordination of
motor function. Therefore PD characteristic symptoms are bradykinesia (slowness of movement), akinesia (postural
immobility), muscular rigidity, resting tremor, and postural instability [37,38].

Several cannabinoid receptors, representing CB; type in the basal ganglia suggests that cannabinoids could play a
therapeutic role in the treatment of movement disorders associated with PD [37].

In general there are three phases in PD development:

1. Early presymptomatic phase characterized by neuronal malfunctioning rather than neuronal damage (death), associ-
ated with downregulation or desensitization of CB; receptors [39,40].

2. Intermediate and advanced symptomatic phase, when the most important process is neuronal death. The PD charac-
teristic is upregulation of CB; receptors, which is caused by adaptive responses and is also compatible with the aki-
netic profile of these patients [40,41]

3. The presence of CB,, receptors that are characteristic of immune function, as basal ganglia structures show activa-
tion of glial elements during pathological processes. The activation of astrocytes and microglia, linked to neuronal
injury in lesioned structures in PD is associated with upregulatory responses of CB, receptors that are located in
cells, which play a role in the protection of neurons [40,42].

Different experimental models of PD exhibit elevated levels of activity of the ECS as the basal ganglia is
increased. Such elevated activity is manifested by increased CB; activity, anandamide (endocannabinoid) levels, and
decreased cannabinoid clearance [43]. Despite the upregulation of the CB system that is noticed at intermediate—late
stages of the disease process, in the earlier, presymptomatic phase of PD, CB, receptors are desensitized, which may
render the basal ganglia more vulnerable to the cytotoxic environment of the cranial activity associated with PD,
which promotes excitotoxity according to the loss of CB;-mediated presynaptic inhibition of glutamate release
[44,45]. As a result of their ability to inhibit glutamate release and so mitigate glutamate-mediated toxicity, cannabi-
noids may prove useful as potential therapeutic targets against PD [34]. Given the fact that CB receptors promote
hypokinesia, antagonists of the CB; receptors confirmed by preclinical studies should be likely potentials for the
treatment of PD in order to counteract the consequences of an upregulation of the cannabinoid system that is common
at the advanced stage of the disease.

Despite the undesired effects of the hypokinetic profiles of CB agonists (some phytocannabinoids (Fernandez-Ruiz
J. The endocannabinoid system as a target for the treatment of motor dysfunction. Br J Pharmacol. 2009;156:1029—40),
some have shown neuroprotective properties which would aid in halting the neurodegenerative aspect of the disease.
Preclinical studies have indicated that cannabinoids may attenuate neurodegeneration in animal models with PD. This is
believed to be attributed to the antioxidative action of THC and CBD responsible for the neuroprotection observed
against 6-hydroxydopamine, an inducer of neurotoxicty in the animal models [46]. Further, THC exhibited neuroprotec-
tive effects toward human neuroblastoma cells exposed to several PD-relevant toxins, however, neuroprotection was not
blocked by CB; receptor antagonists [47].

Although many cannabinoids demonstrate neuroprotective effects in several models of PD where effects appear to
be mediated by a CB-receptor-dependent mechanism, the same is also true for CB-independent mechanisms. This
includes antioxidant effects, reduced microglia activation, and modulation of glial—neuron interactions [45].
Phytocannabinoids are capable of reducing oxidative damage by acting as scavengers of reactive oxygen species (ROS)
and by enhancing endogenous antioxidant defenses [46].

Observational and uncontrolled studies suggest that cannabinoids may improve motor symptoms associated with
PD. A survey was conducted in the Czech Republic to investigate the use of Cannabis and its effects on PD so patients
who suffered with PD were examined. Findings indicated that 25% of the respondents reported using cannabis and
46% of them noticed some benefits; 31% reported improvement of rest tremor; 45% reported improvement of bradyki-
nesia; and 14% reported improvements of Levodopa-induced dyskinesia [48]. Improvements in rigidity, tremor, brady-
kinesia, and pain were also reported in another, small (N = 22) open-label trial that assessed motor symptoms 30 min
after smoking cannabis [49].
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17.5.4.2 Cancer

Numerous recent studies have linked associations between cannabinoids and cancer. Firstly, the role of cannabinoids
or cannabis smoking to cancer initiation and/or development; secondly, the role of cannabinoids as potential anti-
cancer therapies; and lastly, the role of cannabis and cannabinoids in the palliation of common cancer-associated
symptoms [50].

