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Abstract

With the increasing global use of medical and adult recreational use of cannabis and cannabinoids,
this chapter provides overview of evidence from animal and human studies on psychiatric
disorders and cannabinoid receptors. We review and present evaluation of the relationship between
changes in the ECS and psychiatric disorders. Evidence suggests the existence of a relationship
between changes in components of the ECS, and some of the symptoms present in psychiatric
disorders. Both CB1Rs and CB2Rs are components of the endocannabinoid system with different
cellular and tissue localization patterns that are differentially expressed in the CNS and PNS and
are emerging targets for the treatment of number psychiatric disorders. As cannabis preparations
are widely used for recreation globally, it is predictable that cannabis use disorders (CUDs) will
increase and there is currently no available treatment for CUDs. Although major advances have
been reported from cannabinoid and ECS research, there are gaps in scientific knowledge on
long-term consequences of cannabis use. Adolescent and cannabis use during pregnancy presents
further challenges, and more research will uncover the signaling pathways that couple the gut
microbiota with the host ECS. Development of cannabis and cannabinoid nanomedicine for
nanotherapy will certainly overcome some of the shortcomings and challenges in medicinal and
recreational use of cannabis and cannabinoids. Thus, nanotechnology will allow targeted delivery
of cannabinoid formulations with the potential to elevate their use to scientifically validated
nanotherapeutic applications as the field of cannabis nanoscience matures.
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9.1 Introduction

The shifting landscape on cannabis medicalization, legalization, and recreational use is due
in part to advances in cannabis and cannabinoid molecular genetics, and the discovery of
the endocannabinoid system (ECS) in human body and brain (Onaivi et al. 2012). Review
of the accumulating scientific evidence from cannabis plant constituents, animal, and human
studies reveals a previously unknown but ubiquitous and complex cannabinoid and ECS
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that is involved in almost all aspects of mammalian physiology and pathology (Joshi and
Onaivi 2019). In this chapter, we review the growing awareness of the pharmacotherapeutic
potential and limitation of targeting cannabinoid receptors (CBRs) and other components of
the ECS in psychiatry. The components of the ECS are emerging as multifaceted therapeutic
targets for cannabis constituents in a number of psychiatric and neurological disorders.

The accruing evidence for the therapeutic efficacy of phytocannabinoids is promising for a
number of psychiatric disorders. Although cannabis has been used for millennia, it is not
benign, and there are side effects associated with use and exposure during pregnancy and in
adolescents with psychiatric vulnerability. Furthermore, the type 1 cannabinoid receptors
(CB1Rs) are now regarded as one of the most abundant G protein-coupled receptors
(GPCRs) in the mammalian brain and have been extensively studied for their role in the
biology of depression, pain, behavior, anxiety, neurodegenerative diseases, nausea, and
substance abuse disorders. However, the neuronal function of type 2 cannabinoid receptors
(CB2Rs) has been less investigated for central nervous system (CNS) function, because
they were thought to be predominantly found in immune cells in the periphery and were
called peripheral CB2Rs. With the increasing global use of cannabis and the risk of cannabis
use disorders (CUDs), there are still lingering doubts, controversy, and debate about the
functional neuronal localization and role of CB2Rs (Ghose 2009). The drawback from
some previous studies has been the unsuccessful attempts by some groups to generate

mice with selective deletion of CB2Rs from neurons and the generation of CB2R-GFP

and CB2R-EGFP with peripheral CB2R promoter-driven transgenic reporter mouse line

or other flaws in designs that detected microglial but not neuronal expression of CB2Rs
(Ghose 2009; Lopez et al. 2018; Schméle et al. 2015). Indeed, our studies provided the

first evidence for neuronal CNS effects of CB2Rs, and its possible role in drug addiction,
eating disorders, psychosis, depression, and autism spectrum disorders (ASDs), (Onaivi

et al. 2006a; Onaivi et al. 2015; Onaivi et al. 2013; Onaivi et al. 2008; Ishiguro et al.

2007; Ishiguro et al. 2010a; Ishiguro et al. 2010b; Onaivi et al. 2011). Cell type-specific
mechanisms of CB2Rs are unclear because the existing CB2R gene knockout mice are
constitutive gene knock, with partial/incomplete deletion of CB2Rs, and are not suitable for
tissue- and cell type-specific studies at molecular, pharmacological, and behavioral levels.
Therefore, using Cre/Lox P technology, we created CnrZ2-floxed mice to produce CB2R
cKO, DAT-Cnr2, and Cx3crl-CnrZ2 mice with deletion of CB2Rs in dopamine neurons and
microglia, respectively (Liu et al. 2017). Characterization of these mice provides further
evidence for the involvement of CB2Rs in models of psychiatric function and disorders
(Liu et al. 2017; Onaivi et al. 2018; Canseco-Alba et al. 2018a; Canseco-Alba et al. 2019;
Canseco-Alba et al. 2018b).

With increasing global decriminalization and legalization of adult cannabis use, there are
growing concerns for CUDs (Acheson and Fantegrossi 2019; Melis et al. 2017), especially
as cannabis and cannabinoids including cannabidiol (Premoli et al. 2019) are thought to
be safe in comparison with the effects of alcohol, tobacco products, and opioids. In light
of the opioid epidemic in USA, there is distinct CNS localization of mu-opioid receptors
—the target of opioids and CBRs—the target of cannabis and cannabinoids. CBRs both
CB1Rs and CB2Rs are distributed in different areas of the brain; they are not in the pons
and medulla oblongata, areas controlling breathing and respiration. This is why there are
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no cannabis overdosing resulting in respiratory depression or cardiovascular failure that is
associated with the current opioid epidemic. This is because opioid receptors are abundant
in the pons and medulla oblongata—brain areas involved in the control of respiration, and
overdosing on opioids are associated with respiratory depression from opioid addiction.
Thus, there is an increasing focus on the therapeutic effects (Premoli et al. 2019), of
cannabis and cannabinoids, and targeting CBRs and components of the ECS in psychiatric
disorders as reviewed in this chapter.

9.2 Endocannabinoid Signaling in Psychiatric Disorders

Disruption of the endocannabinoid system is associated with psychopathologies involved in
psychiatric disturbances and neurological disorders (Onaivi et al. 2015). The ECS consists
of CBRs that are activated by cannabinoids, endocannabinoids (eCBs), and their metabolic
enzymes (Onaivi et al. 2012; Joshi and Onaivi 2019; Zou and Kumar 2019). Cannabinoids
modulate signal transduction pathways associated with GPCRs, ionotropic, and nuclear
receptors to exert their biological and therapeutic effects in psychiatry (Zou and Kumar
2019). G protein-coupled receptor, GPCR-CBR signaling activities in neuronal, glia cells,
and ion channels have been demonstrated in vitro and in vivo models. A number of these
studies provide CBR signaling network and pathways associated with mitogen-activated
protein kinase (MAKP) signaling pathways including extracellular signal-regulated kinase
1/2 (ERK1/2), c-jun N-terminal kinase (JNK), p38, p-arrestins, and phosphatidy-linositol-3-
kinases (PI3K) / protein kinase B (Akt) pathways. For example, CBR-mediated B-arrestin
1 and 2 translocation is a key mediator of GPCR desensitization and internalization that is
species, subtype of CBRs, and agonist dependent (Zou and Kumar 2019; Ibsen et al. 2019).
eCBs exert modulatory action on retrograde signaling and act as retrograde messengers at
many synapses in the CNS. Some investigators have suggested GPR55 as a putative CB3R
as it triggers distinct signaling pathways in response to inflammatory mediators. However,
we and others have suggested that TRPV1 or VR1 be classified as CB3R, as anandamide

