
The impact of chronic unpredictable early-life stress (CUELS) on boldness and 1 

stress-reactivity: differential effects of stress duration and context of testing 2 

Barbara D. Fontanaa*, Madeleine Cleala, William H.J. Nortonb,c, and Matthew O. Parkera,c*  3 

aBrain and Behaviour Laboratory, School of Pharmacy and Biomedical Sciences, University of Portsmouth, 4 

UK. 5 
bDepartment of Neuroscience, Psychology and Behaviour, College of Medicine, Biological Sciences and 6 

Psychology, University of Leicester, Leicester, LE1 7RH, UK. 7 
cThe International Zebrafish Neuroscience Research Consortium (ZNRC), 309 Palmer Court, Slidell, LA 8 

70458, USA.  9 

 10 

 11 

 12 

 13 

 14 

 15 

 16 

 17 

 18 

 19 

 20 

 21 

 22 

 23 

 24 

 25 

 26 

 27 

 28 

 29 
*Correspondence to: 30 

Matthew O. Parker, PhD  31 

School of Pharmacy and Biomedical Sciences, University of Portsmouth, Old St Michael's Building, White 32 

Swan Road, Portsmouth, PO1 2DT, UK. E-mail: matthew.parker@port.ac.uk   33 

Barbara D. Fontana  34 

School of Pharmacy and Biomedical Sciences, University of Portsmouth, Old St Michael's Building, White 35 
Swan Road, Portsmouth, PO1 2DT, UK. E-mail: barbara.fontana@port.ac.uk   36 

mailto:matthew.parker@port.ac.uk
mailto:barbara.fontana@port.ac.uk


Abstract 37 

Early-life stress (ELS) has been shown to result in a diverse array of long-lasting impacts; 38 

for example, increasing vulnerability to disease or building ‘resilience’ in adulthood. Previously, 39 

zebrafish (Danio rerio) have been used to understand the mechanisms by which ELS induces 40 

different behavioral phenotypes in adults, with alterations in both learning and anxiety observed in 41 

exposed individuals. Here, we subjected zebrafish larvae to chronic unpredictable early-life stress 42 

(CUELS) for 7 or 14 days, to investigate the impact on boldness towards a new environment and 43 

novel object, and stress-reactivity. We observed that 7 days of CUELS resulted in increased time 44 

spent in the top of a novel tank (indicating boldness) but did not alter approach to a novel object. 45 

Although CUELS did not affect stress-reactivity in terms of cortisol levels, decreased anxiety-like 46 

response to conspecific alarm substance (CAS) was observed in both ELS groups (7 and 14 days of 47 

CUELS). Therefore, for the first time, we observe a potential negative effect of CUELS by 48 

dampening the behavioral stress response following exposure to CAS.  Overall, these data support 49 

the use of zebrafish as a translational model to study the broad range of ELS-induced permanent 50 

changes in behavior. It could also be used to investigate the mechanisms underlying both the 51 

positive and the negative effects of early-life adversity.  52 

 53 
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1. Introduction 55 

 Adverse early-life experiences or early-life stress (ELS) permanently alter metabolism (e.g. 56 

glucocorticoid production) [1], brain function (e.g. abnormal dopaminergic and serotoninergic 57 

activity)[2, 3] and several behavioral domains (e.g. anxiety, aggression and social behavior)[3, 4]. 58 

Stress can modulate behavior differently depending on its duration and intensity. Severe acute 59 

experience/traumatic experiences and chronic unpredictable stress can lead to abnormal behavior 60 

such as disrupted affective behavior and cognitive deficits [5, 6]. Meanwhile, moderate or mild 61 

stress can lead to positive adaptations, known as ‘resilience’ [7, 8]. This resilience can be defined 62 

as a process or phenomenon that reflects positive adjustments despite previous negative experiences 63 

[9]. The outcomes of ELS in humans and animal models are not only linked to stress intensity and 64 

duration, but also to the environment in which they are subsequently reared [10, 11]. For example, 65 

if the environment is neutral or positive the individual can enhance their ability to cope with stressful 66 

situations building resilience [10, 12-14]. Meanwhile, if the environment is insufficient or 67 

maladaptive, an individual will be more likely to develop vulnerability to diseases [15-19]. 68 

