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Introduction

The endocannabinoid system (ECS), a lipid signaling system, is primarily known
from its ability to interact with d9-tetrahydrocannabinol (THC), the best known
psychoactive compound of Cannabis sativa, or cannabis. It is known that
cannabis was already used in China almost 5000 years ago, because of its healing
properties. We also know that Queen Victoria’s personal physician, Sir Russell
Reynolds, described therapeutic effects of cannabis in the 19th century, mentioning
relieve of mental, sensorial and muscular ailments (Reynolds 1890). However, the
use of cannabis as a recreational drug induced fear of substance abuse, which
overshadowed its medicinal properties. In the last few decades, scientists gained
interesting pharmaceutical knowledge regarding the ECS, and as a result,
interest in the potential healing capacity of this system has increased again. To
date, most research on the ECS has been done in rodents. In this thesis, we
have studied the potential of the zebrafish larval model in studying the ECS, as
a complementary model to the existing rodent models. More specifically, we
have looked at the role of the ECS in regulating locomotion and anxiety, and
its interaction with the hypothalamic-pituitary-interrenal (HPI) axis, or stress axis.
This research may help in discovering drug targets in the ECS for treatment of
anxiety or stress related disorders.

The endocannabinoid system

It took many years after the discovery of THC, before the two receptors were
discovered that mediate the effects of this compound. The cannabinoid receptor
1 (Cnr1) was discovered in 1990 (Matsuda et al. 1990), and cannabinoid receptor
2 (Cnr2) a few years later, in 1993 (Munro et al. 1993). Cnr1 is mostly distributed
presynaptically and is expressed in several subtypes of neurons, such as glutama-
tergic, GABAergic and monoaminergic neurons (Freund et al. 2003). However,
the density differs between types of neurons, and is for example much higher in
GABAergic neurons than in glutamatergic neurons in the hippocampus (Albay-
ram et al. 2011). In addition, the distribution of Cnr1 throughout the brain shows
notable local differences (Chevaleyre et al. 2006; Van Waes et al. 2012). Cnr1 is a
G protein-coupled receptor, which upon activation inhibits adenylate cyclase and
N- and P/Q-type Ca?" channels, and activates K* channels, leading to an inhibited
neurotransmitter release and a subsequent lowered excitability of the presyna-
ptic neuron (Fig. 1). Like Cnr1, Cnr2 is a GPCR and also facilitates inhibition of
adenylate cyclases (lbsen et al. 2017). Its function is often linked to a variety of
immune events and Cnr2 has anti-inflammatory effects (Cabral and Griffin-Tho-

mas 2009). Initial research on Cnr2 did not show any expression in the central
nervous system (CNS), but instead showed only expression in the periphery
(Atwood and Mackie 2010). However, recently it was reported that Cnr2 is also
present in the brain, where it exerts functional effects, such as modulating neuro-
nal excitability and network synchronization (Chen et al. 2017).
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Ca?*-Channel

Fig. 1 The ECS consists of the Cnrs, the ligands N-arachidonoylethanolamine (AEA) and 2-arachi-
donoylglycerol (2-AG) and their metabolic enzymes. 1 AEA is postsynaptically synthesized from
phospholipids by N-acyl phosphatidylethanolamine-specific phospholipase D (Nape-pld) and 2
degraded by fatty acid amide hydrolase (Faah), while 3 2-AG is synthesized by diacylglycerol lipase
(Dagl), which is 4 presynaptically degraded by monoacylglyceride lipase (Mgll). 5 Binding of AEA
or 2-AG to Cnr1 inhibits opening of Ca?*-channels, which results in less intracellular Ca*" and sub-

sequently a reduced neurotransmitter release. ER = Endoplasmatic Reticulum.

