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Abstract 36 

 Acute stressors are recurrent in multiple species life and can facilitate or impair cognition in 37 

different ways. The use of zebrafish (Danio rerio) as a translational species to understand the 38 

mechanisms in which stress induces different behavioral phenotypes has been widely studied. Two 39 

main acute stressors are recognized when using this species: (1) conspecific alarm substance (CAS) 40 

and (2) net chasing. Here, we tested if CAS or net chasing would affect animals working memory 41 

and cognitive flexibility by testing the animal’s performance after stress in the FMP Y-maze. We 42 

observed that CAS altered fish behavioral phenotype by increasing repetitive behavior, meanwhile 43 

animals showed different patterns of repetitive behavior when exposed to net chasing, depending 44 

on the chasing direction. Because D1 receptors were previously studied as a potential mechanism 45 

underlying stress response in different species, here we pretreated fish with a D1/D5 agonist (SKF-46 

38393) to assess whether this system plays a role in abnormal repetitive behavior (ARBs). The 47 

pretreatment with D1/D5 agonist significantly decreased ARB of CAS exposed animals and cortisol 48 

levels for both stressed groups suggesting that the dopaminergic system plays an important role in 49 

zebrafish stress-related responses. 50 

Keywords: alarm pheromone; dopaminergic system; FMP Y-maze; stereotypical behavior; stress-51 

reactivity. 52 
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1. Introduction 62 

Stress can be characterized as a cascade of physiological changes that occur after perception 63 

of a threat where the organism tries to restore the homeostatic norms (Schreck et al., 2001). Acute 64 

stressors are recurrent in  human life, and contribute to the clinical progression of a variety of disease 65 

process including depression, cardiovascular diseases, and cancer (Chmielewska et al., 2019; Cohen 66 

et al., 2007; Effendy et al., 2019; Mousavi et al., 2019). Stress facilitates or impairs cognition in 67 

different ways depending on the magnitude/frequency of stress and the cognitive function being 68 

studied (Sandi, 2013). Stressful stimuli can promote physiological and psychological effects that 69 

cause changes in cortisol levels, oxidative stress and inflammation (Salim, 2014; Schedlowski et 70 

al., 1992; Wirtz and von Kanel, 2017). Stress also affects the central dopaminergic system (Gryz et 71 

al., 2018; Lehner et al., 2018; Metzger et al., 2019). A stressful stimulus can also translate to 72 

behavioral changes including loss of memory (Chen et al., 2010), inability for decision-making 73 

(Starcke et al., 2008), attention problems (Hancock, 1986) and increase repetitive/compulsive 74 

behaviors (Horowitz, 1975; Joosten et al., 2009) affecting individual wellbeing in society. There is 75 

evidence that this stress-induced alteration in cognition may be related to dopamine D1/D5 receptor 76 

activity (DRD1/D5). Rats pretreated with SKF-81297 (a DRD1/D5 receptor agonist) increased 77 

attentional set-shifting task performance after stress exposure (Nikiforuk, 2012).  78 

Zebrafish (Danio rerio) are widely used as a translational model in neuroscience owing to 79 

their genetic, endocrine and anatomic homology with other vertebrates, including humans (Kalueff 80 

et al., 2014; Nguyen et al., 2014; Piato et al., 2011; Stewart et al., 2014). This species shows several 81 

similarities in the stress-related pathways compared to humans, including the release of cortisol as 82 

the primary hormonal stress response (Cachat et al., 2010; Clark et al., 2011). Several acute stressors 83 

(physical and chemical) induce behavioral and physiological stress responses in zebrafish.  84 

(Gaikwad et al., 2011; Piato et al., 2011; Ramsay et al., 2009).  Physical stimuli that elicit robust 85 

stress responses include net chasing (Abreu et al., 2014; Giacomini et al., 2015; Ramsay et al., 2009) 86 

and spatial restriction (Ghisleni et al., 2012; Piato et al., 2011), both of which induce behavioral 87 

changes (e.g. increased anxiety-like behavior) and increase in cortisol levels (Abreu et al., 2014; 88 



Ghisleni et al., 2012; Giacomini et al., 2015; Piato et al., 2011; Ramsay et al., 2009). Conspecific 89 

alarm substance (CAS) is classified as chemical stressor and has been successfully used to induce 90 

physiological and behavioral alterations in several species (Abreu et al., 2016; Canzian et al., 2017b; 91 

Fraker et al., 2009; Hall and Suboski, 1995; Quadros et al., 2016; Speedie and Gerlai, 2008; Wong 92 

et al., 2010). CAS is a substance produced and stored in the fish epidermal “club” cells and are 93 

released in the water after skin injuries provoked by predator attacks (Chivers and Smith, 1994; 94 

Korpi and Wisenden, 2001). In zebrafish, CAS induces several behavioral alterations relating to 95 

anxiety, including increased scototaxis (preference for dark areas) and decreased exploration of the 96 

top segment of a novel tank (Abreu et al., 2016; Quadros et al., 2016; Wong et al., 2010).  Although 97 

several papers have investigated the effects of acute stressors in the zebrafish anxiety-like 98 

phenotype, little is known about how stress can affect zebrafish cognition, and the role that the 99 

dopaminergic system plays in stress-response situations.  100 

 Here, our overall aim was to examine the role of the dopamine D1/D5 receptor in stress-101 

induced changes in learning and memory performance. In order to address this aim, we had three 102 

objectives. First, we tested the hypothesis that a mechanical (net chasing) or chemical (CAS 103 

exposure) stressor would induce deficits in memory and cognition in the free movement pattern 104 