is a CBR partial agonist, but a full agonist at the transient receptor potential cation channel
subfamily V member 1, (TRPV1) also called vanilloid receptor 1 (VR1) (Joshi and Onaivi
2019). It turns out that 2-AG is associated with the effects of eCB-mediated retrograde
signaling by cannabinoids as the level of 2-arachidonyl glycerol (2-AG) is about 1000
times more than anandamide (AEA) (Zou and Kumar 2019). Therefore, 2-AG serves as
retrograde messenger at various types of synapses throughout the brain and is a high efficacy
ligand for the translocation of p-arrestins (Ibsen et al. 2019). However, AEA has also been
shown to contribute to eCB-mediated synaptic transmission with evidence supporting a
tonic role of AEA (Figs. 9.1 and 9.2). The modulatory action of eCB-induced retrograde
signaling on GABA-ergic and glutamatergic systems indicates that the main excitatory and
inhibitory systems are in part under the influence of the ECS. The discovery that eCBs

are principal mediators of retrograde synaptic communication demonstrates the pivotal role
that eCBs play as retrograde messengers in GABA-ergic and glutamatergic synapses. One
of the major advantages for the physiological actions of CBRs may be associated with

the quick response needed for the sequestration of G-proteins and the retrograde signaling
of eCBs on presynaptic CB1Rs to inhibit neurotransmitter release. Such retrograde action
of eCBs on the inhibition of neurotransmitter release like GABA, glutamate, serotonin,
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dopamine is modified by CBRs and other components of the ECS that are molecular targets
in psychiatric disorders. Depolarization-induced suppression of inhibition (DSI) / excitation
(DSE) and in long-term depression (LTD) at both excitatory and inhibitory synapses
provided evidence supporting retrograde eCB signaling system in the brain (Castillo et al.
2012; Ohno-Shosaku and Kano 2014).

Thus, eCBs are critically involved in the suppression of synaptic transmission and eCB-
mediated communication between neurons and microglia. This is one of the current focuses
of study with the identification of CB2R neuro-immune cross talk following conditional
deletion of CB2Rs in microglia and dopamine neurons (Liu et al. 2017; Onaivi et al.

2018; Canseco-Alba et al. 2018a; Canseco-Alba et al. 2019; Canseco-Alba et al. 2018b).
Therefore, existing evidence suggests that alterations in endocannabinoid signaling are
present in a range of psychiatric disorders. Targeting components of ECS components
provides therapeutic potential of cannabinoid medicines as CBRs and other components of
the ECS that are involved in diverse neural, immune, function, and dysfunction (Robson
2014), in psychiatric disorders.

9.3 ECS Modulation of Neuro-Immune—Microbiome Cross Talk in

Psychiatric Disorders

ECS components participate in numerous physiological processes that include immune

and metabolic regulatory functions contributing to the maintenance of an organism’s
homeostasis (Onaivi et al. 2012; Magid et al. 2019; Lin et al. 2013). Increased eCB

levels and signaling have been linked with inflammation in animal models and human
inflammatory disturbances and CBRs providing protective effects in the inflamed gut (Lin
et al. 2013). New and improved knowledge has revealed gut-brain neural communication
(Kaelberer et al. 2018), and the gut microbiome has been found to signal in part through
the ECS network (Di Marzo 2018). Interactions between gut microorganisms and the ECS
highlight a role in the gut microbiota-ECS axis (Lin et al. 2013; Kaelberer et al. 2018;

Di Marzo 2018; Cani et al. 2016). Thus, the gut microbiome and endocannabinoidome
relationship seems to be bidirectional and their alterations have been linked with dysbiosis,
increased microglial neuroinflammation in mental disorders, such as psychosis, depression,
anxiety, and neurological disturbances (Di Marzo 2018; Cani et al. 2016; DiPatrizio

2016). CBRs and associated orphan and putative cannabinoid GPCRs are expressed at

high levels in the immune and/or central nervous systems (CNS) and regulate a number

of neurophysiological processes, including key events involved in neuroinflammation. As
such, these receptors have been identified as emerging therapeutic targets for a number of
brain disorders in which neuroinflammation is a key feature, including multiple sclerosis
(MS) and Alzheimer’s disease (AD). There is increasing attention on the role of the ECS
components in mediating immune function with a focus on the immune processes that
contribute to neuroinflammatory conditions. The gut microbiota plays a critical role in
immune system function and regulation of gastrointestinal activities (Kaelberer et al. 2018).
Blockade of the CB1R was reported to alter gut microbiota and attenuates inflammation and
diet-induced obesity (Mehrpouya-Bahrami et al. 2017).
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Microglia cells are the brain’s innate immune cells and primary contributors of CNS
neuroinflammatory responses. Microglia-mediated neuroinflammation has been implicated
in the progression of neuropsychiatric disorders. Neuro-immune signaling is emerging as
a contributor to a number of neuropsychiatric disorders and stress increase in brain levels
of known innate immune signaling molecules (Crews et al. 2017). Neuroinflammation is
also emerging as a key component in the effects of CB2Rs, expressed in macrophages,
microglia, and neurons (Fig. 9.1) that are also key regulators of the immune response
(Onaivi et al. 2012). eCB-mediated communication between neuron and neuroglia shows
that microglial cells and astrocytes are able to produce eCBs (Zou and Kumar 2019).

After conducting the initial pioneering work that culminated in the discovery of functional
neuronal CB2Rs (Onaivi et al. 2006b), we have now created and generated mice with cell
type-specific deletion of CB2Rs to continue to move the field forward. This will allow

us to investigate the cell type-specific functional roles of CB2Rs using DAT-Crnr2and
Cx3Crl1-Cnr2 cKO mice to determine the neuro-immune basis of CB2R activity in alcohol
preference and consumption. With accumulating evidence of an interaction between the
immune system, the gut microbiota, and the ECS, we have initiated studies to determine the
role of neuro-immune-microbiome endocannabinoid axis in mouse CNS models to identify
pro- and antiinflammatory effects of CBRs. Others have successfully generated Syn-Cnr2
cKO mice in which synaptic deletion of CB2Rs was shown to mediate a cell type-specific
plasticity in the hippocampus (Stempel et al. 2016), and from our recent reports (Liu et al.
2017; Canseco-Alba et al. 2019; Onaivi et al. 2006b).

9.4 Cannabinoid Receptors in Psychiatric and Neurological Disorders

The medical use of cannabis and cannabinoids targeting the CBRs and other components of
the ECS had been controversial because evidence of the efficacy to manage many disease
conditions was often lacking. There is however increasing evidence-based research to
support CBRs in psychiatric, neurological, and other medical indications and Food and Drug
Administration (FDA-approved indications) (Kill 2019; Rubin 2018). Furthermore, there are
now approved FDA indications supported by high-quality emerging evidence, and current
claims and uses for which there is inadequate evidence (Kill 2019). The conclusions of
National Academies of Sciences, Engineering and Medicine on the current state of evidence
on the health effects of cannabis and cannabinoids provide support for the legitimate study,
regulation, and prescription of therapeutic cannabinoids (National Academies of Sciences,
Engineering, and Medicine 2017). Not surprisingly, based on positive randomized clinical
trials, dronabinol and nabilone have FDA approval for chemotherapy-induced nausea and
vomiting and appetite stimulation in conditions that cause weight loss such as in HIV-AIDS.
FDA also recently approved cannabidiol for the management of Dravet syndrome and
Lennox-Gastaut syndrome that are pediatric epilepsies (Devinsky et al. 2017; Thielle et al.
2018). Thus, disruption of CBRs and endocannabinoid signaling is implicated in an array

of psychopathologies ranging from autoimmune diseases associated with neuropsychiatric
mental disturbances like anxiety, Autism spectrum disorders (ASDs), depression, insomnia,
psychosis, addiction, and neurological disorders such as Alzheimer’s, epilepsy, multiple
sclerosis, Parkinsonism, stroke, traumatic brain injury. However, acute or chronic activation
of CBRs can produce neurologic adverse effects including impaired learning, memory,
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attention, and motor coordination, while chronic use can lead to cannabis use disorders
(CUDs) in vulnerable individuals (Kill 2019). It is also important to consider the effects
of cannabis use in those with mental illness and individuals predisposed to developing
addictive disorders (Lowe et al. 2019).

