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1 | INTRODUCTION

The term epilepsy describes a heterogeneous group of neurological dis-
orders characterized by recurrent spontaneous seizures, hyperactivity
of brain structures, and alteration in the balance between excitatory
and inhibitory neurotransmission pathways (Bakvis et al., 2009; Mehta,
Dham, Lazar, Narayanswamy, & Prasad et al., 1994; Tunca et al., 2000).
A diversity of antiepileptic drugs (AEDs) are available, although they
are ineffective in up to one-third of the patients and present severe
side effects (Mula & Sander, 2007; Frye et al., 2013). Animal models of
acutely evoked seizures in which the convulsions are induced by chem-
ical (Sadek et al., 2016a; Sadek & Stark, 2016b) or electrical stimuli,
including the maximal electroshock seizure (MES) test and the subcuta-
neous pentylenetetrazol (sc PTZ) test are among the most widely used
models in primary AED screening (Loscher, Honack, Fassbender, &
Nolting, 1991; Loscher, 2011). PTZ may have multiple mechanisms of
action, but inhibition of the type A gamma amino butyric acid (GABA,)
receptors has been suggested as the primary one (Kalueff, 2007). PTZ is
widely used to induce seizures in rodents and other species (Akula,
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Screening for novel anticonvulsant drugs requires appropriate animal seizure models. Zebrafish
provide small, accessible, and cost-efficient preclinical models applicable to high-throughput small
molecule screening. Based on previous results in rodents, we have here examined the effects of
artificial sweetener sodium cyclamate and antimicrobial agent sodium propylparaben on a model
of pentylenetetrazole (PTZ)-induced seizures in zebrafish. Sodium cyclamate reduced the bursts of
hyperactivity, the spasms, increased the latency to spasms, and the latency to seizure, while pro-
pylparaben increased the latency to spasms. The results show the potential of zebrafish to detect
novel anticonvulsant compounds while they also demonstrate the ability of two commonly

ingested chemical compounds to modify the seizure threshold when were administrated at low
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Dhir, & Kulkarni et al., 2009; Carmody & Brennan, 2010; Prigol,
Brining, Godoi, Nogueira, & Zeni, 2009). In rodents, exposure to PTZ
induces a concentration-dependent sequence of stereotyped behavioral
changes which culminates in strong generalized tonic-clonic seizures.

Zebrafish (Danio rerio) has become extensively popular in preclini-
cal research, sharing extensive genetic and physiological homology
with other vertebrate species (Brittijn et al., 2009; Egan et al., 2009).
They exhibit well characterized behavioral and physiological pheno-
types, and they are capable of producing a large number of offspring in
a short time-period (Alestrom, Holter, & Nourizadeh-Lillabadi, 2006;
Blaser & Gerlai, 2006; Spence, Gerlach, Lawrence, & Smith, 2008). This
specie exhibits several anatomic similarities and a high genetic homol-
ogy with mice and humans (Barbazuk et al., 2000). Moreover, zebrafish
present a tight junction-based blood-brain barrier similar to higher ver-
tebrates (Eliceiri, Gonzalez, & Baird, 2011; Jeong et al., 2008), which
makes this model an attractive organism for screening Central Nervous
System (CNS)-target drug candidates. Considering the necessity for
new experimental models to study seizure and epilepsy at behavioral
and pharmacological level (Stables et al., 2002; Baraban, 2007), zebra-
fish may represent a reasonable source of such models (Cachat et al.,
2010; Wong et al., 2010).
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The availability of both larval and adult zebrafish enables the inves-
tigation of a wide spectrum of epilepsy-related phenomena from young
to adult (e. g., childhood and adult epilepsies); to the moment, there is
no single animal model of epilepsy that can fully represent this disease.
Zebrafish is a vertebrate model organism with tremendous potential
for modeling acute seizures and epilepsies (Baraban, Taylor, Castro, &
Baier, 2005; Baraban, 2007; Berghmans, Hunt, Roach, & Goldsmith,
2007; Winter et al, 2008). Recent studies have indeed reported
seizure-like behavior in larval and adult zebrafish (Baraban, Taylor, Cas-
tro, & Baier, 2005; Berghmans et al., 2007; Goldsmith, 2004; Langhein-
rich, 2003). Concentration-dependent effects of PTZ on adult zebrafish
have already been characterized using a seizure score (Mussulini et al.,
2013; Gupta Khobragade, & Shingatgeri, 2014). The brain PTZ levels in
adult zebrafish immersed into the chemoconvulsant solution at 5 or
10 mM were equivalent to those described for the mouse model. PTZ
brain levels denote a concentration exposure-dependency, presenting
an interaction between concentration and time of exposure (Mussulini
et al., 2013).

