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ABSTRACT

Ethanol, is the intoxicating agent found in beer, wine and liquor. Long-term alcohol misuse leads to various
disorders of heart, liver, cancer and psychiatric problems such as depression and personality disorder. Since
zebrafish has 70% genetic homologue to mammals, it has been established as an eminent model for studying
toxicity studies. The aim of the research is to study the effect of ethanol toxicity on anxiety behavior and memory
in zebrafish using novel tank, light/dark preference tank and T-maze respectively. Fifty zebrafishes of both sexes
were divided into two groups - control and ethanol exposed group (1% ethanol for 10 days). In the present study,
there was significant decrease (p<0.05) in number of entries to the upper portion of the tank, time spent in the
upper portion and freezing, whereas there was a significant increase (p<0.05) in the latency to reach the upper
portion of the tank in the novel tank behavior in ethanol exposed group. In light/dark preference tank, a significant
increase (p<0.05) in the time taken in light and start box was observed and a significant decrease (p<0.05) in dark
chamber was observed in ethanol exposed group. In T-maze, no significant change in memory were observed in
day 1 and 5 of ethanol exposure. Whereas a significant decrease in memory (p<0.05) were observed in day 10. In
the present study, there was increased anxiety behavior and memory deficit was detected when the ethanol is

exposed. This may be due to the direct effect of ethanol intoxication on brain.
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INTRODUCTION

The term "alcohol” has been synonymous with
"spirituous™ liquids for the past 300 years. The history of
alcohol consumption, along with codes limiting its
consumption go back to 1700 B.C. There are four types
of alcohol: methyl alcohol, ethyl alcohol, propyl alcohol
and butyl alcohol. Ethyl Alcohol, or ethanol (C,HsOH),
is the type used in the production of alcoholic
beverages. According to the report of World Health
Organization (WHO), 38% increase in alcohol
consumption in India were observed (Indian Express,
May 25, 2016). Alcoholism is one of the major problem,
as alcohol acts through numerous molecular targets, its
underlying mechanism has to be elucidated (Gerlai et al.,
2008). Metabolism of ethanol to acetaldehyde produces
oxidative stress and which lead to nervous dysfunction
and dysmorphogenesis (Reynolds and Brein 1995).
Oxidative stress which leads to increase cell death which
is the underlying cause of ethanol induced nervous
dysfunction (Reimer et al., 2006). The intellectual,
behavioral and neuronal deficits are the most important
symptoms of increased ethanol consumption. The main
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target for ethanol in brain is hippocampus which plays a
major role in learning and memory and in the regulation
of behavior (Reynolds and Brein 1995). Chronic
exposure of ethanol leads to neuronal adaptation which
leads to tolerance and neurotoxicity (Dlugos and Rabin
2003).

In the present study, zebrafish has been taken as the
animal model. Zebrafish is a small freshwater teleost
species (Briggs 2002). Zebrafish has become the
prominent vertebral model where genetic, developmental
biology and physiological methods are easily applied
(Nemtsas et al., 2010) and it is also an effective
established model to investigate the mechanism of drug
(Arenzana et al., 2006). Zebrafish models are also used
to study anxiety and stress (Steenbergen et al., 2011).

Deficit in the behavioral patterns is associated with
difficulty in learning and memory in both vertebrates and
invertebrates (Gass et al., 1998). Zebrafish as an
emerging vertebral model, its learning and memory was
tested using the T-maze. Anxiety is a state of constant
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fear caused by anticipation (Norton and Bally Cuif
2010). To assess anxiety, fishes were treated with
ethanol in beakers for acute and in home tank for chronic
effects. The relationship between anxiety and behavior
has been well recognized and it is studied in zebrafish
(Stewart et al., 2011). The anxiety behavior of the fish is
assessed by in novel tank and light/dark preference tank.
Zebrafish is a diurnal species which prefers light to dark
during the day in response to danger (Kalueff et al.,
2014). In the present study, zebrafish was exposed to a
specific concentration of ethanol and the changes in its
learning and memory were assessed. And also the
anxiety behavioral changes were also assessed using
novel tank and light/dark preference tank.

MATERIALS AND METHODS

Animals

A total of 50 adult zebrafishes of both sexes were
obtained from the commercial supplier from Madurai.
All fish were acclimatized for at least two weeks in the
experimental room conditions by maintaining them at
28+2°C tanks with constant aerated water. Fishes were
kept in natural day and night cycle. The fishes were fed
twice a day with the commercial fish feed. Zebrafish was
divided into two groups: control group and ethanol group
(25 fishes in each group). The fishes were approved by
Institutional Animal Ethical Committee, University of
Madras.

Ethanol Exposure

Adult zebrafish were exposed to water tank containing
1% ethanol for 60 min/day for 10 days. Concentrations
of ethanol were chosen based on previously published
data for zebrafish, as well as another cyprinid, the
goldfish (Kalueff et al., 2014, Dlugos and Rabin 2003).

Behavioral Protocol

1. Novel Tank

The test tank is trapezoid of about 24x8x20
(lengthxwidthxheight) with 15cm of water level. Fishes
were tested individually during time period of 6 minutes
by video recording. The back and sides of the tank were
closed by sheets to avoid disturbance. The latency to
reach the upper portion of the tank, number of entries to
the upper portion of the tank, time spent in the upper
portion of the tank, number of erratic movements, and
freezing duration were recorded (Cachat et al., 2010).

2. Light and Dark Preference Tank

The preference tank were 2L rectangular tank divided
into three chambers. In the centre of the tank, there was a
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start box that opened into both chambers. Both the light
and dark sides are opened to the fish. The fish is tested
individually for a time period of 15 minutes by video
recording (Blaser and Penalosa 2011). Both the control
group and the ethanol exposed were examined and the
latency spent in dark and white portion of the tank were
evaluated.

