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what areas of the brain process marijuana?

hypothalamus cortex

)E basal ganglia y. J

hippocampus

ventral striatum___

amygdala
cerebellum

brainstem




Explicit memory or declarative memory:
objects, places, facts, people, and events.

~N

Short term
explicit
memory

Converted
to long
term
memories

the same areas
that originally
processed the
information.




Implicit memory or procedural memory:
skills, habits, and conditioning.

Implicit Memory Storage

Implicit memories of skills,
habits, and conditioning are
stored in the cerebellum,
striatum, and amygdala
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Three Types of
Implicit Learning

Habituation™ Sensitization Cla.ss.lca.l
Conditioning




Most simple form of learning

Initial response to stimuli:
very defensive -

@2

Purpose:
Animal needs to learn which stimuli to safely ignore

habituation

Eliminates inappropriate or
exaggerated defense responses

Important for:

Organizing perception




Sensitization — mirror image of habituation

After a noxious stimulus

sensitization

It teaches the animal to attend and respond more vigorously to almost any
stimulus




Aversive Classical Conditioning

o

A neutral stimulus must always precede the aversive stimulus — that way the
animal will come to predict it.

o

itioning

o

Pavlov: shock a dog’s paw. The shock caused the animal to raise and withdraw its leg —
a fear response.

Pavlov found that after several trials in which he paired the shock with a bell — first sounding the
bell then the shock — the dog would withdraw his paw whenever the bell sounded.
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Classical conditioning an association is formed between a pair of stimuli that
occur in rapid sequence.
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Teaches the animal to associate an unpleasant stimulus with a stimulus that

ﬂ ordinarily elicits no response. .
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Synaptic strength is not fixed — it can be altered in different ways by
different patterns of activity.




Cellular basis of learning and memory

e Learning changes neural

Cellular responsiveness
e Enhanced functioning of

existing neural circuits or
theory the establishment of
new ones.

modification




Changes in synaptic efficiency: active receptor Y

(1) normal synapse
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How do endocannibinoids affect synaptic transmission?
f post-synap'b / VoItage—\ /

dependent Ca**
channels open
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the terminal.
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endocannabinoid signaling is critical during development
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Brain maturation continues through adolescence.

adolescence

infancy

%/_/

robust neurodevelopment

12-17 years old

synaptic pruning
hippocampus receptor distribution
prefrontal cortex volumetric growth
myelination

brain maturation continues




CB, receptors increase dramatically from infancy to young adulthood.

CB1 receptor
expression

changes over
time

dramatic
increase during
development

frontal cortex,
striatum &

hippocampus

hypothalamus ]

cortex

basal ganglia

hippocampus

ventral striatum

amygdala

cerebellum

brainstem




endocannabinoid Iiga nd expression changes during adolescence.

AEA and 2-AG expression
changes

AEA — onset of puberty for
females in hypothalamus

2-AG expression changes in
PFC &

N. Accumbens

hypothalamus

cortex

basal ganglia

hippocampus

ventral striatum

amygdala

cerebellum

brainstem

disruption of normative endocannabinoid
signalling during adolescence may have long-
standing consequences on adult brain function
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The marijuana perception:

' : e addictiveness
the reality: cannabis-dependent compared to other

individuals outnumber those substances

reporting dependence on other
illicit drugs
SAMHSA, 2011

e tobacco
alcohol

¢ cannabis-associated
mortality lower



Long lasting consequences of cannabis exposure in adolescence
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2002). Moreover, there is evidence for a role of the endo-
cannabinoid system in neural development. Both cannabinoid
receptors and endocannabinoid ligands can be detected in the
brain during early developmental periods (Romero et al., 1997;
Berrendero et al., 1999). The atypical distribution of cannabi-
noid CB1 receptors during the perinatal period seems to be
related to a specific involvement of the endocannabinoid system
in brain development. The system constituted by CB1 recep-
tors and their putative endogenous ligands might influence the
gene expression of several key genes for neural development
as part of the specific function of the endocannabinoid sys-
tem during this period (Fernandez-Ruiz et al., 2004). Moreover,
in animal models, cannabinoid receptors have been shown to
mature slowly, with maximal levels during adolescence which
later drop to adult levels (Rodriguez de Fonseca et al., 1993;
McLaughlin et al., 1994; Belue et al., 1995). Like dopamine
receptors (Seeman, 1999), cannabinoid receptors may undergo
postadolescent pruning. It is, therefore, conceivable that intake
of exogenous cannabinoids, especially in vulnerable develop-
mental periods, such as the adolescence, might induce residual
effects.




