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To the Editor 

Journal of Visualized Experiments  

 

March 03, 2020 

 

Dear Dr. Aaron Berard, 

Please find enclosed a replication manuscript entitled, “Pharmacological validation of the pre-

pulse inhibition of startle response in larval zebrafish using a commercial automated system 

and software” by N. S. Banono & C. V. Esguerra, 2020. In this article, we aimed to provide a 

comprehensive validation of pre-pulse inhibition of the acoustic startle response in zebrafish larvae 

using the recently launched ZebraBox Revo (ViewPoint, France) in combination with EthoVision 

(Noldus, Netherlands) software as previously characterized by Burgess & Granato, 2007. To our 

knowledge, such a study is necessary to improve, refine and standardize protocols used for 

neurobehavioral research. Due to a growing interest in zebrafish as an animal model for central 

nervous system diseases, we believe it will serve as a valuable tool for those using zebrafish in 

neuropsychiatry research, in particular, in the area of high-throughput screening or for those trying to 

elucidate the contribution of neuropsychiatry risk genes to disease pathologenesis. 

First, we assess the ability of the ZebraBox Revo and EthoVision software to accurately 

deliver/capture acoustic stimuli and characterize the larval C-start response respectively, with a 

detailed description of the modulatory PPI effects induced by drugs targeting dopaminergic and 

glutamatergic signaling. Herein, we highlight both the advantages and limitations of the two systems 

and provide recommendations, when relevant, on how to circumvent these challenges.  

We have also included supplementary materials that complements the description of the equipment 

set-up used and optimizations performed to reduce external interference in our experimental protocol.  

Although we realize that other people may be selected, we would like to nominate the following 

reviewers: 

 

1. Prof. Dr. Mehmet Fatih Yanik 

(Zebrafish expert in brain imaging and high-throughput screening) 

Professur für Neurotechnologie 

ETH Zürich 

8057 Zürich, CH 

Phone: +41 44 633 31 65 

Email: yanik@ethz.ch  
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mailto:yanik@ethz.ch
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2. Dr. Will Norton 

(Zebrafish Behavioural Neuroscience) 

Associate Professor 

Department of Neuroscience, Psychology and Behaviour 

University of Leicester, University Road, Leicester, LE1 7RH, UK 

Phone: +44 (0)116 252 5078 

Email: whjn1@le.ac.uk  

 

3. Prof. Dr. Stephan Neuhauss 

(Zebrafish expert in visual system function and behavioural assays of visual behaviours) 

Institute of Molecular Life Sciences 

University of Zurich, Winterthurerstrasse 190, CH-8057 Zurich, CH 

Phone: +41 (0)44 635 60 40 

Email: stephan.neuhauss@uzh.ch  

 

4. Dr. Christian Tudorache 

Assistant professor 

Wiskunde en Natuurwetenschappen 

Instituut Biologie Leiden 

IBL Animal Sciences & Health 

Sylviusweg 72, 2333 Leiden, Room number 6.514B, NL 

Phone: +31 71 527 4759  

Email: c.tudorache@biology.leidenuniv.nl  

 

5. Prof. Teresa Nicolson 

(Zebrafish expert in hearing and balance) 

300 Pasteur Drive 

Edwards R139 Stanford University 

Stanford, CA 94305, USA 

Phone: 650-725-3708 

Email: tnicolso@stanford.edu  

 

6. Prof. Kari Espolin Fladmark 

(Expert in behavioural testing of  neurotoxicants linked to human neurodegenative diseases 

using the zebrafish) 

Department of Biological Sciences (BIO) 

University of Bergen 

Phone: +47 55 58 45 14 

Email: Kari.Fladmark@uib.no 

 

 

We hope that you will find our study interesting and relevant for publication in the Journal of 

Visualized Experiments, and hope that it fulfills all requirements necessary for its publication. This 

manuscript has not been and will not be published in whole or in part in any other journal. We, the 

authors, have no competing interests, have read and have abided by the statement of ethical 

standards for manuscripts submitted to the Journal of Visualized Experiments.  
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We thank you for considering our manuscript and look forward to hearing from you! 

 

Best regards, 

 

 
Camila V. Esguerra, PhD 

Group Leader, Chemical Neuroscience Group, Centre for Molecular Medicine Norway (NCMM) 

Adjunct Associate Professor, School of Pharmacy, University of Oslo 

Oslo Innovation Centre (Forskningsparken), Gaustadalléen 21, 0349 Oslo, Norway 

Office: +47 228 40534; Mobile: +47 950 40178 

E-mail: c.v.esguerra@ncmm.uio.no 

Website: http://www.med.uio.no/ncmm/english/groups/esguerra-group/ 
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SUMMARY: 23 
Here we describe a protocol that utilizes commercially available automated systems to 24 
pharmacologically validate the prepulse inhibition (PPI) assay in larval zebrafish. 25 
 26 
ABSTRACT: 27 
While there is an abundance of commercial and standardized automated systems and software 28 
for performing the prepulse inhibition (PPI) assay in rodents, to the best of our knowledge, all PPI 29 
assays performed in the zebrafish have, until now, been done using custom made systems which 30 
were only available to individual groups. This has thereby presented challenges, particularly with 31 
regard to issues of data reproducibility and standardization. In the present work, we generated 32 
a protocol that utilizes commercially available automated systems to pharmacologically validate 33 
the prepulse inhibition (PPI) assay in larval zebrafish. Consistent with published findings, we were 34 
able to replicate the results of apomorphine, haloperidol and ketamine on the PPI response of 6 35 
days post-fertilization zebrafish larvae.  36 
 37 
INTRODUCTION: 38 
The zebrafish (Danio rerio) larva is a suitable candidate for modelling psychiatric diseases such as 39 
schizophrenia (reviewed by Gawel et al.1) because of the numerous advantages it possesses. 40 
These include a fully sequenced genome with 70% sequence homology to human orthologues2, 41 
existence of forward and reverse genetic tools to manipulate the genome and to identify the 42 
contribution of a given gene towards development or disease3, and the presence of major 43 
human/rodent neurotransmitters in the zebrafish brain4. There is an availability of several neuro-44 
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phenotypic domains in zebrafish, such as anxiety, learning and memory3. Optical transparency 45 
and sensitivity to the major classes of neurotropic drugs makes it an ideal candidate of choice for 46 
pharmacological manipulations and phenotypic drug screening5, 6. 47 
 48 
To perform high throughput drug screening, automation and the presence of a robust 49 
endophenotype is highly important7. For instance, a variety of automatic recording techniques 50 
have been developed for measuring larval zebrafish behavior such as thigmotaxis, startle 51 
response, optokinetic response, optomotor response, habituation, prey capture, sleep/wake 52 
behavior, locomotor behavior and several others6. While some laboratories develop custom-built 53 
systems for automated measurements and analysis of some of these behaviors, there are 54 
commercially available imaging and software systems8–11. Prepulse inhibition (PPI), a form of 55 
sensorimotor gating in which the startle response is reduced when a weak non-startling stimulus 56 
is presented briefly before the startling stimulus, has been used as an endophenotype for 57 
studying schizophrenia in animal models (reviewed by 12, 13). In addition, acoustic startle response 58 
(ASR) and PPI have played useful roles in studying hearing and auditory function in animal models 59 
including the zebrafish14, 15. The larval zebrafish displays a characteristic C-start in response to an 60 
unexpected startling stimulus that is lessened by a weaker stimulus called the prepulse. The C-61 
start has long been described as an escape behavior controlled by distinct neural cell populations 62 
and has been thoroughly characterized in the larval zebrafish15–17.  63 
 64 
There is an abundance of commercial and standardized automated systems and software for 65 
performing the PPI assay in rodents18–20. However, to the best of our knowledge, all the PPI assays 66 
performed in the zebrafish until now have been done using custom made systems which are only 67 
available to the individual groups15, 16, 21, 22. This presents challenges for achieving data 68 
reproducibility and replicability with regard to standardization23. 69 
 70 
Recently, a known vendor in the zebrafish community developed a set-up embedded with a fast 71 
camera and PPI generator add-ons to carry out the PPI assay in larval zebrafish24. The camera 72 
records at 1000 frames per second which enables the recording of fast acting behaviors such as 73 
the C-start, while the PPI generator allows for user-controlled delivery of various acoustic stimuli 74 
to evoke a startle response24. Here, we combine the aforementioned system with a commercially 75 
available comprehensive software package designed for the automated analysis of complex 76 
behaviors11, to generate a protocol for performing PPI response assays in larval zebrafish. We 77 
pharmacologically validate the PPI response using 1) apomorphine, a dopamine agonist known 78 
to cause deficits in PPI; 2) haloperidol, a dopamine antagonist and antipsychotic known to 79 
enhance PPI and 3) ketamine, a NMDA receptor antagonist known to modulate PPI. 80 
 81 
PROTOCOL: 82 
All animal experiments were approved by the Norwegian Food Safety Authority experimental 83 
animal administration’s supervisory and application system (FOTS-18/106800-1).  84 
 85 
1. Zebrafish husbandry 86 
 87 



