Advances in Bioresearch

Adv. Biores., Vol 15 (5) September 2024: 447-457 gnhameg
©2024 Society of Education, India ,

Print ISSN 0976-4585; Online ISSN 2277-1573 [n

Journal’s URL:http://www.soeagra.com/abr.html

CODEN: ABRDC3 %iﬂl‘?ﬁ?ﬂfﬂ]

DOI: 10.15515/abr.0976-4585.15.5.447457

REVIEW ARTICLE

A Review of the Ethological Model of Zebrafish Larvae for Use in
Medicinal Screening and Pre-clinical Trials

Tushar Kanti Roy, 1* Indrani Banerjee 2
Department of Zoology, Mrinalini Datta Mahavidyapith, Vidyapith Road, Birati, Kolkata -700051, India
Faculty Management & Quality Control, Physics Walla, Sector-62, Noida, Uttar Pradesh
*Correspondence Author: Tushar Kanti Roy
Email: tusharkantimdmzoo@gmail.com

ABSTRACT

Robust biological systems are essential for accurate data generation in drug development and research, whether
investigating novel compounds or assessing the toxicity and biological activity of pharmaceuticals. The zebrafish has
become an essential model for drug screening and biological research. In order to treat complicated illnesses, phenotype-
based screenings can use multi-target approaches to capture the organism's compensatory processes. Because of the
zebrafish's close resemblance to mammals in terms of neuro-anatomical, physiological, and behavioral features, it is
easier to create useful and realistic experimental models for researching neurological illnesses. Zebrafish exhibit highly
conserved physiological pathways found in higher vertebrates, including mammals, and have a diverse behavioral
repertoire. Furthermore, they exhibit strong pharmacological and environmental sensitivity, both larvae and adults
display similar behavioral traits. This paper highlights important behavioral domains investigated in zebrafish larvae
and their neurotransmitter systems, and it thoroughly reviews existing techniques for evaluating and measuring
zebrafish larvae behavior in lab experiments.
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INTRODUCTION

Zebrafish Modelling for Phenotypic-Based Screening:

Sixty-two present of first-in-class medications approved by the FDA between 1999 and 2008 were found
through phenotype-based screening, in which the assay generates an organic/functional phenotype that
combines various biochemical signals from the biological system [1]. By observing a whole animal and the
interactions between various cell types, phenotype-based screening combines generic morphological
screening for anomalies in embryonic development with observations of animal behaviour. The selected
hits have increased biomedical applicability as a result during the process [2]. The apparent advantage of
phenotype-based screening versus target-based screening, which begins with a particular molecular
target thought to be crucial in disease, can be attributed to a number of causes. First, even in the absence
of a validated target, phenotypic screening can find potent medicines. Second, it can spot drugs that
operate simultaneously on several targets and have therapeutic effects. Third, phenotypic screening
frequently combines screening and counter-screening in a single assay, identifying chemicals that have
the desired impact while examining undesired characteristics. In direct consequence, drugs that advance
via phenotype-based screening are typically safer, more efficient, and with less side effects when
compared to those produced from in vitro cell culture studies employing target-based screens [3].The
teleost fish known as the zebrafish (Daniorerio) shares 70% of its genes with humans and has highly
conserved molecular targets and physiological pathways among vertebrates [4]. Its neuroanatomical
characteristics, neuronal cell morphology, and circuitry are very similar to those of mammals [5].
Zebrafish-based screening, which is a tiny but expanding portion of phenotype-based screening, is used to
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find novel compounds (Figure 1). Zebrafish screenings have been effective for finding new applications
for medicines already on the market, in addition to uncovering novel compounds with therapeutic
promise. In addition to the conventional benefits of phenotype-based tests, zebrafish screenings have the
special benefit of being carried out on a vertebrate creature, embryo, or larva. Relevant examples of
characteristics that are visible in zebrafish but inaccessible in cell culture include pain, drowsiness,
tumour metastasis, vascular tone, and intestinal motility. The zebrafish embryo-larval stage can replace
other vertebrates in investigations involving all organic systems and fits the 3Rs idea of replacement,
reduction, and refining well [6]. Independent feeding in zebrafish requires multiple characteristics,
including a fully developed digestive system, the ability to swim for prey or food, and entire yolk
depletion. These physiological events take place between 120 and 144 hpf [7]. By 96 hpf, zebrafish have
developed substantial neuromodulator systems and are capable of displaying coordinated behaviour in
response to various stimuli [8,9]. Thus, after they are designated as non-protected under the EU Directive
of animal welfare (EU 2010/63/EU), larvae below 120 hpf are regarded as an alternative model to animal
research, according to Strahle et al. (2012) [6]. However, research utilizing zebrafish at an early stage of
life continues to adhere to the 3Rs principle [10]. With the complexity of cell-cell interactions and
endocrine signalling, neurologic drug discovery makes use of intact animals as the focus of screening
particularly advantageous. Additionally, behaviour analysis can be combined with transgenic strains
using techniques to produce targeted genetic modification, such as CRISPR/Cas9, RNA interference
(RNAI), zinc-finger nucleases (ZFNs), and antisense Oligonucleotide morpholions [11]. As zebrafish larvae
have functional livers, kidneys, blood-brain (BBB) and blood-retinal barriers (BRB) [12,13], as well as
drug-metabolizing enzymes and metabolic rates comparable to humans [14], zebrafish screenings reveal
insights into these pharmacological characteristics, in contrast to cell-based assays that only provide
limited information on the absorption, distribution, metabolism, excretion, and toxicity (ADME-Tox) of
substances. Compounds must have the capacity to be absorbed, reach target tissue, and escape fast
metabolism and excretion in order to produce phenotypes in vivo in zebrafish tests.This finding may help
to explain the observation that a number of compounds found in zebrafish screenings were quickly and
with limited pharmacological property optimization translated to mammalian models in vivo. In terms of
brain patterning and the structure and operation of a number of neurological and physiological systems,
including the stress-regulating axis, zebrafish and other vertebrate species (including rats and humans)
have a great deal of similarities [15]. In the larval stage, the zebrafish neurological system develops
between 72 and 120 hpf. Three embryonic layers (endoderm, mesoderm, and ectoderm) are produced
throughout development from which neural tissue develops. The anterior neural tube divides into the
forebrain, midbrain, and hindbrain as a result of a series of curves and constrictions, which enables it to
settle into the skull. The development of a constriction at the midbrain-hindbrain boundary is the first
morphogenetic event. The opening of the cerebral ventricles is another crucial stage in brain
morphogenesis [4, 16]. By 24 hpf, zebrafish primary neurons are visible, and early embryogenesis shows
few axonal tracts and commissures. The BBB is present before the end of embryogenesis (72 hpf), when
the morphological development of the CNS is complete [17]. The zebrafish brain has a remarkable
capacity for regeneration, in contrast to that of mammals [18], which is another benefit in studying the
processes underlying neuro-protection, neuro-genesis, and functional integration of developing neural
cells as well as the development of new drugs to treat neurodegenerative or neuro-developmental
disorders. Chemical screens rely on biological models that are typically well-studied and applicable to
other vertebrates. For accurate findings, using models with proven methodologies is ideal. Since the
neural system is still developing and various neurocircuits may be missing or undeveloped, the
behavioural repertoire of zebrafish larvae is constrained. As a result, although zebrafish larvae are
unquestionably a suitable biomedical model, they might not exhibit some complicated behaviour. Only
after the transition to adulthood can behaviours like schooling, aggressive confrontations, and mating
arise. These behaviours make up social behaviour domains, which in adult fishes are fully formed [9,19].