One of the primary concerns associated with the medical use of cannabinoids, especially inhaled cannabis, is their
carcinogenic potential. Most of the studies that have investigated a connection between marijuana smoking and cancer
have been case-controlled in which patients with cancer were compared with persons without the disease. Noteworthy
is that tobacco smoking was found to be an important confounder [51]. Although one case—control study showed a link
between marijuana smoking and incidence of head and neck cancer [52]. For lung cancer, a case—control study found
no connection with marijuana smoking (even for those smokers who used more than one marijuana cigarette per day
for 30 years) after adjustment for confounders (tobacco smoking) [53].

A systematic review, concerning a correlation of lung cancer and cannabis smoking, evaluating 19 studies from
1966 to 2006 have not confirmed associations among cannabis smoking and lung cancer development despite clear evi-
dence of precancerous histopathologic changes of respiratory mucosa [50,54]. One study found no increased risk of
lung, colorectal, melanoma, or breast cancers in current and former smokers of marijuana versus never smokers or
experimenters (very rare use of cannabis) [55]. This could be due to the in vitro effect of THC and other cannabinoids
on cell metabolism, DNA synthesis, and cell division, events that halt cell division rather than lead to cancer [56].

Research has shown that THC and other phytocannabinoids are mutagenic in standard microbial assays though such
findings warrant further investigations [57]. There are no published studies addressing oral marijuana ingestion and
vaporized ingestion to cancer risk.

17.5.4.3 Anticancer Effects of Cannabinoids

Evidence suggests that THC, naturally occurring cannabinoids (e.g., CBD, CBN), synthetic cannabinoid agonists, as
well as endocannabinoids exhibit antineoplastic effects in vitro against lung carcinoma, gliomas, lymphomas, skin carci-
nomas, uterine carcinoma, and neublastoma [58].

Other studies have demonstrated in vitro and in vivo tumor growth inhibition of glioblastoma multiforme, breast,
prostate, thyroid, colon, skin, pancreatic, leukemia, and lymphoma models [59]. The antitumor effects of these phyto-
chemicals was found to occur via the suppression of proliferative cell signaling pathways, the inhibition of angiogenesis
and cell migration, the stimulation of programmed cell death (apoptosis), and/or induction of autophagy [50]. For exam-
ple, in gliomas, the use of THC (natural agonist cannabinoids receptors) induced cell death by downregulating the
P13K/Akt and MAPK-signaling pathways that induced apoptosis through the activation of pro-apoptotic Bcl-2-
associated death promoter protein [60]. Colon cancer cells exposed to phytocannabinoids experienced tumor necrosis
factor-a-mediated, ceramide-induced apoptosis in vivo and in vitro [61]. Apoptosis was induced through ceramide by
THC (2 pM and 15 mg/kg/d) in pancreatic tumor cells (Panc 1 and MiaPaCa2) [62]. Additionally decreased expression
of the vascular endothelial growth factor one the most important proangiogenic factors was observed in glioma and skin
cancer models treated with CB2 receptor selective agonist [63]. Cannabinoid agonists also directly inhibited angiogene-
sis induced by basic fibroblast growth factor in vitro and in vivo in a CB1-dependent manner [64].

Interestingly, the anticancer activity of CBD is probably completely independent of cannabinoid receptor activation.
In bladder, CBD induced apoptosis of cancer cells via the activation of the TRPV2 channel protein, whereas CBD
induced apoptosis in breast cancer cells independent of both cannabinoid and vanillin receptors [65,66]. Cannabinoid
receptors have been found in higher concentrations in tumor cells than in corresponding normal tissue with variations
from cancer to cancer. A good example of this fact is that CB2 receptors are expressed in 91% of HER2-positive breast
cancers, in 35—72% of HER2-negative breast cancers, and only in 5% of normal breast tissue [50,67]. In addition to
cannabinoid agonists, inhibitors of endocannabinoid transport or degradation have been shown to inhibit tumor growth
and progression in numerous types of cancers, enhancing the levels of endocannabinoids in the cells [68].

Also, cannabinoids can selectively cause inhibition in the growth of tumor cells while ideally not affecting healthy
tissue. A good example is that glioma cells that were exposed to cannabinoids underwent apoptosis (ceramide-induced)
while astrocytes were protected from oxidative stress by the same cannabinoids [50,69].

Although the use of cannabinoids-related drugs for medicinal purposes could be limited by concerns of their psycho-
tropic effects, they have shown to exhibit a reasonable safety profile, especially in comparison to current chemothera-
peutics which all have more or less serious toxic adverse effects.
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Despite the numerous collected evidence on the therapeutic potential of cannabinoids and related drugs in several
types of cancers, only a single pilot clinical study has been performed thus far. This phase I/II clinical trial was aimed
at evaluating the safety profile of THC administration and its antitumor activity in a cohort of nine terminally ill
patients affected by recurrent glioblastoma multiforme, an aggressive primary brain tumor with poor prognosis (6—12
months survival) and no efficacious treatment. THC decreased tumor cell proliferation, and also induced apoptosis;
however, it had only a slight impact on the overall median survival of the cohort (24 weeks) [59,69].