 Zebrafish (Danio rerio) is recognized as a species that presents high genetic and 69 

physiological similarities to mammals [20, 21]. The long-term outcomes of ELS have been 70 

previously described in zebrafish: stress differently affects adult behavior depending on the animal’s 71 

developmental stage and the stressors type/intensity/duration [22-24]. For example, social isolation 72 

at early-life stages results in isolated zebrafish showing decreased shoal cohesion but also decreased 73 

anxiety-like phenotypes in the open-field task [23].   74 

The evidence, therefore, for development of resilience following early-life stress in zebrafish 75 

appears clear: stress “positively” affects two different behavioral domains by increasing working 76 

memory [24] and decreasing anxiety [22, 23]. However, the extent to which the measured 77 

behavioral endpoints represent ‘positive’ behavioral change is a matter of some debate. For 78 

example, although the increased time spent in the top and lit zones are often linked to decreased 79 

anxiety in zebrafish [25-29], these behavioral phenotypes can be associated to increase risk-taking 80 

due to animals’ higher predation exposure [30]. Therefore, it may be that the observed ‘positive’ 81 



effects are indicative of impairment of impulse control, with the exposed animals being more ‘risk 82 

prone’. This may have implications for the development of impulse control disorders and the role 83 

of early-life stress. 84 

Here, we investigated whether the effects of ELS on decreased anxiety is linked to increased 85 

risk-taking or ‘boldness’, or on stress reactivity. In order to test this, we exposed larval zebrafish to 86 

either 7 or 14 days of chronic unpredictable early life stress (CUELS), using a previously described 87 

protocol [22] and reared them to adulthood. We then analyzed boldness and stress-reactivity 88 

responses as adults. Adult behavior was analyzed in the novel object boldness task and in the 89 

response to CAS in the novel tank task. Stress reactivity was induced by exposing the animals to 90 

conspecific alarm substance (CAS) [31, 32]. As well as behavioral endpoints, cortisol was examined 91 

to investigate the physiological responses to CAS following CUELS.  92 

  93 

2. Material and Methods 94 

2.1. Animal husbandry and experimental design 95 

Larval AB wild-type zebrafish were bred in-house from multiple tanks (3 tanks per batch) 96 

by adding a small box with marbles to the breeding tank, then eggs were collected and kept in a 97 

petri dish (100 x 15 mm) until 7 days post fertilization (dpf). Afterwards, animals were transferred 98 

to a small plastic container (15×8×2 cm length x height x water depth) until they reach 14 dpf when 99 

animals were introduced to the re-circulating (Aquaneering, USA) system in groups of 40 animals 100 

per 1.4L.  Juvenile animals (>30dpf) were kept in the re-circulating system in groups of 10 animals 101 

per 2.8 L until 7 months when fish were test behaviorally. During all life-stages animals were kept 102 

on a 14/10-hour light/dark cycle (lights on at 9:00 a.m.), pH 8.4, at 28 °C (±1 °C). Animals were 103 

fed twice a day during 5 to 10 dpf with rotifers during mornings and fry food (ZM-000, ZM Ltd.) 104 

at noon, meanwhile juvenile animals were fed with small brine shrimp in the mornings and three 105 

times with dry food depending on their age (10 – 20 dpf; ZM-100 and 20 – 28 dpf; ZM-200). Adult 106 

animals were fed with flake food (ZM-flake and ZM-300, ZM Ltd.) three times a day and adult 107 

brine shrimp during the mornings.  108 



All behavioral tests were performed between 10:00 and 16:00 h. Animals took part in two 109 

different experimental designs: 1) novel object boldness task to analyze the boldness of fish exposed 110 

to the CUELS protocol; 2) exposure to CAS for 5 min and then novel-tank diving task to analyze 111 

the anxiety-like phenotype after acute stress exposure. For cortisol analysis, fish were exposed to 112 

CAS for 5 min, then fish were transferred to a new tank containing only system water for 15 min, 113 

the peak time for cortisol response after stressful situations in adult zebrafish [33]. Fish were killed 114 

using rapid cooling (submersion in 2°C water), their bodies were collected and immediately frozen 115 

in liquid nitrogen. Samples were kept at -80 °C for further analysis. Animals used in the novel object 116 

boldness task and novel-tank diving test were not used for sample collection and were euthanized 117 

using 2-phenoxyethanol from Aqua-Sed (Aqua-Sed™, Vetark, Winchester, UK). To ensure data 118 

reliability, two independent batches/replicates were tested (n = 6 – 7 per task and per group in each 119 

batch). Animals from each batch were ELS at different times, within a 2 weeks interval between 120 

batches. Researchers and technical staff were blind to the experimental conditions to avoid biased 121 

handling during the behavioral sessions and animals were randomly selected from one of four tanks 122 

for each experimental design.  123 

The number of animals per group were calculated a prior (d = 0.35, power = 0.8, alpha = 124 