(FMP) Y-maze (Cleal et al., 2020). Second, we tested the hypothesis that stress-induced behavioral 105 

changes were related to DRD1/D5 receptor activity. We have previously shown that a DRD1/D5 106 

antagonist increases repetitive behavior and decreases working memory in zebrafish (Cleal et al., 107 

2020); thus, we pre-exposed fish to a partial D1/D5 receptor agonist SKF-38393 hydrochloride 108 

(SKF-38393) to examine change in stress-induced performance. Finally, we tested the hypothesis 109 

that the role of DRD1/D5 in stress-induced changes in behavior and memory performance was 110 

related to the changes observed in the endocrine stress- response, by measuring cortisol levels in 111 

the zebrafish following exposure to the agonist.  112 

 113 

2. Material and Methods 114 

2.1. Animals and husbandry 115 



Adult zebrafish (AB wild-type; ~ 50:50 male: female ratio at 4-month of age) were bred in-116 

house and reared in standard laboratory conditions on a re-circulating system (Aquaneering, USA). 117 

Animals were maintained on a 14/10-hour light/dark cycle (lights on at 9:00 a.m.), pH 8.4, at ∼28.5 118 

°C (±1 °C) in groups of 10 animals per 2.8 L. Fish were fed three times/day with a mixture of live 119 

brine shrimp and flake food. Fish submitted to whole-body cortisol extraction were euthanized 15 120 

minutes after stress exposure using rapid cooling (2°C) method, bodies were collected and 121 

immediately frozen in liquid nitrogen. Samples were kept in -80 °C for further analysis. To ensure 122 

data reliability, three independent batches were tested (n = 6 per group in each batch). Sample size 123 

was determined following extensive published and preliminary experiments in our lab (typical 124 

effect sizes are moderate [d ≥ .25], and n = 12-18/treatment group has been found to give sufficient 125 

power (>.9). Full details of power analyses are given below.  All experiments were carried out 126 

following approval from the University of Portsmouth Animal Welfare and Ethical Review Board, 127 

and under license from the UK Home Office (Animals (Scientific Procedures) Act, 1986) [PPL: 128 

P9D87106F]. All animals from which tissue samples were not collected were euthanized 129 

immediately after use, using 2-phenoxyethanol from Aqua-Sed (Aqua-Sed™, Vetark,Winchester, 130 

UK). 131 

 132 

2.2. Experimental design 133 

Animals were acutely stressed through two methods: 1) CAS exposure or 2) net chasing (for 134 

2 minutes) (Abreu et al., 2016; Mezzomo et al., 2016; Quadros et al., 2016; Ramsay et al., 2009), 135 

and tested in the FMP Y-maze. CAS-exposure induced robust changes in cognitive responses in the 136 

FMP Y-maze. To evaluate the effects of D1 receptors on stress-induced alterations in cognitive 137 

performance, animals were individually exposed to SKF-38393 or water (control group) for 20 138 

minutes in 300 mL beakers at a concentration of 10 mg/L (Naderi et al., 2016), prior to being 139 

exposed to CAS for 5 min and then tested in the FMP Y-maze.  All behavioral testing was carried 140 

out in a fully randomized order, choosing fish at random from one of nine housing tanks for testing. 141 

The groups were labeled using different letters (e.g. A, B, C, etc.) so data analysis and cortisol 142 



assessment would be performed in a blind manner, once all data were collected and screened for 143 

extreme outliers,  data was analyzed in full and the groups were revealed. Eleven animals were 144 

detected as extreme outlier (e.g., returning values of ‘0’ for behavioral parameters indicating non-145 

engagement) and excluded in the Y-maze task, including nine from the net chasing groups and two 146 

from the SKF-38393 treatment. More details of all methods described in detail below.  147 

 148 

2.2. Acute stressors protocol 149 

The induction of stress was performed in a separate tank from the housing tanks, using two 150 

stressors of different natures (mechanical and chemical). Mechanical stress was induced by chasing 151 

the fish with a net for 2 min using three different methods, clockwise chasing, anticlockwise chasing 152 

and alternated (1 time each direction and repeating the cycle for 2 min) at a regular speed of 153 

approximately 40 turns per minute (Abreu et al., 2014; Barcellos et al., 2011; Mocelin et al., 2015). 154 

The chemical stress induction was performed by individually exposing fish to 2.1 mL of CAS 155 

preparation in 300 mL tanks for 5 minutes. Briefly, epidermal cells were damaged with 10–15 156 

shallow slices on both sides of the phenotypically similar donor fish body times with a razor blade. 157 

