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It has been established that both adult and larval zebrafish are capable of showing nociceptive responses o
noxious stimuli; however, the use of larvae to test novel analgesics has not been fully explored. Zebrafish larvae
represent a low-cost, high-throughput alternative to traditional mammalian models for the assessment of product
efficacy during the Initial stages of drug development. In the current study, a novel model of nociception using
zebrafish larvae is described. During the recovery from an acute exposure to low levels of acetic acid, larvae
display innate changes in behaviour that may be indicative of nociception. To assess the usefulness of this model
for testing potential analgesics, three known synthetic pain medications were assessed (ibuprofen, acet
aminophen and tramadol) along with three naturaily occurring products (honokiol, tetrahydrocannabinol and
cannabidiol). When the effect of each compound on both the acetic acid recovery and control activity was
compared there appeared to be both similarities and differences between the compounds, One of the most
interesting effects was found for cannabidiocl which appeared ta oppaose the activity change during the recovery
peried of AA exposed larvae while having a nominal effect on control activity, This would appear to be in line
with currens research that has demonstrated the nociceptive properties of cannabidiol. Here we have provided a
novel modei that will complement existing zebrafish models and will expand on the potential use of zebrafish
larvae for studying both nociception and new analgesics.

1. Introduction

The development and testing of analgesics Is arduous given that
pain is a complex physiclogical phenomenon with multiple eticlogies,
Numerous targets exist for potential analgesics and different analgesic
classes can treat different pain modalities from relatively mild (non-
stercidal anti-inflammatory drugs-NSAIDs, paracematol) to more severe
and chronic pain {opicids) {! i, Often a single analgesic is only effica-
cious in a subset of patients or can only reduce the level of pain by a
certain degree but cannot eliminate it {2]. Along with the difficulty in
targeting the causes of pain, choosing the right analgesic is often
hampered by the side effect profile. This is especially true in the case of
opioids where their potential for abuse has become an epidemic {341,

In an effort to avoid strong side effects many peocple look towards
naturally-derived compounds for pain management (51 One such
product that has steadily gained interest in the field of pain manage-
ment is cannabis since it has been shown that the endocannabinoid
system plays a distinct role in the modulation of pain (6.7!. While the
use of medical cannabis is gaining mainstream suppart, challenges still
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exist with its use, such as dosing, side effect profiles (psycho-activity,
toxicity) and an overall lack of knowledge of its mechanism of action,
which often makes clinicians hesitant to prescribe it (81, Some of these
challenges stem from the fact that in addition to the most characterized
cannabinoids, tetrahydrocannabinol (THC) and cannabidiol (CBD),
cannabis contains numerous other cannabinoids as well as terpenes and
flavonoids that all may have biclogical acdvity but are peorly char-
acterized {%!, Thus, a model that can test the bic-aetivity and provide a
toxicity profile for both plant-derived material and extracted chemicals
would aid in the further development of cannabis and cannabinolds as
therapeutics.

Drug testing models using zebrafish larvae have gained popularity
as a starting point for the testing of potential therapeutics as they offera
low-cost, high-throughput alternative to more costly mammalian tests
tini, It has been shown that zebrafish possess a similar en-
docannabinoid system to that of mammals and may be useful for
identifying the therapeutic potential of cannabinoids [ 11], Zebrafish
madels may also provide information on both the target specificity of
the compeunds being tested along with potential off target effects that
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may be detrimental or lead to toxicity {12]. Additionally, a largé
number of disease models have been developed using zebrafish that can
be nsed to test the efficacy of potential therapeutics {13,14]. With re-
spect to pain, it is now widely accepted that fish can detect painful
stimul (nociception) and have similar somatosensory neural networks
to higher vertebrates [15.16]. Zebrafish behavioural models of noci-
ception have been developed using both adults and larvae [15,17-271.
Adult pain models have attempted to mirror those developed for other
fish species involving the injection of acetic acid (AA) into either the
lips {17,237 or subcutaneously along the trunk {21}, While these studies
produced changes in behaviour that were indicative of nociception, one
of the lures of using zebrafish as a drug testing model comes from the
high throughput and low cost of larval studies{28-301. A recent study
has highlighted the potential usefulness of a larval nociception model as
replacernent for adult studies [27]. However, there currently are only 2
iimited number of zebrafish models of nociception using larvae
118,19,22,271, It has been shown that chemical and thermal stimuli can
produce changes in larval behaviour that are indicative of nociception
such as changes in aetivity (22,27} and temperature aversion {18,159},
In addition to behavioural responses thermal stimuli can produce gene
expression changes that may be related to the activation of nociceptive
pathways [20].