0.05) following extensive published work from our laboratory using zebrafish as a translational 125 

model and considering our primary outcomes.  Thus, the initial number of animals per group and 126 

primary outcome for each task were: novel object boldness task (n = 12/group; time spent close to 127 

the object) and novel-tank diving test (n=14/per group; time spent in the bottom zone). For the 128 

behavioral response, no animal was excluded from the statistical analysis. For cortisol analysis, 1 129 

animal were excluded in total (1 detected as outlier due extreme values [>3*IQR]). All experiments 130 

were carried out following approval from the University of Portsmouth Animal Welfare and Ethical 131 

Review Board, and under license from the UK Home Office (Animals (Scientific Procedures) Act, 132 

1986) [PPL: P9D87106F]. 133 

 134 

 135 



2.2. Chronic unpredictable early-life stress (CUELS) 136 

The CUELS protocol was performed from 7 dpf to 14 or 21 dpf, except for the group control 137 

animals that were not handled during these days. Animals were exposed to a variety of stressors as 138 

follows: individually transfer animal to well in a white 96-well plate for 45 minutes (social 139 

isolation); transfer 40 animals to a well in a 12-well plate for 45 minutes (overcrowding); light/dark 140 

cycle changes for 60 minutes (light/dark cycle); change animal to a new tank with new water 3 141 

times (water transfer); transfer animal tanks to an incubator until the water temperature reaches 23 142 

ºC for 30 minutes (cooling); transfer to an incubator until the water reaches 33 ºC for 30 minutes 143 

(heating); stir the water for 5 minutes using a Pasteur pipette (mechanical stirring); removal of water 144 

until fish body is exposed, and leave in this condition for 2 minutes (shallow water). The protocol 145 

for CUELS in zebrafish was performed as described in previous work [22] and the experiment 146 

schedule is described in Table 1. 147 

 148 

2.3. Experiment 1 – Novel Object Boldness Task 149 

 Boldness is commonly defined as the willingness among individuals to take risks, especially 150 

in novel environments [34].  In zebrafish, this risk-taking behavior can be assessed by analyzing the 151 

amount of time that the fish explore a novel object [35, 36]. Here, to assess whether animals (n = 152 

36) exposed to the CUELS protocol are more risk-taking or not, we tested boldness in a novel 153 

environment by measuring the time that individuals spend close to the object (2 cm distance around 154 

the object) and number of entries to the object zone. The object was made with dark modeling clay 155 

in the shape of a 15-cm falcon tube and the tank dimensions were 27 cm x 36 cm x 10 cm (W x L 156 

x D) (Fig. 1a). Animals were recorded for 6 minutes and animals were immediately culled after the 157 

protocol.  Data for the novel object boldness task was analyzed using the behavioral tracking 158 

software ANY-maze™. 159 

 

 

 



 

2.4. Experiment 2 – Stress-reactivity 160 

 In the second experiment, we investigated how animals exposed to CUELS respond to an 161 

acute stressor later in life by analyzing their adult behavioral response in the novel-tank diving test 162 

and measuring their cortisol levels.  163 

 164 

2.4.1. Conspecific alarm substance (CAS)  165 

The CAS is a fear-cue that has been successfully used to trigger stress-related responses at 166 

physiological and behavioral levels in different fish species [25, 31, 32, 37-40]. Briefly, CAS 167 

exposure was performed by individually exposing fish to 3.5mL/L of CAS preparation for 5 168 

minutes. The CAS preparation is obtained by damaging epidermal cells with 10 shallow slices on 169 

both sides of the phenotypically similar donor fish body using a razor blade. 10 mL of distilled 170 

water was them added into a Petri dish and mixed to fully cover the fish’s body. Fish were 171 

previously culled using rapid cooling (submersion in 2°C water) for the preparation of CAS. For 172 

the behavioral analysis, a total of 21 fish were exposed to CAS per experimental day (2 batches in 173 