9.4.1 Role of CBRs in Anxiety-Related Disorders

Anxiety disorders are a common global mental illness characterized by feelings of fear

and anxiogenesis, and the ECS system is involved in the bidirectional regulation of neural
anxiety circuits and behavior (Yin et al. 2018). Anecdotally, different subjective effects
have been reported in individual who have smoked marijuana, and in some instances, the
opposite have been reported. This is not surprising as numerous constituents of the cannabis
plant, not only induce biphasic dose-response profile, with low and high doses producing
anxiolysis and anxiogenesis, but also have antagonistic effects (Yin et al. 2018; Onaivi et
al. 1990). Therefore, systematic research investigating the interactions between CBR activity
and which cannabis constituent or mixtures mediates anxiolysis remains an area of study
with the changing legal status of medicinal and legal use of cannabis. However, advances
and progress in ECS and cannabinoid research using transgenic mouse models and proxy
methods of accessing states are providing the underlying mechanisms and brain circuits
associated with expression of the different CBR subtypes and ECS machinery involved

in the mediation of anxiety. For example, CB1Rs are densely expressed pre-synaptically
and involved in retrograde signally associated with the inhibition of neurotransmitter
releases, whereas our recent studies with mice with selected deletion of CB2Rs from
dopamine neurons showed a reduced anxiety-like behavior in the plus maze and two-
compartment black and white models of anxiety (Liu et al. 2017). Impaired 2-AG signaling
in hippocampal glutamatergic neurons has been reported to affect anxiety-like behavior
(Guggenhuber et al. 2015). CBRs have been identified in the insular cortex (IC) of rodents
and humans. IC hyperactivity and its connectivity to amygdala have been linked with
affective and anxiety disorders (Andrade et al. 2019). Studies in humans have investigated
THC and cannabidiol (CBD) and have reported opposing effects, with higher doses of THC
producing anxiogenic and CBD producing anxiolysis and counteracting the effects of THC
(Andrade et al. 2019; Papagianni and Stevenson 2019). Anxiety- and other trauma-related
disorders are common psychiatric disturbances with inadequate therapeutic options. These
anxiety disorders include generalized anxiety, panic, social anxiety, phobias, and separation
anxiety, with post-traumatic stress disorder (PTSD) and obsessive-compulsive disorder.
The current treatment approaches with benzodiazepines and selective serotonin reuptake
inhibitors (SSRIs) have limitations and side effects. Preclinical and ongoing clinical studies
suggest that anxiety and related disorders are associated with decreased eCB tone and

that CBRs in the brain are involved in the anxiolytic effects of cannabinoids (Papagianni
and Stevenson 2019; Sloan et al. 2018; Korem et al. 2016). Therefore, more research

is needed to elucidate the constituents of cannabis and what ECS components can be
targeted for the therapeutic potential for the treatment of anxiety disorders. Limited positron
emission tomography (PET) studies using available radiotracers in humans have revealed
dysregulation of CB1Rs. The development of radiotracers for other components of the

ECS may reveal novel targets in a number of psychiatric and neurological disorders in
anxiety (Papagianni and Stevenson 2019; Sloan et al. 2018). There has also been recent
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focus on CBD for a number of neuropsychiatric disorders with some success in pediatric
epilepsies, and many trials have begun for the treatment of other neuropsychiatric diseases.
CBD appears to be a multi-target drug, and the molecular mechanism (s) of action of CBD
in many of the psychiatric disorders are of major research efforts (Premoli et al. 2019).

In vivo imaging is a powerful way to quantify CB1R radioligand binding in patients. A
study looked at the CB1R radioligand, [11C] OMAR, in patients with PTSD using PET. In
the PTSD group, [*1CJOMAR volume of distribution was increased compared to healthy
controls and trauma-exposed controls. Interestingly, but also consistent with the fact that
women are more prone to anxiety disorders, this finding was more pronounced in women.
Peripheral anandamide concentrations were lower in the PTSD group compared to healthy
and trauma controls, which may be involved in why there was receptor upregulation in the
PTSD group. Peripheral cortisol levels in the PTSD group and trauma control groups were
lower compared to the healthy control. These findings may pave way for understanding and
determining if medical marijuana is efficacious for PTSD. In some states, medical marijuana
is approved for PTSD and some studies indicate symptomatic improvement from this
treatment. Such data would support the notion that marijuana can provide symptomatic relief
due to decreased peripheral anandamide concentrations along with CB1R upregulation.

9.4.2 Role of CBRs in Depression

Neuroanatomical distribution of CBRs and components of the ECS in neural circuits
associated with processing and regulation of human emotion have been linked to the
formation and development of depression (Zhou et al. 2017; Arjmand et al. 2019;

Ishiguro et al. 1836; Ibarra-Lecue et al. 2018). Evidence from preclinical and clinical
studies indicates an impairment of the ECS pathway in animal models and in patients

with depression (Poleszak et al. 2018). Pathway analysis following a bipolar disorder
genomewide association study identifies and implicates ECS gene sets, indicating that
bipolar disorder is part of a spectrum of highly correlated psychiatric and mood disorders.
Further evidence from patients with bipolar disorders indicates a putative role of CB2Rs
(Zhou et al. 2017; Arjmand et al. 2019; Ishiguro et al. 1836; Ibarra-Lecue et al. 2018).
Although most studies have focused on CB1Rs, our studies have implicated the involvement
of CB2Rs in rodent models of CNS disorders and in human subjects with psychiatric
disorders like substance abuse, depression, and psychosis (Onaivi et al. 2008; Ishiguro et
al. 2007; Ishiguro et al. 2010a). There are other findings and reports showing alteration

in eCB levels, metabolizing enzymes, and CBRs in patients with psychiatric disorders.
Table 9.1 shows polymorphisms in the CB1R and CB2R genes that are associated with
psychiatric disorders. CBRs and components of the ECS influence the activity and function
of neural circuits associated with hypothalamic-pituitaryadrenal (HPA) axis, involved in
affective behaviors. The use of CB1R antagonist as anti-obesity medication was withdrawn
due to its anxiety-, depression-, and suicide-inducing effects in some patients. This revealed
arole of CB1Rs in depression (Ibarra-Lecue et al. 2018; Onaivi 2010). Polymorphisms in
eCB metabolizing enzymes along with alterations in eCB levels have also been implicated
in depression. Furthermore, the ECS has been shown to modulate multiple monoaminergic
systems, which can also influence mood and cognition. The raphe nuclei, locus coeruleus,
and ventral tegmental area are targets of many classes of pharmacological agents such as
selective serotonin reuptake inhibitors (SSRIs), selective norepinephrine reuptake inhibitors
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(SNRIs), tricyclic antidepressants (TCAs), and monoamine oxidase inhibitors (MAOIs). All
of these areas and many of their inputs and outputs are modulated by the ECS. Therefore,

it is no surprise that the ECS may have potential therapeutic effects in depression and

other mood disorders. CB1R density and their downstream signaling were increased in

the dorsolateral prefrontal cortex (DLPFC) in postmortem subjects with depression-related
suicides. The increased levels of CB1R-mediated signaling using a [3*S]GTPyS binding
assay in suicide subjects were comparable to controls (Hungund et al. 2004). These results
may point to a potential therapeutic treatment in depression and suicidal patients. Although
many studies have looked at CB1Rs, exciting studies are now emerging looking at central
CB2Rs in depression and anxiety. A recent study investigated a Cnr2 knockout mouse
using assays for depressive behavior, anxiety, and motor activity. Using an immune stressor,
poly I:C, heterozygous Cnr2-KO mice experienced significantly decreased amount of time
spent in the open arms of the zero maze compared to saline-treated controls, indicating an
increase in anxiety-like behavior. Furthermore, anxiety-like behavior was further bolstered
in the rotated pulley model, which was induced by poly I:C, showed that the Crr2-KO mice
had a higher number of pulley rotations compared to controls (Ishiguro et al. 2018). ECS
involvement in depression presents components of the ECS as therapeutic targets for the
development antidepressants (Poleszak et al. 2018).