In contrast with rodent models of epilepsy, which frequently
require invasive procedures to administer the candidate drug, pharma-
cologic testing in zebrafish can be performed for different time expo-
sures without any aversive intervention, since the drug can be
dissolved in the tank water.

We have previously reported the anticonvulsant effects of non-
nutritive sweetener sodium cyclamate (SC) and antimicrobial agent pro-
pylparaben (PP), which were identified through computer-guided vir-
tual screening (Talevi, Bellera, Castro, & Bruno-Blanch, 2007; Talevi,
Enrique, & Bruno-Blanch, 2012; Di lanni et al., 2015). Here, we have
exposed adult zebrafish to the chemoconvulsant drug PTZ, examining
their responses using a detailed behavioral analysis, and we have
explored the anticonvulsant effects of SC and sodium PP in this model
to verify if their protective effects could be observed in nonrodent ver-
tebrate species. Considering that many currently approved AEDs have
shown other beneficial effects on other psychiatric and neurological
disorders (Ettinger & Argoff, 2007) we have also used zebrafish as a
behavioral model to assess possible alternative medical uses of both

substances (namely, anxiolytic and antidepressant activity).

2 | MATERIALS AND METHODS

2.1 | Reagents

PTZ was purchased from Siegfried (Zofingen, Switzerland). Sodium Val-
proate (VPA) and SC were purchased from Sigma Aldrich (Steinheim,
Germany). PP was a gentle gift from the Pharmaceutical Technology
lab, Faculty of Exact Sciences, University of La Plata, La Plata,

Argentina.

2.2 | Animals and housing

3-month old adult zebrafish (Danio rerio) were obtained from a local
commercial supplier and maintained following standard procedures
(Westerfield, 2007). They were kept in a 100-L tank with a constant 14

to 10 hr light/dark cycle at 28 + 2°C and fed twice a day with Arthemia
sp. and dry food. All fish used in this study were experimentally naive
and were given at least 14 days to acclimatize to the laboratory facility.
All animal work was carried out with approval from the University of
Buenos Aires Research Ethics Committee. Care was taken to minimize
the numbers of animals used in this experiment in accordance with the
ARRIVE guidelines (http://www.nc3rs.org.uk/page.asp?id = 1357).

2.3 | Experimental apparatus

The experimental apparatus was designed to evaluate the zebrafish
movements with precision (Figure 1A) and consisted of: a heating pla-
que set at 28 + 2°C; fish tank 1 and fish tank 2 (13 cm height X 7 cm
width X 20 cm length), with three of their faces covered with white
paper and containing 1.5 L of system water each; a fluorescent light
tube (18 W) placed 35 cm behind the fish tanks and; a video camera
(Microsoft LifeCam VX-700) placed 60 cm from the testing tanks and

connected to a computer.

2.4 | Effect of potential AEDs
on PTZ-induced seizures

We have investigated the effects of three anticonvulsants on a PTZ-
induced seizure model in adult zebrafish: a classical AED, VPA, and two
potential AEDs whose anticonvulsant effects in rodent models have
previously been identified in our lab: SC and PP (Figure 2). SC has
shown protective effects in MES test (30 mg/kg, mice) and sc PTZ test
(abolishment of myoclonic and tonic-clonic seizures at 30 and
100 mg/kg and increased latencies to seizures at 30 mg/kg, mice) (Di
lanni et al., 2015 and refs therein). PP has shown protective effects in
MES test (Talevi et al., 2007) and its neuroprotective effects following
status epilepticus have been the object of an international patent appli-
cation (PCT/IB2014/064484).