total), thus, CAS substance was prepared 3 times and in each CAS extraction n = 2 – 3 fish per 174 

group were exposed to the same preparation (1.05 mL was added in a 300 mL beaker). Similarly, 175 

for cortisol analysis, a total of 18 fish were exposed to CAS and 2 donor fish were used (total of 20 176 

mL of CAS preparation). All procedures were performed on ice and controlled to avoid drawing 177 

blood, to avoid contamination and keep CAS stability in ice. CAS substance was used at no longer 178 

than 15 min after preparation [28, 31, 37, 41]. After CAS exposure, fish were tested in the novel 179 

tank diving test or transferred to a new tank for 15 min for further cortisol analysis. 180 

 181 

2.4.2. Novel Tank Test 182 

The novel tank test is a common behavioral task used to measure locomotion, boldness and 183 

anxiety-related phenotypes stimulated when fish are introduced to a new environment. This test was 184 

previously used to characterize several drug responses showing a cross-species behavioral response 185 



similarities [25-28]. Immediately after CAS exposure, animals (n = 42) were individually placed in 186 

a novel tank (20 cm x 17.5 cm x 5 cm; L x H x W) containing 1 L of aquarium water (Fig. 2a). 187 

Control animals (n = 42) were removed from their original housing groups prior the novel tank test. 188 

Behavioral activity was analyzed using the Zantiks automatic system (Zantiks Ltd., Cambridge, 189 

UK) for 6 minutes [28, 42, 43]. For further analysis, the tank was virtually divided in three areas 190 

(bottom, middle and top), time spend on bottom was used to measure anxiety-related phenotypes 191 

and distance traveled was used to evaluate locomotion during the test.  192 

 193 

2.4.3. Whole-body cortisol 194 

To assess hormonal stress-reactivity response, 7-month-old fish (n = 36) were killed by 195 

immersion in ice-water (2ºC) after 15 min of the exposure to CAS (stressed groups) or immediately 196 

after removal of their housing tanks (controls). The whole bodies were snap-frozen using liquid 197 

nitrogen and kept in −80ºC until assay. Cortisol levels were evaluated using a human salivary 198 

cortisol ELISA kit (Salimetrics Salivary Cortisol ELISA, Stratech, Cambridge, UK) [42, 44]. 199 

Samples were homogenized in 5 ml ice-cold PBS. 5 ml of diethyl ether was added, then centrifuged 200 

(3500 x g) for 30 minutes, and the organic layer (top layer) was removed.  The process was repeated, 201 

and the diethyl ether was evaporated overnight. The resulting cortisol was reconstituted in 1 ml ice 202 

cold PBS and then ELISA was performed in 96-well plates as manufacturer's instructions. Cortisol 203 

concentrations (ng/g-1) were determined from optical density (OD) readings and compared against 204 

manufacturer’s standards. All samples were run in duplicate and the inter- and intra-assay 205 

coefficients of variation were determined. 206 

 207 

2.5. Statistics 208 

Data were analyzed in GraphPad Prism® and the results were expressed as means ± standard 209 

error of the mean (S.E.M). Normality of data and homogeneity of variance were analyzed by 210 

Kolmogorov–Smirnov and Bartlett's tests, respectively. One-way ANOVA was used to analyze the 211 

effects of the CUELS in the novel object boldness test. Furthermore, the interaction between 212 



CUELS and CAS in the novel tank-diving test and cortisol levels was assessed using two-way 213 

ANOVA with CUELS (three levels – 0, 7 and 14 days of CUELS) and CAS (two levels – control 214 

vs. stress) as the fixed factors. Tukey’s test was used as post-hoc analysis, and results were 215 

considered significant when p ≤ 0.05.  216 

 217 

3. Results 218 

3.1. Behavioral effects of CUELS in a novel object boldness test and stress-reactivity response 219 

 Fig. 1b shows the effects of CUELS in the novel object boldness task. No significant effect 220 

was observed between groups for the time spent close to the object (F (2,33) = 0.4734; p= 0.6270) or 221 

for the number of entries in the object zone (F (2,33) = 0.8623; p= 0.4315). Regarding the response 222 

of early-life stressed animals to CAS in the novel tank diving task (Fig. 2b), no significant 223 

interaction (CUELS vs. CAS) (F (2,78) = 0.998; p= 0.9060), CUELS (F (2,78) = 0.4589; p = 0.6337) or 224 

effect of CAS (F (1,78) = 0.2129; p= 0.6458) was observed. However, two-way ANOVA yielded a 225 

significant interaction (CUELS vs. CAS) (F (2,78) = 7.447; p**= 0.0011), CUELS (F (2,78) = 10.78; 226 

p****< 0.001) and effect of CAS (F (1,78) = 14.38; p***= 0.003) for the time spent in the bottom zone. 227 