9.4.2.1 Role of CBRs in the Antidepressant Action of Ketamine—The recent
approval by the FDA for a nasal ketamine spray (esketamine; Spravato) for treatment-
resistant depression has made the inquiry into its mechanism even more pressing. A recent
study probed into the possibility of the ECS and its interaction with ketamine in relation

to depression in mice. First, they injected 5 and 10 mg/kg of ketamine, which reduced
immaobility time in the forced swim test (FST), compared to control, which shows an
antidepressant effect. A CB1R agonist, ACPA, and an antagonist, AM251, were also used.
Administration of ACPA showed decreased immobility time compared to control in the
FST, indicating an antidepressant effect. Interestingly, when administering combined non-
effective doses of AM251 or a CB2 inverse agonist, AM630 with non-effective doses of
ketamine resulted in antidepressant effects compared to control (Khakpai et al. 2019). The
link with the ECS might partially explain the mechanism behind ketamine’s antidepressive
effects. Upon activation of the CBRs along with the retrograde signaling associated with the
modulation of other neurotransmitters, the hypothalamic-pituitary-adrenal axis is associated
with providing therapeutic benefits (Onaivi et al. 2015; Onaivi et al. 2013). This is the
bases for the modulation of the ECS as therapeutic targets, or as adjunctive treatment in
generalized depression. While the role of the ECS in depression is incompletely understood,
a number of anecdotal reports and individual variation in antidepressant and depression-like
symptoms after consumption of cannabis have been reported (Onaivi et al. 2015; Onaivi et
al. 2013).

9.4.3 Role of CBRs in Schizophrenia

Schizophrenia also known as psychosis is a devastating psychiatric syndrome affecting 1%
of the world population without a cure, and antipsychotic medications are not effective in

all patients. Despite the efforts to elucidate the causes of schizophrenia, the etiopathogenesis
remains elusive (Ibarra-Lecue et al. 2018). In vulnerable individuals, the use of cannabis
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has been known to precipitate psychotic episodes. Alterations in the ECS components

in the brains of patients with schizophrenia have been reported (Castillo et al. 2012),

and CB1Rs have been implicated in many psychiatric disorders and recent advances

have sparked more interest into the ECS role in schizophrenia. As discussed above, ECS
system components are expressed in the immune and/or central nervous systems (CNS)

and regulate a number of neurophysiological processes, including key events involved

in neuroinflammation. ECS interaction with neuroglia changes has been implicated in

the pathobiology of schizophrenia. Results on the changes and alterations in CBRs from
imaging and postmortem studies of brains from schizophrenia patients compared to controls
have yielded inconsistent data with either increase or decrease in CB1R and gene expression
in brain areas involved in schizophrenia (Ibarra-Lecue et al. 2018). Many factors have been
considered for the inconsistent results when studying CBRs and other components of the
ECS in brains of schizophrenics, including age, sex, and the subtypes of schizophrenia.

The anterior cingulate gyrus in patients with schizophrenia, bipolar disorder, and major
depression were evaluated in postmortem brains, and CB1R immunohistochemical stain was
used. In the major depression group, the intake of SSRIs reduced the density of cortical
CBI1R immunoreactive neurons compared to control. In bipolar disorder, patients taking
first-generation antipsychotics had reduced glial CB1R immunoreactive density (Koethe

et al. 2007). The results from CB1R changes in different schizophrenic brain regions,
provided an indication for the involvement of CB1Rs in this pathology (Ibarra-Lecue et al.
2018). The role of CB2Rs in schizophrenia has not been well investigated when compared
to CB1Rs. This was because many investigators were not able to detect the presence of
neuronal CB2Rs in healthy brains, and therefore, their role in neuropsychiatric disorders
has been much less well characterized. We and others, and many recent studies have
reported the discovery and functional characterization of neuronal brain CB2Rs. Indeed,
our studies provided the first evidence for neuronal CNS effects of CB2Rs and its possible
role in schizophrenia and neuropsychiatric disorders (Onaivi et al. 2012; Onaivi et al. 2015;
Ishiguro et al. 2010a; Ishiguro et al. 1836). It must be noted and acknowledged as discussed
below that the role of CB2Rs in CNS disturbances involving neurodegenerative diseases
associated with neuroinflammation and neuropathic pain has been extensively reported (Hill
et al. 2012; Russo 2018; Basavarajappa et al. 2017). CB2Rs in glial cells are modulators
during inflammatory conditions. Therefore, modulation of eCB signaling in glia cells may
provide pharmacological targets to treat and prevent neuroinflammatory response (Fig. 9.1,
and Fig. 9.2), white matter deficits, and pathological mechanisms seen in schizophrenia (de
Aleida and Martins-de-Souza 2018).

In our ongoing studies, many features of CBR gene structures, SNPs, copy number
variations (CNVs), CPG island, microRNA regulation, and the impact in neuropsychiatry
and where possible in rodent models are evaluated. Accumulating evidence suggests

the importance of CNVs in the etiology of neuropsychiatric disorders. The clinical
consequences of CNV in the coding and non-coding CA/R gene sequences associated
with human phenotypes and disorders are mostly unknown and under investigation. With
advances in genomic technologies and the analysis and identification of CANR gene
CNVs may uncover the relationship (if any), between CAR gene CNVSs to phenotype
and disease. While CNRI and CNRZ SNPs have been associated with a number of
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neuropsychiatric disorders (see Table 9.1), it is unclear to what extent CAVR gene CNVs
are involved in psychiatric disorders. Therefore, more studies are needed to determine the
role and contribution of CA/R gene CNV to conditions of endocannabinoid dysregulation
in psychological and psychiatric disorders. However, a number of focused studies on the
polymorphisms in components of ECS have shown that CA/RZ and limited studies for
CNRZ2 genes (Table 9.1) contribute to the pathogenesis of specific subtypes of schizophrenia
(Onaivi et al. 2013; Ishiguro et al. 2010a; Ibarra-Lecue et al. 2018). We investigated
genetic associations between CNRZ2 gene polymorphisms and schizophrenia in a selected
population, and the results from our studies identified that polymorphism in CNR2

gene (Table 9.1) with low CB2R expression and function indicates an increased risk of
schizophrenia (Ishiguro et al. 2010a) when combined with other risk factors. Other studies
have evaluated eCB levels and eCB enzymes in schizophrenic patients with reports of
alterations in 2-AG metabolizing enzyme and in eCB levels in patients with schizophrenia.
These findings warrant further investigation into ECS changes and functional implications
of ECS in schizophrenia subtypes. Identification of the roles of ECS components may be
valuable in designing new medication targets in the treatment of schizophrenia.