in the current study we have developed a novel model of pain as-
sessment in which 5 day old larvae are briefly exposed to acetic acid
followed by an analysis of their subsequent patterns of behaviour
during their recovery, We have shown that exposure to acetic acid
causes localized tissue damage along the tail of the larvae and leads to a
unique, multifaceted, change in behaviour that is indicative of a noci-
ceptive response. In order to evaluate the efficacy of the model for
testing the therapeutic potential of cannabinoids, known synthetic and
naturally-derived health products were tested for their effects on the
larval model of nociception and compared with the effects of THC and
<BD.

2. Materials and methods
2.1. Animals

Zebrafish (Danio rerio) were maintained according to standard an-
imal care protocols (Westerfield 1995) and in accordance with the
Canadian Council on Animal Care guidelines. AB/Tubingen adults,
embryos and larvae were maintained on a re-circulating Tecniplast
aquatic system at 280C +/— 1oC and between pH 7.0-7.5 on a 14/
10 h light/dark {L/D} cycle. Embryos were collected from multiple AB/
Tubingen breeding pairs and pooled. Following 4-6 h in an incubator in
E3 media (5 mM NacCl, 0.17 mM KCL, 0.33 mM CaCl22H20, 0.33 mM
MgS04) unfertilized embryos were removed. Larvae were placed in
Aquatic Habitats mesh-bottom baby baskets on the recirculation system
until use.

2.2. Propidium iodide staining

Five day old zebrafish larvae were placed 2 larvae per well in 12
well plates fitted with 15 mm Corning Netwell mesh bottom baskets,
Larvae were exposed to acetic acid (AA) solutions (0.15, 0.25, 0.5%)
made from a 5% AA stock selution in ES media for 60 s. Larvae were
washed in HEPEs buffered 3 media (HE3, E3 + HEPEs 10 mM, pH
7.2), and transferred to 2 mi of tricaine HE3 (50ul of 4 mg/ml tricaine
per 2ml HE3). Propidium lodide was added to the well (0.75ul of
1.5 mM PI) and swirled briefly for a final concentration of 0.5 ug/ml.
Larvae were removed from the well and placed on a depression slide (3
per slide). The media was removed and replaced with ~ 100ul of 1.5%
methyl cellulose w/tricaine (50ul per 2 ml). Larvae were imaged using
a Nikon AZ100 fluorescent microscope at 4 % 2 zoom, dark: 400 ms/
2.8X gain, light: 100 ms, 1X gain. All images were processed using NIS
Elements AR 3.2 software,
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2.3. Behavioural testing

Five day old zebrafish larvae were placed 2 larvae per well in 12
well plates fitted with 15 mm Corning Netwell mesh bottom baskets.
Larvae were incubated in HEPEs buffered ¥3 media (HE3, 2 + HEPEs
10 mM, pH 7.2) or HE3 media with the therapentic being tested for 2h
in a light incubator. Acetic acid (AA) solutions were prepared using B3
media as the HE3 buffer contained enough HEPEs to reduce the acidity
of the AA solutions reducing their effect on the larvae, An initial 5%
stock solution in B3 was prepared from glacial AA. The stock solution
was used to make the appropriate concentration of AA to be tested.
Larvae were transterred from the pre-exposure solution o the AA or E3
control plate with the netwells. Following the required exposure time
the netwells were washed 2 times with HE3 in 12 well plates then the
larvae were transferred fo a 24 well plate containing the appropriate
recovery solution, I larvae per well, using a transfer pipette. The plates
were placed immediately into the Zebrabox plate holder comprised of a
recirculating water bath used to heat the plates, maintaining the plate
temperature at 28 "C. Larval activity was immediately tracked using the
Viewpoint video tracking system and software (Viewpoint Life Sciences
Inc., Montreal, Quebec, Canada). Images were scanned at a rate of 40fps
and initially binned into 60-s windows. The behavioural testing pro-
tocol was begun immediately and consisted of a 2.5 h exposure to light
followed by a 5 min dark-light cycle for 30 min. Following the beha-
vioural protocol larvae were scored for any mortality, tissue damage or
other abnormalities that may affect their behaviour. The initial con-
centrations tested of for each compound are as follows: Ibuprofen
25-100 uM; Acetaminophen 1-10 md; Tramadol 1-20 uM; Honokiol
1-5pM; THC 0.1-1 ud; CBD 0.1-2.5 pM.