A significant decrease in time spent in bottom was observed for animals exposed to CUELS for 7 228 

days compared to control non-stressed (p** = 0.0056) and 14 days CUELS (p*** = 0.0009). CAS 229 

significantly increased the time spent in bottom compared to two non-stressed groups, 0 (p* = 230 

0.0149) and 7 days of CUELS (p**** < 0.0001), except when compared to 14 days CUELS (p = 231 

0.0669). Importantly, only animals exposed to 14 days of CUELS + CAS had a significant decrease 232 

in the time spent in the bottom zone when compared to 0 days of CUELS + CAS (p* < 0.0046). 233 

 234 

3.2. Stress-reactivity and cortisol response in animals previously exposed to CUELS 235 

 The cortisol response of animals exposed to early-life stress, and their stress-reactivity 236 

response is displayed in Fig. 3. Although no significant effect was observed for interaction  (CUELS 237 

vs. CAS; F (2,25) = 0.7612; p= 0.4776) or CUELS (F (2,25) = 0.8889; p= 0.4237) through two-way 238 

ANOVA analysis,  a significant effect of CAS (F (1,25) = 52.69; p****< 0.0001) was observed. A post-239 



hoc Tukey’s test showed that a significant effect was observed comparing non-stressed groups (0, 240 

7 and 14 days of CUELS; p*= 0.0189, p***= 0.0002 and p**= 0.0028, respectively) to 0 days of 241 

CUELS + CAS. No significant difference was observed between non-stress animals or between 242 

CAS exposed animals.  243 

 244 

4. Discussion 245 

  In this study we aimed to investigate the impact of early-life stress on stress reactivity and 246 

boldness. We found that there were no differences between controls and 7 or 14-day CUELS 247 

exposure in approach to a novel object, suggesting that boldness is differently expressed by 7 and 248 

14-days CUELS animals depending on context. In addition, we found that fish exposed to 7 days 249 

CUELS showed increased exploration in the novel tank test, when exposed to CAS although there 250 

is a significant response compared to their own group, fear/anxiety-related behavior were not similar 251 

to control response. Regarding zebrafish exposed to 14 days of CUELS, when animals were exposed 252 

to CAS no behavioral change was observed, indicating that both groups may have a disrupted stress-253 

reactivity response in terms of behavioral analysis. However, in terms of cortisol-responses after 254 

exposure to an acute stressor (CAS) no significant differences were found in ELS animals. Overall, 255 

it appeared that 7 days of CUELS building resilience and 14 days of CUELS (Fontana et al., 2021) 256 

also affect stress-reactivity responses showing decreased response to CAS compared to controls. 257 

Thus, for the first time, we showed that 7 and 14 days of CUELS may have a negative impact on 258 

the animal’s response to fear cues.  259 

Boldness and risk-taking can be assessed by several tasks (e.g. the shelter task, novel tank 260 

diving test, new object boldness test and light/dark test) in zebrafish and the choice of test has a 261 

large impact on boldness-related behavior. The interpretation of this behavior can be highly 262 

contextual varying between environment, conditions, and individuals [45-48]. Here, we used the 263 

novel tank and novel object boldness test to investigate the boldness of fish previously exposed to 264 

a CUELS protocol for different durations (7 and 14 days of CUELS starting from 7 dpf). As 265 

previously shown (Fontana et al., 2018), animals subjected to CUELS for 7 days showed decreased 266 



time spent in bottom which can reflect in animals decreased anxiety-like behavior. The decreased 267 

time spent in bottom can be also directly correlated to boldness [49]; however, in the novel object 268 

boldness test, ELS fish did not show any difference in the time spent and number of times 269 

approaching the object. Bold individuals are usually explorative and ‘risk-taking’, while shy 270 

individuals are characterized by low exploration and a passive response [34]. The differences 271 

between boldness patterns were previously explored in zebrafish, and there is considerable variation 272 