When it is intended to link behavioural traits, like as cognition, social relationships, and locomotor
activity, with physiological evidence of a particular illness, zebrafish have been used. In the past ten years,
various approaches and disease-relevant models, capable of generating trustworthy data for behavioural
pharmacology, have been created and tailored for zebrafish use in neurological drug screening [20-23].
Neurobehavioral measures such as swimming ability and the efficiency of the motor, sensory, and stress-
regulating systems can be used to evaluate the effects of various novel substances on brain development.

Zebrafish Neurotransmitter Systems

The zebrafish larval brain has neuromodulator circuits similar to those in mammals. Major
neurotransmitter systems are conserved among vertebrates, and zebrafish have well-characterized
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glutamate, gamma-amino butyric acid (GABA), acetylcholine, dopamine, serotonin (hydroxytryptamine or
5-HT), noradrenaline, and histamine systems [24]. Neurological diseases are associated with changes in
transmission patterns [25]. Glutamate is the primary excitatory neurotransmitter in vertebrates,
controlling synaptic transmission and neuronal excitability. Vesicular glutamate transporters (VGLUT2)
are present in 24hpf zebrafish larvae, and by 96 hpf, glutamate metabotropic and ionotropic receptors are
expressed in the olfactory bulb, optic tectum, hypothalamus, cerebellum, and retina [26]. GABA is an
inhibitory neurotransmitter that is present in both the fetal and adult phases of life [27,28]. GABA-ergic
neurons can be found in the diencephalic basal plate, central optic tectum, olfactory bulb, subpallium,
posterior preoptic area, torus semicircularis, ventral mesencephalic tegmentum, valvula of the
cerebellum, and medulla oblongata in zebrafish [29]. Catecholamines are a significant neurotransmitter in
zebrafish. The zebrafish noradrenergic system is extremely similar to mammals, and noradrenaline (NA)
functions in the autonomic nervous system to regulate cognition, including learning and memory as well
as arousal and reward systems [30,31]. The histaminergic system also influences memory, cognition, and
circadian rhythm in a manner comparable to that of mammals [32]. Serotonin (5-HT) is a
neurotransmitter that is found in the spinal cord of developing embryos as well as in the telencephalon,
hindbrain, and raphe area in larval and adult zebrafish [31]. 5-HT affects behavioural processes like
aggression, anxiety, cognition, and sleep. Zebrafish have all dopamine receptors, with the exception of
dopamine receptor type 5D5 [33].The zebrafish larvae's dopaminergic system plays a significant role in
controlling its movement. Additionally, zebrafish exhibit behavioral traits that are comparable to those of
rats and humans and are then subjected to dopaminergic system alteration [34,35]. Zebrafish respond to
stress by activating the hypothalamus-pituitary-interrenal (HPI) neuroendocrine axis, which results in
the release of cortisol, just like in people. The glucocorticoid receptors that cortisol binds to control
transcriptional responses that are involved in immunological function, ion homeostasis, glucose
metabolism, and, ultimately, behaviour [36].In the adult CNS, cholinergic neurons are widely dispersed
and first arise in the embryonic stage. The expression of the enzyme acetylcholinesterase (AChE) first
appears in 4 hpf embryos and rises by 210-folds in 144 hpf larvae [37]. Acetylcholine operates on
muscarinic and nicotinic cholinergic receptors in zebrafish, just as it does in humans, influencing
cognitive functions [38,39]. The ability to reproduce complex behavioural models that mimic human
neurological disorders like Alzheimer's disease [40,41], Parkinson's disease [42,43], depression and
anxiety [28,44], epilepsy [45-47], and amyotrophic lateral sclerosis—ALS [48,49] is made possible by the
similarity in the zebrafish neuroendocrine repertoire in addition to easy genetic and pharmacological
modulation. In this approach, the study and development of CNS medications are aided by the use of
behavioural models in zebrafish larvae.

Pre-clinical Assays: Neurological Functions and Behavior Models

Zebrafish are nocturnal and capable of doing behavioural tests in conditions of normal lighting. Through
the incorporation of infrared cameras with programmed stimuli control, tests with zebrafish may be
carried out fast, with numerous chemicals in parallel in confined testing venues. High-level automated
techniques can also quantify all behavioural phenomena under experimental conditions [50,51]. In
addition to producing results that are equally as good as those produced in trials with adults, it also
enables a reduction in the duration of experiments and the size of the apparatus used to conduct them,
making zebrafish larval research more effective. Zebrafish larvae behaviour models can be used to study
neurological processes like memory, anxiety, anxiety-related behaviours, and social or illness-related
behaviours that are regulated by neurotransmitters. Social behaviour (exploratory and locomotor skills)
and sickness behaviour, which is characterized by lethargy, anxiety, reduced physiological function such
as locomotor activity, exploratory and social interaction can be used to distinguish behavioural
phenotypes found in both larval and adult stages of zebrafish [52]. Despite its complexity, escape
swimming is a reflexive response to touch and sound. The lateral pallium of the zebra fish telencephalic
area is where behavioral processes like memory or processing and spatial learning occur, and the
habenula is where fear response occurs, similar to the hippocampus and amygdala in mammals,
respectively [53-55].The main categories of learning and memory models in zebrafish larvae include
sensitization, which is based on unpleasant or painful stimuli, conditioning, which entails associating a
neutral stimulus with a rewarding stimulus, and social learning, which is based on the animal's
preference for shoal formation [30]. Zebrafish also give new settings or items more attention than they do
to familiar ones when they explore them [56, 57], while Santaca, Dadda, Petrazzini, and Bisazza claim that
zebrafish can tell the difference between new and familiar objects by their differences in sizes, forms, and
colours [58]. Zebrafish also exhibit a wide range of cognitive abilities, including avoidance learning,
spatial learning, and reinforcement-based learning [59].Zebrafish, both as larvae and as adults, have a
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substantial behavioural reaction to environmental novelty [55, 60 &61]. Since the same
neurotransmitters and neuroendocrine system are present as in other vertebrates, the zebrafish response
to novelty is consistent with an anxiety-like behaviour [29, 62 &63].

Zebrafish response is consistent with an anxiety-like behaviour in a stressful scenario, which prompts the
activation of the HPI axis and the activity of the corticotropin-releasing hormone (CRH) cascade,
culminating in cortisol release [60, 61 &64]. In behavioral experiments, anxiety states are expressed by
decreased exploration and zebrafish exhibit this behaviour, as well as freezing episodes and irregular
movement, quite convincingly [65-67]. Next, we review current theories regarding techniques used to
assess larval zebrafish behavior and talk about their uses in toxicological pre-clinical drug development
(Table 1).