   

1.1. Set up matings of wild type adult male and female zebrafish (Danio rerio) stocks, maintained 88 
under standard conditions25 the evening before. Here, Tupfel long-fin (TL) strain is used. 89 
 90 
1.2. Remove barriers the next morning and allow to mate through natural spawning. 91 
 92 
1.3. Collect eggs out of the mating tanks. 93 
 94 
1.4. Remove unfertilized eggs and other debris, then transfer eggs to Petri dishes (n = 60) and 95 
raise in an incubator at 28 °C in embryo medium: 1.5 mM HEPES, pH 7.6, 17.4 mM NaCl, 0.21 mM 96 
KCl, 0.12 mM MgSO4, and 0.18 mM Ca(NO3)2.  97 
 98 
1.5. Renew half of the embryo medium and remove dead larvae daily until 6 dpf.  99 
 100 
NOTE: All experiments were performed on individual larvae at 6 days post-fertilization (dpf). 101 
 102 
2. Pharmacological agents and pre-treatment of larvae 103 
 104 
2.1. Dissolve apomorphine and ketamine in E3 medium to make 500 µM and 10 mM stock 105 
solutions respectively. 106 
 107 
2.2. Dissolve haloperidol in 100% dimethyl sulfoxide (DMSO) to make a 10 mM stock solution. 108 
The final concentration of DMSO used was 0.1%.  109 
 110 
2.3. Use 0.1% DMSO and E3 medium as vehicle controls.  111 
 112 
2.4. Use the following final concentrations of drugs: 10 mg/mL of apomorphine, 1 mM ketamine 113 
and 20 µM haloperidol16. 114 
 115 
2.5. Pre-expose the apomorphine and ketamine groups larvae for 10 min and the haloperidol and 116 
DMSO vehicle control groups for 20 min16. 117 
 118 
3. Setup prior to the behavior test 119 
 120 
3.1. On the day of the experiment, transfer larvae and all relevant materials into the experiment 121 
room. Set the experiment room to a temperature of 27 ± 1 °C. 122 
 123 
3.2. Ensure that the background noise in the test chamber is as low as possible, preferably not 124 
more than 45 dB sound pressure level (SPL).  125 
 126 
3.2.1. Install the sonometer microphone of the dB meter in the test chamber (the opening for 127 
installation is already bored by the manufacturer).  128 
 129 
3.2.2. To reduce the background noise in the room, insulate the test chamber with a custom-built 130 
sound booth (see Figure 1B for an overview of the set-up).  131 



   

 132 
3.3. Prepare a 96-well plate for the prepulse inhibition test.  133 
 134 
NOTE: The video camera has a 2048 × 500 pixel resolution, meaning only a maximum of 3 lanes 135 
(33 wells) can be imaged at a time.  136 
 137 
3.3.1. Use a custom-made acrylic plate of 96-well format to reduce interference from shadows. 138 
 139 
NOTE: The measurements for the custom plate can be found at the following website: 140 
https://zenodo.org/record/3739378#.XooyLW5uKas  141 
 142 
3.4. With the aid of a transfer pipette, transfer 310 µL of exposure solution/medium with one 143 
larva into each well. 144 
 145 
3.5. Calibrate and measure the stimulus intensity using the volume knob of the stereo amplifier 146 
and a decibel meter respectively. 147 
 148 
3.6. Register the maximum sound intensity in the “level reference” section.  149 
 150 
4. Stimulus parameters and video acquisition 151 
 152 
4.1. Turn on the computer, the amplifier system and the decibel (dB) meter (see Figure 1A for an 153 
overview of set-up).  154 
 155 
4.2. Use the volume knob by turning it to minimum or maximum to adjust the sound intensity.  156 
 157 
4.2.1. Check the sound level with the dB meter each time, the volume knob is adjusted. This is 158 
important in finding the maximum and minimum sound intensity that can be produced by the 159 
set-up. 160 
 161 
NOTE: The dB meter computes the RMS dB output for the stimulus. The system generates the 162 
sound inside the solid components of the test-chamber, keeping the plate firm while producing 163 
a vibration in the horizontal plane of the entire plate support. 164 
 165 
4.2.1.1. Adjust the volume knob to maximum, measure the sound intensity with the dB meter 166 
and use this value. 167 
 168 
4.3. On the interface of the PPI generator, define the parameters: inter-stimulus interval 169 
represented as Delay; inter-trial interval represented as Acquisition delta time; duration of 170 
prepulse etc. 171 
 172 
4.3.1. For prepulse alone trials, ensure that the “Amplitude” or Duration of stimulus for Startle 173 
parameters are set to zero and vice versa for startle alone trials.  174 
 175 



   

