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Maladaptive fears are often treated using therapies based on
extinction—re-exposure to a feared stimulus in a safe environ-
ment. Although these treatments can be effective, relapse is
common [1]. Since the time of Pavlov, relapse has been thought to
indicate that extinction is new learning, not unlearning [2]. From
this perspective, relapse is a mnemonic phenomenon in which
two opposing memory traces vie for expression. Recent work
suggests that the hippocampus is an arena in which this
competition plays out.
Experiments in mice demonstrate that the hippocampal

dentate gyrus (DG) generates a contextual fear “engram.”
Immediate-early gene-based tagging of neurons active during
acquisition of contextual fear—fear of the chamber in which a
footshock was given—shows that these neurons are reactivated
during recall of contextual fear [3]. Furthermore, optogenetic
experiments demonstrate that this reactivation is necessary and
sufficient for expression of contextual fear [3, 4]. Two recent
studies investigated what happens to hippocampal fear ensem-
bles when contextual fear is extinguished.
The first of these studies, by Lacagnina et al. [5], used a transgenic

mouse line to tag neurons active during acquisition or extinction of
contextual fear. During a test session shortly after extinction training,
fear acquisition neurons were suppressed and extinction neurons
were reactivated. A month after extinction training mice displayed
spontaneous recovery (relapse) of fear, and the pattern reversed: fear
acquisition neurons were reactivated while extinction neurons were
suppressed. The results suggest that the DG generates distinct fear
acquisition and extinction representations, and competition between
these representations determines whether fear is suppressed or
recovers after extinction. Consistent with this interpretation,
optogenetic manipulations demonstrated that reactivation of
extinction neurons is necessary for suppression of fear after
extinction, whereas reactivation of fear acquisition neurons is
necessary for spontaneous recovery [5]
The other recent study, by Khalaf et al. [6], highlights that fear

acquisition neurons also play an important role in extinction
learning. In this study, neurons active during recall of a remote
fear memory (acquired a month before extinction training) were

tagged. Reactivation of these neurons was necessary for
effective extinction, and artificial stimulation of these neurons
improved extinction. For extinction to be effective, the fear
acquisition memory must be reactivated during extinction
training. Whether these findings apply to recent fear memories,
like those studied in the Lacagnina et al. [5] experiments, is not
yet known.
These studies reveal new ensemble mechanisms of fear

extinction and relapse and raise some interesting questions. For
instance, what aspects of extinction training stimulate creation
of hippocampal extinction representations, and how do these
representations suppress fear? Do they do so by activating
extra-hippocampal fear-suppressive networks? In the Lacagnina
study, why did fear acquisition neurons become more active
over time and extinction neurons less active? Is it because of
intrinsic differences between the two populations, changes in
upstream input pathways, or different plasticity mechanisms
involved in fear acquisition and extinction? Addressing these
and other questions raised by the Lacagnina and Khalaf papers
may provide keys to making extinction more resistant to
relapse.
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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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