Afterward, 10 mL of distilled water was added into a Petri dish and mixed to fully cover the fish 158 

body. All procedures were performed on ice and controlled to avoid drawing blood, which would 159 

contaminate the solution. (Canzian et al., 2017a; Egan et al., 2009; Quadros et al., 2016; Speedie 160 

and Gerlai, 2008). Two control groups were tested, no handling before the behavioral experiments 161 

to avoid stress induced by handling and handling in a similar matter to the stressed group (5 min in 162 

a beaker with water only).  163 

 164 

2.3. Y-maze test 165 

All behavioral tests were performed between 09:00 and 15:00 h. The FMP Y-maze task is a 166 

cognitive task validated for measuring zebrafish working memory and cognitive flexibility, and has 167 

been described in detail elsewhere (Cleal et al., 2020; Fontana et al., 2019). Eighty-six adult 168 

zebrafish were used for assessing Y-maze performance and the required sample size was calculated 169 



a priori following pilot tests (effect size (d) = 0.25, power = 0.99, alpha = 0.05). The apparatus used 170 

was a white Y-maze tank with three identical arms (5 cm length x 2 cm width; 120º angle between 171 

arms) filled with 3L of aquarium water. No explicit intra-maze cues were added to the environment, 172 

but ambient light was present to allow some visibility in the maze (1 LUX). The Zantiks AD system 173 

was used to measure fish arm choice across 1-hour (L – left or R – right) and their performance was 174 

assessed according to overlapping series of four choices (tetragrams) (Gross et al., 2011).  175 

Data were split into two formats for analysis: 1) total percentage use (calculated as a 176 

proportion of total turns) of each tetragram sequence for the 60 min of exploration, referred to as 177 

‘global’ search strategy; 2) ‘immediate’ search strategy, analyzed search pattern configurations over 178 

10 min time bins throughout the trial, equating to six equal, consecutive time bins. ‘Global’ search 179 

strategy was used to measure of working memory as repetition of previous turn choices must be 180 

remembered for patterns of movement to be repeated over 1 h of exploration, requiring memory of 181 

arm entries and order of entry. The second type of strategy was used to assess cognitive flexibility. 182 

Animals that are not able to update information gained during exploration of the FMP Y-maze will 183 

likely perform similar strategies over each time bin. However, animals that adapt their behavioral 184 

response to new information would be expected to change movement patterns over time. For 185 

example, control animals show a peak in alternation patterns at 40 min time bin based on previous 186 

characterization studies; meanwhile animals exposed to drugs that affect cognitive flexibility do not 187 

show changes in alternations across time (Cleal et al., 2020) .  Thus, to assess ‘global’ strategies, 188 

number of alternations (rlrl + lrlr) and repetitions (rrrr + llll) were used as proportion of total number 189 

of turns which are highly expressed through 1-hour (% of total turns). Average turns were to assess 190 

animals’ locomotor/exploratory behavior. Alternations and repetitions across time were used to 191 

assess cognitive flexibility. 192 

 193 

2.4 Whole-body cortisol Levels 194 

For the cortisol levels assessment, zebrafish were pre-exposed to water or SKF for 20 195 

minutes and then acutely exposed to CAS for 5 min or net chasing (alternated method) for 2 min as 196 



previous described. Animals were euthanized after 15 min (cortisol peak time in zebrafish) and 197 

samples were immediately snap-freeze using liquid nitrogen to avoid cortisol levels fluctuations. 198 

The experimenter carrying out the cortisol analysis was fully blinded both to the results of the 199 

behavioral tests and the individual group of the fish (i.e., stress vs no stress). This was achieved 200 

because the cortisol analysis was carried out by a different experimenter than the behavioral testing, 201 

and all fish were labelled and mixed indiscriminately. Samples were further frozen at −80C until 202 

assay. Cortisol levels were assessed using a human salivary cortisol ELISA kit (Salimetrics) as 203 

previously described (Cachat et al., 2010; Parker et al., 2012). Briefly, samples were homogenized 204 

in 5 ml ice-cold PBS. 5 ml of diethyl ether was added, and samples were centrifuged (7000 x g) for 205 

15 minutes, and the top (organic) layer was removed.  This process was repeated three times and 206 

then the diethyl ether was evaporated overnight. The resulting cortisol was reconstituted in 1 ml ice 207 

cold PBS and the ELISA was then performed in 96-well plates as per the manufacturer's 208 

instructions. Cortisol concentrations (ng/g-1) were determined from OD readings compared against 209 

manufacture standards. All samples were run in duplicate and the inter- and intra-assay coefficients 210 

of variation were <3%. 211 

 212 

2.5. Data processing and statistics 213 

Data from the Y-maze protocol was obtained as a sequence of continuous entries into each 214 

arm (1, 2, 3 and middle section 4) across a 1-hour trial. To analyze the data according to left and 215 

right turns in 10-minute time bins, raw data was processed using the Zantiks Y-maze Analysis Script 216 

created specifically for this purpose (available from: https:/ 217 

/github.com/thejamesclay/ZANTIKS_YMaze_Analysis_Script). Data were analyzed using one- or 218 

two-way ANOVA as appropriate, using stress, pretreatment (SKF-38393) or time as main factors. 219 

Tukey’s test was used as post-hoc analysis, data was represented as mean and error of the mean 220 