in behavioral phenotypes on different tasks [50]. The animals exposed to CUELS for 7 days were 273 

previously measured in two behavioral tasks to assess anxiety/boldness responses, and we saw 274 

consistency in their behavioral patterns across tasks were animals showed increased boldness and 275 

decreased anxiety-like behavior [22]. It remains unclear, however, whether these responses are 276 

linked predominantly to the animals’ boldness or risk-taking behavior, as no increased boldness was 277 

observed in the novel object task, suggesting that animals exposed to CUELS show different 278 

patterns of behavior depending on context.  279 

To further evaluate if those fish would have increased risk-taking, we exposed fish to CAS 280 

for 5 minutes, a treatment that is known to induce increased fear and anxiety-related responses 281 

including increasing the time that fish spend in the bottom and decreasing their activity. When a 282 

fear-cue (CAS) is presented, fish exposed to CUELS for 7 days have a normal anxiogenic response 283 

compared to control fish. CAS is an effective acute stressor which is produced and stored in the 284 

epidermal “club” cells, and released into the water after skin injuries provoked by predator attacks 285 

[51, 52]. The different concentrations and effects of this molecule in zebrafish fear and anxiety-286 

related behavior was first described by Speedie and Gerlai [31]. For example, in the light-dark test 287 

zebrafish exposed to CAS for 5 minutes increased scototaxis (preference for dark areas)[37, 40] 288 

which is a behavioral change often observed after the exposure to anxiogenic drugs [53]. CAS also 289 

affects fish social behavior, increasing zebrafish cohesion in a shoal test [38], which is known to 290 

confer multiple advantages in reducing predation and facilitating foraging in other fish species [54]. 291 

These data support CAS as being efficient for inducing fear-related responses.  292 



As previously discussed, early-life stress protocols have produced ‘resilient’ effects in 293 

adults, showing no clear negative effects later in life [22-24]. This has included data from animals 294 

exposed to 7 and 14 days of CUELS and tested later at adult stages. However, here for the first time 295 

we saw some evidence that adult animals exposed to the CUELS protocol for 7 and 14 days may 296 

have a disrupted behavioral response to stress, by showing no differences in the time spent in bottom 297 

when exposed to the CAS stressor.  Blunted responses to stress stimuli have previously been 298 

observed in children that experienced ELS and the underlying mechanism is related to inhibition of 299 

hypothalamic–pituitary–adrenal axis (HPA) axis reactivity [55, 56]. Although the mechanisms in 300 

which ELS alter HPA activity still unknown, hypothesis involving altered amygdala activity to 301 

different responses to threats later in life have been proposed as a potential mechanisms underlying 302 

lack of stress-reactivity in mice and humans [57]. Thus, the mechanisms underlying decreased stress 303 

responses after CUELS exposure may have association with alterations in the zebrafish pallial 304 

amygdala, however further investigation looking at other HPI associated pathways and brain 305 

activity are still necessary.  306 

Importantly, the analysis of behavioral responses during CAS exposure is often used to 307 

evaluate differences in stress response being complementary to the animals’ response to CAS in the 308 

novel tank [37]. Because here we did not evaluate this behavioral response, being a limitation of 309 

our study, future analysis during CAS exposure can help to elucidate if CUELS may have negative 310 

or positive effects on adult phenotypes. Other limitations of this study include that only two 311 

behavioral tasks were used to evaluate boldness-like behavior (novel tank and novel object boldness 312 

task) using different animals in each test, limiting the correlational analysis between tasks in animals 313 

exposed to CUELS protocol. Moreover, further studies looking at other behavioral tasks in an 314 

unfamiliar environment with no shelter (open field) and in the presence of a shelter [58], combined 315 

to analysis of behavior in ‘dangerous’ situations in the presence of a predator [59]  may help to 316 

better understand the fully complexity of boldness, risk-taking and anxious behavior in zebrafish 317 

exposed to CUELS. Besides the limitations presented in this study, our study strength the hypothesis 318 

that boldness and anxiety-like behavior may be differently modulated depending on environment, 319 



which is consistent in animals exposed to CUELS.  In addition, the novel tank diving task is a 320 

reliable behavioral task to assess decreased anxiety-like behavior in animals exposed to 7 days of 321 

CUELS and to evaluate zebrafish response to acute stress increasing anxiety.  322 

