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Abstract 

Adult zebrafish carrier of a mutation in the arylhydrocarbon receptor nuclear translocator-2-gene 

(ARNT-2) were compared with their wild type siblings in two different behavioral tests to determine 

the role of dopamine in anxiety. The ARNT2-gene is coding for a transcription factor which is active 

during development of the hypothalamus [1]. The mutation could therefore cause impairment of 

some dopaminergic neurons since they are exclusively located in the forebrain in zebrafish [2]. 

Dopamine is an important neurotransmitter with many functions in the brain that seem to have been 

conserved throughout the vertebrate subphylum. In humans, dopamine is involved in Parkinson’s 

disease and the reward-system which is connected to addiction and motivation. In addition, the 

dopaminergic system is targeted in several treatments of neuropsychiatric diseases such as 

depression. Because of its many functions, it is important to increase our knowledge about this 

neurotransmitter.  

To find out whether the ARNT2-mutants shows different anxiety response from wild type or not we 

used the novel tank diving test. By scoring the movement with the software Ethovision the boldness 

level was calculated which included factors that indicate low level of anxiety, e.g. exploring behavior 

and normal movement pattern.   

The novel tank diving test showed that ARNT-2 mutants reach the middle zone faster compared with 

their wild type siblings. No one of the other boldness tests indicated that the mutant is more impulse 

seeking or bold than wild type fish.  

Introduction 
Zebrafish is a small freshwater fish that can be kept and bred in captivity [3]. Some of the great 

advantages as a research tool are that a female produce approximately 200 eggs per spawning [4] 

and they reach sexual maturity within 3 months [3]. Many of the discovered zebrafish genes are 

conserved and it is possible to find  homologs in humans [5]. Zebrafish have been used as a research 

model for a long time, especially in developmental and genetic studies [6]. Taken together, it makes 

it suitable and it is often used as a research model for biomedical studies. However, zebrafish 

behavior is not very well studied, although there is an increasing interest in this area.  

In wild type fish example of visible anxiogenic effects are reduced exploration, increased erratic 

movements and freezing behavior [7]. It is also possible to determine the level of anxiety by 

extracting whole-body cortisol after exposure to unfamiliar environment, chemical threat [8], a 

predator [9] or handling [10]. Circulating cortisol levels are typically measured to determine the 

stress condition of larger fish. In zebrafish the blood volume is insufficient to provide measurements 

of circulation cortisol and instead whole-body cortisol is used.  Cortisol is produced by the adrenal 

gland and is released as a response to high levels of adrenocorticotropic hormone (ACTH) caused by 

neurogenic or physical stress [11]. Increased levels of cortisol benefits the individual by causing rapid 

mobilization of amino acids and fat from cellular stores, making them available for rapid energy 

synthesis which is important during stess [12].    

Because of the wide range of actions affected by dopamine in mammals it is interesting to study a 

research model which has mutations affecting the dopaminergic system. The ARTN2-gene is located 



 

 

Table 1: Table summarizing number of individuals 

used from each genotype and sex. x/y EN means 

that x out of y is experimentally naive – 3 out of 11 

ARNT-2 males are experimentally naive. 

on chromosome 7 in zebrafish [13] and codes for a transcription factor which is active during the 

early development of the forebrain [1]. It is therefore highly likely that dopaminergic neurons are 

impaired. Neither zebrafish nor mice homozygote to the mutation (-/-) survive to adulthood [1,14]. 

ARNT2 -/- mutant zebrafish develop normally until 120 hours postfertilization (hpf) when 

morphological changes and functional deficits occur, around 216 hpf the mortality culminate [1]. 

The catecholamine dopamine is an excitatory neurotransmitter which affects e.g. mood regulation, 

cognitive function, physiological homeostasis (such as blood pressure), motor coordination and the 

reward-system which is connected to addiction and motivation [15]. In addition, the dopaminergic 

system is targeted in several treatments of neuropsychiatric diseases such as depression [16]. In the 

human brain the major dopamine-containing area is the corpus striatum which is a subcortical part of 

the forebrain where its primary task is coordination of body movements [15]. When a patient 

develop Parkinson’s disease the neuron responsible for input to corpus striatum degenerates which 

results in motor dysfunction, characteristic for Parkinson’s disease x[11,15].  

Dopamine also appears in the mesolimbic system, where it has a role in the body's reward system. 

This reward system is a target for a range of known drugs (e.g. amphetamine), which increases levels 

of dopamine by decreasing its degradation and causing major onset of the reward system leading to 

addiction. Low doses of amphetamine are today used as a treatment of ADHD [17].  

For this experiment four different tests were used. The first test was performed in the novel tank 

diving arena. This test exploits the instinctual behaviour of zebrafish to seek protection in an 

unfamiliar environment by diving and remaining at the bottom until they feel safe enough to explore. 