(SEM), and results were considered significant when p ≤ 0.05.  221 

 222 

3. Results 223 



3.1. CAS exposure and net chasing affects cognitive flexibility patterns and modulate repetitive 224 

behavior 225 

 Average turns (F (2, 59) = 1.249; p = 0.2942) and alternations (F (2, 59) = 2.434; p = 0.0964) 226 

were not affected when animals were stressed with CAS, however a significant effect for repetitions 227 

(F (2, 59) = 7.747; p** = 0.0010)  was observed (Fig 1A). Tukey’s post-hoc test showed a significant 228 

increase in the repetitions for the CAS group when compared to control (p** = 0.0025) and HC 229 

(p** = 0.0058) groups.  Alternations across time were also affected when animals were exposed to 230 

CAS, where a significant effect for time (F (5, 354) = 4.648; p***= 0.0004) and groups (F (2, 354) = 231 

6.317; p** = 0.0020) were observed, with no interaction effect (time vs. groups; F (10, 354) = 1.584; 232 

p = 0.1094) (Fig. 1B). Moreover, for the repetitions across time, a strong stress effect (F (2, 354) = 233 

17.83; p**** < 0.0001) was observed. However, there was no effect for time (F (5, 354) = 1.770; p = 234 

0.1181)  or an interaction between factors (F (10, 354) = 1.850; p = 0.0511).   Briefly, post-hoc analysis 235 

showed that CAS (p > 0.999) animals do not show peak in the alternations when comparing 10 vs 236 

40 min as observed for the control (p* = 0.0278) and the HC (p* = 0.0189) group. Repetitions were 237 

significantly increased at the 30 and 40 time bins compared to both control (30 min p*** = 0.0002 238 

and 40 min p*** = 0.0002) and HC (30 min p** = 0.0017 and 40 min p*** = 0.0004), meanwhile 239 

at 50 min only HC had a significant effect when compared to CAS (p** = 0.0062). 240 

Fig. 2 shows the searching strategies of zebrafish stressed by net chasing using three 241 

different methods: clockwise chasing, anticlockwise chasing and alternated chasing.  No significant 242 

effect in the average turns (F (4, 80) = 1.302; p = 0.2762), overall alternations (F (4, 80) = 2.144; p = 243 

0.0829) or repetitions (F (5, 59) =0.7547; p=0.5578) were observed for the net chasing groups (Fig. 244 

2A). When looking at cognitive flexibility (Fig. 2B), a time (F (5, 480) = 5.329; p****< 0.0001) and 245 

group (F (4, 480) = 7.262; p**** < 0.0001) effect were observed for alternations across time, with no 246 

effect for interaction between factors (time vs groups; F (20, 480) = 0.7992; p = 0.7156). Post-hoc 247 

analysis yielded did not showed any differences for the group clockwise (p = 0.9639), anticlockwise 248 

(p = 0.6429) and alternated (p = 0.9089) when comparing 10 vs. 40 min time bin.   For the net 249 

chasing affecting repetitions across time analysis, only a time effect (F (5, 480) = 3.644; p** = 0.0030) 250 



was observed with no effect for interaction (time vs. groups; F (20, 480) = 1.092; p = 0.3544) or stress 251 

(F (4, 480) = 0.9169; p = 0.4538) (Fig 2B).  252 

Further analysis for frequency of choices are observed in Fig. 3, where CAS significantly 253 

animals frequency of choice (F (15, 944) = 43.89; p**** < 0.0001) and interaction between factors 254 

(frequency of choice vs. stress; F (30, 944) = 2.842; p**** < 0.0001), with no group effect (F (2, 944) = 255 

0.1984; p = 8201). A significant decrease in the LRLR and RLRL patterns were observed for CAS 256 

when compared to control (LRLR p**** < 0.0001 and p**** < 0.0001) and HC (LRLR p** = 257 

0.0051 and RLRL p* = 0.0163). Additionally, parameters related to repetitive behavior were 258 

significantly increased in CAS exposed animals when compared to control (LLLL p**** < 0.0001 259 

and RRRR p*** = 0.0005) and HC (LLLL p**** < 0.0001 and RRRR p*** = 0.0010)(Fig 3A). 260 

Regarding the frequency of choices for net chased animals, although no significant effect was 261 

observed for the groups, animals’ frequency of choice (F (15, 1280) = 71.74; p**** < 0.0001) and 262 

interaction between factors (frequency of choice vs. groups; F (60, 1280) = 1.715; p*** = 0.0007) were 263 

significantly modulated by net chasing. Differences in LRLR (p* = 0.0148) and RLRL (p* = 264 

0.0257) were only observed for the alternated net chasing when compared to control.  A significant 265 

increase in LLLL were observed for animals stressed to clockwise (p** = 0.0011) and anticlockwise 266 

(p* = 0.0334) chasing. However, the alternated net chasing was the only one that increased RRRR 267 

patterns (p*** = 0.0005) (Fig. 3B). 268 

 269 

3.2. CAS-induced changes in FMP-Y-maze performance are attenuated by dopamine D1/5 receptor 270 

 Animals were next pretreated with SKF-38393 to investigate the role of D1 receptors in 271 