4.4. To generate a trial list, select Add > give a name to the trial. For example, “Prepulse 50 dB 176 
alone”.  177 
 178 
NOTE: One can generate as many trials as desired, but be careful of how long the list is since this 179 
can crash the program.  180 
 181 
4.4.1. Interleave prepulse trials with pulse alone trials in all PPI experiments using a 182 
pseudorandom order. Where multiple stimuli are presented in an experiment, an inter-trial 183 
interval (ITI) of 30 s is used. 184 
 185 
NOTE: In this study, a 100 ms startle stimulus (pulse) of 660 Hz, and 5 ms prepulse stimuli of 440 186 
Hz were used. For PPI experiments, inter-stimulus interval (ISI) was 100 ms. 187 
 188 
4.5. To save the protocol, select File > Save as. 189 
 190 
4.6. Adjust lighting conditions in the test-chamber as follows.  191 
 192 
4.6.1. Launch USB measurement computing, select analog out then go to D/A OUT O (P13) to 193 
make changes to the lighting. A value of zero means no light while increasing the D/A OUT O 194 
value, increases the intensity of light in the box. Light intensity of 100 Lux was used for all 195 
experiments. 196 
 197 
4.7. Set-up the camera 198 
 199 
4.7.1. Launch the software and wait for the camera to load.  200 
 201 
4.7.2. Select Adjustments (found on right-hand side) and set the acquisition frame rate to 1,000 202 
then click apply to effect the change.  203 
 204 
4.8. Acclimate larvae to a 100 lx test chamber for 5 min before the experiments are started. 205 
 206 
4.9. To begin an experiment, select the Experiment menu on the PPI generator, click Run and 207 
the select well format (e.g., 33 wells). 208 
  209 
4.9.1. Always make sure that the camera software is launched with the right settings before 210 
running an experiment.  211 
 212 
4.9.2. Acquire a 2 s video for each trial.  213 
 214 
4.9.3. Make sure that the acquisition frame rate is set at 1,000. 215 
  216 
5. Automated tracking and analysis of acoustic startle response and PPI 217 
 218 
5.1. Protocol setup.  219 



   

 220 
5.1.1. Launch the analysis software (see the Table of Materials). Choose New from template > 221 
Apply a predefined template and then go through other menus (details below). 222 
 223 
5.1.1.1. Choose from video file under Video Source. 224 
 225 
5.1.1.2. Browse video file. Set subject as fish > zebrafish larvae > zone template (no template). 226 
Specify Number of arenas under Arenas. 227 
 228 
5.1.1.3. Specify Number of subjects per arena (set as 1) under Subjects. 229 
 230 
5.1.1.4. Select Center-point, nose-point and tail-base detection under Tracked Features (see 231 
Figure 2A,B).  232 
 233 
NOTE: This is important to calculate the body angle of the C-start response (see Figure 2C). 234 
 235 
5.1.1.5. Click Name > save as. Units used are mm, s, deg for distance, time and rotation 236 
respectively.  237 
 238 
NOTE: Remember to use the same unit for calibrating the scale. 239 
 240 
5.1.2. Choose Arena setting. 241 
 242 
5.1.2.1. Click Grab background image.  243 
 244 
5.1.2.2. Go through the steps on the right-hand menu (if in doubt, use the Help menu). 245 
 246 
5.1.2.3. Choose the circle drawing tool to draw the arenas. 247 
 248 
5.1.3. Choose Trial control settings > create new > name. 249 
 250 
5.1.4. Choose Detection settings, go through the steps on the right-hand menu. 251 
 252 
5.1.4.1. Set sample rate to 25. Choose advanced detection settings. Under Method, select 253 
dynamic subtraction, advanced model/adult fish, then set Subject color compared to 254 
background as Darker and move the slider to define the larva’s contrast. 255 
 256 
5.1.4.2. Under subject contour, select erode first, then dilate and increase the contour erosion 257 
and dilation values until the animal is completely detected.  258 
 259 
5.1.5. Save the protocol and use for subsequent analyses of PPI videos acquired. 260 
5.2. Trial list setup.  261 
 262 



   

5.2.1. Choose trial list, define independent variables such as larval ID, treatment, stimulus type, 263 
etc. Select the path of videos and define a list of trials for batch acquisition. 264 
 265 
5.3. Acquisition setup. 266 
 267 
NOTE: If a trial list has been generated, one can perform a batch acquisition of the videos.  268 
 269 
5.3.1. If some tracks are lost, use the track editor to adjust the tracked features. 270 
 271 
5.3.2. Exclude from analysis, the tracking errors that remain unresolved after using the track 272 
editor. 273 
 274 
5.3.3. Set track smoothing profile to 1 mm to decrease noise from data. This can be adjusted 275 
based on the background activity of larvae. 276 
 277 
5.4. Analysis setup. 278 
 279 
5.4.1. To select trials to be analyzed, choose Data profiles and define tracks based on the 280 
independent variable of interest.  281 
 282 
NOTE: If components are hidden, click on the eye symbol to the upper right-hand corner to 283 
display.  284 
 285 
5.4.1.1. Filter parts of trials to be analyzed (e.g., based on treatment or type of stimulus group). 286 
 287 
5.4.1.2. Select part of the tracks to be analyzed (nesting). For this study, data was nested for 288 
tracks between onset of stimulus and 100 ms after stimulus onset. 289 
 290 
5.4.1.3. Remember to connect all filters and nesting boxes with arrow lines to complete the 291 
instruction. 292 
 293 
5.4.2. Define dependent variables to be analyzed, select Analysis profiles and specify the 294 
variables of interest (focus on Body under dependent variables).  295 
 296 
NOTE: If components are hidden, click on the eye symbol to the upper right-hand corner to 297 
display. 298 
 299 
5.4.2.1. Double click Body angle. Select absolute bend. Go through Trial settings and select 300 
maximum, then click on add. 301 
 302 
5.4.3. Double click body angle state. Set averaging interval to 5 samples. Set bend angle 303 
threshold. To calculate statistics for bent, go through Trial statistics and select latency to first > 304 
add. Repeat steps until varying thresholds are obtained (between 20–80° was used) and name 305 
accordingly. 306 



   

 307 
5.4.4. Generating statistics and charts. 308 
 309 
5.4.4.1. Choose analysis > results > statistics & charts, then click calculate. 310 
  311 
5.4.4.2. Make sure the data and analysis profiles are set to the right template since several 312 
templates can be made under each section. 313 
 314 
5.4.5. Export trial and group statistics as spreadsheet files for processing and analysis. 315 
 316 
6. Data analysis 317 
  318 
6.1. Open the spreadsheet file containing the trial statistics.  319 
 320 
6.2. Select the columns Body angle Maximum deg, Bent latency (of the various body angle 321 
thresholds). 322 
 323 
6.3. Consider every change in body angle ≥ 30° within a cut-off latency of 50 ms after stimulus 324 
onset as a positive C-start response (i.e., a responder); those with <30° body angle are non-325 
responders.  326 
 327 
6.4. In a binary fashion, assign 1 to a responding larva and 0 to non-responding larvae for each 328 
plate. 329 
 330 
6.4.1. Count the total number of responders and non-responder larvae for each plate. Calculate 331 
the responders (%) in each case calculated as (number of larvae responding/total number of 332 
larvae) × 100. Exclude larvae that respond less than 30% to the startle stimulus from the 333 
analysis16. 334 
 335 
NOTE: Any stimulus intensity capable of eliciting a C-start response in equal to or more than 70% 336 
of the larvae is considered a suitable startle stimulus16. 337 
 338 
6.5. Calculate %PPI as 100 × (percentage responding to startle stimulus − percentage responding 339 
to prepulse + startle sequence)/ (percentage responding to startle stimulus)16. 340 
 341 
7. Statistical analysis 342 
 343 
7.1. Present data as the mean ± standard deviation, S.D. (see the Table of Materials for statistical 344 
software). 345 
 346 
7.2. Determine the effects of varying prepulse intensities on larval response using one-way 347 
ANOVA followed by a Tukey’s post-hoc test. 348 
7.3. Use two-way ANOVA followed by Holm-Sidak’s post-hoc test to determine the effects of drug 349 
treatment on % PPI response with varying prepulse intensities. 350 