At least two endogenous ligands are responsible for Cnr1 and Cnr2 activation,
N-arachidonoylethanolamine (anandamide; AEA) (Devane et al. 1992) and
2-arachidonoylglycerol (2-AG) (Sugiura et al. 1995). These signaling lipids, also
called endocannabinoids (eCBs), are postsynaptically synthesized and released
in a retrograde fashion. Upon release into the synaptic cleft, eCBs can activate
Cnrs or can be taken up by transporters into synaptic terminals or glia cells for
rapid degradation (De Petrocellis et al. 2004; Pazos et al. 2005). AEA is prima-
rily degraded by the enzyme fatty acid amide hydrolase (Faah), while 2-AG is
hydrolyzed by monoacylglyceride lipase (Mgll). Interestingly, the biosynthesis,
secretion and metabolism of AEA and 2-AG are differently regulated. As a result,
levels of 2-AG and AEA can vary greatly in the same organ, tissue or cell and
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can even undergo opposite changes (Di Marzo and De Petrocellis 2012). It has
been suggested that AEA represents a tonic signal, whereas 2-AG represents
a phasic signal (Hill and Tasker 2012). A tonic signal would regulate neurotran-
smitter release under steady-state conditions, while a phasic signal is needed
for (acute) synaptic plasticity. This idea may be further supported by the fact
that Faah is expressed postsynaptically (Egertova et al. 2003), whereas Magl is
located presynaptically (Dinh et al. 2002). Degradation of AEA and 2-AG thus
takes place at different levels of the signaling pathway and therefore AEA and
2-AG may have different lifetimes (Steiner and Wotjak 2008). Especially 2-AG
would require a short lifetime, since its potential role in regulating acute synaptic
plasticity. However, functional interpretation of eCB levels is complicated, since
2-AG can also serve as an intermediate in several lipid metabolic pathways. For
example, 2-AG can function as a source of arachidonic acid for biosynthesis
of prostaglandins (Nomura et al. 2011), which may be the reason why 2-AG is
far more abundant than AEA (Buczynski and Parsons 2010). Furthermore, it has
been suggested that eCBs do not only regulate Cnr activity, but may also
fine-tune cell homeostasis via interactions with other targets, such as the
transient receptor potential vanilloid type-1 channel (Di Marzo and De Petrocellis
2012).

The HPA axis

Anxiety disorders are often associated with a dysfunctional hypothalamic pituitary
adrenal (HPA) axis (Carlo et al. 2012). The HPA axis is activated upon stress, which
results in an increase of circulating glucocorticoids and a subsequent changed
activity of multiple target systems in our body. Stressful stimuli cause the activation
of neural inputs of corticotropin releasing hormone (CRH) neurons in the
hypothalamic paraventricular nucleus (PVN), which leads to the release of CRH,
but also of vasopressin in the basal hypothalamus. CRH is transported to the
anterior pituitary and vasopressin to the posterior pituitary. They both stimulate
the secretion of stored adrenocorticotropic hormone (ACTH) from corticotrope
cells (Steiner and Wotjak 2008). The secreted ACTH is transported by the blood
to the adrenal glands where they stimulate the synthesis of glucocorticoids in
the adrenal cortex, leading to an increased secretion of glucocorticoids into the
blood. Generally glucocorticoids act on the mineralocorticoid receptor (MR) and
the glucocorticoid receptors (GR), and these receptors are expressed by many
different types of neurons, but also other cell types. These receptors act as
ligand-activated transcription factors, and many glucocorticoid-evoked actions
in different organs have been described (Pecoraro et al. 2006; Tasker and Her-
man 2011). Besides their stress-related effects, such as energy release, glu-
cocorticoids control the negative feedback of the HPA axis (Tasker and Her-
man 2011). This negative feedback loop regulates HPA axis activity at the level
of the hypothalamus (Evanson et al. 2010) and the pituitary (Russell et al. 2010),
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but also other regions have been reported, such as the thalamus (Furay et al.
2008; Hill et al. 2011; Jaferi and Bhatnagar 2006). One of the main functions of the
fast glucocorticoid negative feedback loop is termination of the neuroendocrine
stress response which prevents from depletion of stress hormones in order to
maintain stress responses (Sapolsky et al. 2000). The other important function
of glucocorticoid mediated feedback is to modulate long-term stress-related
memory consolidation (McGaugh and Roozendaal 2002).