CAS-induced deficits in FMP Y-maze performance (Fig. 4).  Overall, when comparing stress vs. 272 

SKF-38393 treatment, no interaction, treatment or stress effect was observed for average turns (F 273 

(1, 72) = 0.3531; p= 0.5542; F (1, 72) = 1.972; p=0.1972 and F (1, 72) = 2.198; p=0.1426) and alternations 274 

(F (1, 72) = 1.586; p=0.2119; F (1, 72) = 0.02557; p=0.8734 and F (1, 72) = 1.315; p=0.2553). For the 275 

repetitions, a stress effect (F (1, 72) = 6.410; p*=0.0135) was observed with no effect for interaction 276 

(stress* SKF-38393 treatment; F (1, 72) = 2.563; p=0.1138) or a treatment effect (F (1, 72) = 1.247; p 277 



= 0.2678). Tukey’s post-hoc analysis showed that only CAS-stressed fish significantly increased 278 

their relative repetitions (%) during the test (p** = 0.0082) (Fig. 4A). Furthermore, we also 279 

performed analysis across-time for fish pretreated with SKF-38393 and observed a significant time 280 

(F (5, 456) = 9.513; p**** < 0.0001) and group effect for alternations (F (3, 456) = 3.349; p* = 0.0190) 281 

and a interaction of time*group (F (10, 456) = 3.098; p**** < 0.0001), time (F (5, 456) = 2.697; 282 

p*=0.0205) and group effect (F (3, 456) = 10.82; p**** < 0.0001) was observed for repetitions. Post-283 

hoc analysis focusing in the differences between CAS and SKF-38393 + CAS groups showed that 284 

the treatment significantly increased the alternations at 40 (p* = 0.0278) and 50 min (p** = 0.0079). 285 

Regarding the relative repetitions (%) across time, a significant decrease of repetitions was observed 286 

for fish pretreated with SKF-38393 and further stressed with CAS at 30 (p*** = 0.0003), 40 (p*** 287 

= 0.0002) and 50 min (p* = 0.0404)  when comparing to only CAS group. When comparing the 288 

SKF-38393 + CAS time bins within the same group, the alternations were significantly increased 289 

at 50 min when compared to the initial alternations at 10 min (p* = 0.0300) (Fig. 4B). 290 

 291 

3.3. Cortisol levels are increased after CAS exposure and net chasing, and this is mediated by 292 

DRD1/D5 activity  293 

 Whole-body cortisol levels following CAS and SKF-38393 exposure are depicted in Figure 294 

5A). A two-way ANOVA showed a significant main effect for stress (F (1, 22) = 19.30; p*** = 295 

0.0002), and a significant stress*SKF-38383 interaction (F (1, 22) = 4.335; p*=0.0492). This was 296 

characterized as CAS exposure significantly increased cortisol levels compared to control (p*** = 297 

0.0006) and SKF-38393 (p**=0.0084), suggesting that the DRD1/5 agonist reduced the cortisol 298 

response. No significant effect between CAS and SKF-38393 + CAS group (p=0.2681) was 299 

observed (Fig. 5A). Similarly, a stress effect was observed for animals exposed to alternated net 300 

chasing (F (1, 26) = 11.60; p**=0.0022) with no stress*SKF-38383 (F (1, 26) = 2.516; p= 0.1248) or 301 

SKF-38393 effect (F (1, 26) = 0.05443; p = 0.8174) where post-hoc analysis only showed a significant 302 

effect for net chasing vs. control group (p** = 0.0056). No significant effect was observed for SKF-303 

38393 + net chasing vs control group (p = 0.0575) (Fig. 5B).  304 



4. Discussion 305 

 Here, for the first time, we used the FMP Y-maze (Cleal et al., 2020) to investigate the role 306 

of the dopamine system in modulation of working memory and cognitive flexibility following 307 

exposure to acute stress. Exposure to an acute chemical stressor (CAS), increased repetitive 308 

behavior (LLLL + RRRR) and reduced cognitive flexibility in zebrafish. However, a mechanical 309 

stressor, net chasing, despite not inducing an increase in overall repetitions, induced (independent 310 

of chasing direction) increased LLLL or RRRR choices.  Pre-test exposure to DRD1/D5 agonist 311 

(SKF-38393) partially reversed the behavioral deficits elicited by CAS, but also decreased stress-312 

induced cortisol levels for both CAS and net chasing. Since repetitive motor behaviors are induced 313 

in response to stress, these data suggest that the dopaminergic system, particularly via DRD1/5, may 314 

play an important role modulating stress-related responses such as decreased cognitive flexibility, 315 

repetitive behavior and cortisol levels when animals are exposed to CAS.   316 

Both stressors, net chasing and CAS, are widely used with zebrafish to examine stress-317 

related markers (e.g. cortisol) and anxiety-related behavior. In terms of memory and cognition, CAS 318 

acts as an aversive stimulus, and fish exposed to CAS will avoid a conditioned zone up to 7 days 319 

after the exposure (Maximino et al., 2018). However, the effects on working memory and cognitive 320 

flexibility after acute exposure to CAS was not previously assessed. The FMP Y-maze has shown 321 