Using this type of test gives the opportunity to collect and compare behavioural parameters such as 

latency to leave shelter and reach the top zone, duration and frequency in the different zones. The 

three remaining test were based on tracking fish movement using the EthoVision software. Three 

different designs of the arena were used to test the fishes response to different stimuli in the 

environment. 

In this study adult zebrafish carrying a mutation on one allele (+/-) in the ARTN2-gene was compared 

with its wild type siblings to determine the role of dopamine in visible anxiety.     

Materials and methods 
Animals and housing 

In this experiment 21 adult heterozygote ARNT-2 mutant zebrafish (Danio rerio) and 20 of their wild 

type siblings, both male and female were used, all of them striped and short finned.  Not all fish were 

experimentally naive [Table 1]. The individuals who were not naive had earlier participated in novel 

tank diving test studies.   

 

 

ARNT-2+/- wild type 

male female male female 

11 10 9 11 

3/11 EN 5/10 EN 0/9 EN 10/11 EN 



 

 

 

All fishes were housed together in groups of approximately 10 animals separated by gender and 

genotype in 2.8 l tanks (27 x 15 x 14 cm, length x depth x width) of a rack system (Aquaneering Inc., 

San Diego California, USA) designed specifically for zebrafish. Every day 10-15% (20 l) of the water 

was automatically exchanged with fresh conditioned tap water. Light was automatically switched on 

at 6 am and off at 8 pm. The fish were fed once a day at 8 am mainly with flake food (Sera san).  

Behavioral testing 

Novel tank diving test 

Before the experiment started the fishes were separated from each other and acclimatized for at 

least seven days in 1.8L tanks (27 x 15 x 7 cm, length x depth x width). Fish were netted into the 

novel tank diving test arena [Fig. 1] and placed in a closed start box for an hour to calm down so that 

the stress caused by transporting the fish would affect the trial as little as possible. After the hour of 

acclimatization one wall of the start box was removed and fish movement was recorded with a JVX 

Everio camcorder GZ-MG636.  

 

 

 

The experiments were preformed in a small, sound isolated room so that noise would not stress the 

fish. Each fish was recorded one time for 15 minutes and then returned to its home tank. Fish 

movement was registered in both horizontal and vertical direction using Score 5.0. With these 

parameters we developed a way to calculate activity- and boldness level accordingly; 

if a fish spend most of the time on the bottom it indicates heightened anxiety. Therefore different 

boldness values was given to the three different zones (bottom = 1,0, middle =1,05  and top = 1,1) 

when boldness level was calculated.  

Activity level = (total frequency vertically  + total frequency horizontally) 

                              total frequency for all fishes 

Total frequency vertically and horizontally corresponds to the number of times a fish enter a new 

zone in vertical or horizontal direction respectively in the novel tank arena [Fig. 1].   

Boldness level = ((duration x 1,1)top + (duration x 1,05)middle + (duration x 1,0)bottom) x activity level 

Fig. 1: An illustration of the diving test area seen from side. 

The arena has 11 zones of open water divided into three 

different heights. The dark start box is in this picture grey and 

diagonally striped. Total volume of the tank is 1.8 l.  



 

 

Duration represent the amount of time a fish spend in the three different horizontal zones (top, 

middle and bottom). Total duration in bottom zone equals time spent in the start box added to the 

time spent in therest of the bottom zones.  

Low anxiety levels were defined as short latency to reach the top zone, high duration in the top zone, 

high activity and high boldness level.  

One arena, three designs behavioural tests  

After 2 weeks when all fishes had been analyzed in the novel tank diving test they were individually 

put into another arena measuring 19 x 29 cm with 2 cm water depth (total volume 1.2 l). The arena 

was divided into two zones, centre and border. The centre zone corresponds to approximately 40 % 

of the total arena area. Three different tests were performed to test how the individual fish reacts to 

different stimuli in the environment [Fig. 2]. 

 

 

 
 

Fish were put in a start box placed at the corner to calm down before scoring started. Three different 

behavioral tests were performed consecutively for 15 minutes each. In the first test a roof was placed 

in the arena which provides a place for the fish to hide if it feels threaten. For the second test the 

roof was removed and the fish movement in a novel tank was registered. In the last test a glass bead 

which measured 1 cm in diameter was placed in the middle of the arena. In all three tests the fish 

movement in the arena was recorded and tracked with a computer using the EthoVison software. 

Interpretations of low anxiety in these three behavioral tests were high duration in centre zone and 

high total distance moved. Also in the first test when a roof was placed in the arena high duration 

under the roof was interpreted as the fish was anxious. 

Statistical analysis 
Statistical analysis was performed with SPSS Data editor software 17.0. Significance level was set at 

p<0.05.  

