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Abstract
Endocannabinoids (eCBs) are the primary endogenous agonists of the
cannabinoid receptors CB1R and CB2R. eCBs are present from the
very early stages of development but their actions are yet to be fully
elucidated. In this study we sought to investigate the roles of the eCB
system in zebrafish development by pharmacologically inhibiting the
CB1 and CB2 receptors (with AM251 and AM630 respectively) prior
to hatching. In these experiments we incubated embryos in AM251
or AM630 for the first 2 days of development. Treatment with either
AM251 or AM630 resulted in embryos with axial malformations,
shorter trunks, pericardial edema and reduced heart rates, particularly
at higher concentrations at 2 dpf. Locomotion studies at 5 dpf revealed
a change in their activity, swim velocity, the number of swim bouts and
the cumulative duration of swim bouts. Together these findings indicate
that the endocannabinoid system plays a significant role in the normal
development of zebrafish, and that perturbations of the eCB system
early in life have an impact on development.
Keywords: endocannabinoids, CB1 and CB2 receptors, AM251,
AM630

1. Introduction
Endocannabinoids (eCBs) are the predominant
endogenous
agonists
of
the
cannabinoid
receptors CB1R and CB2Rs. The main eCBs are
N-Arachidonoylethanolamine, also referred to as
anandamide or AEA, and 2-Arachidonoylglycerol
(2-AG). Anandamide and 2-AG are highly lipophilic
molecules that are released into the extracellular space
when the appropriate signals are received. They are
thought to be produced on demand as a result of increased
cellular activity and bind to and activate the G-protein
coupled receptors, CB1R and CB2R [1]. However, they
may also interact with other receptors such as GPR55,
GPR18, the serotonin receptor, 5-HT2 and even transient
receptor potential channels (TRPv1) channels [2,3].
CB1Rs and CB2Rs are metabotropic receptors that are

intracellularly coupled to the Gi/o subset of G-proteins
and their activation leads to the downregulation of cAMP
levels [4,5]. CB1Rs are mainly localized to the CNS
while CB2Rs are primarily found outside of the CNS,
associated with the immune system, the reproductive
system and the digestive system [6]. Anandamide is
thought to be synthesized via N-acyl-phosphatydilethanolamine phospholipase D (NAPE-PLD) and
metabolized by fatty acid amide hydrolase (FAAH).
2-AG is synthesized via the action of diacylglycerol lipase
(DAGL) and is metabolized via monoglyceride lipase
(MGL). Examples of endocannabinoid actions during
development include effects on neuronal proliferation
[7,9], axonal growth and fasciculation [10], neuronal
chemoattraction and migration, synaptic formation and
shaping neuronal connectivity [11] and differentiation
of hematopoietic cells [12]. They are also involved in
neurogenesis in both embryos and adults [13]. Outside of
the CNS, the eCB system is involved in events as diverse
as oocyte maturation [14], liver development [15]
and cardiovascular function [16]. In humans the eCB
system may contribute to the maturation of corticolimbic
neuronal populations in adolescents [17] and In chicks
and mice, CB1R protein expression first occurs before
neuronal development [18] and increases in a regionspecific manner [19].
Studies in zebrafish have shown that the eCB system
functions early in development, in part through actions
on CB1 receptors. For instance, knock down of the gene
for the CB1 receptor leads to deficits in axonal growth,
neuronal branching and fasciculation of hindbrain neurons
known to express the CB1 receptor [20]. Embryonic
exposure to THC after 24 hpf has a biphasic effect on
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locomotion which is prevented by the CB1 receptor
antagonist AM251 [21]. Additionally, activation of CB1
receptors in embryos older than 24 hpf leads to changes
in metabolic rate that are prevented by AM251 [22]. In a
separate study, manipulation of the eCB system through
morpholino knockdown of the main catabolic enzyme
for 2-AG, Dagl, leads to altered axonal growth in the
midbrain-hindbrain region and abnormal movement and
motion perception [23]. Despite these studies, a clear role
for the CB1 receptor in early development has not been
fully determined. Moreover, the role of the CB2 receptor
in early development remains to be examined.
In this study, we set out to determine if inhibition of
the prototypical eCB receptors during the early stages of
zebrafish development would alter normal development.
To do this we used CB1 and CB2 receptor antagonists to
block the receptors during the first 48 hours of zebrafish
development and examined the effects on factors such as
overall morphology, heart rate, survival in the first 5 days
of life, the extent to which hatching from the egg casing
occurred and episodes of locomotion or swimming in 5
day old larvae. Our results suggest that the CB1 and CB2
receptors have roles in early organismal development
and implicate the eCBs in a variety of developmental
programs.
2. Materials and Methods
2.1. Animal care and eCB antagonist exposure
The fish used in this study were wild type zebrafish
(Danio rerio) embryos of the Tubingen Longfin (TL)
strain that were maintained at the University of Alberta
Aquatic Facility. All animal housing and experimental
procedures in this study were approved by the Animal
Care and Use Committee at the University of Alberta
(AUP #00000816) and adhered to the Canadian Council
on Animal Care guidelines for humane animal use. For
breeding, 5 adults, consisting of 3 females and 2 males,
were placed in breeding tanks the evening before eggs
were required. The following morning, eggs were
collected from the breeding tanks, usually within 30
mins of release by the females. A 12h light/dark cycle
and 28.5°C temperature was set for housing the embryos
and larvae in incubators.
Embryos were exposed to the CB receptor antagonists
AM251 (0.05 M to 5 µM) and AM630 (0.2 µM to
10 µM) for 24 hours, at which point the embryos were
washed and then incubated in the antagonist solution
for another 24 hours to complete the 48-hour incubation
period. At the end of the incubation period, embryos
were washed several times in egg water to remove the
antagonists. All antagonists were dissolved in 0.1%
DMSO. Two control groups were used throughout the
study: a) untreated embryos and b) 0.1% DMSO as the
vehicle control. Embryos and larvae were kept in Embryo
Media (EM) until experimentation between 2 and 5-days
post fertilization.

