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Abstract

Due to physiological andnatomicakimilarities to other vertebratesebrafish are becoming a
widely used model in neurdehavioral research. With the growing populardy zebrdish as
experimentalsubjects it is important to develop toolghat accuratelyrecord their behavioal
phenotypesVideo-aided analysis of zetafish behavior offers raincreasedspectrum ofbehaviorh
endpointssome ofwhich are not availablasing traditionalmanua) observationIn addition, the use
of computer softwarallows quantification ofcertainzebrafishbehaviors that are otherwise highly
subjective.This protocoldescribes method fdast, accurate and consistentlec-aidedmeasurements

of zebrafisHnocomotionandanxietyrelatedbehavior



Introduction

Zebrafish have long been utilized as an experimental animal model for biomedical research,
particularly in developmental and genetic studiEy anddrug discovery7]. Several characteristics
contribute to the utility of zebrafish modeBeing aconstantly activanimalthat ieadily aclimates to
new environmentszebrafishmake an excellent specsechoice for behavioral experimenfsl].
Additionally, zbrafish have a low maintenance cost, a robust repredwsicle, rapiddevelopment
and a large number of offspririg].

Zebrafish arealsobecomingcommonly used imeuroscienceesearcH9]. Until recently, the
recording of zebrafishehavior was performed manualigaking itvulnerable to human er. Human
errorsand inter/intra-rater variabilitycan lead to incorrect data interpretan, thereby reducinghe
validity of an experimentComputerizedsideo-trackingtoolsthatrecord zebrafis movementgrovide
standardized observah of behavioral endpoints and redutmiman errors. Eliminating the
discrepancies caused bwyanual observation otebrafish behaviomllows for a more regulated
standard oflata recording@nd promotes experimental soundness and reproduciBitigther benefit
of using the videdracking program ishat insiead of relying ora singlechance to manually observe
every behavioral endpointideos can bstored replayedand reanalyz

The setup of the videtvacking system igssentiafor recording thezebrafish movemesatFor
example, ariations inlighting may hinder theprogrand ability to detectand analyzethe fish.lt is,
therefore, important to determine an appropriate background for-trigldong with adequate light
andthat these conditiongre standardized for all subject.should be noted thahe videetracking
system idess reliable in analyzing erratimovements Table ). A methodologicaproblem caralso
arise if the videdracking systenfails to record the fish for an unknown reas@uch as multiple

shadows or spastigater movementwhich interfere with the progrards a b i | i t ythetfish) r e c



as this may skew the resulfshe present protocol outlinglse video-tracking approach to analysis of
zebrafish behavioral phenotypes.

Materials: Adult zebrafish(purchasedrom a commerciatlistributa) must be experimentally
naive, andgiven at least ten days tlapt tothe laboratory environment (e.ghetroom and water
temperaturemaintained at 227°C with illumination provided byeiling-mountedfluorescent light
tubeg. The videetrackingprograns usedhereto record zebrafish movemergseeTopScan (TopView
Animal Behavior Analyzing Systenfjom CleverSys Inc. (Reston, VAgnd Ethovision® XT from
Noldus Information Technolog{Netherlands)However, other videtracking programs may also be
used in zebrafish neurobehavioral research.

Experimental setup: After pretreatment, zebrafish arplaced indvidually in a 1.5L
trapezoidaltank €.g9.,15.2 heighk27.9 top22.5 bottorx7.1 width cm; Aquatic Habitats Apopka,
FL) maximally filled with aquariumreated water. Novel tanks rest a level, stable surface ancea
divided into two equal virtual horizontal portions, marked by ading line on the outside walls.
Oncezebrafish areelocatel to novel tanksswimming behaviors recorded by two trained observers
(inter-rater reliability >0.85pnd by videetracking systenover a émin period(Fig. 1).

Behavioral Endpoints. During the novel tank diving testvideotracking program can
analyze theaumberof times the zebrafish entedthe topof the novel tankduration in the top/bottom,
durationproportionin top/bottom, distance (m) traveléa top/bottom, latency to enter the top (s),
velocity (m/9, total distance traveled andformation about erratic movememdnd freezing bouts
(frequency, duration)Detaileddefinition of eachendpoint can be found ifiable 1 Once all the data
have been collected and analyzed, conmam of the control and experimental groupxan be
performed(if necessary, they may also be paralleled with physiological (e.g., endocrine) analyses; see

chapter on cortisol assay in this book)



Time Requirement: The time required for the protocalaries depending on the number of
animals per group anthe number of experimental groups, asdbased on zebrafislocomotor
activity levels.In general, zebrafish behavior assessment will last 6 min per ame@énding on the
amount of behavioral data collected, analyses/take between 2 and 4 days.