2.4.1 | Procedure

For AED acute exposure assays (Figure 1B), zebrafish were first
brought individually from their home tank and placed for 20 min in
tank 1 filled with system water to allow habituation to the new envi-
ronment (test tank). They were then transferred to the tank 2 (behav-
ioral testing tank) containing tank water (control group, Ctr), 830 mg/L
(6 mM) PTZ (PTZ group), 830 mg/L PTZ plus 50 mg/L (300 uM) VPA
(VPA group), 830 mg/L PTZ plus 1 pg/L (4.9 uM) SC (SC group) and
830 mg/L PTZ plus 9 pg/L (49 uM) PP (PP group). Each group con-
sisted of 10 to 12 animals. VPA concentration was determined as pre-
viously reported by Gupta et al. (2014). PTZ test concentration and
treatment time were selected based on our own data, with a wide
range of concentrations tested (from 2 to 10 mM of PTZ). Among the
PTZ concentrations tested, the one that caused seizure-like behavior
without causing death was 830 mg/L (6 mM), which is in good agree-
ment with previous studies (Gupta et al., 2014). SC and PP concentra-
tions were determined during the setup conditions, where different
concentrations of SC and PP were evaluated at behavioral level. SC
was tested at 1, 5, 10, and 20 ug/L, and PP was tested at 5, 9, and 15
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FIGURE 1 Schematic representation of the experimental conditions and procedures. (a): Experimental apparatus. (b): Schedules used to
evaluate the behavioral effect of acute exposure of the potential antiepileptic drugs. (c): Schedules used to test the 4-day pretreatment

before the behavioral analysis of the potential AEDs

ng/L mixed with PTZ (830 mg/L), where 1 ng/L of SC and 9 ng/L PP
was finally used based on the behavioral results (Figure 3).

For 4-day AED continued exposure assays (Figure 1C), two groups
of fish were placed for 4 days in 19 ¢cm height X 22.5 cm width X
30 cm length tanks containing 1 pg/L SC (SC group), 9 ug/L PP (PP
group), or saline (SAL group). On the fifth day fish were transferred (in
a container filled with the solution in which they were already
immersed) and kept for 15 minutes in tank 1 containing tank water (Ctr
and PTZ groups), 1 pg/L SC (SC group) or 9 ug/L PP (PP group). Fish
were then transferred to tank 2 (behavioral testing) containing tank
water (Ctr group), 830 mg/L PTZ (PTZ group), 830 mg/L PTZ plus 1
ug/L SC (SC group) or 830 mg/L PTZ plus 9 ug/L PP (PP group).

2.4.2 | Behavioral analysis

The behavioral testing took place between 10:00 and 16:00 hr to
ensure consistency and reduce potential variation in behavior due to
the circadian rhythm. The behavior of each fish was recorded for a
maximum of 15 min. Videos were then manually analyzed by trained
blind observers. The duration of the following seizure-related end-

points was recorded by the observers: erratic movements, bursts of
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FIGURE 2 Molecular structures of VPA, PTZ, SC, and PP

hyperactivity, and spasms. Erratic movements were defined as sharp
changes in direction and/or velocity, which were represented as rapid
darting behaviors (Wong et al., 2010). Hyperactivity was defined as
prolonged (>3 s) periods of sharp changes in direction and/or velocity,
which differ in duration from erratic movements. Spasms were
recorded as sudden twitches or small jerks of the body that may or
may not result in propulsion. Latency to spasms (s) and latency to sei-
zure (s) were also measured.

To examine possible AEDs side effects or additional benefits, video
tracking software (Ethovision XT7, Noldus Information Technology,
Netherlands) was used in addition to direct observation, studying possi-
ble anxiety/depression-like behaviors of Ctr, SC, and PP groups (acute
and 4-day exposure fish) (Stewart et al., 2011; Egan et al., 2009; Levin,
Bencan, & Cerutti, 2007; Nguyen, Stewart, & Kalueff, 2014). Using the
software, two zones were determined by tracing a horizontal line in
the middle of the tank: top zone and bottom zone. The following end
points were measured: total distance travelled (cm), average velocity
(cm/s), and total time spent in the top zone of the tank (s). Movement
pattern analysis is a promising approach for zebrafish behavioral phe-
notyping using trajectory based on individual locomotion parameters
(i. e., velocity or distance swum) to extract local locomotion features,
likely to be useful for the dissection of zebrafish movement-related
pathologies, such as, depression and seizure. Moreover, increased top
exploration with reduced bottom dwelling is an excellent neuropheno-
typing approach which reveals robust behavioral differences between
controls versus anxiolytic zebrafish cohorts (Cachat et al., 2010;
Nguyen et al., 2014).