2.4, Pata analysis

The entire distance travelled was used as the behavioural meiric and
data was initially pooled into 60 s bins. Each 24 well plate was split into
two treatment groups for each run (n = 1Z/group). The data from
multiple experiments conducted on separate days was pooled for fur-
ther analysis (n = 36-60 for drug treatment groups, n = 188 for E3
confrols, n = 208 for AA controls). Following the initial analysis the
activity was binned into the following time frames: 1-5, 10-30, 80-90
and 140~150 min. In addition the total activity for the second light
cycle was subtracted from the total activity during the second dark
cycle. Comparisons were made batween experimental groups by festing
significant differences using a standard 2-tailed t-test with a two sample
unequal variance that compared data for each bin. Multivariate statis-
tical analysis and PCA was performed on the software Unscrambler X
{v10.3) from CAMO. The dataset was built by averaging the obssrva-
tions recorded for 12 larvae and each sample was described by 150
variables obtained from the mobility measured within 60 s bins over
the 2.5h of light exposure. PCA results were obtained after mean
centering the data matrix for each variable and discussed by inter-
preting both score and loadings plots,

3. Results

Previous zebrafish models have shown that continuous exposure of
larvae to low levels of acetic acid (AA - 0.0025-0.025%) leads to 2
general and often sustained increase in activity {24] while exposure to
higher levels of AA (0,1-0.25%) produces a decrease in activity 1271, In
order to design an alternative behavioural model of nociception using
zebrafish larvae that would complement the existing studies and may
more closely resemble both adult and rodent injection studies we have
developed a mode! where larvae were exposed to higher levels of AA for
shert durations followed by recevery in a buffered solution. The goal
was t0 produce some peripheral tissue damage that would be akin to a
localized injection without causing overt morphological abnormalities
or lethality. We initially exposed larvae to AA between 0.1 & 0.5% for
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&9 s. The short duration exposure did not produce any overt physical
deformations but propidium iodide staining did reveal that the AA
exposure resulted in cell death on the surface of the larvae (Fig. 1).
‘There also appeared to be an increase in cell death as the concentration
was increased from 0.1 to 0.5%.

Next we tested the effect of the short-duration AA exposure on larval
behaviour, We used a multifaceted behavioural assay to test both basal
activity levels and stimulus response during recovery. Larvae show in-
herent activity patterns in both light and dark environments. The basal
activity level for larvae is higher in the light than in the dark so we
initially measured larval activity in the light [31,32). Paradoxically, a
transition from light to dark results in a temporary increass in activity
that is thought to be an avoidance response [33]. Any decrease in the
normal response to a light-dark transition may indicate sedation or an
impediment © normal swimming activity such as tissue damage. In
order to test both baseline activity and the response to a dark stimulus
the basal activity of larvae was recorded for 2.5 h in the Hight followed
by three five-minute {ight-dark transitions (Fig. ZA). Based on the
propidium iodide test results we evaluated the behavicural response to
AA concentrations between 0.1 & 0.5%. Exposure to concentrations at
or above 0.25% AA led to a large drop in activity for the first 2.5 h and
the larvae no longer responded to the light to dark transitions (data not
shown}. This change in activity was considered too large to be useful for
testing analgesics. We then narrowed the concentration range to be-
tween a level that produced the lowest significant decrease in activity
{,1%) and & maximum level that decreased activity without having a
large effect on the light-dark transition response (0.2%). It was found
that moving from 0.1 to 0.15 and finally 0.2% AA led to what initially
appeared to be an increasing reduction in overail activity. Interestingly,
exposure to .15% AA produced a multifaceted behavioural response.
During the initial period of activity following the AA exposure larval
activity was lower than controls, however, this was followed by an
increase in activity between 10 & 40 min of recovery followed by a
subsequent decrease in activity to a level well below that of the con-
trols. The 0.15% AA model was further refined and the exposure time
was decreased to 45 s resulting in a highly reproducible, multi-faceted
change in behaviour (i ZA) :