Schizophrenia is a devastating illness.

emerges: late
adolescence or
early adulthood

1% of world
population

most experience

 lifetime of high emotional

10% eventually

commit suicide a5 family burden




Psychosis:

distortions in
inferential
thinking

delusions -fixed, false beliefs
that are firmly held in the face
of contradictory evidence

perceptual
disturbances

hallucinations

voices distinct from
one’s own thoughts

auditory
hallucinations



Risk of developing schizophrenia
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twin studies:
only 50% is accounted for by genes — the rest is environmental risk




environmental events increase risk

environmental advanced paternal
events during age at time of PE—

development conception g

adolescence

environmental
events during
development

frequent cannabis
use during
adolescence

genetics + environment

paternal age
at time of
conception



Schizophrenia is more than psychosis.

disturbances in brain function

— social

language
(fluency &
production)

capacity for
pleasure

expression
of emotion

inferential
thinking

perception volition attention

— occupational




Does cannabis use

increase the risk of Worldwide evidence documents that cannabis use is a mod-
schizo 0 hrenia? est statistical r.isk ‘factor for‘thé emergence Of- psy_cho‘sis. ranging
from psychotic symptoms such as hallucinations and delu-

sions to clinically significant disorders such as schizophrenia.

Prospective studies estimate that cannabis use is associated with

a two-fold increase in later schizophrenia outcomes, and early,

adolescent-onset cannabis use is associated with a higher risk

| ' (Arseneaultetal.,2004), possibly because individuals who begin

touse cannabis when the brain is still developing are most vulner-
able toits deleterious effects (Ehrenreich et al., 1999: Pistisetal
at—=2003=Sehnerderamd Koch, 2003). Nonethe-
less, lhe vast majority of young people who use cannabis do not
develop psychosis, suggesting the hypothesis that, if cannabis is
indeed causal, some individuals may be genetically vulnerable
to its effects.

Rubino, T and Parolaro, D (2008) Molecular and Cellular Endocrinology 286S S108-S113






CORTICAL INHIBITORY NEURONS
AND SCHIZOPHRENIA

David #Lewis*?, Takanori Hashimoto* and Daviil Tehigi*

Aktract | Impairments in certain cognitive functions, such as working memONmgge core features
of schizophrenia. Convergent findings indicate that a deficiency in signalling through'®
neurotrophin receptor leads to reduced GABA (y-aminobutyric acid) synthesis in the
parvalbumin-containing subpopulation of inhibitory GABA neurons in the dorsolateral pre
cortex of individuals with schizophrenia. Despite both pre- and postsynaphc oornpensatay
responses, the resulting alteration in pensomabc inhibition of pyramidal neurons contributes to a
diminished capacity for the gamma-frequency synchroniz suronal 'v‘frm'ry that is required for
working memory function. These fndlngs reveal specnﬁc targets for therapeutic interventions to
improve cognitive function in inadviduals with schizophrenia.
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Research article

Dysfunctional GABAergic inhibition in the prefrontal cortex leading

to "psychotic" hyperactivation
Shoji Tanaka
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Abstract

Background: The GABAergic system in the brain seems to be dysfunctional in various psychiatric
disorders. Many studies have suggested so far that, in schizophrenia patients, GABAergic inhibition

is selectively but consistentlz reduced in the Erefrontal cortex !PFC!.

Results: This study used a computational model of the PFC to investigate the dynamics of the PFC
circuit with and without chandelier cells and other GABAergic interneurons. The inhibition by
GABAergic interneurons other than chandelier cells effectively regulated the PFC activity with
rather low or modest levels of dopaminergic neurotransmission. This activity of the PFC is
associated with normal cognitive functions and has an inverted-U shaped profile of dopaminergic
modulation. In contrast, the chandelier cell-type inhibition affected only the PFC circuit dynamics
in hyperdopaminergic conditions. Reduction of chandelier cell-type inhibition resulted in bistable
dynamics of the PFC circuit, in which the upper stable state is associated with a hyperactive mode.
When both types of inhibition were reduced, this hyperactive mode and the conventional inverted-
U mode merged.

Conclusion: The results of our simulation suggest that, in schizophrenia, a reduction of
GABAergic inhibition increases vulnerability to psychosis by (i) producing the hyperactive mode of
the PFC with hyperdopaminergic neurotransmission by dysfunctional chandelier cells and (ii)
increasing the probability of the transition to the hyperactive mode from the conventional inverted-
U mode by dysfunctional GABAergic interneurons.