   

 351 
REPRESENTATIVE RESULTS: 352 
Three experiments were performed to validate the protocol of combining multiple systems to 353 
analyze prepulse inhibition of acoustic startle response in the larval zebrafish. First, the ability to 354 
accurately deliver acoustic stimuli and to capture the response of larvae to the startle stimulus 355 
was tested. Next, was validating the ability to attenuate startle response when a prepulse 356 
stimulus is presented. Finally, the ability to detect the pharmacological modulation of prepulse 357 
inhibition of the startle response by the drugs apomorphine, haloperidol and ketamine was 358 
established. 359 
 360 
Larval zebrafish response to acoustic startle stimuli 361 
Previous work has demonstrated that larval zebrafish display a characteristic C-start when 362 
presented with startling acoustic stimulus16. The ability to incite and capture the behavior of 363 
larvae to the startle stimuli was tested. Recorded larvae were observed to display the C-start 364 
response (Figure 2). A stimulus of 70 dB re (100 ms, 660 Hz, Supplementary Figure 1A) was strong 365 
enough to elicit response in ≥70% of the larvae (Figure 3A). When repeatedly presented 30 times 366 
at an inter-trial interval of 30 s, the 70 dB re stimulus did not result in larval habituation (N = 3 367 
replicates; 16 larvae/replicate), as shown in Figure 3B. 368 
  369 
Prepulse decreases startle response of larval zebrafish to acoustic stimuli 370 
A plethora of evidence shows that prepulse stimuli modulates larval response to a startle 371 
stimulus15, 21, 22, 26. A two-pulse paradigm was used, where a weak stimulus called the prepulse 372 
preceded the startle-inducing stimulus called the pulse. The prepulse stimuli used were either 373 
20, 17, or 14 dB less than the pulse stimulus that was set at 70 dB re. The prepulse (5 ms, 440 Hz) 374 
was always presented 100 ms before the pulse onset (Supplementary Figure 1B). Each tested 375 
prepulse stimulus significantly reduced larval response to the pulse. In Figure 4 the larval 376 
response (in %) to acoustic startle stimuli is shown for 6 dpf TL in E3 medium, N = 6 (16 377 
larvae/group). The percentage of larvae responding to the startle stimulus (pulse) was 79.86 ± 378 
9.772. Expectedly, when the startle stimulus was preceded by either a 50, 53 or 56 dB prepulse, 379 
the larval response decreased to 40.87% ± 11.30%, 39.58% ± 7.345% and 29.17% ± 9.350% 380 
respectively. One-way Anova analysis revealed a statistical difference in stimulus effect on larvae 381 
(F (3, 48) = 57.23, P < 0.0001) with Tukey’s multiple comparisons test revealing statistical 382 
significance across groups at 95% confidence interval. 383 
 384 
Pharmacological modulation of prepulse inhibition 385 
Earlier studies showed that the dopaminergic drugs, apomorphine and haloperidol, as well as the 386 
glutamatergic drug, ketamine, significantly modulated prepulse inhibition in larvae just as in their 387 
mammal and rodent equivalents16. Concentrations for validation of the set-up were selected 388 
based on these studies. The inter-stimulus interval (ISI) for all the pharmacological experiments 389 
was 100 ms. 390 
 391 
Effect of apomorphine on prepulse inhibition 392 
In Figure 5, larvae pretreated with 10 mg/mL apomorphine for 10 min displayed an overall 393 
reduction in % PPI compared to E3 control larvae (two-way ANOVA, non RM (factors: treatment 394 



   

and prepulse intensities; treatment: F (1, 34) = 16.21, p = 0.0003; prepulse intensity: F (2, 34) = 395 
8.674, P = 0.0009, this showed a non-significant interaction: F (2, 34) = 2.514, p = 0.0959). To 396 
investigate the differences in more detail, Holm-Sidak’s post-hoc test revealed significant 397 
differences in the startle response between E3 control and apomorphine treated larvae at 398 
prepulse intensities 53 (p = 0.0126) and 56 (p = 0.0044) but not at 50 dB (p = 0.5813).  399 
 400 
Effect of haloperidol on prepulse inhibition 401 
Figure 6 shows an overall increase in %PPI in larvae pretreated for 20 min with 20 µM haloperidol 402 
compared to those in E3 medium (two-way ANOVA, non RM (factors: treatment and prepulse 403 
intensities; treatment: F (1, 32) = 20.75, p < 0.0001; prepulse intensity: F (2, 32) = 3.147, p = 404 
0.0565, with no significant interaction: F (2, 32) = 0.7455, p = 0.4826). Using the Holm-Sidak’s 405 
post-hoc test, presence of statistical significance was observed only at prepulse intensities 53 (p 406 
= 0.00489 and 56 (p = 0.0348) but not at 50 dB (p = 0.067).  407 
 408 
Effect of ketamine on prepulse inhibition  409 
Figure 7 shows that at different prepulse stimulus intensities, there were differences in the 410 
startle response between E3 control larvae and those pretreated for 10 min in 1.0 mM ketamine 411 
(two-way ANOVA, non RM (factors: treatment and prepulse intensities; treatment: F (1, 35) = 412 
25.46, p < 0.0001; prepulse intensity: F (2, 35) = 6.018, p = 0.0057, with no significant interaction: 413 
F (2, 35) = 0.8450, p = 0.4381). Holm-Sidak’s post-hoc test, showed significance only at prepulse 414 
intensities of 50 (p = 0.0039) and 53 (p = 0.0027), but not at 56 dB (p = 0.0802). 415 
 416 
FIGURE LEGENDS: 417 
 418 
Figure 1: Testing apparatus. (A) Overview of equipment set-up. (B) In-house insulation of the set-419 
up equipment to minimize background noise during experiments. 420 
 421 
Figure 2: Analysis of the larval zebrafish acoustic startle response. (A) Characteristic C-start 422 
displayed by 6 zebrafish larvae at 6 dpf. (B) Representative image of the three tracked features 423 
superimposed on a 6 dpf larva: center-point (red), nose-point (cyan) and tail-base (purple). (C) 424 
Representative image of the absolute bend angle displayed by a 6-dpf TL wild type larvae. 425 
 426 
Figure 3: Determination of acoustic startle threshold. (A) A stimulus intensity of 70 dB 427 
(represented by red dash lines) is capable of eliciting a C-start response in >70% of larvae (N = 428 
33; 6 dpf TL). (B) Larvae do not habituate to 70 dB re stimulus presented 30 times (trials) at an 429 
inter-trial interval of 30 s (N = 3 replicates; 16 larvae/replicate). Data are presented as mean ± 430 
S.D. 431 
 432 
Figure 4: Pre-pulse-induced decrease in larval response (%). Pre-pulse stimuli at 20, 17 and 14 433 
dB lower than the 70 dB re startling stimulus cause a reduction in the number of wild type TL 434 
larvae C-start responders. All data represented as mean ± S.D., N = 5 (16 larvae/group), ****p < 435 
0.0001, significantly different from startle stimulus by Tukey’s post-hoc test after one-way 436 
ANOVA. 437 
 438 



