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The complexity of pharmacology of cannabidiol (CBD)
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Cannabidiol (CBD) is one of the major cannabinoid constituents of
the Cannabis plant. Recently, CBD has sparked the interest of
medical researchers because of its more than 65 identified
molecular targets. Of those, mostly studied in brain disorders
are cannabinoid, 5HT1A receptors, G-protein receptor protein 55
(GPR55), transient receptor potential (TRP) channels, and cyto-
chrome P450s [1]. Here we discuss possible mechanisms of actions
of CBD in several brain disorders.
The evidence suggests that the antiepileptic potential of CBD

may be via its modulation of TRP (vanilloid 1 and TRPA),
potassium channels, NMDA receptors, and more recently by the
interaction with GPR55 to reduce neuronal excitability [1, 2].
Although in the US, CBD is currently prescribed as an adjuvant
treatment for seizures in Lennox-Gastaut and Dravet syndromes,
as well as tuberous sclerosis complex, it is still unknown if
CBD’s antiepileptic properties are due to its direct interaction
with the molecular targets, or possibly through potentiating
effects of antiepileptic treatments by modulation of cytochrome
P450s [1, 3].
CBD exhibited anxiolytic properties by acting on the 5HT1A

receptors in animal models [1]. Most recently, an in vitro study
showed that CBD might also elicit anxiolytic effects by allosteri-
cally modulating GABAA receptors [4]. Human studies using CBD
were limited to assessing the short-term effects of CBD on social
anxiety disorder (SAD) [1].
By the mechanism of action on the CB1 receptor, CBD

attenuated behavioral responses to different forms of aversive
memories in rodent PTSD models [5]. Although in human studies,
CBD was associated with reduced PTSD symptomatology, the
evidence is only limited to case studies, while possibly being
confounded by the co-administration of other psychiatric treat-
ments [6].
The antidepressant properties of CBD by activation of 5HT1A

receptors were revealed in animal models of depression [1].
However, to date, CBD’s effects on clinical depression have not
been studied.

CBD has been proposed to have anti-psychotic effects by
modulating dopamine D2, cannabinoid receptors, and TRPV1
channels; however, these mechanisms are somewhat speculative,
given the lack of reproducibility of findings. In human studies, CBD
produced conflicting evidence to either augment or improve the
symptoms of schizophrenia [1].
The anti-addictive potential of CBD was demonstrated in animal

models of cannabis, opioid, alcohol, methamphetamine, and
cocaine use disorders. Although CBD’s molecular pathways are
still poorly understood, they may include neuronal excitability,
5HT1A receptors and possibly cannabinoid and opioid systems. In
small-scale clinical trials, CBD reduced cigarette consumption and
heroin cue-induced craving. The anecdotal evidence also shows
the positive effects of CBD on reducing symptoms of cannabis and
alcohol use disorders, yet these effects need further investigation
in larger trials [1].
In summary, the complexity of CBD pharmacology is due to

CBD’s ability to interact with several molecular targets, making it a
good candidate for further therapeutic investigation. Currently, in
the US, CBD is only prescribed for treatment of childhood
epilepsies, while other indications are still under exploration. To
fully elucidate its true therapeutic potential in other brain
disorders, CBD needs to be tested in larger-scale randomized,
placebo-controlled trials.
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Is depression a disorder of electrical brain networks?
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Major depressive disorder (MDD) is one of the most prevalent and
disabling neuropsychological disorders in the world, with 15% of
adults expected to experience depression sometime in their lives.
Current treatment options are largely ineffective, as only 50–70%
of patients experience remission after multiple rounds of
treatment [1]. Thus, there is a clear and immediate need for the
development of novel therapeutics that prevent MDD. Never-
theless, this endeavor has been hampered by limited knowledge
of the biology underlying the disorder.
A well-validated murine model of depression, chronic social

defeat stress (CSDS) [2], can differentiate between mice
that exhibit MDD-like behavior following stress exposure,
termed “susceptible”, and those that do not, termed “resilient”.
Our lab’s prior work exploring network dynamics linked to
CSDS susceptibility found that susceptible mice exhibited
greater prefrontal cortex (PFC)-dependent limbic synchrony
[3]. Since susceptible and resilient mice experienced identical
stress exposure but exhibited different network dynamics
after CSDS, we hypothesized that differences in network
dynamics exist prior to stress exposure and could serve as a
biomarker for the vulnerable population of test mice (i.e., mice
that will exhibit MDD-like behavior following future exposure
to CSDS).
To test this hypothesis, multicircuit recordings during acute

threat were collected from test mice before and after exposure
to CSDS, and processed using discriminative cross-spectral
factor analysis (dCSFA), a model of machine learning [4]. The
dCSFA method was chosen for its interpretability (i.e., relat-
ability to specific neural phenomena) and prediction (i.e.,
discrimination of behavioral variables). This approach identified
four electrical network features, termed “electome factors”.
These networks were validated using techniques previously
demonstrated to increase vulnerability (e.g., early life stress,
inflammation, and overexpression of the gene Sdk1 in the
ventral hippocampus). Only one of these electome factors,

Electome Factor 1 (EF1), was responsive to vulnerability
manipulations and, consequently, validated as a network
underlying vulnerability. Furthermore, techniques for treating
susceptible mice after CSDS (e.g., ketamine administration and
suppression of activity in PFC) did not have any significant
effect on EF1, though these treatments suppressed other
electomes associated with susceptibility. Activity in this network
originates in the PFC and ventral striatum, relays through the
amygdala and ventral tegmental area, and converges in the
ventral hippocampus. Together, these results indicate that EF1 is
a biomarker of vulnerability and is distinct from MDD-like
susceptibility.
Alternative techniques have identified networks indicative of

individual vulnerability to social stress in rats [5]. Though
vulnerability identification has not progressed to humans yet,
recent functional magnetic resonance imaging studies in
depressed patients have revealed distinct functional networks
[6]. Furthermore, differences in functional connectivity successfully
predict different subtypes of depression as well as responsiveness
to treatment, suggesting that network-level analyses may provide
an avenue for developing more successful treatments for
depression.
Our findings demonstrate that network-level spatiotemporal

dynamics can indicate previously obscured vulnerable individuals
within heterogeneous populations. These results could support
the development of novel therapeutic mechanisms targeted at
preventing the emergence of MDD or encouraging resilience in
vulnerable populations. Furthermore, they encourage exploration
of electome networks that may signal other emotional states in
health and disease.
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