Novel tank diving test 

Within the program data collected from the first behavioral test were analyzed using Mann-Whitney 

test to determine any differences between genotype or sex. Student T-test was also preformed to 

exclude that the fact that some individuals was not experimentally naive would affect the results. In 

the statistical analysis data from two fishes (one ARNT-2 mutant female and one wild-type female) 

Fig. 2: Illustration of the three different arena designs. A. Roof – provides a place for the fish to hide if 

it feels threaten. B. Open field – a fish with low anxiety level explores all places in the arena. C. Novel 

object – a blue glass bead in the middle of the arena to investigate how curious the fish is about the 

unknown object.        

               A                                                    B                                                      C 



 

 

were excluded because of the roof of the start box fell down when it was opened which likely cause a 

lot of stress to the fish. 

One arena, three designs behavioural tests 

Data collected from the three behavioral tests were analyzed using a two-way ANOVA to see the 

effects of gender and genotype.   

Results 
There was a significant effect of genotype and sex (Mann Whitney, p = 0.018 and p = 0.047 

respectively) on time reaching the middle zone [Fig. 3] in the novel tank diving test. Males spent 

significantly more time in both the middle (p = 0.008) and top (p = 0.004) zone [Fig. 4]. Males also 

had a shorter latency to reach the top zone (p = 0.013) [Fig. 5]. 

 

Fig. 3: Mean values of time to reach the middle zone compared between genotype and sex: A - Time in seconds it has 

taken to reach the middle zone of the diving test arena by each genotype. B - Time in seconds it has taken to reach the 

middle zone of the diving test arena by each sex. Data are presented as mean ± SD, *p < 0.05, **p < 0.01, ***p < 0.001.  

 

 

 

 

 

 

 

 

 

 

Latency to middle zone

ti
m

e
 i
n

 s
e
c
o

n
d

s

ARNT-mutant wild type
0

50

100

150

200

*

A
Latency to middle zone

ti
m

e
 i
n

 s
e
c
o

n
d

s

male female
0

50

100

150

200

*

B



 

 

 

Fig. 4 Mean value of time spend in the middle and top zone respectively compared between sexes: A – time in seconds 

spent in the middle zone of the diving test arena for each sex. B – time in seconds spent in the top zone of the diving test 

arena for each sex. Data are presented as mean ± SD, *p < 0.05, **p < 0.01, ***p < 0.001. 

 

 

 

 

 

 

 

 

 

 

 

 

 

No differences in time to reach the top zone could be found compared between the two genotypes 

[Fig. 6]. 

Fig. 5 Mean value of time to reach the top zone 

compared between sexes: Time in seconds it has taken 

to reach the top zone of the diving test arena by each sex. 

Data are presented as mean ± SD, *p < 0.05, **p < 0.01, 

***p < 0.001.  
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Activity and boldness level showed no differences between either genotype or sex 

Discussion 
Only the novel tank diving test showed differences in behavior between the ARNT2+/- mutants and 

their wildtype siblings. The ARNT2+/- mutants reach the middle zone faster, indicating that they were 

bolder or more risk seeking than the wildtype fish. However, this difference in behavior was not seen 

in the top zone. This could be a result of an initial novelty-seeking behavior in the ARNT2+/- which 

declined when nothing interesting was found in the middle zone.It could also be because the wild 

type does not investigate the middle zone as carefully as the mutant but rather swim directly to the 

surface.     

The novel tank diving test showed that males were less anxious than females which is in line with 

previous findings by Dlugos et al. [18]. Male individuals reached both the middle and top zones faster 

and spent more time in these zones compared with females.  

Mice lacking dopamine transporter-1 gene (Dat1) show a higher activity in open field arenas, thus 

being less anxious, compared to wildtypes and heterozygotes, whose behaviour do not differ from 

each other. In this study, we did not find such differences. This could be due to the magnitude of the 

different mutations or the differences of the dopaminergic system in the two animals.  

Since dopamine have an impact on many different physiological systems it is possible that this 

mutation affect other systems in adult zebrafish than behavior which we have not tested during this 

experiment. It is know that zebrafish carrying the mutation on both alleles do not survive [1] thereby 

we can reach a conclusion that the gene product is affecting something which the body cannot make 

up for or replace.  

In humans dopamine controls the information flow from other areas of the brain. Raised 

concentrations of dopamine can cause dyskinesia (involuntary, repetitive body movements) and 

reduced dopamine signaling cause declined functions of memory, problem solving [20] and motor 

Fig. 6 mean value of time to reach the top zone 

compared between genotypes: Time in seconds it 

has taken to reach the top zone of the diving test 

arena by each genotype .Data are presented as 

mean ± SD, *p < 0.05, **p < 0.01, ***p < 0.001. 



 

 

dysfunction. Next step in investigating behavioral effects of the ARNT-2 mutation could therefore be 

to investigate effects of spatial learning and memory using a T-maze. 

Conclusion 
According to the results there is no difference in anxiety between the two genotypes. It is too early 

to determine if the ARNT-2 mutant is suitable as a research model to study anxiety in zebrafish, 

studies that verify the results are needed. The novel tank diving test confirmed that males are less 

anxious than female.   
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