   

Figure 5. Apomorphine induced deficits in %PPI. All data are presented as mean ± S.D., N = 4‒5 439 
(16 larvae/group), statistically significant difference by Holm-Sidak’s post-hoc test after two-way 440 
ANOVA. *p = 0.0126, E3 ctl/apomorphine treated group at 53 dB; **p = 0.0044, E3 441 
ctl/apomorphine treated group at 56 dB.  442 
 443 
Figure 6: Haloperidol induced enhancement in %PPI. All data are presented as mean ± S.D., N = 444 
4‒5 (16 larvae/group), statistically significant difference by Holm-Sidak’s post-hoc test after two-445 
way Anova. **p = 0.0048, DMSO ctl/apomorphine treated group at 53 dB; *p = 0.0348, DMSO 446 
ctl/apomorphine treated group at 56 dB. 447 
 448 
Figure 7: Ketamine induced enhancement in %PPI. All data represented as mean ± S.D, N = 4‒5 449 
(16 larvae/group), statistically significant difference by Holm-Sidak’s post-hoc test after two-way 450 
Anova **p = 0.0039, E3 ctl/apomorphine treated group at 50 dB, **p = 0.0027, E3 451 
ctl/apomorphine treated group at 53 dB. 452 
 453 
Supplementary Video 1: Representative video of larvae displaying a C-start in response to 70 454 
dB acoustic startle stimulus. 455 
 456 
Supplementary Figure 1: Representative examples of generated stimulus conditions using the 457 
PPI generator. (A) Stimulus alone trial, (B) pre-pulse inhibition trial (pre-pulse + pulse), (C) no 458 
stimulus trial to measure threshold baseline bend angle of unstimulated larvae.  459 
 460 
DISCUSSION: 461 
It is essential to validate any new behavioral assay system with the aim of improving and refining 462 
protocols for neurobehavioral research. In the current investigation, the ability of two 463 
commercially available systems and software to induce an acoustic startle response in zebrafish 464 
larvae and to detect and quantify previously described pharmacological modulation of such 465 
behaviors were assessed. 466 
  467 
A number of modifications and troubleshooting were performed to optimize the set-up. The 468 
default software for analysis of C-start responses was such that analysis automatically proceeded 469 
after the data for every experiment was acquired (22 trials/plate constituted an experiment). This 470 
reduced the number of plates that could be run per day, thus reducing the throughput (5 plates 471 
per day). To avoid this limitation, there was a need to de-couple the analysis software from the 472 
data collection process, which increased the throughput to an average of 10 plates per day. Thus, 473 
the decision to turn to an independent analysis software for non-live analysis proved successful 474 
and more efficient. To avoid interference from shadows or other debris which introduces noise 475 
to the data, it is recommended to fill wells completely with medium, remove all bubbles and 476 
avoid food particles or similar which can be mistaken for larvae, thereby generating noise in the 477 
data. After calibration of the sound stimuli, the maximum intensity reachable by the amplifier 478 
system as captured by the dB meter was 85 dB re, while the initial background noise in the testing 479 
chamber was 60 dB re. This resulted in a narrow dB window in which to operate. Hence, it was 480 
critical to keep background noise as minimal as possible. To achieve this, parafon acoustics 481 
material (see Table of Materials) was used to build an additional layer of insulation around the 482 



   

test-chamber and an extra layer of insulation using a vocal booth bundle (see Table of Materials). 483 
With these layers of insulation, the background noise inside the testing chamber was successfully 484 
reduced from the initial 60 dB to 45 dB re.  485 
 486 
Currently, one advantage of this set-up is that all the components are commercially available and 487 
as such, not limited to only a few labs. Individuals with limited knowledge in coding language can 488 
use it, as the protocol is rather easy to understand and follow. For example, by using the PPI 489 
system, it was possible to deliver pulses and pre-pulses at varying inter-stimulus and inter-trial 490 
intervals, as well as capture larval responses to such stimuli. Once these behaviors were captured, 491 
they could be classified using the analysis software into responders and non-responders. The 492 
responder group was categorized as larvae that displayed a C-start of 30° or more at a latency of 493 
<50 ms. In addition, the PPI response is modulated by drugs that target dopaminergic and 494 
glutamatergic signaling (reviewed by Geyer and colleagues 27). Consistent with previous studies, 495 
apomorphine, a non-selective dopamine receptor agonist, reduced the pre-pulse inhibition of 496 
startle response in larval zebrafish, while haloperidol a dopamine antagonist enhanced the 497 
response. In larval zebrafish, ketamine has been shown to modulate PPI differentially based on 498 
the duration of the ISI16. In the aforementioned study, larval PPI was enhanced at 30 ms but 499 
suppressed at 500 ms ISI when pre-treated with ketamine. Although this study did not use 500 
variable ISI, the observation that ketamine enhanced PPI at an ISI of 100 ms, makes it comparable 501 
with the previous study’s data when an ISI of 30 ms was used. The study demonstrated that by 502 
combining these commercially available systems, it is possible to perform the PPI assay and to 503 
reliably detect pharmacologically induced changes in the zebrafish larval PPI response. A 504 
limitation of the system is that the nose-point feature tracked by the analysis software always 505 
falls on one of the eyes of the larvae, thereby creating a baseline angle. To overcome this, it is 506 
necessary to always determine the baseline bend angle of unstimulated larvae, which was found 507 
to be ~30° for larvae used in this study. Thus, forming the basis for the choice of 30° as the 508 
threshold of what was considered a positive C-start response in startled larvae. If these points 509 
are taken into account, it should be possible to perform the PPI assay in any lab with access to 510 
the set-up equipment. This paper did not focus on categorizing the kinematics of startle response 511 
into short latency and long latency as reported earlier16, due to the scope of the variability of 512 
latency. Hence, only C-start responses <50 ms after stimulus onset were used15.  513 
 514 
Strain differences have been reported to influence zebrafish behavior in several assays28–31 as 515 
well as influence hearing sensitivity32. Hence, it is essential to determine the baseline bend angle 516 
of each strain tested. Since hearing sensitivities may also be different, it is crucial to determine 517 
baseline startle responses, the sound intensity most suited as either prepulse or startle stimulus 518 
for each strain and at what duration the stimulus is presented. The ISI is another parameter that 519 
should be carefully considered because some drugs can either enhance or reduce PPI based on 520 
the interval between the prepulse and startle stimulus onset16. The expectation is that, 521 
laboratories interested in studying cognitive function, neuropsychiatric disorders and hearing 522 
(auditory function) will find this PPI set-up and protocol useful in screening their pharmacological 523 
and/or genetic models. This protocol also provides a basis for high-throughput screening of 524 
compound libraries. 525 
 526 
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Comments/Description

Dopamine agonist

For measuring stimulus intensity

For dissolving organic solutes

For delivering acoustic stimuli

Automated tracking software

Statistical analysis software

Dopamine antagonist

NMDA receptor antagonist 

Helps reduce background noise in the test cabinet

Helps reduce background noise in the test cabinet

Includes hardware and software



To the Editor 
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April 12, 2020  

Dear Dr. Dsouza, 

Thank you for the feedback and for giving us the opportunity to revise our manuscript (JoVE- 

61423R1) titled “Pharmacological validation of the prepulse inhibition of startle response in 

larval zebrafish using a commercial automated system and software”. We have endeavored 

to reformat the manuscript according to your specifications, format all new information in 

the manuscript in bold to make it easy for tracking and to address your comments (please see 

below).  