Behavioral Models that Relate to Anxiety

The first signs of locomotor activity show as spontaneous contractions inside the chorion at 17 hours post
fertilization. Over the next hours of development, the movements become more coordinated, and the
larvae are able to respond to physical contact about 21 hours after fertilization. Zebrafish larvae that are
24-48 hpf exhibit synchronized swimming as their nervous systems continue to mature, and those that
are 96-120 hpf exhibit highly sophisticated brains and exhibit more robust behaviors [8].Larvae are
individually placed in a plate or multi-well plate and acclimated to the experimental apparatus to
determine their locomotor capacity. Then, to evaluate potential neurobehavioral effects of the treatment,
all movements are tracked, and parameters of total distance travelled and mean velocity are examined
[68,69].Since zebrafish respond quickly by changing locomotor parameters like distance travelled and
mean velocity, which may result in changes in exploration pattern, zebrafish hyper- or hypoactivity is a
valuable biological marker of environmental perturbations, whether they occur naturally or in a lab
setting [70]. The 144 hpf zebrafish larval locomotor assay model has been approved by Afrikanova et. al
as a quick first-pass screening tool for determining a compound's anticonvulsant and/or proconvulsant
activity [71]. They assessed the acute locomotor impairment in zebrafish larvae as well as their response
to being mildly startled by the tail with a small needle using the automated tracking device ZebraBox™
[84]. The visual motor response (VMR) assay, which measures zebrafish larvae's ability to move and their
visual capacity, is similar to a startle response test and is initiated by a sharp change in lighting conditions
[72,73]. Larvae between 120 and 168 hpf exhibit more robust responses [74, 75 & 85]. Zebrafish larvae
are subjected to alternate periods of light and darkness in this test, and those with a functioning visual
system should react with certain swimming patterns. The larvae movement in both dark and light periods
is recorded and quantified in a high-throughput manner generating reliabledata [86, 87] through
automated systems such as Zebra Box™ apparatus [84] or DanioVision™ [88]. VMR is an effective
instrument for noninvasively evaluating oculotoxicity and visual abnormalities as well as the
physiological integrity of the neurocircuits supported by therapeutic drugs [83,89-91].

In vertebrates, including zebrafish, monoamines play a crucial role in the neurocircuits [92-94].
Pharmacological treatment with anxiolytic medications and MAOIs also supports its involvement in
locomotor activity. By analysing the transcription of genes involved in serotonin, dopamine, and
adrenergic transporters and receptors signalling as well as by analysing the escape behavior after touch
in 80 hpf larvae, Cunha et al. (2018) examined the effect of fluoxetine in 1 hpf embryos [95]. Deprenyl, an
MAOB inhibitor, was found to reduce monoamine oxidase (MAO) activity, which led to elevated levels of
serotonin and dopamine that are indicative of anxiolytic-like behavior, according to Faria et al. (2021)
[76].Larvae that have been exposed have a diminished reaction in behavioral paradigms assessed by
visual motor response (VMR).

Recently, a number of behavioural tests were carried out on valproic acid-treated larvae (168 hpf) to
measure anxiety, inattentive behaviour, and circling behaviour as surrogate parameters of autism
spectrum disorder (ASD)-like characteristics [77] for quick screening of conventional medications
marketed for symptomatic treatment in ASD. The authors conclude by suggesting that 7-day-old larval
zebrafish be used for a preliminary therapeutic screening against VPA-induced neurodevelopmental
damage [96].

The ability of zebrafish to move is indicated by locomotor measures such total distance travelled, swim
speed, irregular movements, burst swimming, or freezing [97]. Non-anxious larvae typically increase
exploratory activity by spending longer in the centre zone or in the bright zones (phototaxis) in
behavioral light/dark preference tests without an unpleasant stimuli [98].According to Chen, Deb, Bahl,
and Engert, zebrafish larvae exhibit a phototactic behaviour that entails retreating from dark places in
order to control the environmental brightness to a level appropriate for their visual function. As a result,
zebrafish larvae with lower levels of anxiety display positive phototaxis [99].Zebrafish larvae exposed to
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the SNDRI venlafaxine were shown to be less active and travel shorter distances in a light/dark
behavioural test than the controls, according to Thompson et al.'s findings [78]. Additionally, additional
studies have demonstrated that the thigmotaxis was considerably reduced in zebrafish larvae as young as
120 hpf exposed to diazepam, supporting the link between the GABAergic signalling pathway and anxious
behavior [79]. Through thigmotaxis behaviour, Han et al. described a neuroserpine non-anxiogenic
activity [80]. Additionally, Maphanga et al. confirmed the anxiolytic-like action of Mesembryanthemum
tortuosum L. extract, recognized for displaying the ability to treat anxiety, stress, and depression [81],
using thigmotaxis behaviour in zebrafish larvae. Using the zebrafish larvae photomotor response (PMR)
assay [82], Copmans et al. found two known isoquinoline alkaloids, TMC-120A and TMC-120B, as novel
antiseizure drugs. The PMR is a characteristic behaviour of zebrafish embryos between 30 and 40 hpf that
can be seen in the motions of the embryo inside the chorion and is brought on by bright light [21,100].
Visual Patterns

Zebrafish larvae are a good model to study the modulation of locomotor parameters mediated by visual
stimuli, or visual behaviour. The optomotor response (OMR) and optokinetic response (OKR) are innate
visual reactions in which an individual imitate a naturalistic behaviour in larval zebrafish by moving their
eye (OKR) or swimming in the direction of an optic flow (OMR), with the goal of stabilizing the
surrounding image [8]. The visuomotor response (VMR), another visual behaviour, assesses the zebrafish
larvae's visual and locomotor abilities. Zebrafish larvae are exposed to alternate periods of light and
darkness during this test, and those who have a functioning visual system should react by displaying
particular swimming patterns [8]. The optical transparency of the early life stages of the zebrafish allows
for two things: first, the observation of the operation of the visuo-neural circuitry, and second, the
measurement and evaluation of the pattern of behaviour [90].The mature zebrafish retina, which is
comparable to the human eye, is made up of three nuclear layers that are divided by outer and inner
plexiform layers (OPL and IPL, respectively).The amacrine, bipolar, horizontal, and Miiller glial cell bodies
are found in the inner nuclear layer (INL), the ganglion cell layer (GCL), and the photoreceptor (rod and
cone) cell bodies are found in the outer nuclear layer (ONL).At the plexiform layers, synapsis takes place
between these nuclear layers and retinal neurons [101]. The visual system is an effective tool for
evaluating medication effects in phenotype-based screenings because it exhibits rapid development
[102]. VMR and other powerful visually directed reactions, for example, can be utilized to reposition
already-approved medications or to find novel therapeutic compounds [83]. In zebrafish, a number of
neurotransmitters work together to coordinate vision. The photoreceptor layer communicates with
bipolar cells via the glutamate pathway [103]. Additionally, the visuomotor response and short-term
memory to various stimuli are thought to be mediated by the dopaminergic system in the posterior
tuberculum and the serotonergic system in the dorsal raphe nucleus [104-106].