that different species such as zebrafish, rats and humans adopt alternations (rlrl or lrlr) as the main 322 

strategy to escape from the maze (Cleal et al., 2020). In zebrafish, during 1 hour of testing, the 323 

animals tend to increase their alternations up to 40 minutes (peak of activity) which then reduces 324 

due to the energy demanding nature of the task (Cleal et al., 2021; Cleal et al., 2020). Researchers 325 

have concluded the percentage of alternations during the test is correlated with overall working 326 

memory, with changes in behavior over the course of the task reflective of behavioral adaptability 327 

and cognitive flexibility (Cleal et al 2020). Importantly, here we also compared differences between 328 

control animals that were moved straight from the tank and handling controls that were transferred 329 

to a beaker with home tank water for 5 min before the behavioral testing, were no differences were 330 



observed suggesting that the effects observed discussed in the next paragraphs are caused CAS 331 

exposure and net chasing having, and are not affected by the experimental handling. 332 

CAS impacts working memory and cognitive flexibility by increasing repetitive behavior 333 

and affecting the alternations and repetitions across time in the FMP Y-maze.  As an initial response, 334 

animals exposed to CAS showed the same levels of alternations and repetitions; however, from 30 335 

minutes up to 50 minutes of the test, animals adopt the use of repetitions as a searching strategy (ie 336 

rrrr or llll turns). Alternations are also affected when comparing animals at the 40 minutes time bin, 337 

where animals exposed to CAS show a significant decrease in their alternations (rlrl + lrlr).  Taken 338 

together, our data suggest that CAS induces repetitive behavior as a dominant pattern suppressing 339 

the main use of alternations as searching strategy. The neurobiology of repetitive behaviors is 340 

directly related to stress and regularly discussed as a coping mechanism to reduce the arousal level 341 

of the animal when it is exposed to stressful events (Langen et al., 2011). Repetitive behaviors are 342 

observed as a symptom in other numerous human brain and psychiatric disorders (e.g. autism 343 

spectrum disorder) and zebrafish have previously been highlighted as a potential animal model to 344 

study these (Zabegalov et al., 2019). Repetitive behaviors can divided in two subtypes being (1) 345 

stereotypical behavior (i.e., abnormal repetition of a particular set of movements with no goal or 346 

function) and (2) impulsive/compulsive behavior (Garner, 2005). Here, the increased repetitive 347 

behavior constantly increased across time independent of the result of the action, thus suggesting a 348 

stereotypic response. This would be supported by the literature in which stress induces stereotypic 349 

behavior in several species (Cabib, 2006). Therefore, for the first time we have demonstrated the 350 

ability to induce repetitive behavior in zebrafish, thus supporting the use of  the FMP Y-maze, not 351 

only for assessing working memory and cognitive flexibility (Cleal et al., 2020), but also as a model 352 

to study abnormal repetitive (ARBs), and potentially stereotypical behaviors.  353 

Net chasing induced biased response towards LLLL or RRRR, but this was independent of 354 

direction (ie clockwise or anticlockwise) of chasing. For example, chasing in one direction (either 355 

clockwise or anticlockwise) significantly increased LLLL bias; however, performing alternate 356 

direction chasing increased RRRR bias. The three methods combined (clockwise, anticlockwise, 357 



random) were efficient to induce one of the repetitions patterns; however, why different net chasing 358 

directions can differently affect the animal’s series of choice still need further investigation. When 359 

looking at patterns used for alternations only the alternated chasing method was efficient decreasing 360 

both patterns by itself RLRL and LRLR; however, in the overall analysis of alternations no 361 

significant effect was observed. These data suggest that net chasing influencing repetitions has 362 

different patterns compared to CAS having a smaller effect in both behavioral and cortisol 363 

responses.  364 

Importantly, a large number of animals were excluded from these groups (n= 9 excluded 365 

animals) due to lack of exploratory activity in the FMP Y-maze. Our hypothesis underlying fish 366 

individual variability in the task is based on physical activity/exhaustion, due to the fact that after 367 

critical speed swimming different fish species show excess of oxygen consumption decreasing their 368 

swim activity (Lee et al., 2003). In previous studies, after net chasing protocols, zebrafish oxygen 369 

consumption has not been assessed and could be a factor underlying lack of exploratory activity. 370 

Fish size and individual variability has also a role in different behavioral tasks (Toms and 371 

Echevarria, 2014; Tran and Gerlai, 2013) and after net chasing their individual differences and 372 

physical exhaustion could vary. In fact, behavioral responses to  net chasing stress has shown  high 373 

variability across labs, where no effect in anxiety parameters (Aponte and Petrunich-Rutherford, 374 