Editorial Comments: 

 

• Please take this opportunity to thoroughly proofread the manuscript to ensure that there 

are no spelling or grammatical errors. 

To the best of our knowledge, spelling and/or grammatical errors are absent in the 

manuscript. 

 

• Protocol Detail: Please note that your protocol will be used to generate the script for the 

video, and must contain everything that you would like shown in the video. Please add 

more specific details (e.g. button clicks for software actions, numerical values for settings, 

etc) to your protocol steps. There should be enough detail in each step to supplement the 

actions seen in the video so that viewers can easily replicate the protocol. 

To the best of our knowledge, we have provided enough detail in each step to supplement 

the actions in the video. 

 

• Protocol Numbering: Please adjust the numbering of your protocol section to follow 

JoVE’s instructions for authors, 1. should be followed by 1.1. and then 1.1.1. if necessary and 

all steps should be lined up at the left margin with no indentations. There must also be a 

one-line space between each protocol step. 

We have adjusted the numbering of our protocol section to follow JoVE’s instructions. 

 

• Protocol Highlight: Please highlight ~2.5 pages or less of text (which includes headings and 

spaces) in yellow, to identify which steps should be visualized to tell the most cohesive story 

of your protocol steps. 

 

1) The highlighting must include all relevant details that are required to perform the step. 

For example, if step 2.5 is highlighted for filming and the details of how to perform the step 
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are given in steps 2.5.1 and 2.5.2, then the sub-steps where the details are provided must 

be included in the highlighting. 

2) The highlighted steps should form a cohesive narrative, that is, there must be a logical 

flow from one highlighted step to the next. 

3) Please highlight complete sentences (not parts of sentences). Include sub-headings and 

spaces when calculating the final highlighted length. 

4) Notes cannot be filmed and should be excluded from highlighting. 

We have highlighted steps in the protocol that should be featured in the video. 

 

• Discussion: JoVE articles are focused on the methods and the protocol, thus the discussion 

should be similarly focused. Please ensure that the discussion covers the following in detail 

and in paragraph form (3-6 paragraphs): 1) modifications and troubleshooting, 2) limitations 

of the technique, 3) significance with respect to existing methods, 4) future applications and 

5) critical steps within the protocol. 

We have reworked the discussion to cover the forms you suggested. Additional text 

included is formatted in bold. 

 

• Commercial Language: JoVE is unable to publish manuscripts containing commercial 

sounding language, including trademark or registered trademark symbols (TM/R) and the 

mention of company brand names before an instrument or reagent. Examples of 

commercial sounding language in your manuscript are Sigma Aldrich, ViewPoint, ZebraBox 

Revo, EthoVision (Noldus, San Diego Instruments, O’Hara & Co, med associates, (D8418, 

(A4393, Stereo Hi-Fi Amplifier system “dynavox”, Graphpad Prism version 8, Thormann, etc. 

1) Please use MS Word’s find function (Ctrl+F), to locate and replace all commercial 

sounding language in your manuscript with generic names that are not company-specific. All 

commercial products should be sufficiently referenced in the table of materials/reagents. 

You may use the generic term followed by “(see table of materials)” to draw the readers’ 

attention to specific commercial names. 

 

All commercial sounding language has been removed from the manuscript. 

 

• Table of Materials: Please revise the table of the essential supplies, reagents, and 

equipment. The table should include the name, company, and catalog number of all 

relevant materials/software in separate columns in an xls/xlsx file. Please include items such 

as fish strains, reagents, software, drugs. 

 

The “Table of Materials” has been revised. 

 

• Please avoid personal pronouns “you”, “your”, etc. 

 

To the best of our knowledge, we have avoided the use of personal pronouns. 

 



Comments from Peer-Reviewers:  

 

Reviewer #1: 

Manuscript Summary: 

The manuscript is well written and the experimental details are spelled out in sufficient 

detail. The manuscript is not very original, since all the equipment is commercial and a 

careful reading of the manufacturer's manual would probably suffice to perform the 

experiments. There are a few, but very few, individual touches, like the custom made 96-

well plate. 

 

Major Concerns: 

none 

 

Minor Concerns: 

Figure 1 and 2b are not mentioned in the main body of the text. These figures could anyway 

easily be placed to the supplementary information. The figures are of very low spatial 

resolution, but I guess this is only true for my reviewer's copy. 

 

Thank you, reviewer, for your comments. 

Figures 1 and 2 have now been mentioned in the main body of the text while issues 

regarding the quality of figures have been fixed. 

 

 

Reviewer #2: 

Manuscript Summary: 

This is a clear description of how to conduct prepulse inhibition work in a standardized way 

and will be of use to those researchers that can afford the commercial systems described 

herein. For those researchers it will have value as a training tool for new researchers in 

those labs and may help standardization across labs. Just a few comments (below), mostly 

due to my work on acoustics, but not really fit as "major" concerns so I list all under "minor" 

 

Minor Concerns: 

1. The authors stress that PPI is used as a model in zebrafish for psychiatric disorders but it 

was first used as a test for hearing ability in fish so it might help this work appeal to more 

investigators to also make that point explicit. The authors do cite the appropriate references 

for this so just mention that use in the introduction. 

We have mentioned the usefulness of PPI for studying hearing in fish in the introduction. 

In addition, acoustic startle response (ASR) and PPI have played useful roles in studying 

 hearing and auditory function in animal models including the zebrafish14, 15. 

 

2. Put in Genus and species of zebrafish at first mention 



We have put in genus and species name of zebrafish at first mention in introduction. 

 

3. The authors use the term C-bend instead of the more accepted C-start terminology 

through much of the manuscript, although they do use "C-start" toward the end. It would be 

better to use "C-start" and cite Eaton's earlier work establishing this as an escape behaviour 

We have changed all C-bend to C-start throughout the manuscript and have cited the 

work of Eaton et al, 1977 establishing the C-start as a zebrafish escape behaviour. 

 The C-start has long been described as an escape behaviour controlled by distinct 

neural cell populations and has been thoroughly characterized in the larval zebrafish15–17. 