2.5 | Statistics

All data were expressed as mean = SEM and analyzed using the non-
parametrical Wilcoxon-Mann-Whitney U test to compare the control
groups (Ctr, VPA, and PTZ) with experimental groups (SC and PP, acute
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FIGURE 3 Behavioral analysis of SC and PP at different doses (indicated as pg/L). Zebrafish were habituated for 20 min in tank 1 (see
Figure 1A) and then moved to tank 2 (behavioral tank) for 15 min maximum where the burst of hyperactivity and the latency to seizure
were quantified. The experimental groups were: drug-free system water (Ctr), 830 mg/L PTZ, 830 mg/L PTZ plus 1, 5, 10, and 20 pg/L SC,
and 830 mg/L PTZ plus 5, 9, and 15 ng/L PP. Data are expressed as mean = SEM and were analyzed using the nonparametrical Wilcoxon-
Mann-Whitney U test. Asterisks (*) indicate significant difference with Ctr (*p <.05, **p <.001, *** p <.0001), numerals (#) indicate signifi-
cant difference with PTZ (*p < .05, #p < .001, ##p < 0001) (h = 8-9 in each group)

and 4-days continued exposure). Significance was set at p <.05 in all

experiments.

3 | RESULTS

Based in previous reports, the optimal concentration of PTZ to induce
seizure in zebrafish was determined. Preliminary studies were carried
out using 2, 4, 6, and 10 mM of PTZ (data not shown). After detailed
analysis 6 mM (830 mg/L) was chosen based on its consistent efficacy
to induce all the behaviors to evaluate seizures in our zebrafish model,
without causing death; previous reports also used this concentration
(Mussulini et al., 2013; Gupta et al., 2014).

3.1 | Behavioral analysis of SC and PP
at different concentrations

Considering our previous results in mice using SC, we determined the
concentration of SC testing four doses by quantification of two behav-

ioral parameters associated with seizure-induced by PTZ, such as, burst

of hyperactivity and latency to seizure (see Section 3.2). Pharmacologi-
cal studies in zebrafish offer the advantage that exposure and systemic
levels of the drug can be continuous and stable. In fact, the concentra-
tion of a drug in fish tissues after a while (sec to min), for diffusible sub-
stances can be considered equal to its concentration in the tank water
(Faillace & Bernabeu, 2016).

Zebrafish were exposed to tank 1 for 20 min (Figure 1B) and then
exposed to tank 2 filled with no drug (Ctr), PTZ alone (830 mg/L), and
SCat 1, 5, 10, and 20 pg/L. Figure 3 (left graphs, SC) shows lower num-
ber of burst of hyperactivity at 1, 10, and 20 pg/L of SC compared to
PTZ group (p <.01). Moreover, 1 pg/L showed the higher latency to
seizure (11.8 min) compared with the other experimental groups. Next
we performed the same type of characterization for PP evaluating the
antiepileptic effect of the drug (Figure 3, right graphs, PP). The number
of burst of hyperactivity were significant different from control only for
PTZ and 9 ng/L but all the values were around eight bursts. When the
latency to seizure was analyzed 9 pg/L showed the higher value (11.5
min) compared to the other experimental groups. It is important to

remark that other behavioral parameters were measured, such as,



PISERA-FUSTER ET AL

SYNAPSE

WILEY-L2®

erratic movements, spasm, freezing bouts, corkscrews swimming (data
not shown), and the doses of 1 pg/L for SC and 9 pg/L for PP were
selected considering first the burst of hyperactivity and the latency to
seizure, but also taken into account the analysis from the other param-

eters mentioned.