17.5.4.4 Cannabinoids in Cancer Therapy as Palliative Agents

The cannabinoids are emerging as valuable adjunctive agents for optimizing the management of multiple symptoms of
cancer and the treatment of therapy-related side effects. In fact, while much remains unknown about the pathophysio-
logical mechanisms of the ECS, available data support a broad spectrum of palliative properties, including appetite
stimulation, inhibition of nausea and emesis associated with chemotherapy or radiotherapy, pain relief, mood ameliora-
tion, and relief from insomnia [59,70].

In the United States, two medicinal cannabis products (approved by FDA) are available: Marinol, a synthetic form
of THC, and Cesamet, a synthetic THC analog. Both are currently approved for chemotherapy-induced nausea and
vomiting (CINV) in patients who have failed to respond adequately to conventional antiemetic compounds. Dronabinol
(synthetic THC; Marinol) is also approved for the treatment of anorexia associated with AIDS. A third medicinal canna-
bis product, Sativex (a combination of THC and CBD isolated from C. sativa in ratio 1:1) is already approved and mar-
keted in Canada as an adjunctive treatment for the symptomatic relief of neuropathic pain in multiple sclerosis [71].

One of the earliest recognized medical indication for cannabinoids was CINV. Approximately one-half of cancer
patients will suffer from these side effects of cancer treatment. This may lead to discontinuation of therapy because of
noncompliance. To address this problem, antiemetic drugs are routinely given before and after chemotherapy. There is
evidence that cannabinoids act on CBI1 receptors in the dorsal—vagal complex of the brainstem region controlling the
vomiting reflex, and that endocannabinoids and their inactivating enzymes are present in the gastrointestinal tract and
might have a physiological role in the control of emesis [59].

Dronabinol and prochlorperazine were tested alone and in combination in a randomized, double-blind, parallel-
group, multicenter study. The results of the study showed that a combination was significantly more effective than was
either single agent in controlling CINV [72]. Another experiment confirmed a significant increase in appetite and a
decrease in nausea in most patients after treatment with dronabinol [73].

Using THC, synthetic cannabinoids, and smoking cannabis, numerous clinical trials showed that the antiemetic
effectiveness of cannabinoids is almost same to that of conventional antiemetics, such as dopamine D2-receptor antago-
nists, 5-HT3 receptor antagonist, and NK1 receptor antagonists [70]. Currently, the efficacy of cannabinoids as first-line
treatment is challenging because of the psychoactive aspects and risk for emergence of dependency and tolerance even
though they have the potential to target chemotherapy or radiotherapy-induced nausea and vomiting. Therefore, it is
considered as second-line treatment in intractable cases and also can be coadministered with other first-line pharma-
cotherapeutic agents (such as 5-HT3 receptor antagonist) for additive or synergistic effects [74].

Other serious challenges associated with cancer are anorexia and cachexia, the cancer anorexia—cachexia syn-
drome is an important risk factor for morbidity and mortality in people with cancer. Numerous studies confirmed that
THC and other cannabinoids have a stimulatory effect on appetite and increase food intake in animals [75]. The
orexigenic effect (appetite stimulation) occurs through the inhibition of leptin at the hypothalamic level [76], because
endocannabinoids in the hypothalamus may tonically activate CBI1 receptors to maintain food intake. Anecdotal
information from cannabis smokers and numerous clinical trials support the appetite-stimulating properties of THC.
In fact, the synthetic cannabinoid dronabinol is approved by the FDA for treatment of anorexia associated with
weight loss in AIDS patients.

17.5.5 Adverse Effects

Many of the beneficial (for therapy of different diseases) effects of cannabinoids rely on CB; receptor-mediated
mechanisms (sometimes CB, or receptor-independent mechanism too). The high expression of CB; receptors in the
CNS, like cerebellum and hippocampus, means that therapeutic doses of phytocannabinoids are causing often unwanted
effects. Volunteers intoxicated with A°~THC exhibited 3D inversion illusion, which has similarities to a neuropsycho-
logical cognitive impairment in the regulation of perception seen in patients with schizophrenia [77]. Some of the more
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common adverse effects of phytocannabinoid administration are sedation (result of CNS depression), perception disor-
ders, motor function disorders (like ataxia, incoordination), deficit in short-term memory (cognition disorders), and psy-
chosis [78—80].

In cases where cannabinoids have been used in clinical trials for nausea and vomiting caused by chemotherapy, the
most common adverse effects were somnolence, dry mouth, ataxia, dizziness, and dysphoria [81]. Despite the presence
of adverse effects from cannabinoids that are usually acceptable in comparison with those caused by other drugs.