In order to assess the multi-faceted nature of the recovery response
we used principle component analysis (PCA) as a data exploratory tool
to reveal the main variances in a complex observation dataser and
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Fig. 1. Propidium idodide staining of 5 dpf zebrafish larvae
following short term expasure (80 8) to acetic acid. Scale bar
200um.

characterize trends in the behavior profiles using an untargeted ap-
proach. By converting a set of observations into a set of principal
components (PCs), PCA results can be projected in an informartive and
dimensionally reduced scove plot in order to best explain the variance
in the data. In this study, PC-1 and PC-2 explained 71% and 7% of the
variances respectively, and a distinct and rebust discrimination be-
tween control and AA treated larvae was abserved along the PC-1 di-
mension of the score plot (Fig. 2B). Indeed, contral larvae (red) display
a strong positive influence along PC-1 while the AA treated larvae
{blue) are symmetrically oriented in the opposite direction. In order to
further characterize the weight of each variable (zebrafish mobility per
60 s bin) on PC-1 score, the loading plot (Fig. 2C) was interpreted from
which four key characteristic regions were identified to represent ob-
servations with both high {1~5 min, and 80-90 min} and low variance
(10-30 min, 140-150 min} recorded during the light exposure period,
Both control and AA treated larvae displayed an even distribution along
the Y-axis in the score plot which indicates that the second principal
component (PC-2} is attributable to variances inherent to experimental
deviation instead of the AA treatment. PC-2 leading plot (¥, 2D}
displays an overall decrease in the basal activity over the 150 min as-
sessment period which could be explained by recovery from the
handling stress or attenuation to the light stimulos, Most of the var-
iances resulting from the AA treatment can therefore be visualized and
explained along the first principal component (7124) in the PCA model.
In order to assess the efficacy of the model for testing potential
therapeutics we tested 4 known analgesics: ibuprofen, acetaminophen,
tramadol and honokiol along with THC and CBD for their effects on the
AA induced changes in behaviour (¥iz. 3). Initially concentraton re-
sponse profiles were generated for each compound (see materials and
methods for concentration ranges). The data presented here represents
the lowest concentration of each compound that produced a change in
the AA induced activity. Larvae were exposed to each compound at the
selected concentration for 2 b followed by the brief exposure to 0.15%
AA and then recovered in the compound being tested. In order to
highlight the main features of the AA behavioural profile after larvae
were exposed to the target compounds, the data are presented as the
initial behavioural trace (60 5-bins, ¥i;. %), a comparison of the 4 im-
portant time windows based on the initial PCA analysis (537 ) and
finally by comparing all 6 compounds through PCA (Fis
Acetaminophen, CBD and honokiol had no effect on f:he activity
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Fig. 2. Optimized acetic acid (A&} exposure para-
digm. A, Larval activity following exposure to 0.15%
A or control media (E3) for 45 5. B. Projection of AA
and control observations on a PCA Score plot with
PC-1 and PC-2 explaining 71% and 7% of the var-
iance respectively, C. Loadings plots displaying the
influence of each variable along principal componant
PC-L D, Loadings plotted along PC-2 similarly to
Flg 20

Fig. 3. Larval activity response following acesic acid
(AA) exposure during pre/post treatment with: A,
thuprofen (25 M), B. Acetaminophen (5 mb), C.
Tramadol (2.5uM), D, Honokiol (1pm), E.
Cannabidiol ((.5uM), F. Tetrahydrocannabinol
(2.5 pm).
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during the first 5 min window, while both Tramadol and THGC treatment
led to a reduction in the AA induced activity (Tram 44%; THC 409%,;
Fig. 4A). Conversely, ibuprofen appeared to oppose the AA induced
activity reduction showing a significantly higher activity level (170%;
Fig. 4A). Only Tramadol and THC had an effect on the 10-30 min time
window, with both producing a reduction in activity (Tram 39%; THC
29%; Fig. 4B). For the final two time windows (80-90 & 140-150 min
windows) ali of the compounds, with the exception of CBD, reduced the
AA induced activity level (80-90 min: 1BU 24%; Acet 18%; Tram 35%;
Hono 24%; THC 33%; 140~150 min: IBU 19%; Acet 26%; Tram 24%;
Hono 28%; THC 42%; Fig. 4C&D). In contrast, CBD elevated the AA
induced activity for the final two time windows (80-90 min: 121%;
140156 min: 120%). Further analysis revealed that the activity level of
the CBD treated larvae was not significantly different than controls for
the 80-90 & 140-150 min windows (80-90 min: 90%; 140-150 min:
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Fig. 4. Comparison of total activity across 4 different time