3.2 | Behavioral analysis of SC and PP
on PTZ-induced seizures

Once the concentration of both AEDs was fixed, we evaluated the
effect of SC at 1 pug/L and PP at 9 pg/L on PTZ-induced seizure by
quantification of several behavioral parameters. Adult zebrafish were
exposed to a novel tank 1 for 20 min (to habituate the zebrafish to the
new environment), and then fish were exposed to tank 2 for a maxi-
mum of 15 min to PTZ alone, VPA alone, PTZ + SC, and PTZ + CC (see
Figure 1B). Zebrafish behavior was recorded from tank 2 to later ana-
lyze the different behavioral parameters described in Methods section.
The first parameter measured was erratic movements. An erratic move-
ment is a complex behavior characterized by sharp changes in direction
or velocity and repeated rapid darting. It is commonly observed in adult
zebrafish in tanks, and this parameter helps to evaluate the normal
behavior of fish. The increase in erratic movements is usually evoked
by acute light stressors or reflects a general baseline of anxiety/fear
state (Kalueff et al., 2013).

All the groups exhibited erratic movements (Figure 4). VPA, SC
(acute exposure), and PP (4-day exposure) groups showed a significant
decrease in time-periods of erratic movements compared to PTZ
(p<.01, p<.05, and p <.01, respectively). SC (acute) and PP (4-day
exposure) groups showed no significant differences in this parameter
compared to control fish. PP (acute) erratic movements were signifi-
cantly increased compared to VPA (p <.001 and p < .05, respectively),
but without significant changes related to PTZ group. When the num-
ber of erratic movements were quantified, VPA and SC (acute and 4
days) groups showed significant differences with control group
(p < .01, .05, and .001, respectively). 4 days SC group of animals was
significant different from PTZ group (p < .001).

Burst of hyperactivity (time and number) and spasm (time and
number) were then quantified to assess seizure-related behavior (Fig-
ure 4). All groups exhibited significant differences in the bursts of
hyperactivity and spasms compared to Ctr group (p <.001) when the
time duration of the burst or spasms were quantified. Ctr group
showed no bursts of hyperactivity or spasms.

Considering the bursts, only SC group (acute exposure) displayed a
significant decrease in the time of bursts of hyperactivity in comparison
to the PTZ group (p < .01). Moreover, SC acute was the only treatment
that showed a significant decrease (p <.05) in the number of bursts
compared to PTZ group and also was the only group that showed no
significant differences with control. SC (4-day exposure) and PP (acute
and 4-day exposure) showed significant increases in the number of
burst compared to control (p <.01, p <.001, and p < .01, respectively).

Regarding spasms (time), while SC and PP (4-day exposure)
showed statistically significant shorter periods of spasms compared to

control group (p <.01), SC (4-days) showed also significant differences

with VPA group (p <.05). The number of spasm was evaluated and all
groups showed significant differences with control group (p <.01 and
p <.05). PTZ and VPA groups presented higher significant differences
(p <.01) than SC and PP (p < .05) respect to control values.

Next, the latency to spasms was analyzed to better characterize
the effect of SC and PP on PTZ-induced spasms. All groups showed
significant lower latencies to spasms compared to control group
(p <.01) and higher latencies compared to PTZ group (p <.01). More-
over, SC (acute and 4-day exposure) showed statistically significant lon-
ger latencies to spasms (p <.01) than PP (acute and 4-day exposure)
(p <.05) all compared to PTZ group.

In addition the latencies to seizure were evaluated. SC (acute) and
PP (4-day exposure) decreased the latency to seizure (p<.05 and
p <.01, respectively) when compared to control animals. SC 4-days
exposure was the only group significant different from PTZ, showing
latencies close to controls (13.1 min). Table 1 shows, for each treat-
ment, the percentage of individuals that reached seizures before 15

min of PTZ exposure.

3.3 | Behavioral analysis of SC and PP alone

To determine if the drugs per se induce some changes in the previously
measured behavioral parameters, we determined the effect of SC or
PP alone (acute and 4-day exposure).