Like other intoxicants, marijuana can impair driving skills and increase the risk of motor vehicle accidents as
well as accidents caused by the use of dangerous equipment at the workplace (e.g., used during construction work)
[82]. Some studies showed that women who used marijuana during pregnancy were more likely to have a still birth
[83]. The frequent use marijuana during pregnancy has also been linked to adverse neurobehavioral effects in the
offspring [84].

Long-term effects of the administration of cannabinoids include disorders of the respiratory system (bronchitis),
cardiovascular system (tachycardia, postural hypotension, aggravation of heart disease), and reproductive system
(decreased sperm counts) [37,80]. Marijuana smoking can cause injuries in the large airways and increase the
symptoms of chronic bronchitis. However, these effects cease after discontinuing the use of marijuana and there is
no clear evidence for connections between marijuana smoking and development of chronic obstructive pulmonary
disease [51].

17.6  CONCLUSIONS

Hallucinogenic plants have been used by mankind for thousands of years. Different species with hallucinogenic proper-
ties were and still are an important part of culture and religion of primitive tribes as well as well-developed civiliza-
tions. Later, hallucinogens have become a part of popular culture and serve as illegal and often dangerous
entertainment. Their extensive use as stimulants cause many social problems and an interest in the world of science,
firstly because of their adverse effects. Numerous experiments have demonstrated that the active ingredients of halluci-
nogenic plants, like THC, have different activities and most of them can be used in therapies against major diseases of
concern, such as cancer, PD, AD, and sclerosis multiplex. Their influence on the human organism and especially the
CNS provides an avenue for further exploration towards the creation of new promising drugs.

REFERENCES

[11 Michelot D, Melendez-Howell LM. Amanita muscaria: chemistry, biology, toxicology and ethnomycology. Mycol Res 2003;107(2):131—46.
[2] Benjamin DR. Mushroom poisoning in infants and children: the Amanita patherina/muscaria group. Clin Toxicol 1992;30:13—22.
[3] Yamahura Y, Komiyama S, Fukuhara M, Takabatake E, Hashimota T. Biochemical effects of Amanita muscaria extract in mice. J Food
Hygiene Soc 1983;129:40—4.
[4] Stebelska K. Fungal hallucinogens psilocin, ibotenic acid, and muscimol: analytical methods and biologic activities. Ther Drug Monit
2013;35:420—42.
[5] Chandra D, Halonen LM, Linden AM, Procaccini C, Hellsten K, Homanics GE, et al. Prototypic GABA 4 receptor agonist muscimol acts prefer-
entially through forebrain high-affinity binding sites. Neuropsychopharmacology 2010;4:999—1007.
[6] Krogsgaard-Larsen P, Johnston GAR. Inhibition of GABA uptake in rat brain slices by nipecotic acid, various isoxazoles and related com-
pounds. J Neurochem 1975;25:797—802.
[71 Krogsgaard-Larsen P, Frolund B, Frydenvang K. GABA uptake inhibitors. Design, molecular pharmacology and therapeutic aspects. Curr
Pharm Des 2000;6:1193—209.
[8] Nowacka A. Udziat jadra konarowo-mostowego nakrywki w regulacji snu paradoskalnego. Sen 2002;2:109—19.
[9] Hobson JA, Lydic R, Baghdoyan HA. Evolving concepts of sleep cycle generation: from brain centers to neuronal population. Behav Brain Sci
1986;9:371—448.
[10] Scotti de Carolis A, LIpparini F, Longo VG. Neuropharmacological investigations on muscimol, a psychotic drug extracted of Amanita muscar-
ia. Psychopharmacologia 1969;15:186—95.
[11] Biggio G, Bella DD, Frigeni V, Guidotti A. Potentiation of morphine analgesia by muscimol. Neuropharmacology 1977;16:149—50.
[12] Christensen AV, Arnt J, Scheel-Kruger J. Muscimol antagonizes morphine hypermotility without morphine potentation on analgesia. Eur J
Pharmacol 1978;48:459—62.
[13] Emrich HM, Leweke FM, Scheider U. Towards a cannbinoid hypothesis of schizophrenia: cognitive impairments due to dysregulation of the
endogenius cannabinoid system. Pharmacol Biochemm Behav 1997;56:803—7.
[14] Latha PG, Sindhu PG, Suja SR, Geetha BS, Pushpangadan P, Rajasekharan S. Pharmacology and chemistry of Mysristica fragrans Houtt. — a
review. J Species Arom Crop 2005;14:94—101.