Data Analysis: To analyze the data, researchers may use the Mémimey Utest for
comparing two groupp(ar a me t r i taest@ay bedusen tf data are more normally distributed)
or an analysis of variance (ANOVA) for multiple groups, followed by a posttestMore complex
designs, such as a emay ANOVA with repeated measures (time) reway ANOVA (additional
factors: time, treatment, genotype, stress, sex, etc.), can also be used in zebrafish behavioral studies.

General procedure: Zebrafisharetransportedndividually from their home tank to the novel
tank with careful handlingp reduce nestressRecording stagand continuesor a period of6 min.
Following the testing perigdheanimalsareremoved from the novel tank acdnbe reintrodeed to
their original tank for further experimentah or dissected for tissue harvesting and collection of
biological dataEachzebrafishis given asubjectnumber and the recorded video filameis changed
accordingly,to correlate to that zebrafishumber (Note: The recorded video file must be in MPEG
format forvideo-tracking softwardo analyze it The recorded videagrethen imported into TopScan
or EthoVisionto be analyzed.

TopScan: TopScan is able to provide seveialportant endpoints unavailable to human
observationsuch as total distae traveled, distandeavekdin the top/bottom portignvelocity, and a
traceablp at h of the subj.ectds swimming pattern

1 The first protocol step required for TopScan video analysis is to open the selected video for
analysis.
1 Next, a background frammustbe seta required prerequisite for video analysis, which can be

achieved by finding the M3Beatc ktghriosu nfdroa mea ba sa
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1 The protocol then requirdbe settingofthear enas/ par amet er s. tdpo t C
and bottom arenas by wusing the fApolygono t

1 After setting the arenas, the protocol demarudivation of the arena3.heinvestigatorgoesto
the fAAread sect i onsoo the tophard bdttdaremasgone ata tintetoc | i ¢
activate it.

T The final step i1 n the pr obeohedkdd fortlequalysiseThe t I
A A n a | fynaiencalculatesvery movemenhat the zebrafish made.

1 After the analysiss performed all dat are exported toMicrosoft Exce] to becompared and
statistically evaluatedMore detailedinformation about TopScan can be obtained from
http://www.cleversysinc.com.

EthoVision® XT: EthoVision® XT provides tracking and analysis of parameters such as path
and distance traveled, velocityyeanderingand angular velocity (Table 1This is an estblished
userfriendly program that facilitates observation and analysis of behavioral endpoints while
minimizing human errofThe protocol for thiprogramis as follows.

1 Open EthoVision andlick i N e wperinentd The experiment should be named with an
appropriate description.

1 Desired detection features and units should be selédi@deb files are moved intthe iMedia
Fi | sulsfalder in anewly-created experimental foldeA A T risitoaslcreated with the
following variables: fish group, group ID, and fish INext, the arena settings are adjusted

1 To set the background, capture theage prior to introductiof the fish into the novel tank.

Then usea square or rectangle tool to defitheentire novel tank as Arena Divide this

Arena at the midline into defined Top and Bottom Zones.

i Calibrationand validation of arena settim@gre then performeddetection sttingsshould be

adjusted ensuring that the subject is datkan the bekground image.