Final Thoughts

As this review's summary shows, there are several ways to use zebrafish in behavioural study. Zebrafish
larvae offer an alternate model with a number of characteristics that make them attractive for
translational biomedical research. Zebrafish behaviour-controlling neurocircuits have physiological and
structural characteristics with mammalian counterparts, as do the mechanisms behind medication
reactions. Zebrafish larval behavioral responses, such as modifications in movement and locomotion
profile, driven by intricate neural circuits involving perception, cognition, and decision-making processes,
as well as visuomotor functions, can be exacerbated or diminished by various stimuli. This can be
investigated by using a variety of zebrafish-specific tests and equipment. The modified behavioral
repertoire can be utilized for the pre-clinical discovery and screening of potential neurological medication
candidates as well as clinical translation for a variety of neurological illnesses (Figure 2)
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Figure 1. Development of zebrafish: In a large-scale chemical screening, zebrafish embryo-larval stages
allow for the phenotypic observation of the entire organism. The larvae can be used to evaluate
behavioural changes if a substance is unable to cause death or teratogenicity throughout the stage of

embryonic development.

Tablel Selected studies using zebrafish larvae as experimental model in behaviour paradigms.

BEHAVIORAL TEST ENDPOINTS REFERENCE
LIGHT-DARK TEST Total distance travelled [68]
VISUAL MOTOR RESPONSE Velocity, total distance moved, and mobility time | [69]
LOCOMOTOR ACTIVITY Velocity, total distance moved, and mobility time | [70]
LOCOMOTOR ACTIVITY Total distance travelled [71]
ACOUSTIC STARTLE RESPONSE Head angle [72]
VISUAL MOTOR RESPONSE Total distance travelled [73]
VISUAL MOTOR RESPONSE Average distance travelled [74]
VISUAL MOTOR RESPONSE Burst swim [75]
VISUAL MOTOR RESPONSE Total distance travelled [76]
VIBRATIONAL STARTLE RESPONSE | Total distance travelled [76]
LOCOMOTOR ACTIVITY Total distance travelled, mean speed, turn angle | [77]
THIGMOTAXIS Entries in outer area [77]
LIGHT-DARK TEST Total distance travelled [78]
THIGMOTAXIS Distance travelled in outer area [78]
THIGMOTAXIS Percentage of distance moved in outer zone [79]
VISUAL MOTOR RESPONSE Total distance travelled [80]
THIGMOTAXIS Distance travelled /time spentin each zone [80]
THIGMOTAXIS Percentage of distance moved in outer zone [81]
LOCOMOTOR ACTIVITY Average distance travelled [81]
PHOTOMOTOR RESPONSE Movements/5 min [82]
LOCOMOTOR ACTIVITY Total distance travelled [82]
VISUAL MOTOR RESPONSE Total distance travelled [83]
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Figure2. Reaction in zebrafish larvae's behavior. In the pre-clinical stage of development, changes in
movement and locomotion profile that are caused by intricate brain circuits that encompass visuomotor,
cognitive, and perception processes can be used to screen and uncover potential neurological drug
candidates.

REFERENCES

1.

2.

3.

10.

11.

12.

13.

Swinney, D.C., Anthony, ]J. (2011). How Were New Medicines Discovered? Nat. Rev. Drug Discov., 10: 507-519.
[CrossRef] [PubMed]

MacRae, C.A,, Peterson, R.T. (2015).Zebrafish as Tools for Drug Discovery. Nat. Rev. Drug Discov., 14: 721-731.
[CrossRef] [PubMed]

Moffat, ].G., Vincent, F., Lee, J.A.,, Eder, ]., Prunotto, M. (2017). Opportunities and Challenges in Phenotypic Drug
Discovery: An Industry Perspective. Nat. Rev. Drug Discov., 16: 531-543. [CrossRef] [PubMed]

Howe, K., Clark, M.D,, Torroja, C.F., Torrance, ]., Berthelot, C., Muffato, M., Collins, J.E., Humphray, S., McLaren, K.,
Matthews, L., et al. (2013).The Zebrafish Reference Genome Sequence and Its Relationship to the Human
Genome. Nature, 496: 498-503.[CrossRef]

Lowery, L.A,, De Rienzo, G., Gutzman, J.H., Sive, H. (2009). Characterization and Classification of Zebrafish Brain
Morphology Mutants.Anat. Rec. Adv. Integr. Anat. Evol. Biol., 292: 94-106. [CrossRef]

Geisler, R, Kohler, A., Dickmeis, T., Strahle, U. (2017). Archiving of Zebrafish Lines Can Reduce Animal
Experiments in Biomedical Research. EMBO Rep., 18: 1-2. [CrossRef]

Strahle, U, Scholz, S., Geisler, R., Greiner, P., Hollert, H., Rastegar, S., Schumacher, A., Selderslaghs, 1., Weiss, C.,
Witters, H., et al. (2012). Zebrafish Embryos as an Alternative to Animal Experiments—A Commentary on the
Definition of the Onset of Protected Life Stages in Animal Welfare Regulations. Reprod. Toxicol,, 33: 128-132.
[CrossRef]

Saint-Amant, L., Drapeau, P. (1998). Time Course of the Development of Motor Behaviors in the Zebrafish
Embryo. ]. Neurobiol,, 37: 622-632. [CrossRef]

Orger, M.B., de Polavieja, G.G. (2017). Zebrafish Behavior: Opportunities and Challenges. Annu. Rev. Neurosci.,
40: 125-147. [CrossRef]

Cassar, S., Adatto, 1., Freeman, J.L., Gamse, ].T., Iturria, 1., Lawrence, C., Muriana, A., Peterson, R.T., Van Cruchten,
S., Zon, L.I. (2020). Use of Zebrafish in Drug Discovery Toxicology. Chem. Res. Toxicol.,, 33: 95-118. [CrossRef]
Forster, D., Arnold-Ammer, 1., Laurell, E., Barker, A.]J., Fernandes, A.M,, Finger-Baier, K, Filosa, A., Helmbrecht,
T.O., Kélsch, Y, Kiihn, E., et al. (2017). Genetic Targeting and Anatomical Registration of Neuronal Populations in
the Zebrafish Brain with a New Set of BAC Transgenic Tools.Sci. Rep., 7: 5230. [CrossRef] [PubMed]

Li, Z.H,, Alex, D,, Siu, S.0., Chu, LK, Renn, ]., Winkler, C, Lou, S., Tsui, S.K.-W., Zhao, H.Y., Yan, W.R,, et al. (2011).
Combined in Vivolmaging and Omics Approaches Reveal Metabolism of Icaritin and Its Glycosides in Zebrafish
Larvae. Mol. Biosyst,, 7: 2128. [CrossRef]

Jeong, ].-Y., Kwon, H.-B,, Ahn, ]J.-C, Kang, D., Kwon, S.-H., Park, J.A, Kim, K.-W. (2008). Functional and
Developmental Analysis of theBlood-Brain Barrier in Zebrafish. Brain Res. Bull, 75: 619-628. [CrossRef]
[PubMed]