http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref1
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref1
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref2
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref2
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref3
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref3
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref3
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref4
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref4
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref4
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref5
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref5
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref5
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref5
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref6
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref6
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref6
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref7
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref7
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref7
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref8
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref8
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref8
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref8
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref9
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref9
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref9
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref10
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref10
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref10
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref11
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref11
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref12
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref12
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref12
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref13
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref13
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref13
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref14
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref14
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref14
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref14

372

[15]

[16]
(17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]
[25]

[26]

[27]

(28]

[29]
(30]

[31]
(32]

[33]
[34]
[35]
[36]
[37]

(38]

(39]

[40]
[41]

[42]

[43]

[44]

[45]

[46]

[47]

PART | Ill Plant Metabolites: Their Effects

Takikawa A, Abe K, Yamamoto M, Ishimaru S, Yasui M, Okubo Y, et al. Antimicrobial activity of nutmeg against Escherichia coli O157.]
Biosci Bioeng 2002;94:315—20.

Narasimhan B, Dhake AS. Antibacterial principles from Myristica fragrans seeds. ] Med Food 2006;9:2469—73.

Pooja V, Sanwal H, Goyal A, Bhatnagar S, Srivastava AK. Activity of Myristica fragrans and its effect against filamentous and non-
filamentous fungus. Int J Pharm Pharm Sci 2012;4:538—40.

Cuong TD, Hung TM, HAn HY, Roh HS, Seok J-H, Lee JK, et al. Potent acetylcholinesterase inhibitory compounds from Myristica fragrans.
Nat Prod Commun 2014;9:499—502.

Zheng G, Kinney PM, Lam LKT. Myristicin: a potential cancer chemopreventive agent from parsley leaf oil. J Agric Food Chem
1992;40:107—10.

Moteki H, Usami M, Katsuzaki H, Imai K, Hibasami H, Komiya T. Inhibitory effects of spice extracts on the growth of human lymphoid leu-
kaemia, Molt 4B cells. J Japanese Soc Food Sci Tech; 49: 688-691.

Park S, Lee D, Yang CH. Inhibition of fos-jun-DNA complex formation by dihydroguaiaretic acid and in vitro cytotoxic effects on cancer cells.
Cancer Lett 1998;127:23—8.

Martins C, Doran C, Silva IC, Miranda C, Rueff J, Rodriguez AS. Myristicin from nutmeg induces apoptosis via the mitochondrial pathway
and down regulates genes of DNA damage response pathway inhuman leukaemia K562 cells. Chem-Biol Interact 2014;218:1-9.

Ekaluo UB, Ibiang YB, Ikpeme EV, Ekpo PB. Anti-mutagenic potential of nutmeg (Myristica fragrans) in Wistar rats. J Med. Sci
2013;13:296—300.

Pamplona F, Takahashi R. Psychopharmacology of the endocannabinoids: far beyond anandamide. J Psychopharmacolo 2012;26:7—22.

Paton WDM, Pertwee RG. The actions of cannabis in man. In: Mechoulam R, editor. Marijuana: chemistry, pharmacology, metabolism and
clinical effects. New York: Academic Press; 1973. p. 5—17.

Nahas G. General toxicity of cannabis. In: Nahas GG, Latour C, editors. Cannabis: pathophysiology, epidemiology, detection. Boca Raton:
CRC Press; 1993. p. 5—17.

Heishman SJ, Arasteh K, Stitzer ML. Comparative effects of alcohol and marijuana on mood, memory and performance. Pharmacol Biochem
Behav 1997;58:93—101.

Scooter EL, Abood ME, Glass M. The endocannabinoid system as a target for the treatment of neurogenerative disease. Br J Pharmacol
2010;160:480—98.

Siegel RK. Fire in the brain: clinical tales of hallucinations. New York: A Dutton Book (Pengun group); 1992.

Goodman LS, Gilam A. Goodman and Gilman’s the pharmacological basis of therapeutics. Sixth Revised Edition. New York: HArtcour
Publisher; 1980.

Stafford P. Psychodelics encyclopedia. Berkley, CA: Ronin Publishing Inc; 1978.

Sayin U. A comparative review of the neuropharmacology of hallucinogen-induced alterd states of consciousness: the uniqueness os some hallu-
cinogens. NeuroQuantology 2012;10:316—40.

Howlett AC, Barth F, Bonner TI, Cabral G, Casellas P, Devane WA, et al. International Union of Pharmacology. XXVII. Classification of can-
nabinoid receptors. Pharmacol Rev 2000;54:161—-202.

Pertwee RG. The pharmacology of cannabinoid receptors and their ligands: an overview. Int J Obes 2006;30(Suppl. 1):S13—18.

Pertwee RG. Pharmacology of cannabinoid receptor ligands. Curr Med Chem 1999;6:635—64.