T Save the settings and chedexkpesshByobox for AT
1 Videos are then analyzeWhenanalyses are complete, entedependent variables (Group,
GrouplD, FishID) for trialandcollecteddata
1 To export data intde x ¢ e | for statistical analysis ani
me nu a n dAnatysisiDead tdhe i@ettings screen will appedrype the name of the
appropriate destination fol.ddenrdeirn fitFhe ef iTel
Excel and c | i.Mdre infoBriatton on EBoVzion® tXD can be obtained from
www.noldus.com.
Anticipated/typical results
Observation comparability: We anticipate the anmparisons of data produced by the video
tracking systenwith thoseproduced bynanual observatioto show asignificantcorrelation between
the two approachesindeed, our own recent dafkig. 2 demonstrate high (>880%) correlation
between the two methodS] for most of the major parameters assessedfirmingthatthe videe
tracking system is a reliable tool for zebrafish neurobehavioral research.
The novel tank diving test The novel tank diving test exploits the stress response and allows
comparison of anxiety induced behavior in experimewtassus control group Figure lillustrates
how this test is employed in an experimental desWyinen the zebrafish is exposed to a novel
environment, iinitially dives to the bottomandthengradually explores the topnhibited exploratory
movement, reduced speed, andreased frequency of escdpe erratic behaviors are associated
with higher levels of anxiety elicited kgifferent stressorg3, 8, 10](Table 1) These behaviors are
highly sensitive to pharmacological treatment,zabrafish explorations increased aftetreatment
with anxiolytic dug, including benzodiazepines, SSRIs, nicotine, and ethand] 4, 8] Conversely,
stressful stimuli (e.g.,rpdator exposure or alarm pherompaexiogenic drugs, and drug withdrajval

have been shown to increase anxiédtg behavior inthis paradigm, leading to longéatency to
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explore the upper half dfie novel tank, less time in the tapore eratic movements, and longer/more
frequent freeze bouf®, 3, 10] Figure 3 illustrates typical results observed in the novel tank diving
test after exposure to anxiogemaicute caffeineThis simple yet higithroughput test can be used as an
approach in quickly and accurately identifying the biomarkers linked to a disorder and in screening the
efficacy of different pharmacological treatments.

Strain differences: Using the videotracking approach, we foundbust observablestrain
differencesin the novel tank diving test. As can be seen in Fighd,wildtype zebrafish exhiled
greater exploratory behaviqcompared to thdeopard mutant straily, suggesting higher saline
anxiety levels in the mutants than the wtyghe. Due to the behavioral differences amongst zebrafish
strains, strain selection must be taken into considerati@n choosing andcomparing zebrafiskfor
experimentation

Troubleshooting (the followinggenerally applieso all videotrackingsoftware programs)

1. Software not detecting fish The problem with detection of the object (fish) by software
can be resolved by altering one or several settings: detection setting, lightingackgbund. For
example, fi the softwaredetectsthe glare or another object as #weperimental bject, charging the
contrast between thebpect and the background in Detection Settoan offer a solutionlf the
problem still persistsconsider usinginother detection methaailable(e.g., Differencing, Dynamic
subtraction, Gray scaling, or Static subtractidh}ifferent detection methods have been employed,
but the software still cannot detect the fish, thayine a videorelated problemAdequae lighting is
necessarylf the video is too dim or too bright, the lighting of the setup must be adjpsiadto
recording Too dim or too brighlighting will make it harder for the system to differentiate the subject
from the background, and hencke tsubject mayemainundetectable during the analysi$sing a

solid color as a background wélsohelp decrease the chance of misdetection of the subject.



2. Software losing fish in the middle of the videoThe software may detect something else as
the fish in the middle of the vide&or example, tis is usually causkeby a glare in the video. A
simple adjustment in detection settisgch as contrasuill likely resolvethis problem

3. Behavioral endpoints collecteddo not reflect actual behavior: Make sure that the arenas
and the zones were properly defined, calibration is accurate, arddpeinés i r u Wweresidentified
clearly. For example, for zone transitionake sure the endpointisder om fAibott omo t o
of At op o ,iftke endpomttistmeasuring how many tetlee subject entstthe top.

4. An error occurred during the acquisition of a trial: During acquisitionunexpecteerrors
may occur. For examplethe softwaremnay lose detection of the fishor the experimentemay use a
wrong video for the trialFortunately, reanalysis of the video is possiblewever, f the video was
recorded with another program, a new trial musadeed. Simply delete ¢heror/unwanted trial, and
adda new oneo start over.

5. The videoprogram is running very slow. Typically, a hardware problenMake surethat
the computer meets the minimum program requirementsAlso, turn off tracing option during
playback/analysis of data.

6. Unable to define mnes Zone definition(i.e., top half vs. bottom half, or center zone vs.
border zone)nay be undefinedr defined incorrecthyaccording tothe videotracking programThe
solution for this problem is to investigate theena settingnd calibrationg f ound wunder t
tab)to see if theyare correcbr need to be readjusted.