2.2. Locomotor activity measurements
Behavioral tracking software was used to quantify
velocity, swim bouts and activity of zebrafish larvae
arrayed in 96-well plates similar as described in other
studies [24,25]. Larvae at five days post-fertilization
were carefully pipetted to the center 48 wells of a 96well plate (Costar #3599) in 150 µl egg water, pH 7.0
and were allowed to acclimate for 60 minutes prior to
video recording. Plates were placed on top of an infrared
backlight source and below a Basler GenICaM (Basler acA
1300-60) scanning camera with a 75 mm f2.8 C-mount
lens, provided by Noldus (Wageningen, Netherlands),
which were used to track individual larvae within each
well. EthoVision ® XT-11.5 software (Noldus) was
used to quantify mean velocity, mean activity, frequency
of swim bouts and cumulative duration of swim bouts
within one hour. To exclude background noise, active
movement was defined as >0.2mm. Activity was defined
as % pixel change within a corresponding well between
samples (motion was captured by taking 25 samples
(frames) per second) as described previously [25]. The
absolute values for mean activity can appear small, as the
percentage of pixels in the region of interest (a well) that
are changing at any time is small and bursts of activity
may occur such that total movement is short within any
given minute.
2.3. Embryo imaging and morphological observations
Embryos were imaged at 2 dpf using a Lumenera
Infinity2-1R color microscope camera mounted on a
dissecting microscope. Embryos were placed in a 16well plate with one embryo per well and were anesthetized
in 0.02% MS222. Morphological observations were
performed using a dissecting microscope. Measurements
of embryo length were done using a microscope eyepiece
equipped with a micrometer. Heart rate was quantified
offline by analyzing videos of embryonic heart activity over
a 30-second time interval and multiplying by a factor of 2.
Statistics: All values are reported as means ± SEM
(standard error of the mean).
All statistics were performed using GraphPad Prism
Software (Version 7, GraphPad, San Diego, CA). For
locomotor activity measurements the statistical analysis
used was one-way ANOVA with Dunnett’s multiple
comparison test to compare the controls, as indicated,
across different doses of AM251 or AM630. Outliers due
to off-tracking (where tracker software did not detect the
larvae) were removed objectively using ROUT at Q=0.1
for velocity, frequency of swim bouts and cumulative
duration of swim bouts. Comparisons between multiple
groups were done by one-way ANOVA followed by a
Tukey post-hoc multiple comparisons test.
3. Results
Gross morphology: Our goal in this study was
to determine the role of the eCB system in early