Interaction of the ECS and HPA Axis

The ECS has been shown to be involved in the regulation of the HPA axis. It is thought
that glucocorticoids induce eCB synthesis, which subsequently inhibits HPA axis
activity. In an interesting study it was shown that the glucocorticoid feedback on the
hypothalamic secretion of CRH is eCB-dependent (Di et al. 2003). In this study,
the effect of dexamethasone, a GR agonist, on glucocorticoid-mediated inhibition
of glutamate release was blocked by Cnr antagonists AM251 and AM281. This
was confirmed by two other studies (Campolongo et al. 2009; Coddington et
al. 2007), in which it was shown that rapid behavioral responses to corticoste-
rone administration are diminished by blockade of the Cnr1, suggesting that
glucocorticoids function via a Cnr1-dependent mechanism. It has been proposed
that corticosterone triggers the synthesis of AEA and 2-AG in the PVN of the
hypothalamus, which subsequently activate local Cnrls to reduce glutamate
release from these neurons (Di et al. 2003). Indeed, it has been shown that
administration of corticosterone increases the AEA content within the amygdala
and hippocampus in rats (Hill et al. 2010), which indicates that glucocorticoids
indeed regulate eCB signaling. It is thought that the rapid negative feedback
loop of the HPA axis goes via an enhanced eCB synthesis, which subsequently
results in the inhibition of the HPA axis (Fig. 2) (Hill and Tasker 2012).
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Fig. 2 A proposed mechanism for the involvement of the ECS in the negative feedback
loop of the HPA axis. The HPA axis is activated upon stress, which eventually results
in the production and secretion of glucocorticoids. These glucocorticoids activate the
GR which through unknown signaling results in the release of eCBs (AEA and/or 2-AG).
The eCBs in turn activate Cnr1, which results in less neurotransmitter (NT) release and
thereby less activation of HPA axis involved brain regions. These regions could be the
hypothalamus, the pituitary gland or the adrenal gland, but it could also be an area
upstream of the hypothalamus.

The zebrafish as an animal model in CNS research

In this thesis, we have studied the ECS in the zebrafish larval model. The zebrafish
(Danio rerio) is a freshwater fish which naturally occurs in Southeast Asia, and
belongs to the family of Cyprinidae (also called the carp family). Over the last
decade, it has emerged as a popular animal model in biomedical research. This
can be attributed to the many advantages this model brings, such as: high fecundity,
external fertilization, rapid development, optical transparency of embryos and
larvae, low maintenance costs and the ease of genetic manipulation (Stewart et
al. 2014). Together with its easy breeding and relatively small housing, these
characteristics make this model ideal for in vivo high-throughput screening (HTS).
The zebrafish shares a similar central nervous system (CNS) morphology with
humans (Kalueff et al. 2014) and is extensively used in CNS research (Stewart et
al. 2014). The zebrafish model is highly suitable for translational neuroscience,
especially for identification of genes involved in brain disorders (Kalueff et al.
2014).

Since zebrafish are optically transparent and have a relatively small brain,
several imaging techniques can be applied to study its CNS. Based on magnetic
resonance imaging (MRI), a three-dimensional atlas of the zebrafish brain has
recently become available, which has a resolution comparable to conventional
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histology (Ullmann et al. 2010). Others have, for example, applied optical projection
tomography (OPT) for visualizing cell populations in the adult zebrafish brain
(Lindsey and Kaslin 2017). To image neuronal activity in vivo using fluorescence
microscopy techniques, so-called genetically encoded calcium indicators
(GECls) have been developed (Nakai et al. 2001). These fluorescent calcium
indicators are fluorescent molecules which change their fluorescence properties
upon chelation with calcium, a reporter for neural activity. These GECls have
been improved, resulting in a new calcium indicator called GCaMP. Recently,
these molecules have been modified to become photoconvertible, making
temporal analysis possible (Fosque et al. 2015; Hoi et al. 2013). Furthermore,
GCaMPs can now also be analyzed in a freely swimming zebrafish larva (Kim et
al. 2017).