9.4.4 Role of CBRs Addictive Disorders

Addictive disorders are now not only limited to drugs of abuse, with the emergence of
digital technology, but also to cell phone, various gaming platforms, and food and gambling.
Generally, therefore addictive disorders are chronic relapsing disorders characterized by
impulsivity and compulsive disorders that are known to be present in psychiatric (De

Luca and Fattore 2015; Onaivi 2008; Malloy-Diniz et al. 2007) and addictive disorders.
There is accumulating evidence indicating a central role for this previously unknown but
ubiquitous ECS in the regulation of the rewarding effects of abused substances. Thus, an
endocannabinoid hypothesis of drug reward and addiction was postulated (Onaivi 2008).
eCBs mediate retrograde signaling in neuronal tissues and are involved in the regulation of
synaptic transmission to suppress neurotransmitter release by the presynaptic CBRs. This
powerful modulatory action on synaptic transmission has significant functional implications
and interactions with the effects of abused substances (De Luca and Fattore 2015; Onaivi
2008). In humans, recent studies have revealed diverse responses by the ECS to long-term
exposure to several drugs of abuse, and cannabis, ethanol, opioids, nicotine, and cocaine
were found to alter the ECS regardless of their diverse pharmacological mechanism of
action. Our data, along with those from other investigators, provide strong new evidence for
a role for ECS modulation in the effects of drugs of abuse, and specifically for involvement
of CBRs in the neural basis of addiction (De Luca and Fattore 2015; Onaivi 2008; Malloy-
Diniz et al. 2007). We suggested that cannabinoids and eCBs appear to be involved in
adding to the rewarding effects of addictive substances, including, nicotine, opiates, alcohol,
cocaine, and BDZs. The results suggest that the ECS may be an important natural regulatory
mechanism for drug reward and a target for the treatment of addictive disorders. In animal
models, the ECS appears to be also involved in the ability of drugs and drug-associated cues
to reinstate drug-seeking behavior in animal models of relapse (De Luca and Fattore 2015).
As shown in Table 9.1, polymorphisms in the CB1R and CB2R genes have been associated
with substance dependence and drug-related behaviors (De Luca and Fattore 2015; Onaivi
2008). Consequently, the ECS is involved in reward mechanisms that facilitate the hedonic
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value of natural and drug rewards (De Luca and Fattore 2015; Onaivi 2008). This system
participates in the primary rewarding effects of cannabinoids, nicotine, alcohol, and opioids
and in the common mechanisms, underlying drug addiction and relapse to drug-seeking
behavior. In turn, many drugs of abuse, including cannabinoids, opioids, and alcohol, and
nicotine, can alter differently the levels of eCBs in selected brain regions (De Luca and
Fattore 2015). Therefore, substantial data now point to a role for the ECS in triggering
and/or preventing reinstatement of drug-seeking behavior. It appears that the effects of
perturbation of the ECS by drugs of abuse can be ameliorated by restoring the perturbed
system using cannabinoid ligands. It is not surprising that CB1R antagonists were briefly
approved as an anti-obesity medication in Europe and its potential promise in the reduction
in drug use, in smoking cessation, and reduction in alcohol consumption. Nevertheless,

due to serious side effects of depression and suicide, rimonabant was withdrawn from use
(Onaivi 2010). The promiscuous action and distribution of CBRs in most relevant biological
systems provide the EPCS with limitless signaling capabilities for cross talk within, and
possibly between, receptor families, which may explain the myriad behavioral effects
associated with smoking marijuana. The ECS therefore appears to play a central role in
regulating the neural substrate underlying many aspects of drug addiction, including craving
and relapse. The findings that the ECS is involved in the reinstatement model provided
evidence of the ECS in the neural machinery-underlying relapse. In summary, there is a lot
more to learn and research to be done to better understand the nature and neurobiology of
the eCB physiological role in addictive- and feeding-related disorders.

9.4.5 Role of CBRs in Other Psychiatric Disorders: Autism Spectrum Disorders (ASDSs)
and Attention Deficit Hyperactivity Disorders (ADHD)

Several studies highlight a key involvement of ECS in ASD pathophysiology (Krebs et al.
2019; Crume et al. 2018; Gunn et al. 2016; Chakrabarti et al. 2015; Maccarrone et al. 2010;
Zhang and Alger 2010; Zamberletti et al. 2017; Zou et al. 2019; Brigida et al. 2017; Crespi
et al. 2010). In addition to autism, the ECS is also involved in several other psychiatric
disorders (ADHD, anxiety, major depression, bipolar disorder, and schizophrenia). ECS

is a key regulator of metabolic and cellular pathways involved in autism, such as food
intake, energy metabolism, and immune system control. ASD is also characterized by
immune system dysregulation. The mRNA and protein for CB2R and ECS enzymes

were significantly dysregulated, further indicating the involvement of the ECS in ASD-
associated immunological disruptions. Alterations in eCB signaling in neurodevelopmental
disorders may be associated with exposure to cannabis and cannabinoids in utero or during
adolescence (Krebs et al. 2019; Crume et al. 2018; Gunn et al. 2016). The use of cannabis
during pregnancy may increase adverse outcomes for women and their neonates. As the
use of cannabis continues to gain social acceptance, pregnant women and their medical
providers could benefit from health education on potential adverse effects of use of cannabis
during pregnancy. Babies exposed to cannabis while in the womb may suffer significant
and permanent changes in neuroplasticity that could alter brain maturation and cause long-
lasting changes that persist in the adult brain (Krebs et al. 2019; Crume et al. 2018; Gunn
et al. 2016). This is because exogenous cannabinoids interfere with eCB regulation of brain
maturation during adolescence. The role of ECS in ASD is a relatively understudied topic.
Some studies and hypotheses may lead us to think the ECS plays a role in the multiple
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aspects of ASD such as social reward responsivity, circadian rhythm, anxiety-related
symptoms, and neuronal development (Chakrabarti et al. 2015). The existing evidence
shows potential ECS involvement in fragile X syndrome, in which 10-30% of patients are
also diagnosed with ASD. In the highly characterized fragile X mental retardation (Fmrl)
knockout mice, some studies showed that ECS-mediated responses of GABAergic synapses
are increased in the dorsal striatum and hippocampus in the Fmr1-KO mouse model. In the
hippocampus, this effect was indirect via group | mGIuR activation which can upregulate
the levels of eCBs (Maccarrone et al. 2010; Zhang and Alger 2010). Other studies report the
presence of alterations in the ECS as well as the effects of its pharmacological manipulations
in animal models of ASD-like behaviors (Onaivi et al. 2018; Zamberletti et al. 2017; Zou et
al. 2019). In our studies, we used the BTBR T + tf/J mice that have been shown to exhibit
autism-like behavioral phenotypes. The data indicated the BTBR mice have an abnormal
regulation of dopamine functioning with an upregulated CBR2A gene expression in naive
BTBR mouse model of ASD. These results along with our findings indicating an increased
risk of schizophrenia in patients with low CB2R function (Ishiguro et al. 2010a), which is in
agreement with the hypothesis that autism and schizophrenia represent diametric conditions
(Crespi et al. 2010). Moreover, more research needs to be done to understand the nature of
the neurochemical changes recorded in our preliminary study in the hippocampus, striatum,
and frontal cortex, where the levels of dopamine and serotonin and their metabolites were
differentially altered in the BTBR and C57BL/6 J mice. Thus, our data provide a basis for
further studies in evaluating the role of ECS and monoaminergic systems in the etiology

of ASDs. Collectively, the findings to date indicate that the ECS plays a key role in the
pathophysiology of ASD and may provide new insights into potential interventions and
could represent a novel target and strategy for ASD pharmacotherapy.

9.5 CBRs and Comorbidity between Psychiatric Disorders and

Neurological Disturbances

Several lines of evidence suggest a primary function and involvement of components of

the ECS in the degenerative process (Basavarajappa et al. 2017). Psychiatric disorders are
common in many neurological disorders, including epilepsy, migraine, Alzheimer’s disease
(AD), Parkinson’s disease (PD), Huntingtin disease (HD), Multiple sclerosis (MS), Brain
tumors (BT), essential tremor (ET), and cerebral palsy (CP), Tics and Tourette’s syndrome
(TS), epilepsy, migraine, and stroke (Hesdorffer 2016). Traumatic brain injury (TBI) is a
common injury characterized by a change in brain function after an external blow to the
head and is highly comorbid with psychiatric disorders. TBI is associated with substance
abuse, problem gambling, psychological distress, risk-taking, and impulsivity and especially
antisocial both violent and non-violent (Vaughn et al. 2019; Turner et al. 2019). Our current
knowledge on the emerging role of the ubiquitous ECS in neuro-immune-microbiome cross
talk provides targets to study comorbidity between psychiatric disorders and neurological
illness. However, these comorbidities increase disease burden and may complicate the
treatment of the combined disorders. Initial studies of the comorbidity of psychiatric