Journal of the International Drug Abuse Research Society and the International Narcotics Research Conference

development by pharmacologically blocking the CB1 and
CB2 receptors. The effects on the gross morphology of
2 dpf embryos are shown in Figure 1. Treatment with the
higher concentrations of AM251 and AM630 had a clear
impact on embryonic morphology with animals showing
smaller, malformed trunks and increased incidences of
pericardial edema at 2 dpf (Figure 1).
Incubation in the CB1 receptor blocker AM251
resulted in a dose-dependent and statistically significant
reduction in hatching at 2-5 dpf. Untreated embryos and
DMSO controls hatch from the egg casing between 48 hpf
and 72 hpf as expected for normal, healthy fish (Figure
2), whereas embryos exposed to AM251 (0.05 µM, 0.2
µM, 0.5 µM, 2 µM and 5 µM) hatched at rates of 88%,
84%, 76%, 60% and 30% respectively, by 3 dpf (Figure
2A; p>0.0001). By day 5 all embryos had hatched except
for the 5 µM treated group in which the hatching rate
was only 75% (Figure 2A) (N=5 experiments, n=20
embryos per treatment). Exposure to AM630 had a
similar effect to that of AM251. For instance, embryos

3

exposed to AM630 (0.2 µM, 0.5 µM, 2 μM, 5 μM and
10 μM) hatched at rates of 96%, 89%, 83%, 59% and
42% respectively by 3 dpf (Figure 2B; p>0.0001) (N=56 experiments, n=20 embryos per treatment).
Survival rates were significantly reduced in a dosedependent manner following exposure to AM251 and
AM630 (Figure 3). Interestingly, the effect stabilized
within the first 24 hours of exposure. For instance,
when treated with the highest concentration of AM251
(5 µM), the survival rate was reduced to 49% by day 1
but then remained relatively constant (46%) until day 5
despite continued incubation in the antagonist until day 2
(Figure 3A). This effect was essentially the same for all
concentrations tested (Figure 3A). The effect of AM630
on survival paralleled that of AM251 except that survival
rates were slightly different. For instance, 5 µM AM630
resulted in a survival rate of 62% by day 5, while 10 µM
resulted in a survival rate of 34% by day 5 (Figure 3B).
To investigate gross morphology at 2 dpf, we manually
removed embryos from the chorion and examined them

Figure 1: AM251 and AM630 drug exposures on Zebrafish embryos and their subsequent effects.
Images showing embryos treated with AM251 (A) and AM630 (B) with their corresponding untreated control and vehicle control (0.1%DMSO). After
48 hours of treatment, embryos were allowed to develop in normal embryo media. Images were taken at 48-52 hpf. Scale Bar = 0.5 mm.
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A)

B)

Figure 2: AM251 and AM630 exposure has a dose-dependent effect
on zebrafish hatching.
Hatching rate of zebrafish embryos within the first 5 days of post
fertilization (dpf) after 48 hours of treatment with AM251 and AM630
(N=6 experiments and n=20 embryos per treatment) (A, B). The y-axis
represents the mean ± SEM. **** Significantly different from their
vehicle control (0.1% DMSO) treated on the same day, p<0.0001. ***
Significantly different from their vehicle control (0.1% DMSO) treated
on the same day, p<0.001. * Significantly different from their vehicle
control (0.1% DMSO) treated on the same day, p<0.05.
A)

B)