Croxford JL. Therapeutic potential of cannabinoids in CNS disease. CNS Drug 2003;17(3):179—-202.

Basavarajappa BS, Nixon RA, Arancio O. Endocannabinoid system: emerging role from neurodevelopment to neurogeneration. Mini-Rev Med
Chem 2009;9:448—62.

Garcia-Arencibia M, Garcia C, Kurz A, Rodriguez-Navarro JA, Gispert-Sanchez S, Mena MA, et al. Cannabinoid CB1 receptors are early
downregulated followed by a further upregulation in basal ganglia of mice with deletion of specific park genes. J Neural Transm Suppl
2009;73:269—75.

Fernandez-Ruiz J, Moreno-Martet M, Rodriguez-Cueto C, Palomo-Garo C, Gomez-Canas M, Valdeolivas S, et al. Prospects for cannabinoid
therapies in basal ganglia disorders. Br J Pharmacol 2011;163:1365—78.

Garcia-Arencibia M, Garcia C, Fernandes-Ruiz J. . Cannabinoids and Parkinson’s disease. CNS Neurol Diosrd Drug Targets 2009;8:432—9.
Fernandez-Ruiz J, Romero J, Velasco G, Tolon MR, Ramos JA, Guzman M. Cannabinoid CB, receptor: a new target for controlling neural cell
survival?. Trends Pharmacol Sci 2007;28:39—45.

Di Marzo V, Hill MP, Bisogno T, Crossman AR, Brotchie JM. Enhanced levels of endogenous cannabinoids in the globus palidus are associated
with a reduction in movement in an animal model of Parkinson’s disease. FASEB J 2000;14:1432—8.

Van Der Stelt M, Veldhuis WB, Maccarrone M, Bar PR, Nicolay K, Veldink GA, et al. Acute neuronal injury, excitotoxity, and the endocanna-
binoid system. Mol Neurobiol 2002;26:317—46.

Gowran A, Noonan J, Campbell VA. The multiplicity of action of cannabinoids: implications for treating neurodegeneration. CNS Neurosci
Ther 2011;17:637—44.

Lastres-Becker I, Molina-Holgado F, Ramos JA, Mechoulam R, Fernadez-Ruis J. Cannabinoids provide neuroprotection against 6-
hydroxydopamine in vivo and in vitro: relevance to Parkinson’s disease. Neurobiol Dis 2005;19:96—107.

Caroll CB, Zeissler ML, Hanemann CO, Zajicek JP. Delta(9)-tetrahydrocannabinol (Delta(9)-THC) exerts a direct neuroprotective effect in a
human cel culture model of Parkinson’s disease. Neuropathol Appl Neurobiol 2012;38:535—47.

Kluger B, Triolo P, Jones W, Jankovic J. The therapeutic potential of cannabinoids for movement disorders. Mov disord 2015;30:313—27.


http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref15
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref15
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref15
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref16
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref16
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref17
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref17
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref17
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref18
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref18
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref18
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref19
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref19
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref19
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref20
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref20
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref20
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref21
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref21
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref21
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref22
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref22
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref22
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref23
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref23
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref24
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref24
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref24
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref25
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref25
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref25
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref26
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref26
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref26
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref27
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref27
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref27
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref28
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref29
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref29
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref30
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref31
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref31
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref31
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref32
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref32
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref32
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref33
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref33
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref34
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref34
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref35
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref35
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref36
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref36
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref36
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref37
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref37
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref37
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref37
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref38
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref38
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref38
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref39
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref39
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref40
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref40
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref40
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref40
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref41
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref41
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref41
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref42
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref42
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref42
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref43
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref43
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref43
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref44
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref44
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref44
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref45
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref45
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref45
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref46
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref46

(48]

[49]

[50]
[51]

[52]
(53]
[54]
[55]
[56]
[57]
(58]
[59]
[60]
[61]
[62]
[63]
[64]
[65]
[66]
[67]
[68]
[69]
[70]

(71]
[72]

(73]
[74]
[75]

[76]
(771

(78]

(791

[80]

Psychoactive Drugs Chapter | 17 373

Lotan I, Treves TA, Roditi Y, Djaldetti R. Cannabis (medical marijuana) treatment for motor and non-motor symptoms of Parkinson disease:
an open-label observational study. Clin Neuropharmacol 2014;37:41—4.

Bowles DW, O’Bryant CL, Camidge DR, Jimeno A. The intersection between cannabis and cancer in the United States. Crit Rev Oncol/
Hematol 2012;83:1—10.