Three controls were performed: control (ctr), PTZ alone, and VPA
alone (Figure 5). All groups, except VPA, presented statistically signifi-
cant longer periods of erratic movements than saline control (Ctr). Fur-
thermore, VPA and PP (4-day exposure) showed significant differences
with PTZ group (p <.001 and p < .01, respectively), displaying shorter
periods of erratic movements. SC (acute), PP (acute), and PP (4-day
exposure) showed significant longer periods of erratic movements than
VPA (p <.01, p<.001, and p < .05, respectively). Except Ctr group, all
groups presented bursts of hyperactivity. All acute treatments (VPA,
SC, and PP) presented statistically shorter bursts of hyperactivity than
the PTZ group (p <.001, p < .01, and p < .05, respectively). 4-day expo-
sure to SC and PP showed no significant differences in comparison
with PTZ group, but a significant difference compared to VPA (p < .05).
Neither Ctr nor SC or PP (both after a 4-day exposure) presented
spasms. PTZ, VPA, SC (acute), and PP (acute) all presented spasms of
different times. All the treatments showed a significant reduction in the
duration of the spasms compared to PTZ (p <.001). SC and 4-day
exposure PP presented significant differences with VPA group
(p <.001).

3.4 | Anxiety/depression-like behavior
evaluation of SC and PP

We decided to evaluate anxiety and depression-like behaviors for two
reasons: first, evaluate if SC and PP present some side effects at the
doses used in this work, and second: verify if these drugs present, as
was proposed for other AEDs, other effects on some neurological dis-
orders, in this case, anxiety and depression-like behaviors. Anxiety was
measured because several antiepileptic drugs are anxiolytic, such as
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FIGURE 4 Behavioral endpoints measured in adult zebrafish during an exposure of maximum 15 min in behavioral tank (tank 2, Figure 1A).
The experimental groups were: drug-free system water (Ctr), 830 mg/L PTZ, 830 mg/L PTZ plus 50 mg/L VPA, 830 mg/L PTZ plus 1 pg/L
SC after acute and continued (4-day) exposure, and 830 mg/L PTZ plus 9 ug/L PP after acute and continued (4-day) exposure. Data are
expressed as mean = SEM and were analyzed using the nonparametrical Wilcoxon-Mann-Whitney U test. Asterisks (*) indicate significant
difference with Ctr (*p <.05, **p <.001, ***p <.0001), numerals (#) indicate significant difference with PTZ (*p < .05, *p <.001,

###p < .0001) and circles (°) indicate significant difference with VPA (°p < .05, °°p <.001, °°°p < .0001) (n = 10-12 in each group)
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TABLE 1 The percentage of individuals that reached seizure in
each of the treatment performed

Treatment Individuals with seizures (%)
Ctr 0

PTZ 100

PTZ+VPA 60

PTZ+SC

Acute 54

4 day 63

PTZ+PP

Acute 60

4 day 72

The experimental groups were: control (Ctr), pentylentetrazol (PTZ), pen-
tylentetrazol plus valproate (PTZ + VPA), pentylentetrazol plus sodium
cyclamate (PTZ + SC), and pentylentetrazol plus sodium propylparaben
(PTZ + PP) (n = 10-12 per group).

GABA, receptor agonist (valproate and benzodiazepines). Anxiety (anx-
iety-like) behavior was defined as a complex behavior evoked by dan-
gerous or potentially dangerous environment/stimuli. Includes reduced
exploration, and typically manifests in geotaxis (diving), thigmotaxis,
and an increased time in the bottom of the tank (Kalueff et al., 2013).
Depression-like behaviors were analyzed since some antiepileptic drugs
contribute to the termination of a seizure but promote postictal
depression (Bernard, 2015). In zebrafish depressive-like behaviors were
associated with a reduction in distance moved and velocity (Kalueff
et al, 2013). Our idea was to evaluate if these drugs induce per se
induce some behavioral alterations observed with other antiepileptic
drugs, and taken into account that some approved AEDs have shown
beneficial effects on other psychiatric and neurological disorders
(Ettinger & Argoff, 2007).

Considering the previously cited antecedents, we evaluated the
time in the top of the tank, the velocity and distance swum. No signifi-

cant differences between the treatment groups (SC and PP, acute and

Erratic movement

& &

Acute 4 day
exposure  exposure

¢ L F R

Burst of Hyperactivity

A T

exposure exposure

4-day exposure) and the control group in any of the endpoints ana-
lyzed were found (Figure 6) suggesting that both drugs (at the concen-
trations tested in this work) have not anxiety and depression-like

effects.