Figure 3: AM251 and AM630 exposure effect on zebrafish survival.
Survival rate of zebrafish embryos within the first 5 days of post
fertilization (dpf) after 48 hours of treatment with AM251 and AM
630 (N=6 experiments and n=20 embryos per treatment) (A, B). ****
Significantly different from their vehicle control (0.1% DMSO) treated
on the same day, p<0.0001. ** represents p<0.01. * represents p<0.05.
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for a number of morphological features such as body
length, malformations of the trunk and pericardial
edema. Treatment with the CB1 receptor blocker
AM251 resulted in significantly shorter embryos, but
only at the higher concentrations of 2 and 5 µM (Figure
4A). Statistical analysis revealed that malformations
of the trunk and instances of pericardial edema were
significantly greater at 2 and 5 µM (Figure 4C, E)
(p>0.05, p>0.001, p>0.0001) (n=62-96). Similar results
were obtained following exposure to the CB2 receptor
blocker AM630 (Figure 4B). Embryos exhibited shorter
bodies, trunk malformations and pericardial edema when
exposed to the higher concentrations of 5 µM and 10 µM
(Figure 4D, F; p>0.05, p>0.01, p>0.0001) (n=57-94).
We also examined the heart rate of embryos treated
with AM251 and AM630 (Figure 5). Embryos treated
with AM251 had significantly lower heart rates when
treated with 0.5-5 µM AM251 (Figure 5A; p>0.0001;
n=62-96) and 2-10 µM AM630 (Figure 5B; p>0.0001;
n=57-94) compared with both untreated and DMSO
controls. The heart rate fell by as much as 50% at the
highest concentrations used in this study. Taken together,
blocking CB1 and CB2 receptors during the first 48 hours
of development lead to small changes in morphological
development, hatching rates and embryonic survival.
To determine if swim bouts were altered by treatment
with AM251 and AM630, we transferred individual
5 dpf larvae to 96-well plates and video recorded their
movements for an hour (Figures 6, 7). Figure 6A shows
results obtained from a representative experiment
following treatment with AM251. It should be noted that
the control group (labelled CTRL) in Figure 6 represents
untreated embryos, whereas 0.1% DMSO controls are
shown in Figure 7 for simplicity. A schematic showing
the movement path of 8 individual larvae per treatment,
shows the variability within each group as well as the
general trend towards a reduction in movement in
larvae treated with higher concentrations of AM 251
(Figure 6A). Quantification and statistical analysis of
the movement patterns is shown in Figure 6B-E. The
change in activity (Figure 6B), the change in velocity
(Figure 6C), the number of swim bouts (Figure 6D) and
the cumulative duration of swim bouts (Figure 6E) were
all significantly reduced in animals treated with 0.2-5
µM. In fact, the larvae ceased all detectable movement
when treated with 5 µM AM251. Embryos treated with
0.2-2 µM AM630 showed no significant change in
movement compared with controls, however embryos
treated with 5-10 µM AM630 experienced reduced levels
of activity, swimming velocity and bouts of swimming,
(Figure 7B-E).
Taken together these results suggest that inhibition of
cannabinoid receptors CB1R and CB2R during the first 2
days of development altered a number of characteristics
in developing zebrafish embryos including survival,
hatching, morphology, heart rate and locomotion.
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Figure 4: AM251 and AM630 effect on body length and also tail-body malformation, pericardial-sac edema incidence rate in zebrafish embryos.
Bar graphs showing the effect of AM251 (0.05 µM – 5 µM; n=18-54) and AM630 (0.2 µM – 10 µM; n=21-52) on body length, tail and body
malformations and pericardial edema. Data were collected from 48-52 hpf embryos. Controls consisted of untreated embryos (n=49-55) and embryos
treated with 0.1% DMSO (n=28-36). * Significantly different from their vehicle control (0.1% DMSO) treated on the same day, p<0.05. ** Significantly
different from their vehicle control (0.1% DMSO) treated on the same day, p<0.01. *** Significantly different from their vehicle control (0.1% DMSO)
treated on the same day, p<0.001. **** Significantly different from their vehicle control (0.1% DMSO) treated on the same day, p<0.0001.

4. Discussion
Our long-term goal is to study the role of the eCB
system in early synaptic development by perturbing the
system at select points. In this study we focused on blocking
the CB1 and CB2 receptors during the early stages of
synaptic development in zebrafish. To do this, we allowed
embryos to develop in solutions containing a range of

concentrations of the CB1 and CB2 receptor antagonist
AM251 and AM630, respectively. Our findings show
that blocking cannabinoid receptors leads to alterations in
hatching, survival, heart rate and locomotion and that this
occurred in a dose-dependent manner.
The endocannabinoid system consists of the eCBs
anandamide and 2-AG, the enzymes that produce them
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A)
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Figure 5: Heart rate variations in zebrafish embryos upon AM251 and AM630 exposure.
Bar graphs present the heart beat per minute in zebrafish embryos after 48 hours treatment with AM251 and AM630, and data were collected from 4852hpf. Treatments for heart rate measurement include untreated control (n=43), 0.1% DMSO (n=28), AM251 (0.05 µM; n=36, 0.2 µM; n=33, 0.5 µM;
n=36, 2 µM; n=38 and 5 µM; n=18) and untreated control (n=45), 0.1% DMSO (n=29), AM630 (0.2 µM; n=21, 0.5 µM; n=39, 2 µM; n=46, 5 µM;
n=48 and 10 µM; n=26) for AM251 and AM630 respectively (A,B). **** Significantly different from their vehicle control (0.1% DMSO), p<0.0001.