ABR Vol 15 [5] September 2024 453|Page © 2024 Author



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

Goldstone, ].V., McArthur, A.G,, Kubota, A, Zanette, ], Parente, T., Jdnsson, M.E., Nelson, D.R.,, Stegeman, ].J.
(2010). Identification and Developmental Expression of the Full Complement of Cytochrome P450 Genes in
Zebrafish. BMC Genom., 11: 643. [CrossRef] [PubMed]

Randlett, 0., Wee, C.L.,, Naumann, E.A., Nnaemeka, O., Schoppik, D., Fitzgerald, ].E., Portugues, R..,, Lacoste, A.M.B,,
Riegler, C., Engert, F., et al. (2015).Whole-Brain Activity Mapping onto a Zebrafish Brain Atlas. Nat. Methods., 12:
1039-1046. [CrossRef]

Blader, P. (2000).Zebrafish Developmental Genetics and Central Nervous System Development. Hum. Mol.
Genet., 9: 945-951.[CrossRef]

Kimmel, C.B,, Ballard, W.W,, Kimme], S.R., Ullmann, B., Schilling, T.F. (1995). Stages of Embryonic Development of
the Zebrafish. Dev. Dyn., 203: 253-310. [CrossRef]

Kizil, C., Kaslin, ]., Kroehne, V., Brand, M. (2012). Adult Neurogenesis and Brain Regeneration in Zebrafish. Dev.
Neurobiol,, 72: 429-461. [CrossRef]

Thoré, E.S.J., Steenaerts, L., Philippe, C., Grégoir, A.F., Brendonck, L., Pinceel, T. (2019). Improving the Reliability
and Ecological Validity of Pharmaceutical Risk Assessment: Turquoise Killifish (Nothobranchius furzeri) as a
Model in Behavioral Ecotoxicology. Environ. Toxicol. Chem., 38: 262-270. [CrossRef]

Rihel, ], Prober, D.A., Arvanites, A., Lam, K,, Zimmerman, S., Jang, S., Haggarty, S.J., Kokel, D., Rubin, L.L., Peterson,
R.T, et al. (2010). Zebrafish Behavioral Profiling Links Drugs to Biological Targets and Rest/Wake Regulation.
Science., 327: 348-351.[CrossRef]

Kokel, D., Bryan, ], Laggner, C., White, R,, Cheung, C.Y.]., Mateus, R., Healey, D., Kim, S., Werdich, A.A., Haggarty,
S.J., et al. (2010). Rapid Behavior-Based Identification of Neuroactive Small Molecules in the Zebrafish. Nat.
Chem. Biol,, 6: 231-237. [CrossRef][PubMed]

Wolman, M.A, Jain, R.A, Liss, L., Granato, M. (2011).Chemical Modulation of Memory Formation in Larval
Zebrafish. Proc. Natl. Acad.Sci. USA., 108: 15468-15473. [CrossRef] [PubMed]

Parker, M.0., Gaviria, ]., Haigh, A., Millington, M.E., Brown, V.J., Combe, F.J., Brennan, C.H. (2012). Discrimination
Reversal andAttentional Sets in Zebrafish (Danio rerio). Behav. Brain Res., 232: 264-268. [CrossRef] [PubMed]
Khan, K.M,, Collier, A.D., Meshalkina, D.A., Kysil, E.V., Khatsko, S.L., Kolesnikova, T., Morzherin, Y.Y., Warnick, J.E.,
Kalueff,A.V., Echevarria, D.J]. (2017). Zebrafish Models in Neuropsychopharmacology and CNS Drug Discovery.
Br. ]. Pharmacol,, 174: 1925-1944. [CrossRef] [PubMed]

Sakai, C., ljaz, S. Hoffman, E.J. (2018). Zebrafish Models of Neurodevelopmental Disorders: Past, Present, and
Future. Front. Mol. Neurosci., 11: 294. [CrossRef]

Haug, M.F.,, Gesemann, M., Mueller, T, Neuhauss, S.C.F. (2013).Phylogeny and Expression Divergence of
Metabotropic Glutamate Receptor Genes in the Brain of Zebrafish (Daniorerio). J. Comp. Neurol., 521:1533-1560.
[CrossRef]

Doldn, M.],, Prego, B., Holmqvist, B.I, de Miguel, E. (1999). Distribution of GABA-Immunolabeling in the Early
Zebrafish (Danio rerio) Brain. Eur. ]. Morphol., 37: 126-129. [CrossRef]

Assad, N,, Luz,W.L., Santos-Silva, M., Carvalho, T., Moraes, S., Picanco-Diniz, D.L.W., Bahia, C.P., de Oliveira Batista,
E.J., da ConceicdoPassos, A, Oliveira, KR.H.M,, et al. (2020). Acute Restraint Stress Evokes Anxiety-Like Behavior
Mediated by Telencephalicln activation and GabAergic Dysfunction in Zebrafish Brains. Sci. Rep., 10: 5551.
[CrossRef]

Mueller, T., Vernier, P., Wullimann, M.F. (2006). A Phylotypic Stage in Vertebrate Brain Development: GABA Cell
Patterns in Zebrafish Compared with Mouse. ]. Comp. Neurol., 494: 620-634. [CrossRef]

Roberts, A.C, Bill, B.R,, Glanzman, D.L. (2013). Learning and Memory in Zebrafish Larvae. Front. Neural
Circuits.,7: 126. [CrossRef]

McLean, D.L., Fetcho, J.R. (2004). Ontogeny and Innervation Patterns of Dopaminergic, Noradrenergic, and
Serotonergic Neurons inLarval Zebrafish. ]. Comp. Neurol., 480: 38-56. [CrossRef] [PubMed]

Kaslin, J., Panula, P. (2001). Comparative Anatomy of the Histaminergic and Other Aminergic Systems in
Zebrafish (Daniorerio).]. Comp. Neurol., 440: 342-377. [CrossRef] [PubMed]

Ek, F., Malo, M., Aberg Andersson, M., Wedding, C., Kronborg, ], Svensson, P., Waters, S., Petersson, P., Olsson, R.
(2016). Behavioral Analysis of Dopaminergic Activation in Zebrafish and Rats Reveals Similar Phenotypes. ACS
Chem. Neurosci., 7: 633-646.[CrossRef] [PubMed]

Schweitzer, J., Driever, W. (2009). Development of the Dopamine Systems in Zebrafish. In Development and
Engineering of Dopamine Neurons; Springer: Berlin/Heidelberg, Germany, 651: 1-14. [CrossRef]

Tay, T.L, Ronneberger, O. Ryu, S, Nitschke, R, Driever, W. (2011). Comprehensive Catecholaminergic
Projectome Analysis RevealsSingle-Neuron Integration of Zebrafish Ascending and Descending Dopaminergic
Systems. Nat. Commun., 2: 171. [CrossRef]

Alsop, D., Vijayan, M. (2009). The Zebrafish Stress Axis: Molecular Fallout from the Teleost-Specific Genome
Duplication Event. Gen. Comp. Endocrinol,, 161: 62-66. [CrossRef]