 

4. As this is technically an acoustics paper the authors should give the reference pressure for 

"dB", at least at first mention (so here it would be said that the threshold stimulus was "70 

dB re 1uPa" 

We have inserted the reference pressure level i.e. SPL for the sound intensity 

measurements.  

 

5. Unless I missed it I saw no specifications for the speaker used. In the figure it looks to be a 

computer speaker but these are notoriously bad for acoustics and can vary greatly from one 

manufacturer to the next. Please specify. 

We omitted that information because the Amplifier was part of the PPI set-up received 

from the supplier. That information has now been specified in Table of Materials. 

 

6. On line 95 the authors state "to reduce background white noise in the room". Please 

change to "background noise" as white noise means something specific in acoustics. 

We have removed white from the sentence.  

 

7. The font in the data figures is difficult to read. 

We have fixed all data figures related to font size issues. 

 

 

 

Reviewer #3: 

The manuscript describes how PPI in the acoustic stimuli induced startle response in 6 dpf 

zebrafish larvae could be used for high throughput pharmacological screening of 

neuroactive compounds. In setting up this protocol, the authors have integrated two 

commercially available automated systems (from two different companies)in validating the 

protocol utilizing three known neuroactive compounds differing in their mechanisms of 

action and effects. The study first showed that zebrafish larvae do not show habituation at 

6dpf to acoustic stimuli and providing optimum PPI before the acoustic stimulus alters the 

startle response in zebrafish larvae. This PPI induced alteration of startle response 



behaviour was then validated for pharmacological screening by testing in three known 

neuroactive compounds, where the findings corroborated with other previously published 

studies. 

Overall, in my opinion, the protocol is, on the one hand objective given that the automated 

systems are used, and on the other hand, comprehensive and replicable as the specifics of 

each steps are thoroughly described. 

 

Major Concerns: 

I do not have any major concerns. 

 

Minor Concerns: 

Lines 314: n = 5 (16 larvae/group), if n is the number of replicates, then to my knowledge, it 

should be written in "N", ditto with lines 318 and 322. 

We have changed all “n” to “N” in the relevant places  

 

Although it is a video article in which there will be a clear demonstration of each steps 

described in the text, proofreading and editing will further clarify the manuscript, especially 

lines 107-205. 

Thank you for the suggestion. We have tried our best to edit the manuscript to improve its 

clarity. 

 

It would be beneficial to the readers if the authors can mention the duration of video taken 

by zebrabox revo (at 1000 fps) and the total duration of video analyzed by ethovision (at 25 

fps) as the change in frame rate results in the change length of the video. 

The duration of video taken by zebrabox revo (at 1000 fps) was 2 s (see line 162). 

 A 2 sec video for each trial is acquired.  

 The total duration of video analysed by EthoVision (at 25 fps) was 100 ms (see lines 217-

219). 

 Select part of the tracks to be analyzed (nesting). For this study, data was nested 

 for tracks between onset of stimulus and 100 ms after stimulus onset. 

 

Line 86- Emphasizing that it is a protocol paper, it would be better to use same unit for the 

concentration of drugs (Either mg/l or molar concentration). 

All the concentrations chosen were based on published data by Burgess & Granato, 2007, 

hence, the reason for maintaining the units used in the original paper. 

 

Line 153- ethovision XT the version of the software 

The version of Ethovision is mentioned in the “Table of Materials” according to journals 

instructions 



 

Line 314: Writing %PPI could cause confusion. The authors have to mention that its the % 

larvae with PPI. And please make the necessary correction in the corresponding figures in 

figure 5, 6 and 7. 

Thank you for the comment. We are of the view that reporting “% larvae with PPI” instead 

of % PPI is rather confusing and may not represent the fact(s). % PPI reflect the extent of 

reduction in startle response in percentage terms while “% larvae with PPI” suggest 

something else in the following example, one can have 100% of larvae in a group (say A) 

exhibiting 30% PPI while 100% of larvae in another group (say B) exhibits 50% PPI. 

 

Also, the pictures seem to be blurred in the PDF file I downloaded. 

Issues regarding the quality of figures have been fixed. 

 

 

 

 

Reviewer #4: 

Manuscript Summary: 

Larval zebrafish have become a great preparation for studying cognitive and psychiatric 

disorders because of their optical transparency, conserved genetics, and ease of use in high 

throughput screening. Labs that study these questions often build custom experimental 

setups, which leads to a problem of reproducibility. In this manuscript, the authors tackle 

this important problem admirably by developing a standardized protocol for conducting 

startle and prepulse inhibition (PPI) experiments using commercially available hardware and 

software. They replicate earlier findings and demonstrate pharmacologically that the 

observed behavior is likely PPI. However, there are some limitations, including in behavioral 

categorization and stimulus output (see comments). Overall, this is a well-written 

manuscript and has the potential to be a useful tool for the zebrafish community. 

 

Major Concerns: 

Fig 1 and lines 93 and 108: It's unclear from the figure and text as to where the sound 

source and decibel meter are placed relative to the plate. These need to be coupled to the 

platform in order to get precise stimulus control and measurement. 

Thank you, reviewer, for such useful comments. Indeed, the figure is a simplistic overview 

of the set-up albeit with limitations. Additional text has been provided to address these 

concerns. Also, a slight modification to the figure 1A has been made, hopefully, these 

together make things clearer. 

 The sound source is coupled to the platform holding the plate and the sonometer 

 microphone of the dB meter is installed in the test chamber for sound calibration 

 and measurement of stimulus intensity.  



 

Line 129 and 216: How were the frequencies and stimulus duration for startle and PPI 

chosen? Why are they different? 

We did not have any control of frequency settings because the 440 Hz for prepulse and 

660 Hz for startle stimulus are quite stringent settings by the manufacturer (ViewPoint, 

France). 

Guided by information in the literature, we tested the duration of prepulse and startle 

stimulus used by Burgess & Granato, 2007 and Bhandiwad et al, 2013 while taking into 

consideration the maximum stimulus intensity our set-up could reach. Eventually settling 

for 100 ms startle stimulus.  

Line 216 and 367: Because the present analysis is unable to disambiguate between short 

and long-latency startle responses, this remains a significant challenge in implementing the 

protocol, as short latency startle responses are specifically inhibited by prepulse stimuli. 

There are a few possible solutions to this, including (1) reducing the startle stimulus to 5 ms, 

which would make latency measurements more viable for short latency classification or (2) 

measurement of angular velocity (ie. the slope of the onset curve in Fig. 3C). In either case, 

it would be ideal to have a blinded validation of the startle categorization by visual 

classification. 

Thank you, for such detailed and useful comments. Indeed, there were some mistakes in 

the draft, and we have now changed them in the current version of the manuscript to be 

more precise. The 100 ms cut off was meant to be the total duration of video analyzed by 

ethoVision (at 25 fps). Hence, that was an honest error. Only “short latency” startle 

response was considered in this study with a 50 ms cut-off (i.e. half the 100 ms portion of 

the 1000 fps video considered for analysis). This means larvae that displayed a C-start 

after 50 ms were not included in the analysis. The decision was arrived at based on the 

paper by Bhandiwad et al, 2013. The necessary changes have been made.  