(NAPE-PLD and DAGL), the enzymes that degrade them
(FAAH and MAGL), and the receptors that bind them, of
which the major ones are CB1R and CB2R [26]. CB1R
and CB2R are expressed in developing zebrafish embryos
from as early as 1 h following egg fertilization [27] until
adulthood. Zebrafish express a single form of the CB1
receptor [28] but 2 forms of the CB2 receptor due to gene
duplication [29]. In a previous study we examined the
effects of over-activation of the cannabinoid receptors
by exposing embryos to THC and cannabidiol (CBD) for
only 5 h during gastrulation [30], and found that brief
activation of the CB receptors altered hatching, survival,
heart rate, motor neuron development and responses to
mechanical and sound stimuli. In this study, inhibition
of the receptors resulted in a number of similar effects
such as alterations in hatching, survival, heart rate and
locomotion. CB1Rs are present from the earliest stages of
neuronal life and in the developing chick they first appear
in the CNS as early as the birth of the first neurons [31].
In embryonic organisms CB1 agonists and antagonists
are capable of altering axonal growth [32], and signaling

through the eCB system has been shown to play chemoattractive and chemo-repulsive roles in developing cortex
[11,33]. Several reports provide strong evidence for an
interaction between the endocannabinoid system and
growth factors during early development. For instance, in
cerebellar neurons CB1R activation linked to fibroblast
growth factor (FGF) receptor activity influences neurite
outgrowth, while CB1R interaction with tyrosine kinase
B (TrKB) receptors in cortical interneurons is required
for interneuron migration and specification [33]. Thus,
the endocannabinoid system has the ability to control
neuronal migration and differentiation by regulating
growth factor activity. The endocannabinoid system
has also been shown to modulate the expression of
neurotransmitters in the basal ganglia that are involved
in movement such as GABA and glutamate [34].
Interestingly the act of hatching occurs due to two main
factors: 1) changes in the chemical composition of the
chorion, and 2) a growing embryo that exhibits strong
movements. Thus, the locomotor deficits exhibited by
these animals may play a significant role in hatching. Our
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Figure 6: Locomotor activity decreases upon AM251 exposure on zebrafish embryos.
Representative image of a portion of a 96-well plate, where each well contains an individual larva. Eight larvae per row are displayed, each
representing a replicate at the dose indicated. Red lines represent movement of the fish during 60 minutes. Tracing was recorded at 5 dpf after 48hrs
treatment with AM251 (A). Bar graphs display changes in embryos mean activity (% rate for one hour), mean velocity (in mm/s for one hour),
frequency of swim bouts within one hour and cumulative duration of swim bouts (in seconds) for one hour. Embryos were treated with AM251 (0.05
µM; n=24, 0.2 µM; n=26, 0.5 µM; n=24, 2 µM; n=24 and 5 µM; n=22) with respect to their untreated control (n=26) (B-E). ** Significantly different
from their untreated control, p<0.01.
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Figure 7: Locomotor activity decreases upon AM630 exposure on zebrafish embryos.
Representative image of 48 individual larval tracing recorded at 5dpf after 48hrs treatment with AM630 (A). Bar graphs display changes in embryos
mean activity (% rate for one hour), mean velocity (in mm/s for one hour), frequency of swim bouts within one hour and cumulative duration of swim
bouts (in seconds) for one hour. Embryos were treated with AM630 (0.2 µM; n=24, 0.5 µM; n=24, 2 µM; n=24, 5 µM; n=24 and 10 µM; n=20) with
respect to their vehicle control (n=26) (B-E). ** Significantly different from their vehicle control (0.1% DMSO), p<0.01.
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findings (suggest) that locomotion is altered following
inhibition of cannabinoid receptors is consistent with a
role in neuronal development. In this study we focused on
locomotion at 5dpf. A surprising finding was the complete
lack of activity when exposed to high concentrations of
AM251 and AM630.

overlapping roles/functions in development. Knockout or
knockdown of CB receptors may help to determine this.
Future studies using morpholinos to knockdown CB1
and CB2R separately, are underway. Furthermore, full
knockout of these receptors using CRISPR-Cas9 will be
critical to fully ascertain their roles during development.