Clemente, D., Porteros, A., Weruaga, E., Alonso, J.R, Arenzana, F.]J,, Aijon, ]., Arévalo, R. (2004). Cholinergic
Elements in the Zebrafish Central Nervous System: Histochemical and Immunohistochemical Analysis. ]. Comp.
Neurol,, 474: 75-107. [CrossRef]

Mueller, T., Vernier, P., Wullimann, M.F. (2004). The Adult Central Nervous Cholinergic System of a Neurogenetic
Model Animal, the Zebrafish Danio rerio. Brain Res., 1011: 156-169. [CrossRef]

Papke, R.L., Ono, F., Stokes, C., Urban, ].M., Boyd, R.T. (2012). The Nicotinic Acetylcholine Receptors of Zebrafish
and an Evaluation of Pharmacological Tools Used for Their Study. Biochem. Pharmacol., 84: 352-365. [CrossRef]

ABR Vol 15 [5] September 2024 454|Page © 2024 Author



40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Bhattarai, P., Thomas, A.K,, Cosacak, M., Papadimitriou, C., Mashkaryan, V., Zhang, Y., Kizil, C. (2017). Modeling
Amyloid-B42 Toxicityand Neurodegeneration in Adult Zebrafish Brain. |. Vis. Exp., 128: 56014. [CrossRef]
Koehler, D., Shah, Z.A,, Williams, F.E. (2019).The GSK3_ Inhibitor, TDZD-8, Rescues Cognition in a Zebrafish
Model of Okadaic Acid-Induced Alzheimer’s Disease. Neurochem. Int., 122: 31-37. [CrossRef]

Vaz, R.L.,, Outeiro, T.F., Ferreira, ].J. (2018). Zebrafish as an Animal Model for Drug Discovery in Parkinson’s
Disease and Other Movement Disorders: A Systematic Review. Front. Neurol, 9: 347. [CrossRef] [PubMed]
Woodard, A., Barbery, B., Wilkinson, R, Strozyk, ]J., Milner, M., Doucette, P., Doran, ]., Appleby, K, Atwill, H,,
BelLW.E, et al. (2019). The Role of Neuronal Nitric Oxide and Its Pathways in the Protection and Recovery from
Neurotoxin-Induced de Novo Hypokinetic Motor Behaviors in the Embryonic Zebrafish (Danio rerio). AIMS
Neurosci., 6: 25-42. [CrossRef] [PubMed]

Lundegaard, P.R, Anastasaki, C., Grant, N.J,, Sillito, R.R,, Zich, ], Zeng, Z., Paranthaman, K., Larsen, A.P., Armstrong,
].D., Porteous, D], et al. (2015). MEK Inhibitors Reverse CAMP-Mediated Anxiety in Zebrafish. Chem. Biol., 22:
1335-1346. [CrossRef][PubMed]

Wong, K, Stewart, A, Gilder, T., Wu, N, Frank, K., Gaikwad, S., Suciu, C., DiLeo, ]., Utterback, E., Chang, K, et al.
(2010). Modeling Seizure-Related Behavioral and Endocrine Phenotypes in Adult Zebrafish. Brain Res., 1348:
209-215. [CrossRef] [PubMed]

Rahn, ].J., Bestman, ].E, Josey, BJ., Inks, E.S.,, Stackley, K.D., Rogers, C.E., Chou, C.J.,, Chan, S.S.L. (2014).Novel
Vitamin K AnalogsSuppress Seizures in Zebrafish and Mouse Models of Epilepsy. Neuroscience, 259: 142-154.
[CrossRef]

Yang, X, Lin, ], Peng, X,, Zhang, Q. Zhang, Y., Guo, N., Zhou, S., Li, Q. (2017). Effects of Picrotoxin on Zebrafish
Larvae Behaviors: A Comparison Study with PTZ. Epilepsy Behav., 70: 224-231. [CrossRef]

Patten, S.A., Parker, J.A., Wen, X.-Y., Drapeau, P. (2016). Simple Animal Models for Amyotrophic Lateral Sclerosis
Drug Discovery. Expert Opin. Drug Discov., 11: 797-804. [CrossRef]

Ferguson, R., Holloway, D.E., Chandrasekhar, A., Acharya, K.R,, Subramanian, V. (2019).The Catalytic Activity and
Secretion of ZebrafishRNases Are Essential for Their in Vivo Function in Motor Neurons and Vasculature. Sci.
Rep., 9: 1107. [CrossRef]

Martineau, P.R., Mourrain, P. (2013). Tracking Zebrafish Larvae in Group—Status and Perspectives. Methods, 62:
292-303. [CrossRef]

Mirat, O., Sternberg, ].R,, Severi, K.E., Wyart, C. (2013). Zebra Zoom: An Automated Program for High-Throughput
Behavioral Analysis and Categorization. Front. Neural Circuits, 7: 107. [CrossRef]

Kirsten, K., Soares, S.M., Koakoski, G., Carlos Kreutz, L., Barcellos, L.J.G. (2018). Characterization of Sickness
Behavior in Zebrafish. Brain. Behav. Immun., 73: 596-602. [CrossRef] [PubMed]

Agetsuma, M., Aizawa, H., Aoki, T., Nakayama, R., Takahoko, M., Goto, M., Sassa, T., Amo, R, Shiraki, T., Kawakami,
K, etal. (2010). The Habenula Is Crucial for Experience Dependent Modification of Fear Responses in Zebrafish.
Nat. Neurosci., 13: 1354-1356. [CrossRef] [PubMed]

Perathoner, S., Cordero-Maldonado, M.L., Crawford, A.D. (2016). Potential of Zebrafish as a Model for Exploring
the Role of the Amygdala in Emotional Memory and Motivational Behavior. ]J. Neurosci. Res., 94: 445-462.
[CrossRef]

Kenney, ].W,, Scott, I.C., Josselyn, S.A., Frankland, P.W. (2017).Contextual Fear Conditioning in Zebrafish. Learn.
Mem., 24: 516-523.[CrossRef]

Braida, D., Ponzoni, L., Martucci, R., Sala, M. (2014). A New Model to Study Visual Attention in Zebrafish. Prog.
Neuro-Psychopharmacol. Biol. Psychiatry, 55: 80-86. [CrossRef]

Gaspary, K.V, Reolon, G.K., Gusso, D., Bonan, C.D. (2018). Novel Object Recognition and Object Location Tasks in
Zebrafish: Influence of Habituation and NMDA Receptor Antagonism. Neurobiol. Learn. Mem., 155: 249-260.
[CrossRef]

Santaca, M., Dadda, M., Miletto Petrazzini, M.E., Bisazza, A. (2021). Stimulus Characteristics, Learning Bias and
Visual Discrimination in Zebrafish (Danio rerio). Behav. Processes, 192: 104499. [CrossRef] [PubMed]

Al-Imari, L., Gerlai, R. (2008). Sight of Conspecifics as Reward in Associative Learning in Zebrafish (Danio rerio).
Behav. Brain Res., 189: 216-219. [CrossRef]Int. J. Mol. Sci. 2022, 23, 6647 11 of 12