mEd periods for larvae exposed to acetic acid (AA) 0.15% for 45 5.

B0 ASHAA Larvae were pre-meated and recovered fn I of & different

WO VAL potential analgesics. thuprofen (1BU, 25 i), Acetaminophen
{Acet, B mM), Tramadol {Tram, 2.5uM), Honokiol {Hono,

HACRIVAR ) LMy, cannabidiol (CBD, 0.5 M), tetrahydracanaabinol

Tram v AL (THC, 0.5 uM).

#HHongv AA

W|CAD v AA

2 THC v AA

102%; Figs. 3 E, 4 C&D).

PCA was performed on the six tested compounds as well as both
control and AA treated larvae and the resulis are displayed in the score
plot from the first two principal components (Fiz. 5}, While the var-
iance encompassing the main Internal structure of the data attributed to
the change in the behavioral profile between control and AA treated
larvae from which all control observations show a positive score was
primarily along PC-1 (74% of variances), the larvae exposed to the
tested compounds are differently seoved along the first component
while being further resolved on the second dimension to display unique
coordinates on the score plot. This aliowed for sub-groups of data points
from the tested compounds to be distinguished on the score plot, and
specifically CBD treated larvae are uniquely clustered at the interface of
two data-point groups formed by the control and AA samples. The other
compounds also lean towards showing different recovery patterns by
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Fig. 6, Larval activity response following contrel

i 500~ '2 00 (HE3} exposure during prespost treatment with A
{buprofen (3SuM), B. Acetaminopben {5 mM), C.
Tramadol (25uM), D, Honokiol (1uM), E
= 140+ ’fé‘ 1585 Caonabidiol {0.3uM), F. Tetrahydrocannabinol
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forming distinguishable clusters or sub-groups in the score plot. As an
example tramadol observations have the lowest score in the first prin-
cipal component, and statically cluster away from Ibuprofen, honokiol,
and acetamincphen overall. While Ibuprofen displays a wider disper-
sion across the score plot, acetaminophen and hanokiol exhibited a
unigue behavioral profile by clustering in two discernible sub-groups.
Overall these experiments highlight the potential for PCA to predict and
describe complex binlogical mechanisms involved in pain recovery in
the zebrafish model.

The next important consideration was the effect of each compound
on the activity pattern of control treated larvae. Control larvae show a
relatively consistent activity level over the entire course of the 2.5 h
light phase (i, &), Of the 6 compounds tested acetaminaphen and THC
showed the largest decreases In activity versus the controls (Fiz. 5B&F)
with THC showing a significant decrease in activity for all 4 of the time
windows tested (Acet 39%, 11%; 35%, 48%; THC 25%, 43%, 44%,
38%; Fiu 7). There were small reductions in activity for tramadol and
honokiol, but these were only significant for the 80-9¢ (Tram 14%;
Hono 19%) and 140-149 min time windows (Tram 18%; Hono 16%;
Fiz 7L Importantly, ibuprofen only showed a slight decrease in activity
during the first 5 min tme window {12%) and CBD did not show a
significant change in activity versus controls for any of the time win-
dows tested (Fi2 7). -

In order to evaluate if the reduction in activity produced by any of
the compounds was the result of sedation we evaluate the light-dark

156

transition response. There was no significant reduction in the light-dark
transition response for any of the test groups (Fiw. &), This result in-
dicates that neither the AA treatment nor any of the therapeutics af-
fected the normal stimulus response pattern.