and neurological disorders were cross-sectional, and time order of the associations was
impossible to elucidate. Work that is more recent has clarified time associations between
psychiatric disorders and neurological disorders, particularly in epilepsy and stroke where
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epidemiological evidence suggests that there is a bidirectional relationship. Although

these relationships are understood in many neurological disorders, routine screening for
psychiatric disorders in neurological disorders is infrequent. The brief summary below
capitulates the contribution of the ECS to the development of neurodegenerative generative
and other neurological disorders in a number of animal models and human studies. With
the ubiquitous distribution of all components of the ECS in most cells and tissues in man
and mouse, changes in the ECS machinery have been reported in brain areas associated
with the symptoms of AD. Studies indicating alterations of specific component (s) in ECS
cellular, and molecular machinery in brain circuits underlying the symptoms in HD, PD,
MS, TBI, BT, ET, CP, TS, epilepsy, migraine, and stroke have been reported (Hill et al.
2012; Russo 2018; Basavarajappa et al. 2017). For example, there is evidence to suggest
that synthetic and natural cannabinoids may help patients with Alzheimer’s disease-related
aggression and agitation. Since AD is a disease of the elderly, many medications are limited
to control certain symptoms of AD because of their side effect profile and have not been
overly beneficial. Cannabinoids have been of great interest in many neurodegenerative
diseases since they pose relatively less risk for abuse and adverse effects. In a study that
investigated CB1R and social interaction and aggression, they showed that grouped housed
CB1R KO mice spent more time in threat behavior compared to grouped wild type mice.
Along with this notion, the grouped CB1R KO had an increased time engaged in attack
behavior with increased time in each attack compared to WT mice (Rodriguez-Arias et

al. 2013). There is evidence to suggest that synthetic and natural cannabinoids may help
patients with Alzheimer’s disease-related aggression and agitation (Liu et al. 2015). Since
AD is a disease of the elderly, many medications are limited to control certain symptoms of
AD because of their side effect profile and have not been overly beneficial. Cannabinoids
have been of great interest in many neurodegenerative diseases since they pose relatively less
risk for abuse and adverse effects.

There is growing awareness of the involvement of gut microbiome and inflammation in

a number of psychiatric and neurological disorders. The ECS system interaction with the
microbiome and neuroglia cells in the brain is providing new therapeutic targets but also

in understanding underlying mechanism (s) associated with psychiatric and neurological
disorders. With the increasing use of cannabis and cannabinoids, an ECS pharmacogenomic
test on individualized basis could be used for diagnosis and whether or not medical
cannabis can be of therapeutic benefit. Much more mechanistic studies using in vitro and
in vivo techniques, need to be done to improve the detection and treatment of patients
affected by neurological and psychiatric disorders when cannabis and cannabinoids are
indicated. Cannabinoids and CBRs have the ability to control both anti-inflammatory, anti-
oxidant, neuroprotective, and neuromodulatory functions. In addition, the ECS modulates
other biochemical pathways that could complement their effects on other receptors, ion
channels, and enzymes. Thus, the use of cannabinoids provides interesting, unique, and
potential therapeutic investigations in psychiatric and neurological disorders. Therefore, an
overwhelming number of studies now document CB2R expression in neuronal, endothelial,
and glial cells. Mounting evidence also shows that CB2Rs and its gene variants may

play possible roles in psychiatric and neurological disorders with associated inflammatory
reactions.
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9.6 CBR Polymorphisms and Epigenetic Mechanisms in Psychiatric

Disorders

Table 9.1 presents a brief summary of genetic polymorphisms of cannabinoid receptor
genes. Genetic polymorphisms of the endocannabinoid system, including CB1R, CB2R, and
FAAH genes, have been linked or associated with a number of psychiatric and neurological
disorders (Onaivi et al. 2015; Onaivi et al. 2013; Onaivi et al. 2008; Ishiguro et al. 2007;
Ishiguro et al. 2010a). Studies show that single nucleotide polymorphisms (SNPs) of CNR1
and FAAH may contribute to drug addiction and other neuropsychiatric disorders. CBR gene
variants may provide a deeper insight and novel targets for the effects of cannabinoids

in drug addiction and other neuropsychiatric disorders. Variations in genes encoding
cannabinoid receptors that are involved in drug addiction, and obesity, for example, provide
therapeutic targets in endocannabinoid insufficiency syndrome (Onaivi 2010). Previously,
we demonstrated the characteristic features in CB1R gene, and such features and variations
in CB2R gene have not been fully characterized (Zhang et al. 2004). Many studies have
reported that variations in CB1R genes are linked to drug addiction vulnerability in different
ethnic groups (Zhang et al. 2004), and some of these variations are associated with mental
and neurological disorders (Onaivi et al. 2015; Onaivi et al. 2013; Zhang et al. 2004). Rare
genetic variants in CNR1 and DAGLA genes in neurological phenotypes were reported. In
this study, variations in CNR1, CNRZ2, DAGLA, FAAH, and MGLL genes were studied

for any associations with neurological phenotypes. They concluded from their study that
mainly CNR1and DAGLA were associated with neurological phenotypes, but not the other
aforementioned genes. Of these genes, CANVR1 were associated with migraines, memory
disorders, and sleep disorders along with or without anxiety (Smith et al. 2017). These
results and other similar studies provide insight into potential ECS treatments into many
neurological and psychiatric disorders. Therefore, the study of the CBR genomic structure,
and its polymorphic nature, subtype specificity and their variants, and associated regulatory
elements that confer vulnerabilities to a number of neuropsychiatric disturbances, may
provide a deeper insight into the underlining mechanisms. Thus, understanding the ECS in
the human body and brain will contribute to elucidating this natural regulatory mechanism
and provide potential therapeutic targets in health and disease. A preliminary study of ECS
regulation showing distinct alterations of CNR1 promoter DNA methylation in patients with
schizophrenia was reported. This study examined DNA methylation in peripheral blood
mononuclear cells (PBMCs) in patients with schizophrenia, bipolar disorder, and major
depressive disorder. The goal of the study was to measure the alterations of the promoter
site of the CNR1 gene. The only significant changes were found in schizophrenia, but not
any of the previously mentioned disorders. In human PBMCs, there was an upregulation

of CNR1 and decreased CpG methylation in schizophrenic patients compared to control.
These results were confirmed in an animal model of schizophrenia, which was done by
administering prenatal methylazoxy-methanol (MAM) acetate that showed an increase in
CNR1 expression in the PFC. There was also reduced DNA CpG site methylation in the
promoter itself (D’ Addario et al. 2017). In rodent studies, prenatal exposure to cannabis
triggers epigenetic changes with possible transgenerational immunological consequences
(D’ Addario et al. 2017).
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Epigenetic regulation of ECS components under both physiological and pathological
conditions as well as the epigenetic changes induced by eCB signaling is an emerging
potential target of ECS ‘epigenetic therapy’ (D’Addario et al. 2017; Parira et al. 2017;
Zumbrun et al. 2015). Initial focus is to understand how CB1Rs evoke epigenetic
mechanisms, either by directly interacting with the epigenetic machinery or by indirectly.
In studies of histone modifications due to cannabinoid signaling, THC-modulated multiple
histone modification sites like H3K4me3, H3K9me3, H3K27me3, and H3K36me3 in
differentiating mouse lymph node cells showing histone modifications are associated

with THC-mediated alterations in antigen-specific T-cell responses (Parira et al. 2017).
Alterations in DNA methylation status to the effects of cannabinoids indicated that parental
exposure to THC altered DNA methylation status of genes related to synaptic plasticity in
rat nucleus accumbens (Parira et al. 2017). Another study done in mice showed that THC
administration increased methylation at the promoter region of DNA methyltransferases
3A and 3B in myeloid-derived immune suppressor cells and correspondingly reduced
expression of the same DNA methyltransferases (Parira et al. 2017). Furthermore,
methylation at the promoter regions of Argl and STAT3 was decreased by THC, which