Here, however, we saw no difference from controls in the cortisol response for 7- and 14-323 

day CUELS animals exposed to CAS. It therefore appears that although the physiological response 324 

to the stressor was normal (no different to controls) CUELS animals show a blunted behavioral 325 

response to CAS. This is potentially very interesting, as it indicates a negative impact of CUELS 326 

that could be psychological in nature, and potentially more complex than a simple alteration in HPI 327 

activation. Additionally, it may be that the CAS represents a strong stressor that may cause a 328 

physiological ceiling effect.  329 

  330 

5. Conclusion 331 

 Here we reported, for the first time, that ELS-induced increase boldness/decrease anxiety-332 

like behavior (7 days CUELS) may be differently expressed depending on the task. These 333 

conclusions are based on, although increased time spent in the top of a tank can be associated with 334 

increased boldness, no significant difference was found in the novel object boldness test. We also 335 

showed a potential negative impact of CUELS for 7 and 14 days, where animals showed a blunted 336 

behavioral response after being exposed to an acute stressor. However, animals ELS for 7 or 14 337 

days showed normal increased cortisol response to CAS exposure indicates a negative impact of 338 

CUELS that could be psychological in nature, and potentially more complex than a simple alteration 339 

in HPI activation. Further studies looking at other behavioral tasks when presented with an array of 340 

stress challenges, coupled with a more in-depth analysis of molecular markers, would help 341 

researchers to understand the mechanisms underlying the positive and negative effects of CUELS. 342 

Overall, these data suggest that CUELS can positively or negatively modulate behavior depending 343 

on context, where all ELS groups showed blunted increased anxiety-like behavior in the novel tank 344 

diving test.  345 

 346 
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Table 1 500 

Day 1st Stressor (between 7:00 – 12:00) 2nd Stressor (between 12:00 – 16:00) 

1 10:00 – Heating 33ºC (30 min) 16:00 – Mechanical stirring (5 min) 

2 07:00 – Lights on (60 min) 14:00 – Social isolation (45 min) 

3 11:00 – Overcrowding (45 min) 16:00 – Cooling 23ºC (30 min) 

4 09:00 – Shallow water (2 min) 13:00 – Water change (3 times) 

5 12:00 – Mechanical stirring (5 min) 14:00 – Heating 33ºC (30 min) 

6 11:00 – Lights off (60 min) 12:00 – Water change (3 times) 

7 09:00 – Cooling 23ºC (30 min) 15:00 – Social isolation (45 min) 

8 11:00 – Shallow water (2 min) 16:00 – Overcrowding (45 min) 

9 09:00 – Mechanical stirring (5 min) 13:00 – Water change (3 times) 

10 10:00 – Heating 33ºC (30 min) 15:00 – Overcrowding (45 min) 

11 08:00 – Lights on (60 min) 16:00 – Shallow water (2 min) 

12 10:00 – Cooling 23ºC (60 min) 12:00 – Social isolation (45 min) 

13 12:00 – Mechanical stirring (5 min) 13:00 – Lights off (60 min) 

14 11:00 – Water change (3 times) 15:00 – Heating 33ºC (30 min) 
Table 1. Procedure of the unpredictable chronic early life stress protocol in zebrafish larvae from 7 days post 501 

fertilization (dpf) to 21 dpf (adapted from Fontana, Gibbon [22]) 502 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figures 503 

 504 

Figure 1. Novel object boldness task response of animals previously exposed to 7 or 14 days of 505 

CUELS. Data were represented as mean ± S.E.M and analyzed by one-way ANOVA, followed by 506 

Tukey’s test multiple comparison test (n = 12 per group). 507 

 508 

 509 

Figure 2.  Behavioral response of adult animals acutely stressed to CAS and previously exposed to 510 

CUELS protocol for 7 or 14 days in the novel tank diving task. Data were represented as mean ± 511 

S.E.M and analyzed by two-way ANOVA (CAS and CUELS as factors), followed by Tukey’s test 512 

multiple comparison test (n = 14 per group). 513 

 514 



 515 

Figure 3. Control vs. CAS cortisol levels for adult animals previously exposed to CUELS protocol. 516 

Data were represented as mean ± S.E.M and analyzed by two-way ANOVA (CAS and CUELS as 517 

factors), followed by Tukey’s test multiple comparison test (n = 5 – 6 per group). 518 