7. Video-tracking program unable to play video: Video-tracking programs analyze videos
under specific formatd he file must beonvertednto the specificequired (e.g., MPEd)le type

8. Calculation of "Distance to zone" in the analysisyields either 0.00, or no results at all:

The calculationofidi st ance to zoneo is found und@®mret he



specifically due to miss calibratiaf the zones. To fix this problem, simply recalibrate the zones and
also check thahe aena itselfis not selectednstead of specified zone.

9. Role of memory and conditioned response<Zebrafish demonstrate good learning and
memory phenotypes. For example, conditioned responses can develop after a single trial and
response can be obtained even when there is a time delay @l sewites between the presentation
of the unconditioned and conditioned stimdlil]. Conditioned responses can also be passed on to
naive fish in a process known as social facilitation. The naive fish will display a conditioned response
in the presence of a previously conditioned fish, and will retain this learned response whenasolitary
in the company of a new group of naive fjs]. Likewise, fish can recall training for up to a 10 day
period[11]. Collectively, this implies a good memory capability for this animal. Therefeftesting
zelrafish in the novel tank should be avoided. If this is not possible, a longer interval (e.g. >3 weeks)
between trials must be allowed in order to minimize potentially confounding data.

10. Zebrafish display abnormally high or low levels of locomotion:It may be a strain
specific phenomengnand the researchers may need tcassess @ st r ai nds sui t
experiment.Ameliorating the environmental and testing conditions would also aid in normalizing
zebrafish behaviorsThis includes propehandling, the use of fewer and/or less stressful tests, and
improving husbandrylf locomotoractivity remains too low, extending the test fet? more minutes
may be a good practical solution, as it minimizes the initial anxiety and disinhibits zebrafish
behavioral activity.

11. Zebrafish display aberrant behavioral phenotypes Factors such as altered pain
sensitivity vestibular deficits omotorcoordinationimpairments maynon-specifically alter animal
behavior in a way that could be misinterpretedaltisred anxiety phenotypén addition, peculiar
Arareo forms of z e br afandneed & mdre carefal in depth ybehdwvieral p r

assessment. For example, zebrafish treated with hallucinogenic or opioid drugs may exhibikgance
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passive swimming or epilepsike states that will confound analysis by videacking softwareTo
address this possibility and rule oall nonspecific factors, a careful examination of zebrafish
neurological and sensory phenotypes is recommended.

Condusion

Overall, vdeotracking of zebrafish yields objective analysis of behavioral endpoints and
therefore provides researchers with an important tool for the investigation of anxiety and stress
behavior in thianimalmodel(Fig. 2-4). Representin@ sighificant improvemenbvermore subjective
manual recordinggthat are prone to human eryothe videotracking approachintroduces the
capability of observingdditionalbehavioral endpoints nataptured in manual recordingable 1).
This researcistrategyallows anaccurateand standardizegheasurement of anxietglated behavior in
zebrafish for sound data collection and analysidzurthermore, @ch dandardization promotes
reproducibility i n experi ment al design, stroe

conclusions fronzebrafishstudy data and results.
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__________ JQ- - | Web-camera

Pre-treatment beaker - — - R Computer
Novel Tank (6 min) P

Figure 1. Novel tank diving test. Zebrafish are exposed to the experimental challenge in a pre
treatment beaker before being transferred into the novel tank for behavioral observation and
phenotyping. Control groups undego same procedures without challenge in prreatment

beaker.
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Figure 2. Anxiolytic effects of chronic fluoxetine (100 pg/L, 2 weeks in the home tanks) on zebrafish
behavia in the novel tank diving test, based onmanual behavioral phenotyping and aitomated
behavioral characterization with videotracking software (CleverSys Inc). Data are presented as mean +

SEM, *p<0.05,***p<0.005 vs. control, U-test[5].
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Figure 3. Anxiogenic effects of acute caffeine (100 mg/L, 15 min pexposure time) onzebrafish
behavia in the novel tank diving test, based onautomated behavioral characterization with videe

tracking software (CleverSys Inc).Data are presented as mean = SEM, *P<0.05 vs. control;tekst

[5].
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Figue 4.1 Strain differences in zebrafish novel tank diving test behaviorTwo different strains of
zebrafish used in this study (A) display specific patters of their exploratory behavior, as illustrated by
representative swimming traces(B) and measuredbehavioral endpoints (C)which were analyzed using

video-tracking software (CleverSys Inc) ** P < 0., **P< 0.005, U-test [5].
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