 

Line 291 and 347: As the authors note, the pharmacological effects of ketamine on PPI as 

described by Burgess and Granato (2007) show a slight increase in PPI at 30 ms ISI and a 

strong decrease at 500 ms ISI. The latter has been replicated in other studies, and therefore 

it would be useful to replicate these experiments at 500 ms ISI to demonstrate that 

ketamine administration is specifically affecting PPI at these longer ISIs. 

We appreciate your comment regarding demonstrating the modulatory effect of ketamine 

on PPI at longer ISIs. However, as a result of the current lockdown in Norway due to the 

novel coronavirus outbreak, we have no access to the lab and as such are unable to 

perform any experiments until the situation improves. However, since the focus of the 

study was to demonstrate the ability to perform the PPI assay using the commercial set-

up and software herein described, it is our view that the currently available results should 

suffice. 

 

Minor Concerns: 



Line 93-94 and elsewhere: dB is a relative measure of sound pressure and should be 

reported with the appropriate reference level. With a commercial meter, I suspect it's the 

standard pressure level for human hearing, so "dB SPL" would be appropriate here. 

We have inserted the reference pressure level for the background noise measurements. 

 

Line 100: It would be useful to publish the measurements and/or blueprints for the custom 

plate. 

Information on the measurements have been made openly available on 

https://zenodo.org/record/3739378#.XooyLW5uKas  

 

Line 111: This is a critical step and I'm happy to see it mentioned here. Are these sound 

levels taken for 100 ms stimuli or for the shorter 5 ms prepulse tones? If they are from 100 

ms stimuli, are they measured for peak-to-peak maximum dB output or RMS dB output for 

the entire 100 ms stimulus? 

The dB meter used computes the RMS dB output for the entire 100 ms stimulus. 

Additional text added have been provided to convey the above message.  

 

Fig 2B: How are tracking errors and missing data managed in the software or in data 

analysis? That is, are they categorized as non-responders or are they not included in the 

analysis? 

Details of how tracking errors are managed can be found under protocol steps 5.3.2, 5.3.3. 

and 5.3.4.  

 Tracking errors are resolved by adjusting tracked features with the track editor. 

 Tracking errors that remain unresolved after using the track editor are excluded 

 from the analysis. 

We look forward to hearing from you regarding our submission and to respond to any further 

concerns you may have. 

Best regards, 

 

Camila V. Esguerra, PhD 

 

https://zenodo.org/record/3739378#.XooyLW5uKas


Short Biography: Camila V. Esguerra 

Dr. Camila V. Esguerra started as Group leader in Chemical Neuroscience at the Biotechnology 

Centre of Oslo (now merged with the Centre for Molecular Medicine Norway, NCMM), 

University of Oslo, in December 2014. Her research focuses on chemical biology and disease 

modeling of neurodevelopmental disorders. She obtained her PhD in Medical Sciences in 

2007 from the University of Leuven, Belgium. Dr. Esguerra's research team seeks to elucidate 

the underlying mechanisms involved in the etiology of pharmacoresistant epilepsies and 

neuropsychiatric disorders, by probing the function of novel disease-associated gene 

variants. The group uses genetically engineered zebrafish mutants and transgenic reporter 

lines as well as pharmacological models for carrying out phenotypic analysis and chemical 

modifier screens to identify novel pathways, pharmacological tools and drug leads. These 

models and neuroactive small molecules will serve as valuable tools towards understanding 

the development, function, and diseases of the brain. The group collaborates closely with 

clinicians to investigate important hot topics in the field such as deciphering the molecular 

and pathological mechanisms underlying epileptogenesis, severe mental disorders and their 

associated comorbidities.  

 

Short Biography: Nancy Saana Banono 

Nancy graduated with a BSc. Human Biology (Hons) degree from the University of Cape Coast 

(UCC), Ghana. Soon after graduation, she worked as a teaching assistant for a year before 

moving to Norway to pursue a MSc. Neuroscience degree at the Norwegian University of 

Science and Technology (NTNU). As part of her master thesis, Nancy used the CRISPR-CAS9 

system to generate zebrafish genetic models of rare forms of epilepsy. She is currently a 

Doctoral Research Fellow at the Chemical Neuroscience Group, Centre for Molecular 

Medicine Norway, University of Oslo. 
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Title of Article: 

Author(s):  

Item 1: The Author elects to have the Materials be made available (as described at 
http://www.jove.com/publish) via: 

 Standard Access  Open Access

Item 2: Please select one of the following items: 

 The Author is NOT a United States government employee.

 The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee. 

ARTICLE AND VIDEO LICENSE AGREEMENT 

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole; 
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may 
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation 
of the Materials; “JoVE” means MyJove Corporation, a
Massachusetts corporation and the publisher of The Journal 
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion 

of the Article, and in which the Author may or may not 
appear. 
2. Background. The Author, who is the author of the 
Article, in order to ensure the dissemination and protection 
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize 
in this Agreement the respective rights of each Party in and 
to the Article and the Video.
3. Grant of Rights in Article. In consideration of JoVE 
agreeing to publish the Article, the Author hereby grants to 
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article 
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any 
or all of the above. The foregoing rights may be exercised in 
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.
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4. Retention of Rights in Article. Notwithstanding 
the exclusive license granted to JoVE in Section 3 above, the 
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.
5. Grant of Rights in Video – Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE. 
6. Grant of Rights in Video – Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below, 
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The 
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats. 
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.
7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

rights permitted under such statute. In such case, all 
provisions contained herein that are not in conflict with 
such statute shall remain in full force and effect, and all 
provisions contained herein that do so conflict shall be 
deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 
8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JoVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.
9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and 
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance 
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning 
of this Agreement, by such authors collectively) and has not 
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this 
Agreement on his or her behalf and to bind him or her with 
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants 
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.
11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JoVE may, in its sole



ARTICLE AND VIDEO LICENSE AGREEMENT 

612542.6 For questions, please contact us at submissions@jove.com or +1.617.945.9051. 

discretion, elect not take any action with respect to the 
Article until such time as it has received complete, executed 
Article and Video License Agreements from each such 
author. JoVE reserves the right, in its absolute and sole 
discretion and without giving any reason therefore, to 
accept or decline any work submitted to JoVE. JoVE and its 
employees, agents and independent contractors shall have 
full, unfettered access to the facilities of the Author or of 
the Author’s institution as necessary to make the Video, 
whether actually published or not. JoVE has sole discretion 
as to the method of making and publishing the Materials, 
including, without limitation, to all decisions regarding 
editing, lighting, filming, timing of publication, if any, 
length, quality, content and the like.  
12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any 
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and 
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

the making of a video by JoVE its employees, agents or 
independent contractors. All sterilization, cleanliness or 
decontamination procedures shall be solely the 
responsibility of the Author and shall be undertaken at the 
Author’s expense. All indemnifications provided herein 
shall include JoVE’s attorney’s fees and costs related to said 
losses or damages. Such indemnification and holding 
harmless shall include such losses or damages incurred by, 
or in connection with, acts or omissions of JoVE, its 
employees, agents or independent contractors. 
13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.
14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy 
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.