The possibilities for HTS of behavior is another advantage of the zebrafish as an
animal model for CNS research. Automated observations allow for detailed
measuring of locomotor responses (distance moved, velocity, turning angle,
startle, freezing) and are commercially available. Noldus (Netherlands) has
developed DanioVision, while ViewPoint (France) has made Zebralab, both
automated systems specifically designed for HTS of zebrafish larval behavior.
These systems, but also custom-made systems, are often applied to study basal
locomotion (Girdhar et al. 2015; Marques et al. 2018), optokinetic responses
(Mueller and Neuhauss 2010; Portugues et al. 2014), behavioral profiling (Baker
et al. 2018; Thornqvist et al. 2019) or neuropsychiatric disorders (Khan et al.
2017; Levitas-Djerbi and Appelbaum 2017; Stewart et al. 2012). It is possible
to measure multiple fish simultaneously (?éwell plates for larvae for example)
and screen multiple drugs at different doses at the same time. This led to a new
direction in neuroscientific research, behavioral phenomics, where small molecules
and genetic variations are tested in HTS of behavior.

Research on the ECS in zebrafish and comparison with other models

The ECS has not often been studied in the zebrafish model. A PubMed sear-
ch on ‘zebrafish’ and ‘cannabinoid’ yielded 51 results, whereas ‘rodents’ and
‘cannabinoid’ resulted in 9863 items. Luckily, the basic characteristics, such as the
expression profile of the Cnrs, their ligands and the metabolic enzymes are known.
Expression of cnr1 was consistently detected throughout larval development in
the dorsal telencephalon, pretectum, torus longitudinalis (specific ray-finned fish
structure) and periventricular hypothalamus (Lam et al. 2006). The expression
pattern of cnr2 has been identified as well, and cnr2 appeared to be expressed
mainly in peripheral tissues (Rodriguez-Martin et al. 2007). Analysis of the zebrafish
genome revealed that most ECS genes are present in zebrafish (McPartland et al.
2007), although no homolog was found for the gene responsible for N-acyletha-
nolamine acid amidase, while some other genes have two zebrafish homologs
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each (Demin et al. 2018). Other, more functional, ECS research in zebrafish has
mainly focused on development, metabolism, memory and anxiety.

Development

The ECS seems to play an important role in CNS development. Knockdown of the
cnr1 gene revealed that Cnr1 is involved embryonic axonal growth and fasciculation
(Watson et al. 2008), which is consistent with data from similar studies in rodents
(Mulder et al. 2008; Wu et al. 2010). Axonal outgrowth was also impaired in a
knockdown of the gene responsible for diacylglycerol lipase (Dagla), specifically
in retinotectal, cerebellar and facial nerves (Martella et al. 2016a), which affected
the control of motion, vision, and spontaneous movement. Since the enzyme
Dagla is involved in the synthesis of 2-AG, it can be speculated that 2-AG is
important for the development of a functional visual system. Exposure to
phytocannabinoids (plant derived cannabinoids) THC and cannabidiol (CBD)
during gastrulation, a developmental stage between 5.25 hours post fertilization
(hpf) and 10.75 hpf, affected axial development of motor neurons, and redu-
ced the number of startle responses to sound stimuli, but not to touch stimuli
(Ahmed et al. 2018). The teratogenic brain effects of ECS manipulation have also
been reported in other animal studies (Fernandez-Ruiz et al. 2000). For example,
prenatal exposure to Cnr agonist WIN55,212-2 alters migration of glutamatergic
neurons and GABAergic interneurons in rats (Saez et al. 2014) and CP55,940
affects facial, visual and neuronal development in mice (Gilbert et al. 2016).
A recent study done in humans corroborates the results from animal studies,
showing a volume reduction in regions rich in Cnr1 receptors in young, regular
cannabis users, which correlates with the amount and duration of cannabis ex-
posure (Battistella et al. 2014).