Maximino, C., Meinerz, D.L., Fontana, B.D., Mezzomo, N.J., Stefanello, F.V., de Prestes, A.S., Batista, C.B., Rubin, M.A,,
Barbosa,N.V.,, Rocha, ].B.T., et al. (2018). Extending the Analysis of Zebrafish Behavioral Endophenotypes for
Modeling Psychiatric Disorders: Fear Conditioning to Conspecific Alarm Response. Behav. Processes, 149: 35-42.
[CrossRef]

Menezes, F.P., Amorim, R.R,, Silva, P.F., Luchiari, A.C. (2022). Alcohol Exposure and Environmental Enrichment
Effects on Contextual Fear Conditioning in Zebrafish. Behav. Processes, 197: 104608. [CrossRef]

Panula, P., Sallinen, V., Sundvik, M., Kolehmainen, J., Torkko, V., Tiittula, A, Moshnyakov, M., Podlasz, P. (2006).
Modulatory Neurotransmitter Systems and Behavior: Towards Zebrafish Models of Neurodegenerative Diseases.
Zebrafish, 3: 235-247. [CrossRef] [PubMed]

Alsop, D., Vijayan, M.M. (2008). Development of the Corticosteroid Stress Axis and Receptor Expression in
Zebrafish. Am. ]. Physiol. Integr. Comp. Physiol.,, 294: 711-719. [CrossRef] [PubMed]

Barcellos, L.J.G., Ritter, F., Kreutz, L.C., Quevedo, R.M,, da Silva, L.B., Bedin, A.C., Finco, J., Cericato, L. (2007).
Whole-Body Cortisol Increases after Direct and Visual Contact with a Predator in Zebrafish, Danio rerio.
Aquaculture, 272: 774-778. [CrossRef]

ABR Vol 15 [5] September 2024 455|Page © 2024 Author



65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Cachat, |, Stewart, A., Utterback, E., Hart, P., Gaikwad, S., Wong, K., Kyzar, E., Wu, N.; Kalueff, A.V. (2011). Three-
Dimensional Neurophenotyping of Adult Zebrafish Behavior. PLoS ONE, 6: 7597. [CrossRef] [PubMed]

Bencan, Z., Sledge, D., Levin, E.D. (2009). Buspirone, Chlordiazepoxide and Diazepam Effects in a Zebrafish Model
of Anxiety. Pharmacol.Biochem. Behav., 94: 75-80. [CrossRef] [PubMed]

Blaser, RE. Chadwick, L., McGinnis, G.C. (2010). Behavioral Measures of Anxiety in Zebrafish (Daniorerio).
Behav. Brain Res., 208: 56-62. [CrossRef]

Basnet, R, Zizioli, D., Taweedet, S., Finazzi, D., Memo, M. (2019). Zebrafish Larvae as a Behavioral Model in
Neuropharmacology. Biomedicines, 7: 23. [CrossRef]

Suryanto, M.E,, Audira, G., Uapipatanakul, B., Hussain, A, Saputra, F., Siregar, P., Chen, K.H.-C,, Hsiao, C.-D. (2021).
Antidepressant Screening Demonstrated Non-Monotonic Responses to Amitriptyline, Amoxapine and Sertraline
in Locomotor Activity Assay in Larval Zebrafish. Cells, 10: 738. [CrossRef]

Colwill, R.M,, Creton, R. (2011). Locomotor Behaviors in Zebrafish (Danio rerio) Larvae. Behav. Processes, 86:
222-229. [CrossRef]

Afrikanova, T., Serruys, A.-S.K, Buenafe, 0.E.M,, Clinckers, R.; Smolders, [.; deWitte, P.A.M., Crawford, A.D,,
Esguerra, C.V. (2013). Validation of the Zebrafish Pentylenetetrazol Seizure Model: Locomotor versus
Electrographic Responses to Antiepileptic Drugs.PLoS ONE, 8: e54166. [CrossRef]

Burgess, H.A., Granato, M. (2007). Sensorimotor Gating in Larval Zebrafish. ]J. Neurosci, 27: 4984-4994.
[CrossRef] [PubMed]

Fernandes, A.M., Fero, K., Arrenberg, A.B., Bergeron, S.A, Driever, W., Burgess, H.A. (2012). Deep Brain
Photoreceptors Control Light-Seeking Behavior in Zebrafish Larvae. Curr. Biol,, 22: 2042-2047. [CrossRef]
[PubMed]

Emran, F., Rihel, ]., Dowling, ].E. (2008). A Behavioral Assay to Measure Responsiveness of Zebrafish to Changes
in Light Intensities. |. Vis. Exp., 20: €923. [CrossRef] [PubMed]

Gao, Y., Zhang, G., Jelfs, B., Carmer, R, Venkatraman, P., Ghadami, M., Brown, S.A., Pang, C.P., Leung, Y.F., Chan,
R.H.M,, et al. (2016). Computational Classification of Different Wild-Type Zebrafish Strains Based on Their
Variation in Light-Induced Locomotor Response. Comput. Biol. Med., 69: 1-9. [CrossRef]

Faria, M., Prats, E., Bellot, M., Gomez-Canela, C., Raldda, D. (2021). Pharmacological Modulation of Serotonin
Levels in Zebrafish Larvae: Lessons for Identifying Environmental Neurotoxicants Targeting the Serotonergic
System. Toxics, 9: 118. [CrossRef]

Zimmermann, F.F., Gaspary, K.V,, Leite, C.E., De Paula Cognato, G., Bonan, C.D. (2015). Embryological Exposure to
Valproic AcidInduces Social Interaction Deficits in Zebrafish (Danio rerio): A Developmental Behavior Analysis.
Neurotoxicol.Teratol.,52: 36-41. [CrossRef]

Thompson,W.A,, Arnold, V.I, Vijayan, M.M. (2017). Venlafaxine in Embryos Stimulates Neurogenesis and
Disrupts Larval Behavior in Zebrafish. Environ. Sci. Technol., 51: 12889-12897. [CrossRef]

Schnorr, SJ., Steenbergen, P.J., Richardson, M.K, Champagne, D.L. (2012). Measuring Thigmotaxis in Larval
Zebrafish. Behav. Brain Res., 228: 367-374. [CrossRef]

Han, S, Zhang, D., Dong, Q., Wang, X., Wang, L. (2021). Overexpression of Neuroserpin in Larval and Adult
Zebrafish Shows Different Behavioral Phenotypes. Neurosci.Lett., 762: 136175. [CrossRef]

Maphanga, V.B., Skalicka-Wozniak, K., Budzynska, B., Skiba, A., Chen, W., Agoni, C., Enslin, G.M., Viljoen, A.M.
(2022). Mesembryanthemum tortuosum L. Alkaloids Modify Anxiety-like Behaviour in a Zebrafish Model. J.
Ethnopharmacol., 290: 115068.[CrossRef]

Copmans, D., Kildgaard, S., Rasmussen, S.A,, ‘Sl ezak, M., Dirkx, N., Partoens, M., Esguerra, C.V., Crawford, A.D.,
Larsen, T.0., deWitte, P.A.M. (2019). Zebrafish-Based Discovery of Antiseizure Compounds from the North Sea:
Isoquinoline Alkaloids TMC-120A and TMC-120B.Mar. Drugs, 17: 607. [CrossRef] [PubMed]

Ganzen, L., Ko, M.], Zhang, M., Xie, R, Chen, Y., Zhang, L, James, R, Mumm, |, van Rijn, RM,, Zhong, W.,, et al.
(2021). Drug Screening with Zebrafish Visual Behavior Identifies Carvedilol as a Potential Treatment for an
Autosomal Dominant Form of Retinitis Pigmentosa. Sci. Rep., 11: 11432. [CrossRef] [PubMed]

Viewpoint Life Sciences. Available online: https://viewpoint.fr/en/home (accessed on 16 February 2022).