4 | DISCUSSION

Recent studies have demonstrated that PTZ elicits seizures in adult
zebrafish. Such studies have included electrophysiology, immunolocali-
zation and behavioral analysis (Stewart et al., 2012; Pineda, Beattie, &
Hall, 2011; Wong et al., 2010) but only lately a detailed behavioral
analysis of PTZ induced seizures in adult zebrafish was performed
(Mussulini et al., 2013; Gupta et al., 2014). Here we observed that SC
reduced some behavioral seizure-related parameters induced by PTZ in
adult zebrafish (burst of hyperactivity, spasms, and latency to induce
spasms and seizure, whereas PP showed only a longer latency to
induce spasms.

It has been observed that the relative lack of significant improve-
ment in efficacy achieved by third generation antiepileptic agents com-
pared with classic AEDs might be related to the fact that most of the
clinical AEDs have been identified through the same screening
approaches (MES and scPTZ seizure models in rodents) (Loscher,
2011). Thus, new screening models are necessary to find novel thera-
peutic solutions to epilepsy. Beside their potential bias to select com-
pounds with similar pharmacological profile, available rodent seizure
models are expensive and time-consuming.

New species have been proposed as emerging useful models to
screen drugs or mutations related to epilepsy (Baraban, 2007; Stewart
et al., 2012). Invertebrates have provided novel approaches to epilepsy
(Baraban, 2007), but it is difficult to interpret seizure in a model with-
out a complex nervous system. Zebrafish offer a perfect combination
of physiological and behavioral complexity, while being suitable for
medium- and high-throughput screening (Stewart et al., 2012; Cachat
et al., 2010; Wong et al., 2010).

Exposure of zebrafish larvae to PTZ demonstrated that this orga-

nism is highly susceptible to pharmacological induction of epileptic-like

Spasms
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FIGURE 5 Behavioral endpoints measured in adult zebrafish during a 15 min exposure in behavioral tank. The experimental groups were:
drug-free water (Ctr), 1 pg/L SC after acute and continued (4-day) exposure, and 9 pg/L PP after acute and continued (4-day) exposure.
Data are expressed as mean + SEM and were analyzed using the nonparametrical Wilcoxon-Mann-Whitney U test. Asterisks (*) indicate sig-
nificant difference with Ctr (**p <.001, ***p <.0001), numerals (#) indicate significant intergroup difference (*p < .05, #*p < .001,

###p < .0001) (n = 8-9 in each group)
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FIGURE 6 Behavioral analysis of time spent in the top zone (as a mea

sure of anxiety), velocity and distance moved (as a measure of

anxiety-like and depression-like behaviors, for details see the text) of adult zebrafish during 15 min exposure in the behavioral tank. The

experimental groups were: drug-free water (Ctr), 1 pg/L SC after acute

and continued (4-day) exposure, and 9 pg/L PP after acute and con-

tinued (4-day) exposure. Data are expressed as mean = SEM and were analyzed using the nonparametrical Wilcoxon-Mann-Whitney U test

(n=8-9 in each group)

seizures (Baraban, Taylor, Castro, & Baier, 2005). Treating zebrafish lar-
vae or adults with PTZ induces epileptiform discharges, together with
vigorous convulsive behaviors and c-fos expression in the brain (Bara-
ban, Taylor, Castro, & Baier, 2005; Mussulini et al., 2013; Afrikanova
et al,, 2013). To the moment, PTZ is thus the most widely used and
validated proconvulsant agent in zebrafish.

Considering that the general setup was changed in relation to
previous studies (Wong et al., 2010; Mussulini et al., 2013; Gupta
et al., 2014), different concentrations of PTZ were evaluated to
determine the optimal concentration to quantify the chosen behav-
ioral parameters. 10 mM PTZ, in our conditions, induced immobiliza-
tion of the fish with the subsequent fall to the bottom of the tank in
3 to 4 min, as had previously been observed in another experimental
setup conditions (Mussulini et al., 2013; Gupta et al., 2014). Previous
reports showed that the different phases of seizures were elicited in
zebrafish after 15-min exposure to 6 mM PTZ (Gupta et al., 2014).
Our preliminary data suggested that 6 mM was the optimal concen-
tration of PTZ to measure seizure, producing the seizure about 10
min after exposure without causing death in any fish. This latency is
adequate because it is possible to evaluate how the behavior of the
fish changes during those 10 min allowing appropriate characteriza-
tion of drug treatments.