2019; Mezzomo et al., 2019) vs. increased anxiety (Mocelin et al., 2015; Pancotto et al., 2018) was 375 

observed in the novel tank diving test using similar net chasing protocols. Anxiety in this task is 376 

measured by time spent in the bottom of the tank (Egan et al., 2009; Kalueff et al., 2013; Levin et 377 

al., 2007; Wong et al., 2010) however fish stressed with net chasing not only show increased time 378 

in bottom, but also decreased distance traveled (Mocelin et al., 2015; Pancotto et al., 2018) which 379 

could be related to the fish having a lack of energy. However, further studies are necessary to 380 

investigate whether net chasing responses are affected by oxygen consumption or individual 381 

physical capability differences.  382 

The dopaminergic system also has a major role in fear and stress-related responses where 383 

midbrain dopamine neurons projecting to the nucleus accumbens play a critical role when 384 



responding with stressful events (Cui et al., 2020). Mice lacking the D1 receptor have normal 385 

acquisition and consolidation of aversive learning and memory, however their fear-related 386 

responses are prolonged (El-Ghundi et al., 2001). Similarly, rats pretreated with SKF-81297 (a 387 

DRD1/D5 receptor agonist) increased attentional set-shifting task performance after stress exposure 388 

(Nikiforuk, 2012), altogether  suggesting that D1 has an essential role in the response to fear- and 389 

stress-related cues.  Here, we used the agonist SKF-38393 as pretreatment to CAS, due its strong 390 

effect in repetitive behavior, to better understand the DA system in repetitive and stress-related 391 

responses. This molecule was chosen based on previous zebrafish research where this agonist had 392 

positive effects increasing animals’ performance in a memory-related task at same dose and time of 393 

exposure used in this work (Naderi et al., 2016). Thus, we found that the pretreatment with SKF-394 

38393 protected against the increase in repetitions, where data across time showed that at the 30-, 395 

40- and 50-minute time points, animals treated with D1/D5 receptor agonist had a significant 396 

decrease of repetitions compared to CAS only. Interestingly, the D1 antagonist (SCH-23390 at 1.5 397 

mg/L) increases number of repetitions in zebrafish submitted to the same task (Cleal et al, 2020). 398 

Altogether this data suggests that DRD1 and DRD5 has the capability to protect the animal against 399 

a stress-related response to CAS being able to decrease repetitive behavior in zebrafish.   400 

DRD1/5 receptors also play a role in the ARBs and stereotypical behavior due to their role 401 

in the activation of direct pathway medium spiny neurons (MSNs) in the striatum region (McBride 402 

and Parker, 2015). As previously discussed, the predominant behavior within the Y-maze is 403 

alternations (lrlr). This is considered to reflect motor memory of the previous choice (going left or 404 

going right) modifying the subsequent choice being made (Cleal et al., 2020). The ability of stress 405 

to induce repetitions indicates that the normal modulation of motor memory on action selection is 406 

being dampened. Interestingly, odor stress in rodents increases the frequency of certain behavioral 407 

sequences (Wiltschko et al., 2015) through a shift in balance of direct (DRD1/5) and indirect 408 

(DRD2) striatal MSN activity (Markowitz et al., 2018).  This direct-indirect pathway imbalance 409 

appears to also underlie the ARB within the Y-maze and relates specifically to under activation of 410 

direct pathway (DRD1) MSNs, since repetitions were attenuated by administration of a D1 agonist.  411 



The direction of this imbalance contrasts with other studies; however, where stereotypy is the result 412 

of overactivation of the DRD1 mediated direct pathway with concurrent under activation of the 413 

DRD2 mediated indirect (McBride and Parker, 2015). For example, administering a DRD1/D2 414 

agonist (e.g. amphetamine) post-stress exposure increases stereotypy levels in rodents (Cabib and 415 

Bonaventura, 1997).  Since repetitions in the Y maze were reduced by the administration of a 416 

DRD1/D5 agonist, this form of ARB/stereotypy may therefore differ from stereotypical behaviors 417 

observed in other species. 418 

The ability of D1 agonist to protect against stress-responses seems to include more than 419 

alterations in behavioral responses where the mechanisms underlying may involve the modulation 420 

of stress-related pathways. In stressful situations, the normal response of the body is to activate the 421 

hypothalamus–pituitary–adrenal (HPA) axis with subsequent release of glucocorticoids (e.g. 422 

cortisol) (Smith and Vale, 2006). In rodents, the administration of D1 and D2 agonists reduced the 423 

HPA response to immobilization stress, suggesting that the dopaminergic system has the 424 

opportunity to dampen the normal physiological stress response  (Belda and Armario, 2009). Here, 425 

we found that SKF-38393 pretreatment attenuated both stressors increasing cortisol levels, 426 

suggesting that DRD1 activation may regulate this stress responses via the hypothalamic-pituitary-427 

interrenal (HPI, homologous to HPA in humans) activity in fish.  ARBs are also positively 428 

correlated with cortisol levels in patients in the autism spectrum disorder (ASD)(Yang et al., 2015) 429 

where ARBs may serve to mitigate distress responses resulting in a variations in the basal levels of 430 

cortisol (Gabriels et al., 2013). These data suggest that ARBs response could occur as a form to 431 

alleviate distress induced by CAS and net chasing which is attenuated by the SKF-38393 treatment.  432 