Liy, Y., Carmer, R, Zhang, G., Venkatraman, P., Brown, S.A,, Pang, C.-P., Zhang, M., Ma, P., Leung, Y.F. (2022).
Statistical Analysis of Zebrafish Locomotor Response. PLoS ONE 2015, 10: e0139521. [CrossRef]

Scott, C.A., Marsden, A.N., Slusarski, D.C. (2016). Automated, High-Throughput, in vivo Analysis of Visual
Function Using the Zebrafish.Dev. Dyn., 245: 605-613. [CrossRef] [PubMed]

Thorn, R.J., Dombroski, A., Eller, K., Dominguez-Gonzalez, T.M,, Clift, D.E., Baek, P., Seto, R, Kahn, E.S., Tucker,
S.K, Colwill, R.M,, et al. (2019). Analysis of Vertebrate Vision in a 384-Well Imaging System. Sci. Rep., 9: 13989.
[CrossRef] [PubMed]

Noldus. Available online: http://www.noldus.com/daniovision (accessed on 16 February 2022).

Ali, S., Champagne, D.L., Richardson, M.K. (2012). Behavioral Profiling of Zebrafish Embryos Exposed to a Panel
of 60Water-SolubleCompounds. Behav. Brain Res., 228: 272-283. [CrossRef] [PubMed]

Bollmann, J.H. (2019). The Zebrafish Visual System: From Circuits to Behavior. Annu. Rev. Vis. Sci,, 5: 269-293.
[CrossRef]

Ganzen, L., Venkatraman, P., Pang, C., Leung, Y., Zhang, M. (2017). Utilizing Zebrafish Visual Behaviors in Drug
Screening for Retinal Degeneration. Int. ]. Mol. Sci., 18: 1185.[CrossRef]

Maximino, C., Herculano, A.M. (2010). A Review of Monoaminergic Neuropsychopharmacology in Zebrafish.
Zebrafish, 7: 359-378.[CrossRef]

ABR Vol 15 [5] September 2024 456|Page © 2024 Author


https://viewpoint.fr/en/home
http://www.noldus.com/daniovision

93. Richendrfer, H., Pelkowski, S.D., Colwill, R.M., Creton, R. (2012). On the Edge: Pharmacological Evidence for
Anxiety-Related Behaviorin Zebrafish Larvae. Behav. Brain Res., 228: 99-106. [CrossRef]

94. Huang, 1], Sirotkin, H.I, McElroy, A.E. (2019). Varying the Exposure Period and Duration of Neuroactive
Pharmaceuticals and Their Metabolites Modulates Effects on the Visual Motor Response in Zebrafish (Danio
rerio) Larvae. Neurotoxicol.Teratol.,72: 39-48. [CrossRef] [PubMed]

95. Cunha, V., Rodrigues, P, Santos, M.M., Moradas-Ferreira, P., Ferreira, M. (2018). Fluoxetine Modulates the
Transcription of Genes Involved in Serotonin, Dopamine and Adrenergic Signalling in Zebrafish Embryos.
Chemosphere, 191: 954-961. [CrossRef][PubMed]

96. Dwivedi, S., Medishetti, R., Rani, R, Sevilimedu, A., Kulkarni, P., Yogeeswari, P. (2018). Larval Zebrafish Model for
Studying the Effects of Valproic Acid on Neurodevelopment: An Approach towards Modeling Autism. J.
Pharmacol. Toxicol. Methods, 95: 56-65. [CrossRef] [PubMed]

97. Blaser, R.E,, Rosemberg, D.B. (2012). Measures of Anxiety in Zebrafish (Danio rerio): Dissociation of Black/White
Preference and Novel Tank Test. PLoS ONE, 7: e36931. [CrossRef]

98. Thoré, ES.J., Brendonck, L., Pinceel, T. (2020). Conspecific Density and Environmental Complexity Impact
Behaviour of Turquoise Killifish (Nothobranchiu sfurzeri). ]. Fish Biol,, 97: 1448-1461. [CrossRef] [PubMed]

99. Chen, A.B,, Deb, D., Bah], A, Engert, F. (2021). Algorithms Underlying Flexible Phototaxis in Larval Zebrafish. J.
Exp. Biol,,224: jeb.238386. [CrossRef] [PubMed]

100.Copmans, D., Meinl, T.; Dietz, C., van Leeuwen, M., Ortmann, J., Berthold, M.R., de Witte, P.A.M. (2016). A KNIME-
Based Analysisof the ZebrafishPhotomotor Response Clusters the Phenotypes of 14 Classes of Neuroactive
Molecules. SLAS Discov., 21: 427-436. [CrossRef]

101.Richardson, R, Tracey-White, D., Webster, A, Moosajee, M. (2017). The Zebrafish Eye — A Paradigm for
Investigating Human Ocular Genetics. Eye Res., 31: 68-86. [CrossRef]

102.Fadool, ].M., Dowling, ].E. (2008). Zebrafish: A model system for the study of eye genetics. Prog.Retin. Eye Res.,,
27,89-110.[CrossRef]

103.Lovett-Barron, M., Andalman, A.S,, Allen, W.E., Vesuna, S., Kauvar, 1., Burns, V.M., Deisseroth, K. (2017). Ancestral
Circuits for the Coordinated Modulation of Brain State. Cell, 171: 1411-1423. [CrossRef]

104.Yokogawa, T., Hannan, M.C,, Burgess, H.A. (2012). The Dorsal Raphe Modulates Sensory Responsiveness during
Arousal in Zebrafish. ]. Neurosci., 32: 15205-15215. [CrossRef] [PubMed]

105.Kawashima, T., Zwart, M.F., Yang, C.-T., Mensh, B.D., Ahrens, M.B. (2016). The Serotonergic System Tracks the
Outcomes of Actions to Mediate Short-Term Motor Learning. Cell, 167: 933-946. [CrossRef] [PubMed]

106.Reinig, S., Driever,W., Arrenberg, A.B. (2017). The Descending Diencephalic Dopamine System Is Tuned to
Sensory Stimuli. Curr. Biol,, 27: 318-333. [CrossRef] [PubMed]

Copyright: © 2024 Author. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

ABR Vol 15 [5] September 2024 457|Page © 2024 Author