This study extends the earlier work described previously (Mussulini
et al., 2013; Gupta et al., 2014), assessing a specific range of behaviors
in adult zebrafish to determine seizure-related activity. Moreover, we
completed this study by screening the effect of two commercially avail-
able food additives after acute and 4-day continued exposure. Adult
zebrafish have already been used in previous works to evaluate some
classical drug with anticonvulsive effects, like diazepam and gabapentin
(Mussulini et al., 2013; Gupta et al., 2014), and classical AEDs have also
been tested in larval zebrafish.

SC (an artificial sweetener) showed moderate anticonvulsant activ-
ities in mice (Talevi et al., 2012, Di lanni et al., 2015) in both scPTZ and
MES tests, whereas PP (a food preservative) displayed an anticovulsant
effect using the MES test in mice (Talevi et al., 2007). We decided then
to evaluate them in an alternative seizure model such as adult

zebrafish, quantifying the effects of these two compounds which pres-
ent the additional benefit that they are used by human beings daily
without apparent side effects at the acceptable daily intake.

The concentration of SC and PP was determined and 1 ug/L of SC
and 9 ug/L of PP was used considering the data principally from burst
and latencies behaviors and the lowest concentration of both drugs
with antiepileptic effects.

In zebrafish, SC reduces the erratic movements showing similar
values than controls, indicating an effect of this drug on fish behaviors
induced by PTZ. By reducing the bursts of hyperactivity and increasing
the latency to spasms (acutely and 4-day exposure) and the latency to
seizure (after 4-day exposure) this compound showed an effect in a
range of behaviors associated with seizure. PP effects were observed
only in the latency to spasms (4-day exposure) without changes (com-
pared with PTZ group) in the spasms duration.

Interestingly, when the previously described behavioral parameters
were evaluated following the exposure to the drugs alone, the burst of
hyperactivity were reduced in the acute treatment of SC and PP, and
the time of spasms was significantly reduced for both drugs at both
experimental conditions (acute and 4-days treatment), showing the
strongest effect in 4-day exposure fish. These results reaffirm the pre-
viously reported anticonvulsant effects of SC and PP (mice). These
drugs, at the concentrations used in this work, not only display anticon-
vulsant effects in seizure models of zebrafish, but also show no behav-
ioral effects when administered alone.

To further evaluate the effects of these two compounds, anxiety-
and depression-like behaviors in zebrafish were measured. No effect
was observed in any experimental condition for any of the drugs, sug-
gesting that both are innocuous (at the concentration tested) when are
administrated alone. Moreover, no parallel sedation and toxicity effects
were observed.

Taken together all the results, we can suggest that both drugs
present potential actions as AEDs, and could be considered as
important tools for future investigations and translational research,

considering the massive use of these products by the population.
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Our results corroborate the utility of the zebrafish PTZ-induced seizure
model in the screening of novel anticonvulsant drug candidates. In
comparison with the widely accepted rodent models of seizure, zebra-
fish provide higher throughput while simultaneously reducing the inci-
dence of invasive, stressful drug administration procedures (typically,
intraperitoneal administration) used in rodent models, which could pos-
sibly introduce more variability to the test results. It is interesting to
note that both SC and PP, which have already been shown to display
moderate anticonvulsant effects in rodents, also show seizure protec-
tion effects in zebrafish. Since these substances have a long history of
use as food additives and/or medication ingredients, they have previ-
ously undergone safety assessment (e. g., chronic or long-term expo-
sure effects), which could be advantageous to expedite the exploitation
of their potential medical use.

Finally, we would like to underline that AEDs are frequently pre-
scribed off-label and repurposed for other medical uses, and zebrafish
could be used as a medium to high-throughput screening model for the
early and fast detection of other potentially useful pharmacological
effects of AEDs on behavior, for example, anxiolytic or mood-
stabilizing activity, as well as adverse reactions (e. g., depressant effect).
Here, we have explored the possible anxiolytic and antidepressant

effects of SC and PP, without positive results.
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