The ECS also plays a role in morphological development. For example, activa-
tion of Cnrs by THC exposure in zebrafish, resulted in morphological defects
during embryogenesis (Ahmed et al. 2018; Akhtar et al. 2013; Carty et al. 2018;
Thomas 1975), including pericardial edema, yolk sac edema, and a curvature
of the rostro-caudal axis. Synthetic cannabinoids WIN55,212-2 and CP55,940
had no developmental effect (Akhtar et al. 2013). Contradictory findings were
presented for CBD, a phytocannabinoid with low binding affinity for Cnrs. In
one study, CBD exposure caused morphological abnormalities at 96hpf, such as
edemas (yolk sac and pericardial), curved axis, fin deformities and swim bladder
distention (Carty et al. 2018). However, in another study where the same concen-
trations of CBD were applied, no morphological malformations at 96hpf were
found (Valim Brigante et al. 2018). It should be noted that the only morpholo-
gical readout both authors had in common was the size of the pericardial area.
Others have studied the effect of CBD exposure during gastrulation, and noted
malformations, such as curved tails and cardiac edema, already at 48hpf (Ahmed
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et al. 2018). Knocking out Cnr1 or Cnr2 does not produce any malformations,
and the knockout fish are viable and fertile (Liu et al. 2016). Knocking out canna-
binoid receptor interacting protein 1 (Cnrip1), a protein interacting with the in-
tracellular region of Cnr1, does not affect development, viability or fertility either
(Fin et al. 2017). Blocking Cnr1 by administration of the Cnr1 antagonist AM251
does not cause morphological effects, but reduces the hatching rate at 72 hpf
(Migliarini and Carnevali 2009). Interestingly, the hatching rate was also reduced
(by about 20%) upon exposure to CBD (Valim Brigante et al. 2018).

Metabolism

From rodent studies it is known that the ECS is involved in lipid metabolism (Di-
Patrizio and Piomelli 2012). A study done in zebrafish larvae and adults showed
that AEA modulates lipid metabolism, as AEA administration modulates tran-
scription of sterol regulator element binding protein (srebp) and insulin-like
growth factors (igf-1 and igf-2) (Migliarini and Carnevali 2008), genes involved in
lipid metabolism. Overexpression of the hepatic cnr1 gene induces upregulation
of important lipogenic genes, such as srebp, which eventually results in hepatic
steatosis or steatohepatitis in zebrafish (Pai et al. 2013). This is in agreement with
rodent literature, where antagonizing Cnr1 with rimonabant has a hepatoprotec-
tive effect (Gary-Bobo et al. 2007) and steatosis is absent in cnr1 knockout mice
(Osei-Hyiaman et al. 2005).

Embryos treated with rimonabant also showed less lipid accumulation in the
head, while the Cnr agonist WIN55,212-2 increased this lipid accumulation
(Nishio et al. 2012). This is in agreement with another study done in zebrafish
embryos, where fat accumulation is decreased in rimonabant-treated embryos
while exposure to the CB1 agonist WIN 55,212-2 increases fat accumulation
(Fraher et al. 2015). Other compounds tested in this study were the Cnr1 agonist
oleamide (which increases lipid levels), the Cnr2 agonist HU308 (which increases
lipid levels) and the Cnr2 inverse agonist AM630 (which decreases lipid levels).
Others have tested the cannabinoids d%-tetrahydrocannabivarin (THCV) and
CBD in different models of hepatosteatosis. In zebrafish, these compounds in-
creased yolk lipid mobilization (Silvestri et al. 2015), although it should be noted
that the reduction of intracellular lipid levels was also present in a cnr1 knock-
down human cell line (Silvestri et al. 2015). Since the applied cannabinoids have
low binding affinity to the Cnrs in general, the effects may have been non-ECS
specific. In obese mice, the same compounds inhibited the development of he-
patosteatosis (Wargent et al. 2013), suggesting a similar lipid reducing functio-
ning of the ECS.

The role of the zebrafish ECS in metabolic disruption has also been studied.
The xenoestrogen bisphenol A (BPA) is considered a metabolic disruptor and
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triggers hepatosteatosis in adult zebrafish (Martella et al. 2016b). BPA-treated
zebrafish also showed an increase of 2-AG and AEA levels in the liver, an in-
crease in the expression of cnr1, and an aberrant profile of metabolic gene ex-
pression (Martella et al. 2016b). Another commonly studied metabolic disruptor,
di-isononyl phthalate (DiNP), has also been tested on the effects on the ECS
in female adult zebrafish brain and liver (Forner-Piquer et al. 2017). The results
showed that three week exposure to DiNP decreased AEA levels in the brain,
but increased AEA levels in the liver. Furthermore, the expression of various ECS
metabolic enzymes was altered in both the brain and in the liver.