Kramer JL. Medical marijuana for cancer. Ca Cancer J Clin 2015.

Zhang ZF, Morgenstern H, Spitz MR, Tashkin DP, Yu GP, Marshall JR, et al. Marijuana use and increased risk of squamous cell carcinoma of
the head and neck. Cancer Epidemiol Biomarkers Prev 1999;8:1071—8.

Hashibe M, Morgenstern H, Cui Y, Tashkin DP, Zhang ZF, Cozen W, et al. Marijuana use and the risk of lung and upper aerodigestive tract
cancers: result of a population-based case-control study. Cancer Epidemiol Biomarkers Prev 2006;15:1829—34.

Mehra R, Moore BA, Crothers K, Terault J, Fiellin DA. The association between marijuana smoking and lung cancer: a systematic review.
Arch Intern Med. 2006;166:1359—67.

Sidney S, Beck JE, Tekawa IS, Quesenberry CP, Friedmann GD. Marijuana use and mortality. Am J Public Health 1997;87:585—90.

Hall WD, MacPhee D. Cannabis use and cancer. Addiction 2002;97:243—7.

Hall W, MacDonald Christie, David Currow. Cannabinoids and cancer: causation, remediation and palliation. Lancet Oncol 2005;6:35—42.
Guzman M. Cannabinoids: potential anticancer agents. Nat Rev Cancer 2003;3:745—55.

Pisanti S, Malfitano AM, Grimaldi C, Santoro A, Gazzerro P, Laezza C, et al. Use of cannabinoid receptoragonists in cancer theraphy as pallia-
tive and curative agents. Best Pract Res: Clin Endocrinol Metab 2009;23:117—31.

Sarfaraz S, Adhami VM, Syed DN, Afaq F, Mukhtar H. Cannabinoids for the cancer treatment: progress and promise. Cancer Res
2008;68:339—42.

Carracedo A, Gironella M, Lorente M, et al. Cannabinoids induce apoptosis of pancreatic tumor cells via endoplasmic reticulum stress-related
genes. Cancer Res 2006;66:6748—55.

Blazques C, Casanova ML, Planas A, Del Pulgar TG, Vilanueva C, Fernandez-Acenero MJ, et al. Inhibition of tumor angiogenesis by cannabi-
noids. FASEB J 2003;17:529—-31.

Pisanti S, Borselli C, Oliviero O, et al. Antiangiogenic activity of the endocannabinoid anandamide: correlation to its tumor-suppressor efficacy.
J Cell Physiol 2007;211:495—503.

Yamada T, Ueda T, Shibata Y, Ikegami Y, Saito M, Ishida Y, et al. TRPV2 activation induces apoptotic cell death in human T24 bladder can-
cer cells: a potential therapeutic target for bladder cancer. Urology 2010;76:509¢1—7.

Izzo AA, Aviello G, Petrosino S, Orlando P, Marsicano G, Lutz B, et al. Increased endocannabinoid levels reduce the development of precan-
cerous lesions in the mouse colon. J Mol Med 2008;86:89—98.

Guzman M, Duarte MJ, Blazquez C, Ravina J, Rosa MC, Galve-Roperh I, et al. A pilot clinical study of D9-tetrahydrocannabinol in patients
with recurrent glioblastoma multiforme. Br J Cancer 2006;95:197—203.

Walsh D, Nelson KA, Mahmoud FA. Established and potential therapeutic applications of cannabinoids in oncology. Support Care Cancer
2003;11:137—43.

Andrews PL, Naylor RJ, Joss RA. Neuropharmacology of emesis and its relevance to anti-emetic therapy. Consensus Controversies. Support
Care Cancer 1998;6:197—203.

Lane M, Vogel CL, Ferguson J, Krasnow S, Saiers JL, Hamm J, et al. Dronabinol and prochlorperazine in combination for treatment of cancer
chemotherapy-induced nausea and vomiting. J Pain Symptom Manage 1991;6:352—9.

Zutt M, Hinssle H, Emmert S, Neumann C, Kretschmer L. Dronabinol for supportive therapy in patients with malignant melanoma and liver
metastases. Der Hautarzt 2006;57:423—42.

Ostadhadi S, Rahmatollahi M, Dehpour AR, Rahimian R. Therapeutic potential of cannabinoids in counteracting chemotherapy-induced
adverse-effects : an exploratory reviews. Phytother Res 2015;29:332—8.

Cota D. Role of the endocannabinoid system in energy balance regulation and obesity. Front Horm Res 2008;36:135—45.

Di Marzo V, Goparaju SK, Wang L, Liu J, Batkai S, Jarai Z, et al. Leptin-regulated endocannabinoids are involved in maintaining food intake.
Nature 2002;410:822—5.