Additionally, for CAS increasing repetitive behavior, we observed that ARBs started after 433 

approximately 20 minutes and returned to normal levels around 50 minutes. These timings align 434 

with the known HPI response in zebrafish to stressors where cortisol levels rise to its peak after 15 435 

minutes and still elevated until 30 minutes after the stress stimuli (Ramsay et al., 2009). Although 436 

not measured concurrently within this study, these data suggest that that cortisol may play a role in 437 



mediating the ARB response to CAS stress-related responses. This deserves further study in the 438 

future. 439 

  440 

5. Conclusion 441 

 In summary, here we showed, for the first time, that CAS (natural stressor) increases ARB 442 

in the FMP Y-maze as measure by the number of overall and across-time repetitions. The 443 

mechanisms underlying this increased behavior seems to be linked to D1/D5 receptor where a 444 

pretreatment with the agonist SKF-38393 protected against the effects of CAS. Cortisol levels were 445 

also increased for animals exposed to both CAS and net chasing but when pretreated with the D1/D5 446 

agonist lower levels of cortisol were observed. Moreover, zebrafish stressed using the net chasing 447 

method showed altered behavior in terms of the serial choices (LLLL or RRRR but not both) and 448 

decreased cognitive flexibility. Importantly, a large number of animals were excluded from the net 449 

chasing groups due lack of exploratory activity.  This lack of interaction could be related to the 450 

forced physical movement induced by net chasing, however more studies are necessary to evaluate 451 

if this stress method can cause physical exhaustion or increased oxygen consumption after stress. 452 

Overall, CAS induces ARBs in zebrafish and activation of the D1/D5 receptors has the capability 453 

to reduce both the behavioral and physiological (increased cortisol levels) response to this stressor. 454 

Meanwhile, net chasing as a stressor have a weaker effect inducing behavioral changes in the FMP 455 

Y-maze.  456 
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Figures 649 

 650 

Figure 1. Effects of net chasing in the FMP Y-maze. (A) Net chasing (clockwise, anticlockwise 651 

and alternated) did not overall behavior in the FMP Y-maze compared to control and handling 652 

control (HC). (B) Alternations are affected by net chasing independently of net chasing direction at 653 

both control groups cognitive peak (40 mins time bin). A significant effect was observed between 654 

10 min vs. 40 min in the control alternation pattern (p<0.05). Data were represented as mean ± 655 

S.E.M and analyzed by one or two-way ANOVA (time vs. group effect), followed by Tukey’s test 656 

multiple comparison test between groups (n= 13 – 22). 657 

 658 

 659 



 660 

Figure 2. Effects of conspecific alarm substance (CAS) in the FMP Y-maze. (A) CAS significantly 661 

increased the number of repetitions when compared to control and handling control (HC). (B) 662 

Alternations are significantly affected by CAS at controls and handling control (HC) cognitive peak 663 

(40 mins time bin). Repetitions across time was significantly increased at 30, 40- and 50-time bins. 664 

Data were represented as mean ± S.E.M and analyzed by one or two-way ANOVA (time vs. group 665 

effect), followed by Tukey’s test multiple comparison test between groups (**p < 0.005 and ***p 666 

< 0.0005  compared to control;#p < 0.05, # #p < 0.005  and # # #p < 0.0005  compared to handling 667 

control; n= 16 – 22). 668 

 669 

 670 



 671 

Figure 3. Effects of (A) net chasing and (B) CAS in the frequency of choices of fish tested in the 672 

FMP Y-maze. Data were represented as mean ± S.E.M and analyzed by two-way ANOVA 673 

(frequency of choice vs. group effect), followed by Tukey’s test multiple comparison test between 674 

groups (*p < 0.05, **p < 0.005, ***p < 0.0005 and ****p < 0.0001  compared to control;# #p < 675 

0.005, # # #p < 0.0005 and # # # #p < 0.0001  compared to handling control; n= 13 – 22). 676 

 677 

 678 



 679 

Figure 4. The role of dopaminergic system in fish exposed CAS and submitted to the FMP Y-maze 680 

task. (A) Increased repetitive behavior was attenuated in fish pre-exposed to a D1/D5 receptor 681 

agonist (SKF-38393). (B) Pretreatment with SKF-38393 significantly increased alternations at 40- 682 

and 50-mins. The D1/D5 receptor agonist pretreatment also protected against abnormal repetitive 683 

behavior at 30-, 40- and 50-mins. Data were represented as mean ± S.E.M and analyzed by two-684 

way ANOVA (pretreatment vs. stress or group effect vs. time), followed by Tukey’s test multiple 685 

comparison test between groups (p*< 0.05; **p < 0.005 and ***p < 0.0005 compared to control; ;# 686 

p < 0.05, # #p < 0.005 and # # # p < 0.0005 compared to CAS + SKF-38393; n= 16 – 22). 687 

 688 
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 690 

 691 

Figure 5. Cortisol levels in zebrafish pre exposure to D1/D5 receptor agonist. (A) Cortisol levels 692 

are increased in fish exposed to CAS and is partially reversed by pretreatment with D1/D5 receptor 693 

agonist. (B) Similarly, cortisol levels are increased in fish exposed to alternated chasing and is 694 

partially reversed by pretreatment with D1/D5 receptor agonist. Data were represented as mean ± 695 

S.E.M and analyzed by two-way ANOVA (pretreatment vs. stress), followed by Tukey’s test 696 

multiple comparison test (p***< 0.0005 compared to control and p# #< 0.005 compared to SKF-697 

38393; n= 6). 698 