4. Discussion

We have now developed a low-cost, high-throughput mode! to test
the potential efficacy of analgesic compounds. Shert term exposure to
acetic acid (AA) leads to tissue damage on the surface of the larvae that
likely generates a painful stimulus. This is based on the fact that larvae
at this developmental time-point possess the subtypes of nociceptive
neurons required to sense painful stimuli along the trunk {19241
Previous studies using zebrafish larvae have shown that continuous
axposure 1o various concentrations of AA produced distinct changes in
larval behaviour . |, However, it is important to note that these
studies involved the continuous exposure of larvae to AA and the ac-
tivity was measured for a relatively short period of time. In the current
study we assessed larval behaviour during their recovery from the no-
ciceptive stimuli. This more closely represents both adult zebrafish and
mammalian studies that typically use acute, focal injections of AA, Here
we have found that an exposure to 0.15% AA-for 45 s produced a be-
havioural response during the recovery period comprised of an initial
activity level lower than controls that was followed by a stereotypical
elevation In activity over the first 30 min that again dropped to levels
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¥ig. B. Comparison of the increase in activity during the second light-dark transition.
{buprofen (IBU, 25uM), Acetaminophen (Acet, 5mM), Tramadel (Tram, 2.5uM),
Honakiol {Hono, 1 M)}, cannabidiol (CBD, 0.5 ui), tetrahydrocannabinol (THC, 0.5 gM).
*t-test vs control larvae,

iower than confrols and then returned to levels near that of controls
over the next 2h (¥ig. 2}, It is likely that the initial 2 phases of this
multi-faceted activity pattern result from an initial shock/freeze re-
sponse when larvae are initially placed in the recovery solution which
then becomes a flight response as the larvae attempted to escape from
the painful stimulus. Importantly, following the first 2.5 b in the light
the larval response to light-dark transitions does not appear to be dif-
ferent from controls. This suggests that the stimulus does not have a
permanent effect on or cause permanent damage to the larvae, The
previous studies that looked at the short term continuous exposure to
AA have stated that prolonged exposure to the levels of AA tested would
lead to lethality [27.55]. In order to strengthen the statistical validity of
the behavioural model principal component analysis was used as an
untargeted approach to characterize and visualize the zebrafish heha-
vioural trends during recovery from the painful stimulus. Differences
between the AA treated larvae and controls were clearly evident from
the PCA analysis. It was found that four sections in the behavioral
pattern were characteristic areas that could be used to quantify and
compare the differences in the behavioral responses between AA ex-
posed larvae and controls. :

In order to assess the relevance of the model for testing and com-
paring the analgesic properties of different compounds four known
analgesics were chosen and their effects on the model were compared
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Fig. 7. Comparison of total activity across 4 different time

HWE3 points for control larvae. Larvas were pre-treared and re-
SiBU v R covered in 1 of 6 different potential analgesics. Ibuprofen

(IBU, 235uM), Acetaminophen (Acet, 5mM), Tramadol
& Acetv E3 (Tram, 2.5 yM), Honekiol {Hono, 1 uM), cannabidis! (CBR,

B Tram2.5 v £3 0.5 uM), tetrahydrocannabinol (YHC, 0.5 uM).

®Hono v E3
#CBDVES
#IHC v E3

with those of THC and CBD. PCA was successfully applied to the zeb-
rafish behavioral observations and revealed that the 6 tested com-
pounds displayed similarities and distinet cluster patterns when pro-
jectad in the lower dimensional score plot (Fig. 5) if we considered the
behavioral abservations over the 2.5 h light exposure period as a high-
dimensional data space (1 axis per 50 ¢ binned variable). Of the com-
pounds tested CBD showed the most unique activity pattern clustering
between the AA and control patterns, This would be consistent with the
raw activity trace and binned analysis that showed CBD was the only
compound to oppese the reduction in activity produced by AA exposure
by elevating the activity during the final hour of the test, The remaining
5 compounds appeared to cluster more closely together; however, both
ibuprofen and tramadol were located o the peripheral of the group
formed by the other three compounds; acetaminephen, honokiol, and
THC (Fig. 8). Again this Is consistent with the raw data traces and the
binned data which showed ibuprofen to be the only compound to
produce an increase in activity for the first 5 min versus the AA treated
larvae and tramadol showing the largest overall decrease in activity
versus the AA treated larvae. Although additional experiments are re-
quired to validate the PCA model further, honokicl and acetaminophen
tend to create two sub-groups which would suggest the potential for the
zebrafish pain model io describe complex pain recovery behavior and
be applied as screening tools for the characterization of new analgesic
compounds, formulations or natural extracts.