Festi F, Bianchi A. Amanita muscaria. Integr J Mind-Moving Plant Cult 1992;2-3:78—9.

Demetriades AK, Wallman PD, McGuiness A, Gavalas MC. Low cost, high risk: accidental nutmeg intoxication. ] Emerg Med 2005;22:223—5.
Stein U, Greyer H, Henstshel H. (Nutmeg myristicin) poisoning — report on a fatal case and a series of case recorded by poison information
centre. For Sci Int 2001;118:87—90.

Gupta AD, Rajpuronic D. Antioxidant and antimicrobial activity of nutmeg Myristica fragrans). Nuts Seeds Health Dis Prev 2011;831—-9.

Penta JS, Poster DS, Bruno S, Macdonald JS. Clinical trials with emetic agents in cancer patients receiving chemotherapy. J Clin Pharmacol
1981;21:11S—-228.

Asbridge M, Hayden JA, Cartwright JL. Acute cannabis consumption and motor vehicle collision risk: systematic review of observational stud-
ies and meta-analysis. BMJ 2012;344:536.

Varner MW, Silver RM, Hogue CJR, Wilinger M, Parker CB, Thorsten VR, et al. Association between stillbirth and illicit drug use and smok-
ing during pregnancy. Obstet Gynecol 2014;123:113—-25.

Morris CV, DINieri JA, Szutorisz H, Hurd YL. Molecular mechanism of maternal cannabis and cigarette use on human neurodevelopment. Eur
J Neurosci 2011;34:1574—84.


http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref47
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref47
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref47
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref48
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref48
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref48
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref49
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref50
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref50
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref50
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref51
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref51
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref51
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref52
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref52
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref52
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref53
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref53
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref54
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref54
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref55
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref55
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref56
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref56
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref57
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref57
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref57
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref58
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref58
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref58
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref59
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref59
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref59
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref60
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref60
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref60
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref61
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref61
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref61
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref62
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref62
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref62
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref63
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref63
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref63
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref64
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref64
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref64
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref65
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref65
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref65
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref66
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref66
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref66
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref67
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref67
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref67
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref68
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref68
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref68
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref69
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref69
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref69
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref70
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref70
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref71
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref71
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref71
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref72
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref72
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref73
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref73
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref74
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref74
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref74
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref74
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref75
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref75
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref76
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref76
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref76
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref77
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref77
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref78
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref78
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref78
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref79
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref79
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref79

374

(81]

[82]
(83]

[84]

PART | Ill Plant Metabolites: Their Effects

Ashton H, Golding J, Marsh VR, Millman JE, Thompson JW. The seed and the soil: Effect of dosage, personality and starting state on the
response to A’- tetrahydrocannabinol in man. Br J Clin Pharmacol 1981;12:705—20.

Dp Tashkin. Effects of marijuana smking on the lung. Ann Am Thorac Soc 2013;10:239—324.

Maya KM, Zachariach TJ, Krishnamoorthy B. Chemical composition of essential oil of nutmeg (Myristica fragrans Houtt) accessions. J Spices
Arom Crop 2004;13:135—9.

Sagredo O, Garcia-Arenciba M, de Lago E, Finetti S, Decio A, Fernandez-Ruiz J. Cannabinoids an neuroprotexion in basal ganglia disorders.
Mol Neurobiol 2007;36:82—91.


http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref80
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref80
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref80
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref80
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref80
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref81
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref81
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref82
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref82
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref82
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref83
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref83
http://refhub.elsevier.com/B978-0-12-802104-0.00017-2/sbref83

	17 Psychoactive Drugs
	17.1 Definition
	17.2 Examples
	17.3 Plant Sources
	17.3.1 Amanita Muscaria
	17.3.2 Bioactivity
	17.3.3 Adverse Effect

	17.4 Myristica Fragrans
	17.4.1 Bioactivity
	17.4.2 Adverse Effects

	17.5 Cannabis
	17.5.1 Cannabinoids
	17.5.2 Hallucinogenic Effects of C. sativa
	17.5.3 The Endocannabinoid System
	17.5.4 Bioactivity
	17.5.4.1 Parkinson’s Disease
	17.5.4.2 Cancer
	17.5.4.3 Anticancer Effects of Cannabinoids
	17.5.4.4 Cannabinoids in Cancer Therapy as Palliative Agents

	17.5.5 Adverse Effects

	17.6 Conclusions
	References