Another measure of energy homeostasis in zebrafish is the size of the yolk sac,
which is the primary source of energy for zebrafish embryos and larvae. Exposure
to the Cnrantagonist rimonabant increases yolk sac size (Nishio et al. 2012). This
effect is blocked in cnr1 morpholino knockdown fish, but not in cnr2 morpholino
knockdown fish, suggesting that this yolk sac size increase is Cnr1-dependent
(Nishio et al. 2012). Treatment with rimonabant also decreased food (paramecia)
intake in young zebrafish (Shimada et al. 2012), although it was not investigated
whether this was an ECS-specific effect (the Cnr antagonist rimonabant is known
to have off-target effects).

Memory

From rodent and human studies it is known that the ECS modulates cognitive
processes, including acquisition, consolidation, retrieval and extinction of me-
mory (Morena and Campolongo 2014). In adult zebrafish, THC impairs spatial
but not emotional associative memory functioning (Ruhl et al. 2014). The im-
pairment of spatial memory could be related to aberrant signaling in the zebra-
fish telencephalon. Since these results have also been found in the mammalian
striatum (Valjent et al. 2001), this suggests a similar effect of the ECS in zebrafish
forebrain as in the striatum of mammals. The lack of effect of THC on associative
memory is also in agreement with rodent studies, where THC does not affect
performance of rats in a black-white discrimination task (Jentsch et al. 1997), nor
in a visiual discrimination task with two figures (Mishima et al. 2001). THC also
inhibits acquisition of fear learning in zebrafish (Ruhl et al. 2017), possibly by
inhibiting activity in the medial and lateral pallium of the dorsal telencephalon.
These regions are, like the hippocampus of mammals, indeed involved in spatial
cognition, trace memories and emotional and fear conditioning (Broglio et al.
2005). In another test, the cannabinoid CBD induces memory impairment in an
inhibitory avoidance task, which is a paradigm of associative learning (Nazario et
al. 2015). Finally, as in rodents, food reward reduces avoidance learning behavior
in zebrafish (Manuel et al. 2015), which was accompanied by a decreased telen-
cephalic gene expression of cnri.
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Anxiety

Anxiety, an excessive feeling of unease which can appear without any particular
reason or cause, can become a disorder when it gets chronic and unjustified. The
ECS may exert an important role in modulating emotional states by changing
eCB signaling (Hill and Gorzalka 2009; Viveros et al. 2005). Many studies, both in
humans and rodents, have shown that eCBs are involved in anxiety (Lisboa et al.
2017). In general, the effects produced by cannabinoids are biphasic, meaning
that low doses are anxiolytic whereas high doses are anxiogenic (Viveros et al.
2005). For example, mice display no response in a light-dark box anxiety test
at low concentrations of THC (0.03 mg/kg), an anxiolytic response at moderate
concentrations (0.3 mg/kg) and an anxiogenic response at high concentrations
(5 mg/kg) (Valjent et al. 2002).

In zebrafish, research on anxiety and the ECS has thus far been done only in
adult fish. Taken together, the effects of zebrafish ECS manipulation on anxiety
are generally corresponding with studies done in rodents. In a social interaction
test, WIN-treated fish spend relatively more time in the chamber with an unk-
nown fish compared with an empty chamber (Barba-Escobedo and Gould 2012),
which is considered an anxiolytic effect. In another approach, both acute and
long-term exposure to WIN in an light-dark plus maze (a cross maze with two
bright and two dark arms) was tested (Connors et al. 2013). Acute exposure to
WIN results in fewer entries into the light arm at all concentrations tested, but
the total number of entries is reduced as well. This suggests that larvae were
less mobile and more research is needed to determine whether this is related to
anxiety-like behavior. Interestingly, the long-term exposure results in an increa-
sed number of total entries, also an increased number of light entries, more time
spent in the light, and a decreased latency to move out of starting position, all
characteristics which suggest an anxiolytic effect (Connors et al. 2013).