led to further increases in levels of Argl and STAT3 expression. Argl, which can metabolize
L-arginine, suppresses T-cell function while increasing activation and function of these
immunosuppressive cells. Cannabinoid signaling has also been shown to be associated with
modulation in certain microRNA-based epigenetic mechanisms. In other studies, data from
animal models suggest that in utero exposure to cannabinoids results in profound T-cell
dysfunction and a greatly reduced immune response to viral antigens. Furthermore, evidence
from animal studies indicates that the immunosuppressive effects of cannabinoids can be
mediated through epigenetic mechanisms such as altered microRNA, DNA methylation,
and histone modification profiles. Such studies support the hypothesis that that parental or
prenatal exposure to cannabis can trigger epigenetic changes that could have significant
immunological consequences for offspring as well as long-term transgenerational effects.
Epigenetic effects of cannabinoids reveal the ability of cannabinoids to modify neuronal
and immune cell functionality either via histone modifications like H3 lysine methylations
or by altering DNA methylation (D'Addario et al. 2017; Parira et al. 2017; Zumbrun et al.
2015). A better understanding of the epigenetic regulation of eCB signaling as well as the
eCB regulation of epigenetic mechanisms will be of great value for the possible design of
more specific eCB epigenetic drugs. Therefore, more studies on the potential maternal and
paternal transgenerational and/or epigenetic effects of cannabinoid abuse are needed with
global changing landscape in recreational and medical use of cannabis and cannabinoids.

9.7 Emerging Trends in Targeting CBRs in Psychiatric and Neurological
Disorders

Advances and new discoveries due to evidence-based in vivo and in vitro studies

on molecular and cellular mechanisms of CBRs have implications in psychiatric and
neurological disorders. These recent advances in understanding the biological actions of
cannabis products are expanding the therapeutic indications and opportunities. Of course,
there are continuing trials and tribulations in clinical trials of cannabinoid pharmacotherapy,
leading to the withdrawal of CB1R antagonist in obesity and clinical trial tragedy of the
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FAAH inhibitor that was stopped. The involvement of the ECS in most biological systems
shows their vital importance in homeostasis, and disruption in functioning of the ECS
leads to catastrophic adverse effects, with suicides and brain-dead patients during clinical
trials and use in obesity, respectively. One explanation for the lethal side effects is CBR
ligand bias, which is beginning to be accessed (Laprairie et al. 2017a). Ligand-biased
binding to its receptor shifts the equilibrium of receptor-dependent signaling toward other
possible pathways. Apparently, the limited success of the development of cannabinoid-
based therapeutics may be associated with ligand bias (Laprairie et al. 2017a). Progress

in understanding of CBR structure and quantification of ligand bias, dimerization, and
allosteric modulation of CBRs will optimize drug design, and selection of cannabinoids

to match patient indication (Laprairie et al. 2017a; Callén et al. 2012; Alaverdashvili and
Lapraire 2018; Tham et al. 2019; Laprairie et al. 2017b; Laprairie et al. 2019). Most
cannabinoid drug development and targeting of orthosteric site on CB1R at which eCBs
and THC bind. Adverse psychotropic effects limit the clinical utility of CB1R orthosteric
agonists (Tham et al. 2019; Laprairie et al. 2017b; Laprairie et al. 2019). This has prompted
the search and development of CB1R positive allosteric modulators (PAMs) that enhance
orthosteric ligand binding, with improved reduced psychotropic side effects when used in
psychiatric and neurological disorders (Tham et al. 2019; Laprairie et al. 2017b; Laprairie et
al. 2019). Therefore, allosteric modulation of CB1R holds great therapeutic potential. This
is because allosteric modulators do not possess intrinsic efficacy, but instead augment PAM
or diminish negative allosteric modulation (NAM), the receptor’s response to endogenous
ligand. Consequently, CB1R allosteric modulators have an effect ceiling, which allows

for the tempering of CB1R signaling without the desensitization, tolerance, dependence,
and psychoactivity associated with orthosteric compounds. Several challenges exist for the
development of CB1R allosteric modulators, such as receptor subtype specificity, translation
to in vivo systems, and mixed allosteric/agonist/inverse agonist activity. Despite these
challenges, elucidation of crystal structures of CB1R and CB2R and compound design
based on structure-activity relationships will advance the field. This recent work on the
determination of the crystal structures of CB1R and CB2R (Fig. 9.3) reveals a yin-yang
relationship and functional profile of CB2R antagonism versus CB1R agonism (Hua et

al. 2016; Li et al. 2019). The formation of functional CB1R and CB2R heteromers in
neuronal cells in the brain indicates that activation of either receptor leads to negative
modulation of the partner receptor via heteromers (Callén et al. 2012). Dimerization of
CBRs has therapeutic implication and impact on CNS function and it was suggested that
CBR1-CB2R heteromers must be taken into account when designing therapeutic approaches
toward alterations involving the ECS (Callén et al. 2012). The direct activation of CBRs
results in several beneficial effects; therefore, several CBRs ligands have been synthesized
and tested in vitro and in vivo, with disappointing advancement for clinical development
due mainly to side effects on the CNS. However, other approaches are being developed

for allosteric modulators that might offer a novel therapeutic approach to achieve potential
therapeutic benefits avoiding inherent side effects of orthosteric ligands.

The evidence-based scientific knowledge supports novel approaches to cannabinoid-based
medication and cannabis use in psychiatric disorders and medicine. With the rapidly
expanding nanomedicine formulation of nanoparticulate cannabinoid products presents
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new opportunities and approaches for cannabis use in health and disease. Development

of cannabis and cannabinoid nanomedicine for nanotherapy will certainly overcome

some of the shortcomings and challenges in medicinal and recreational use of cannabis

and cannabinoids. As cannabinoids are a class of lipophilic compounds, the use of

different surfactants and delivery systems to improve cannabinoid solubility and enhance
bioavailability must be considered. To overcome these limitations, nanoparticle formulations
may offer an attractive alternative. In practice, this means that the cannabinoids will be
‘packed’ in endogenous nanoparticles, offering the opportunity to effectively deliver the
cannabis and cannabinoid formulations to the diseased sites, by applying nanotechnological
advances to nanomedicine. The application of nanotechnology to medicine involves
employing nanoparticles not only to enhance the action of drugs, but also expected to
improve diagnosis and therapy of diseases and reduce health care cost (Ngwa et al. 2017).
Thus, nanotechnology will allow targeted delivery of cannabinoid formulations with the
potential to elevate their use to scientifically validated nanotherapeutic applications as the
field of cannabis nanoscience matures. In last decade, the success of new and creative
nanosynthetic tools has fashioned new opportunities in drug design, which allows creation
of drugs, prodrugs, or diagnostic gears at nanosize regime (Patra et al. 2018). Advances

in nanoparticle formulations of cannabinoids as therapeutic molecules for different routes
of delivery into peripheral, CNS, and wearable skin patches are being developed for
nanomedicine outcomes. A number of ongoing studies are building nanoparticles for
nanodelivery of cannabis, cannabinoids, and endocannabinoid system components as
nanotherapeutics (Singh et al. 2018). Now it is possible to predictively synthesize nanosized
objects with well-defined surface chemistry and predefined size and morphology, which
permit certain degree of control over therapeutic outcomes and minimizes side effects

of the drugs. Encapsulation strategies for cannabis products and edibles will require

greater physical stability, protection against oxidation, and flavor masking using liposomes,
micelles, polyplexus, polymersomes, and silica nanoparticles as the industry matures and
develops. While research in nanoengineering area is still not sufficiently mature, but it is
conceivable that the surface of nano-objects can be tailored to control the solubility of

the drugs, ensuring effective circulation time, and limiting the biodistribution. In addition,
this strategy allows one to control drug release, which in turn reduces and diminishes
immunogenicity. One of the very promising strategies has been to conjugate the nano-
object surface with microenvironment-specific and/or receptor-specific biomacromolecules
such as peptides, proteins, aptamers. A very elegant review of such studies provides a
comprehensive picture of accomplishments and bottlenecks in the research in this area
(Spicer et al. 2018).