Our results suggest that heart rate is acutely sensitive
to perturbations of the eCB system. When embryos were
exposed to AM251 and AM630 at concentrations that
were low enough to have no effect on survival, hatching
or locomotion, there was still a significant effect on
heart rate (Figure 5). Several studies have reported on
the inconsistent effects of the endocannabinoid system
on heart activity of adult organisms. For instance, acute
activation of the eCB system has been shown to increase
heart rate, decrease heart rate [35-39] or have no effect
[40]. Although the activation of peripherally localized
CB1 receptors is thought to be responsible for depression
of cardiovascular activity [41], the role of multiple types
of cannabinoid receptors on heart rate cannot be ruled
out.

In zebrafish the eCB system has been shown to be
involved in normal axonal growth and fasciculation [20].
Morpholino knockdown of the CB1 receptor resulted in
aberrant patterns of axonal growth of neurons known to
express cannabinoid receptors such as the reticulospinal
neurons in the hindbrain [20]. Interestingly, the axonal
growth of neurons that are not thought to express CB1
receptors was unaffected [20]. Zebrafish have 2 cb2
genes but only 1 cb1 gene [42]. The expression profile
of cb1 indicates that there are low levels of expression
in the first 24 h of development [27,28] followed by
increasing levels while cb2 gene expression indicates
relatively high but fluctuating levels in the first 5 days
of development, but decreasing levels thereafter [27].
Our results are consistent with a previous finding that
investigated the developmental effects of cannabinoids
on zebrafish embryos and larvae where 24 hpf embryos
were exposed to AM251 for various time intervals
ranging from 1 hour to 96 h [21]. In that study it was
found that AM251exposure inhibited locomotion at high
concentrations. In our study we incubated embryos from
immediately after egg fertilization until 48 hpf, and so
even though AM 251 was present in the first 24 hours of
development, because cb1 levels are relatively very low
during this period, the effects of AM251 are likely very
minimal. In larval zebrafish, anandamide has been shown
to modulate lipid metabolism [43,44].

CB1 and CB2 receptors are differentially expressed
during development. In embryonic rat the CB1 receptor
is expressed throughout the nervous system, eyes,
digestive tract, endocrine organs and lungs before
gestational stage E8 to the end of gestation around E22
[19], whereas CB2 receptors were only found in the
liver from embryonic day 13 (E13), but continued to be
present after birth [19]. Zebrafish express a single form
of the cb1 gene and two forms of the cb2 receptor gene
[42] with mRNA transcripts appearing as early as 1 hpf
[27]. CB2 receptor expression is present from very early
in development, around the 1 hpf time point at relatively
higher levels than CB1 [27]. Throughout the first 2
days, CB2 mRNA levels are much greater than CB1
mRNA, implying a greater functional role for CB2 in
the early stages of development. However, by day 5 CB2
expression drops considerably and CB1 mRNA levels
increase. These findings suggest that CB2 receptors may
play a more prominent role during the early stages of
development compared with CB1 receptors. Our results
show that inhibition of either receptor in the first 2 days
of life leads to similar developmental effects, but our
exposure paradigm was broad and it will be of interest
to narrow the exposure timeframes to shorter and more
precise developmental stages. While we did not attempt
to block both receptor types simultaneously, this type of
experiment may offer insights into the combined roles of
the cannabinoid receptors versus other potential modes
of action of eCBs. For example, it is not known to what
extent eCBs act via gpr18, gpr55, 5-HT2 or TRPv1/
TRPA1 during development. Additional studies will
be required to parse out the nature/role of these various
receptors. Our results suggest that there might be some
overlap in the functions of these receptors in early
development. That inhibition of either CB1 or CB2Rs
leads to similar effects suggests that they may have

We found that overactivation of CB receptors via
application of THC led to improper development of
motor neurons in the spinal cord [30]. Moreover, there
were effects on heart rate, survival, hatching and reduced
overall communication between motor neurons and
muscle fibers ascertained via whole cell recordings of
miniature endplate currents (mEPCs). Importantly, the
THC exposure paradigm in that study was only for 5 h
during gastrulation, which lasts from 5.5 hpf to 10.75
hpf, whereas in this study we blocked the CB1 and CB2
receptors for 2 full days until hatching starts at 48 hpf.
Our combined results suggest that general perturbation
of the endocannabinoid system, either by overactivation
or inhibition of the CB receptors, alters organismal
and neuronal growth. This underscores a homeostatic
role for the eCB system in development. Our findings
are consistent with other studies and suggest that the
endocannabinoid system has key roles to play in early
development.
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