In contrast, acute THC exposure (20 min) results in anxiogenic-like behavior in
a novel tank test (Stewart and Kalueff 2014). The two concentrations tested, 30
mg/L (100pM) and 50 mg/L (160uM), both produced a decrease of swimming in
the top layer and an increase in slow bottom dwelling. Furthermore, the latency
to the top layer was increased as well as the number of transitions to upper half
of the tank. At 30 mg/L both the velocity and the traveled distance were lower,
while these parameters were unaffected at 50 mg/L. Although this study strongly
suggests an anxiogenic effect of THC, this was not confirmed in another study
(Ruhl et al. 2014). In this study, THC was tested in an escape response test,
in which fish are placed in a center-closed arena surrounded by a white paper
drum with one black segment. This paper drum turns around the arena and the
black segment is considered a threatening object. In this test, the percentage
of escape responses is not different between the THC-treated group and the
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vehicle-treated group. It should be noted however, that both the concentration
(100nM) and exposure time (Thr) tested in this study are very different when
comparing with the study mentioned above (Stewart and Kalueff 2014).

One study done in zebrafish showed the effects of blocking Cnr1 (Tran et al. 2016).
In this study, the Cnr1 antagonist AM251 was administered for 1 hour followed by a
novel tank test. Fish treated with the highest concentration of AM251 (1 mg/L) showed
an increase in anxiety-like behavior, including freezing, increased bottom dwelling,

decreased locomotor activity and elevated erratic movements. At a concentration of
0.1 mg/L, AM251 had no effect.

Aim of this study

The ECS is involved in numerous physiological and pathological conditions (Pacher et
al. 2006), among which are mood disorders (Hill and Gorzalka 2009). Understanding
the functioning of the ECS can thus be highly valuable in the search for new drug
targets. To fully utilize the potential of the ECS as a drug target, more research is ne-
eded. The zebrafish larva is a promising animal research model, but its application in
ECS research has remained limited thus far. The research described in this thesis was
designed to get a basic understanding of the ECS in zebrafish , with a specific focus
on the effects of ECS activity on anxiety-related behavior and HPI-axis functioning
during the larval stage. In this study both the effects of the endogenous activity and of
pharmacological activation of Cnrs will be studied. The results will help determining
the feasibility of zebrafish larvae as animal models for biomedical research on the ECS.

1. Characterize the effect of exogenous ECS activation on zebra fish larval
behavior

2. Gain insight in the role of the endocannabinoids in (anxiety-related)
behavior

3. Confirm whether the ECS plays a role in cortisol secretion

4. Characterize where potential ECS involvement in cortisol secretion
takes place

Outline
In this thesis, research on the effects of ECS modulation on locomotion, anxie-
ty-like behavior and HPI axis activity in zebrafish larvae is described.

Chapter 2 describes the effect of ECS manipulation on zebrafish larval locomo-
tion in a visual motor response test. Several treatments have been applied, such
as administration of Cnr agonists and a Cnr1 antagonist. In addition, a cnr1 knoc-
kout fish was used. Finally, desensitization of Cnr1 was examined using behavior
as a readout. Exogenous Cnr1 activation resulted in a reduced locomotion, whe-
reas eCBs seemed not to have an effect on locomotion.
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Chapter 3 explains the effect of ECS manipulation on anxiety-like behavior in
zebrafish larvae. Using a light/dark preference test, the effect of Cnr1 activation
and knocking out cnr1 on several parameters were studied, including time spent
and distance moved in dark zone and latency to visit dark zone. The activation of
Cnr1 by the agonist WIN55,212-2 had an anxiolytic effect, which was abrogated
in a cnr1”- mutant line. Endogenous activation or blocking Cnr1 with a Cnr1 an-
tagonist did not affect anxiety-like behavior.

Chapter 4 investigates the effect of Cnr1 activation and blockade on cortisol
production and at what level of the HPI axis these effects are mediated. We
found that activation of Cnr1 by treatment with a Cnr agonist increased basal
cortisol levels. This increase in basal cortisol could be blocked with antalarmin,
a Crh-receptor 1 antagonist, indicating that increased Crh levels are associated
with the Cnr1-induced cortisol increase.

Chapter 5 summarizes the research chapters and puts the data in a bigger con-
text. In addition, the future direction of ECS research using the zebrafish model
is discussed.
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