Tanaka, S. (2008) BMC Neuroscience 9:41



J Physiol 562.1 (2005) pp 9-26

SYMPOSIUM REPORT

Defined types of cortical interneurone structure space
and spike timing in the hippocampus

Peter Somogyi' and Thomas Klausberger'-?

' MRC Anatomical Neuropharmacology Unit, Department of Pharmacology, University of Oxford, Mansfield Road, Oxford OX1 3TH, UK
?Section of Biochemistry and Molecular Biology, Brain Research Institute, Medical University of Vienna, Austria




The cortex encodes, ciores & combines
information about the external and internal

environment in terms of rhythmic activity. /V\MN\’

rhythmic activity
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A recent study found that cannabis use was significantly

SO —_— d Oe S Ca n n a b I S u Se associated with a decrease in age of onset of schizophrenia

(Sugranyes et al., 2009). This is concerning as the early onset

d u rl n g a d O | e S Ce n C e of schizophrenia has been proven to be a negative outcome
factor (Malla and Payne, 2005; Rabinowitz et al., 2006). A

. . ? study in Spain found that patients presenting with first

I n C re a S e t h e rl S k Of SX . episode psychosis (average age 15.5 years) had a higher rate of
positive symptoms and less negative symptoms if they were
cannabis users compared with non-cannabis users (Baeza
et al., 2009). In addition, the increases in cannabis use in the
UK population over the last 30 years as reported by Hickman
et al. (2007) were concluded by the authors to be mainly due
to more prolonged use initiated at younger ages (Hickman
et al., 2007). Thus, despite some variables factors such as the
measurement of psychotic symptoms and control for con-
founding factors, it appears that there is a causal link between
adolescent cannabis use and the development of psychoses
such as schizophrenia. With a greater amount of adolescents
consuming cannabis, it has become imperative to critically
evaluate whether this age group is particularly vulnerable to
developing psychoses such as schizophrenia compared with
adolescents that do not consume cannabis, and to elucidate
mechanisms responsible for this vulnerability.



Adolescent cannabis use and psychosis:
epidemiology and neurodevelopmental models

Daniel T Malone', Matthew N Hill? and Tiziana Rubino®

'"Medicinal Chemistry and Drug Action, Monash Institute of Pharmaceutical Sciences, Faculty of Pharmacy and
Pharmaceutical Sciences, Monash University, Parkville, Vic., Australia, *Laboratory of Neuroendocrinology, Rockefeller
University, New York, NY, USA, and *DBSF and Neuroscience Center, University of Insubria, via A. da Giussano 10, 21052
Busto Arsizio (VA), Italy

Malone, D. T., et al (2010) British Journal of Pharmacology, 160, 511-522
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Impact of Cannabis Use on Brain Functi

Research report
Altered prefrontal and insular cortical thickness in adolescent marijuana users
Adolescents
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Neuropsychopharmacology (2013) 38, 2338-2347
. © 2013 American College of Neuropsychophamacology. Al ights reserved 0893-133013
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Adolescent Cannabinoid Exposure Permanently Suppresses
Cortical Oscillations in Adult Mice

Sylvina M Raver'?, Sarah P Haughwout® and Asaf Keller*'?
‘mammquqwmm.m’wmoﬂmmm
University of Maryland School of Medicine, Baltimore, MD, USA

Regular marjuana use during adolescence, but not adulthood, may permanently impair cognition and increase the risk for psychiatric
diseases, such as schizophrenia. Cortical oscillations are integral for cognitive processes and are abnormal in patients with schizophrenia.
We test the hypothesis that adolescence is a sensitive period because of the active development of cortical oscillations and
neuromodulatory systems that underfie them. The endocannabinoid system upon which marijuana acts is one such system. Here we test
the prediction that adolescent cannabinoid exposure alters cortical osaillations in adults. Using in vitro local field potential, in vivo
later-maturing prefrontal cortex is more sensitive to adolescent exposure than the earfier-maturing, primary somatosensory cortex.
These data establish a link between chronic adolescent cannabinoid exposure and alterations in adult cortical network activity that
underfie cognitive processes.

Neuropsychopharmacology (2013) 38, 2338-2347; doi:10.1038/npp.2013.164: published online 24 July 2013
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what now?
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basal ganglia
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