Further analysis of the binned data revealed that all § of the po-
tential analgesics had different activity patterns, The two common over
the counter analgesics, acetaminophen and ibuprofen, both showed a
reduction in the AA induced activity during the final two time windows
tested. However, they showed different responses during the first two
time windows. Acetaminophen had no effect on either the initial drop
in activity or the increase from 10 to 30 min. Ihuprofen appeared to
oppose the initial drop in activity by elevating the AA induced activity
(¥iz. %), Importantly, ibuprofen had a minimal effect on the control
activity while acetaminophen showed a significant reduction in activity
(¥i2 7). Honokiol showed a similar effect on the AA induced activity as
acetaminophen, however, similar to ibuprofen it did not show the same
reduction in control activity as was found for acetaminophen. Tramadel
and THC have a similar effect on the AA induced activity leading to
what appears to be an averall decrease in activity, however, framadol
had much less of an effect on the control activity than THC. It would
then appear that while two compounds can have similar effects on the
AA induced activity they may have differing effects on the control ac-
tivity. A decrease in control activity may indicate a higher risk for side
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effects such as sedation or psycho-activity. While each of the 6 com-
pounds showed a somewhat distinet activity pattern, it should be noted
that acetaminophen and THC both showed a reduction in AA induced
activity along with a similar reduction in control activity and that both
target CB1 receptors, While more work is required to test compounds
with similar targets, this may indicate that it will be possible to use this
study as a fivst step in testing the target of new therapeutics,

Cannabidiol had perhaps the most interesting effect on the AA in-
duced activity leading to an increase in activity over the course of the
light cycle that returned the activity level to that of controls. It then
appears that CBD can rescue some of the AA induced activity changes.
Importantly at this level there was no effect of CBD on the control ac-
tivity. CBD has been purported as a strong candidate for pain man-
agement [36-38] and one of the advantages of CBD over THC for the
treatment of pain is the lack of psycho-activity and low side effect
profile {391, It appears that the effect of CBD on the current larval
zebrafish model is consistent with its purported analgesic activity in
mammals and this technique appears to be suitable for the biological
evaluation of cannabinoid-like compounds. In addition to CBD, THC
aiso had a complex effect on larval behaviour that may be indicative of
its underlying bic-activity. Since there is no effect of THC on the light-
dark response of control larvae, the reduction in overall activity may
aot simply be an indicator of sedation, but may be due to the psycho-
active properties of THC. These results would seem to support the no-
tion that cannabinoids other than THC may be better suited to be used
as therapeutics as many do not have the same mood altering effects as
THC, While cannabis use is ever inereasing one of the many restrictions
to its use for the treatment of various disorders, including pain, is the
varying levels of cannabinoids in different plant species and strains,
This not only makes dosing difficalt with respect to the levels of a single
cannabinoid, such as THC, but the ratios of different cannabinoids may
also affect the overall activity since there may be synergistic effects of
different cannabinoids. Tt also appears that the ratio of CBD:THC is
specifically important [40,41 |, Thus, testing the interaction of different
cannabinoids using a low-cost, high-throughput in vive model will be of
great interest moving forward. The zebrafish larval behavioural models
that we have developed may allow for such testing. In addition, since
one of the primary uses for both medicinal cannabis and cannabinoids
is pain management, the current model may be useful for screening and
comparing other cannabinoids, combinations of cannabinoids or plant
extracts for their analgesic potential,

3. Conclusions

The multifaceted changes in behaviour produced by exposure to AA
in the current model appear to be able to guantify differences in the
activity of potential and known therapeutics. As such, these tests may
not only help ascertain the potential efficacy of an analgesic compound,
but competition assays with other known compounds or further model
development may also help to discern mechanisms of action or targets.
Further validation and development of the maodel will require the
profiling of the neural pathways that are activated by the AA exposure
paradigm along with any gene expression changes that may be in-
dicative of nociception.
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