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Small- molecule transmitters are transported from the cytosol

into vesicles or from the synaptic cleft to the cytosol by

TRANSPORTERS



Neuromodulatory neurons in the brainstem and basal

forebrain project to sites throughout the forebrain

A group of neurotransmitters plays a predominantly

modulatory role, i.e. serotonin, dopamine, 

norepinephrine, histamine. A striking feature of 

neuromodulatory systems is their broad reach. 

Although the cell bodies of these neurons are 

clusterd in discrete nuclei in the brainstem and 

basal forebrain, their axons reach much of the 

forebrain.



Neuromodulatory neurotransmitters

(NEUROMODULATORS) exert several

different effects on target neurons

Whereas neurotransmitters such as

glutamate or GABA can elicit rapid excitation

or inhibition of postsynaptic neurons by 

activating ionotropic receptors, 

neuromodulators act on a slower time scale, 

usually through GPCRs.  Neuromodulators

can have diverse effects on their targets 

depending on the location and downstream 

signalling events of their receptors.



Unconventional transmitters (eCBs, NO): 

retrograde signalling



Plant-derived 

cannabinoids

Endocannabinoids

(eCBs)

AEA

2-AG

AEA and 2-AG are unsaturated fatty acids, 

derivatives of arachidonic acid.

Their precursors are present in lipid membranes

Endocannabinoid system:
- eCBs

- Receptors (CB1, CB2, …)

- enzymatic machinery for eCB synthesis and degradation



The type-1 cannabinoid receptor (CB1) is the main 

effector of the endocannabinoid system (ECS), which 

is involved in several brain and body functions





A brief history of cannabinoid

and endocannabinoid

research



Phylogenesis of the Endocannabinoid

System
- CB1/CB2-type receptors are unique to chordates (CiCBR in 

the urochordates Ciona intestinalis, BfCBR in the 

cephalochordate Branchiostoma floridae)

- Enzymes involved in biosynthesis/inactivation of eCBs

occur throughout the animal kingdom.



Biosynthesis of endocannabinoids

NAPE

NAPE



Lu and Mackie, 2016

- most endocannabinoid receptors 

(CB1) are present on axon terminals 

and preterminal axon segments

- eCBs precursors are present in lipid 

membranes

- on demand (by activation of certain G 

protein–coupled receptors [mGluRs, 

mAChRs] or by depolarization) eCBs

are liberated in one or two rapid 

enzymatic steps and released into the 

extracellular space.

In the mature brain endocannabinoids (eCBs) inhibit

neurotransmitter release by acting as retrograde messengers



What are the consequences of prenatal cannabis exposure?



CB1 activation influences varoius
aspects of neural development

ENDOCANNABINOIDS

Neurite 

outgrowth



from Roland et al., 2014

CB1-induced actomyosin contraction results in neurite retraction:

CB1 and DAGLa both accumulate in the 

central domain and actin-rich filopodia of 

growth cones (arrows)

Berghuis et al., 2007

CB1 activation regulates neurite outgrowth in rodents



Interference with the cannabinoid

receptor CB1 induces miswiring of GnRH

axons in zebrafish

Preliminary data……



from Watson et al., 2008

Zebrafish larvae injected with CB1 morpholino at 72

hours post fertilization (hpf) showed defects in

fasciculation of the anterior commissure



Development of the GnRH (Gonadotropin Releasing

Hormone) system in zebrafish embryo

Co-development of GnRH3 terminal 

nerves (red) and ORN projections

(green). 
(Cadman, 2010)

GnRH3/OMP

Ventral view of 

positive fibers in 

the intact brain of 

GnRH3::EGFP zf

embryos. 

AC

Abraham et al., 2008.

Does interference with CB1 receptors

affect GnRH neurons and fibers?



CB1 receptors are expressed in forebrain axonal fibers, 

including anterior commissure, postoptic commissure and 

optic chiasm, in close proximity to GnRH+ fibers

High magnification of GnRH3+ fibers

in close proximity to CB1+ punctate

staining

Immunocytochemical staining with anti-

CB1 antibody (red fluorescence) on 

horizontal section of a 72 hpf zf embryo. 

Green = GnRH3+ fibers; Blu = DAPI

Colocalization of GnRH3- and CB1-

positive fibers in the brain of 

GnRH3::EGFP zf embryo



Pharmacological inhibition of CB1 receptors 

affects the normal pathfinding of GnRH3 

neurons in zebrafish embryos



Morpholino-mediated CB1 knockdown affects the 

normal axonal pathfinding and the number of GnRH3 

neurons in zebrafish embryos

72 hpf

GnRH3::GFP+

zf embryos
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CB1 inhibition influences the expression of 

Stmn2, Sez6 and Negr1, genes involved in the 

control of axonal development

Stmn2

Stmn2

from Cristino et al., 2014

qRealTime RT-PCR
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Does CB1 inhibition interfere with other neuronal systems?

Anterior

commissur

e

Ventral tegmental

commissure

POC



AM251 100 nM

AgRP1

Control

AgRP1

AgRP1AgRP1

AM251 1 mM

AgRP1

WIN 55,512-2  100 

nM

WIN 55,512-2  100 

nM

Exposure to CB1 receptor ligands also affects the 

normal pathfinding of AgRP1 neurons

96 hpf

Agrp1:mCherry+

zf embryos

Anterior

commissure



CONCLUSIONS of our preliminary data:

During zebrafish development the activation of CB1 cannabinoid

receptors:

• regulate the number of GnRH3 neurons

• control axonal pathfinding and fasciculation of GnRH3 fibers

and possibly fibers of other neuronal systems.

• regulate the expression of genes involved in axonal growth

and fasciculation (i.e., Stmn2b, Negr1 and Sez6a).


