
Zebrafish (Danio rerio) are becoming a popular model in behavioral
neuroscience. Their behavior is robustly observedand easily quantified,
with the effects of pharmacological challenges emerging almost
immediately. Following behavioral analysis in the Novel Tank (NT),
physiologicalendpoints (i.e. cortisol concentrations) can be obtained,
making this a valuable model for high-throughput investigations of
experimentalmanipulations. Weexaminedthe behavioralandphysiological
endpoints of ethanol, diazepam, morphine, caffeine and fluoxetine
withdrawalin zebrafish.

Novel TankExposureTest: Observersrecordendpointsand sessionsare alsovideo
tapedfor automatedanalysis(CleverSysInc.).

Ethanol& Caffeinewithdrawal: Ethanol(0.3%EtOHvol/vol) andcaffeine(1.5 mg/L)
were administeredfor 1 week into respectivehome tanks,which were then filled
with untreatedwater for 12h beforebehavioraltesting.

Diazepamwithdrawal: Thediazepam(72 mg/L)cohort wastreated chronicallyfor 2
weeks,then placedin drug-free water for 72h prior to testing.

Morphine withdrawal: Zebrafishwere exposedto morphine(1.5 mg/L)chronically
for 1 weekandthen placedin drug-free water for 48h, to elicit withdrawal.

Fluoxetine withdrawal: Chronic administration of fluoxetine (100 �…�P/L for two
weeks) was preformed prior to novel tank testing and subsequent cortisol
assessment.

RepeatedEthanol & Morphine withdrawal: After 1 week of chronic treatment,
zebrafishwereplacedinto exposuretankswith drug-free water for 3h, 2x/day. After
1 week of repeated withdrawal, fish were taken from home tanks and placed in
exposuretanksfor a final 3-h withdrawalprior to behavioraltesting.

Cortisolextraction: Performedusinga humansalivarycortisolassaykit (Salimetrics
LLC,PA).

StatisticalAnalysis: All experimentaldatawasanalyzedwith a two-sampleWilcoxon
U-test for significancebetweencontrol and experimentalgroups. Datais expressed
asMean± S.E.M, *p<0.05, ** p<0.005, *** p<0.0005.

Morphine withdrawal: Althoughsinglemorphinewithdrawaldid not evokeanxiety-like behaviors(datanot shown),repeated
morphinewithdrawalproducedrobustanxiogenicresponses(Fig3, to the left).

Ethanolwithdrawal: Zebrafishexperiencingethanolwithdrawalshowedoveralltrendsof anxiety-like behavior(Fig2, shownto
the right). Moreover, this generalanxiety-like state was confirmedby physiologicalmeasuresof averagewhole-body cortisol
concentrations.

Diazepamwithdrawal: Zebrafishshoweda longerlatencyto the upperhalf, madefewer transitionsandspent lesstime in top
of the tank (Fig1, shown to the left). Analysisof whole-body cortisol revealeda trend toward higher cortisol levels in the
withdrawalcohorts. Indicatinga stronganxiogenicresponse.

Caffeine& Fluoxetinewithdrawal: Thecaffeinewithdrawal (datanot shown)groupshoweda trend for fewer freezingbouts
and displayedsignificantlymore erratic movements,also showing(althoughnot significantly)lower top:bottom ratio and
time spentin the upperhalf. Thefluoxetinewithdrawalcohort (datanot shown)displayedsignificantanxiolyticmeasureson
almostall behavioralendpoints.

Theattributes that givethe zebrafishits power for genetics,drugdiscoveryanddevelopmentalresearch,makethis speciesan idealsubjectfor cost-effectivemodelsof diseasepathogenesis,includingstressand
anxiety. By comparingthe robust behavioralphenotypesseenhere with the physiologicalevidencefrom cortisol assays,we were able to demonstratethe consistencyand reliability of this speciesas an
experimentalmodelfor stressandanxiety. Bothmanualandautomaticregistrationof zebrafishbehaviorwereableto distinguishdifferencesin acutedrugtreatment andwithdrawalparadigms. In future studies,
we planto further explorethe effectsof anxiolyticsandanxiogenicson zebrafishbehavior,physiologyandeventuallygeneticexpression.
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