9.8 Current State of Evidence on the Health Effects of Cannabis and

Cannabinoids

The conclusions of the National Academies of Sciences, Engineering and Medicine
(National Academies of Sciences, Engineering, and Medicine 2017) provide support for the
legitimate study, regulation, and prescription of therapeutic cannabinoids. Evidence supports
reform to allow the legitimate study, regulation, and prescription of therapeutic cannabinoids
(National Academies of Sciences, Engineering, and Medicine 2017). The following
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conclusions have invigorated the debate over cannabis use and present opportunities for
quality improvement and approaches to bridge the gaps between safe cannabis products,
science, and medicine:

a). Conclusive and substantial evidence that cannabis and cannabinoids are effective in
nausea and vomiting and in multiple sclerosis spasticity, b). Moderate evidence that cannabis
or cannabinoids are effective in sleep apnea, fibromyalgia, and some chronic pain, and acute
cognitive impairment, c). Limited evidence that cannabis or cannabinoids are effective in
Tourette syndrome, anxiety, dementia, glaucoma, HIV/AIDS, and appetite, and d). There

is substantial evidence of a statistical association between cannabis use and increased risk

of motor vehicle crashes, lower birth weight of the offspring exposed to cannabis and
cannabinoids in-utero, and psychosis in vulnerable individuals.

9.9 Concluding Remarks

Existing evidence suggests that alterations in eCB signaling are present in a range of
psychiatric disorders. Targeting components of ECS components provides therapeutic
potential of cannabinoid medicines as CBRs and other components of the ECS are
involved in diverse neural, immune, function, and dysfunction, in psychiatric disorders.
The ECS evidently gives novel ideas and options in the field of antidepressant treatment;
however, further studies are needed to determine which group of patients could benefit
from this type of therapy. The ECS is also involved in the pathogenesis and treatment

of depression, though its role in this psychiatric disorder has not been fully understood.
Both the pro- and antidepressant activities have been reported after cannabis consumption,
and a number of preclinical studies have demonstrated that both agonist and antagonist

of the endocannabinoid receptors act similarly to antidepressants. Identification of the
roles of ECS components may be valuable in designing new medications targets in the
treatment of schizophrenia. The ECS may be an important natural regulatory mechanism
for drug reward and a target for the treatment of addictive disorders. Several studies
highlight a key involvement of ECS in ASD pathophysiology. In addition to autism,

the ECS is also involved in several other psychiatric disorders (ADHD, anxiety, major
depression, bipolar disorder, and schizophrenia). Our findings indicating an increased

risk of schizophrenia in patients with low CB2R function, is in agreement with the
hypothesis that autism and schizophrenia represent diametric conditions. Collectively, the
findings to date indicate that the ECS plays a key role in the pathophysiology of ASD

and may provide new insights into potential interventions and could represent a novel
target and strategy for ASD pharmacotherapy. Our current knowledge on the emerging
role of the ubiquitous ECS in neuro-immune-microbiome cross talk provides targets to
study comorbidity between psychiatric disorders and neurological illness. There is also
growing awareness of the involvement of gut microbiome and inflammation in a number
of psychiatric and neurological disorders. The ECS system interaction with the microbiome
and neuroglia cells in the brain is providing new therapeutic targets but also in understanding
underlying mechanism (s) associated with psychiatric and neurological disorders. Mounting
evidence shows that CB2Rs and its gene variants may play possible roles in psychiatric
and neurological disorders with associated inflammatory reactions. With the increasing
use of cannabis and cannabinoids, an ECS pharmacogenomic test on individualized basis
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could be used for diagnosis and whether or not medical cannabis can be of therapeutic
benefit. A better understanding of the epigenetic regulation of eCB signaling as well

as the eCB regulation of epigenetic mechanisms will be of great value for the possible
design of more specific eCB epigenetic drugs. Therefore, more studies on the potential
maternal and paternal transgenerational and/or epigenetic effects of cannabinoid abuse are
needed with the global changing landscape in recreational and medical use of cannabis and
cannabinoids. Development of cannabis and cannabinoid nanomedicine for nanotherapy
will certainly overcome some of the shortcomings and challenges in medicinal and
recreational use of cannabis and cannabinoids. As cannabinoids are a class of lipophilic
compounds, the use of different surfactants and delivery systems to improve cannabinoid
solubility and enhance bioavailability must be considered. To overcome these limitations,
nanoparticle formulations may offer an attractive alternative. In practice, this means that
the cannabinoids will be “‘packed’ in endogenous nanoparticles, offering the opportunity

to effectively deliver the cannabis and cannabinoid formulations to the diseased sites, by
applying nanotechnological advances to nanomedicine. The application of nanotechnology
to medicine involves employing nanoparticles not only to enhance the action of drugs, but
also expected to improve diagnosis and therapy of diseases and reduce health care cost.
Thus, nanotechnology will allow targeted delivery of cannabinoid formulations with the
potential to elevate their use to scientifically validated nanotherapeutic applications as the
field of cannabis nanoscience matures.
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Abbreviations

2-AG 2-Arachidonyl glycerol
ABHD6 alpha beta hydrolase domain
ABHD12 proteins

AD Alzheimer’s disease

ADHD Attention hyperactivity disorders
ASDs Autism spectrum disorders
BT Brain tumors

CBRs Cannabinoid receptors
CNR cannabinoid receptor gene
CNS central nervous system

CP cerebral palsy

CUDs Cannabis use disorders
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DSI/DSE Depolarization-induced suppression of inhibition / excitation
eCB endocannabinoids

ECS endocannabinoid system

ENS enteric nervous system

ERKL1/2 Extracellular signal-regulated kinase 1/2

ET essential tremor

FAAH Fatty acid amide hydrolase

GABA Gamma-Aminobutyric acid

GPCR G protein-coupled receptor

HD Huntingtin disease

IC insular cortex

JNK c-jun N-terminal kinase

LTD long-term depression

MAGL Monoacylglycerol lipase

MAOIs monoamine oxidase inhibitors

MS Multiple sclerosis

NAc nucleus accumbens

PBMCs peripheral blood mononuclear cells

p-CREB phosphor-cAMP response element-binding protein
PD Parkinson’s disease

PET positron emission tomography

PI3K/Akt phosphatidylinositol-3-kinases / protein kinase B
PNS Peripheral nervous system

PPARs peroxisome proliferator-activated receptors
SNPs single nucleotide polymorphisms

SNRIs selective norepinephrine reuptake inhibitors
SSRIs selective serotonin reuptake inhibitors

TBI Traumatic brain injury

TCAs tricyclic antidepressants
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THC tetrahydrocannabinol
TRPV1 transient receptor potential vanilloid type 1
TS Tics and Tourette’s syndrome
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Neuropsychiatric and AUDs

Schematic of ECS neuro-immune signaling in neuropsychiatric disorders. In our studies, we
used both IBA1 and CD11b antibodies, as IBA1 is a good marker that does not cross-react

with neurons and astrocytes, while CD11b is a good marker for changes in microglia

morphology
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Cannabis and Human Genome

Cannabis Genome
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Fig. 9.2.
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Cannabis and Human genomes. The decoding of the cannabis and human genomes with
10 and 23 chromosomal pairs with 9 and 22 autosomes, respectively, have similar sex
chromosomes. There are 30, 074 genes in the decoded cannabis genome and 30, 000 human

genes
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Crystal structures of CBIR and CB2R

Lietal, Cell 2019
The determination of the crystal structures of CBIR and
CB2R reveals a yin-yang relationship and functional profile of
CB2R antagonism versus CB1R agonism.

Fig. 9.3.
The determination of the crystal structures of CB1R and CB2R reveals a yin-yang

relationship and functional profile of CB2R antagonism versus CB1R agonism (Hua et al.
2016; Li et al. 2019)
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