Memory Protocol

T Maze

Each zebrafish received sixteen sessions of exposure to
food reward and punishment in the t-maze with the color
sleeve. Each session consist of two trials, one with the
right arm sealed and the one with the left arm sealed. On
each trial, zebrafish was placed in the start box for about
2 minutes. The start box door was raised and lowered
after the fish released from the start box. As soon as the
fish reaches the blue side of the t maze the door was
lowered and the food was delivered to the fish. After 30
seconds, the fish was netted and taken to the start box for
the second trial. In the second ftrial, after the fish exit
from the start box the blue side of the t-maze is lowered
in order to avoid the re-entering of the fish into the blue
side of the arm and the red side of the arm is punishment
(Colwill et al ., 2005). On each trial the time taken for
the fish to exit from the start box and reach the arm was
recorded. Training was given for 16 days.

After the training period the zebrafish was divided into
two groups: ethanol exposed group and the other control
group.

RESULTS

All data were analyzed using SPSS (version 20.0). Data
are expressed as bar diagram with Mean £ SD. Statistical
significance between the different groups were
determined by Independent Students ‘t’ test. p<0.05 was
considered significant.

Anxiety Behavior

1. Novel Tank Behavior (Figure 1)

In the ethanol exposed group, zebrafishes exhibited a
significant decrease (p<0.05) in the number of entries to
the upper portion of the tank and time spent in the upper
portion when compared to the control group. In the
ethanol exposed group, there was an increased latency
(p<0.05) to the upper portion of the tank when compared
to the control group. In the ethanol exposed group, the
fishes displayed a significant decrease (p<0.05) in the
freezing duration and a significant increase (p<0.05) in
erratic movements when compared to the control group.
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Figure. 1: Novel tank behavior. * indicates significance compared with control. p< 0.05 is considered significant.

2. Light and Dark Preference (Figure 2)

Ethanol exposed fishes presented a significant increase
(p<0.05) in the time spent in light and a significant
decrease (p<0.05) in the time spent in dark when
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compared to the control group. In the ethanol exposed
group there was a marked increase (p<0.05) in the time
spent at the start box when compared to the control
group.
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Figure. 2: Light and dark preference tank test. * indicates significance compared with control. p< 0.05 is

considered significant.

Memory

T-Maze (Figure 3): The latency to exit the start box:
there was no significant changes observed in day 1 and
in day 5 in both the control and ethanol exposed group.
In day 10, there was a significant change in the ethanol
exposed group when compared to the control group. The
latency to reach the goal box: there was a significant
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change observed in day 1 in the ethanol exposed group
when compared to the control group. In day 5, there was
no significant changes observed in both the control and
the ethanol exposed group. In day 10, there was a
significant change in the ethanol exposed group when
compared to the control group.
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Figure. 3: T maze test * indicates significance compared with control. p< 0.05 is considered significant.

DISCUSSION

In the present study, the effect of ethanol toxicity is
studied by the anxiety behavior and memory. Anxiety is
a common neurobehavioral disorder (Stewart et al.,
2011). Anxiety behavior in zebrafish was evaluated by
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the novel tank test and the light dark preference test.
Zebrafish naturally lives on the surface of the water
(Reynolds and Brein 1995), when there was chronic
exposure to ethanol, behavioral alterations were
observed. In novel tank behavior, significant changes
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observed in zebrafish were due to stress or anxiety
induced by ethanol intoxication. Zebrafish showed a
longer latency to reach the upper portion of the tank,
entries to the upper portion of the tank was decreased
and there was decreased time spent in the upper portion
of the tank whereas there was an elevated erratic
movement and which reduces the freezing duration of
the fish (Egan et al., 2009). As there was ethanol
exposure more erratic movement was observed in the
fish in response to fear or anxiety (Gerlai et al., 2008).

The light/dark preference test is another promising test to
evaluate anxiety in the fish. In environmental
discrimination of the zebrafish to the light and dark
environment, Zebrafish naturally have a preference to
stay in the dark environment rather than to stay in the
light environment. This kind of environmental
discrimination in the zebrafish is due to the aversion to
danger (Serra et al., 1999). When there was
administration of ethanol to the fish, the fish choose to
stay in the light environment. It suggests that alcohol was
likely to affect central neural mechanism rather than their
perception to the dark environment (Kalueff et al., 2014).
Zebrafish was tested individually in the preference tank,
the individuals solely prefers the location where they
appear because of the lack of movement or exploration
of the tank which may lead to large amount of time spent
in this location (start box). It was well seen in the ethanol
exposed group (Steenbergen et al., 2011).

In the present study, ethanol has impaired the learning
and memory of zebrafish in T-maze. Ethanol exposure
does not cause impairment in the initial acquisition of
learning and memory but during the chronic exposure of
ethanol causes impairment in the learning and memory.
The main target of ethanol in brain is hippocampus
which causes dysfunction of hippocampus which may
have impaired the memory in the zebrafish in the present
study. Chronic exposure of ethanol can also inhibit the
learning and memory (Yang et al., 2003, Reynolds and
Brein 1995).

The toxic effect of ethanol is due to the formation of
acetaldehyde which generates free radicals and causes
DNA damage to cell. It has been previously reported that
zebrafish has alcohol dehydrogenase enzyme which
metabolize the alcohol and forms acetaldehyde
(Dasmahapatra et al., 2001). Ethanol induced alterations
in anxiety and depression like behavior has been reported
earlier in female Wistar albino rats (Stefka Valcheva-
Kuzmanova et al., 2013).

CONCLUSION

In the present study, zebrafishes revealed increased
anxiety behavior and deficit in memory when they were
exposed to ethanol. This may be due to the direct effect
of ethanol on brain which affects the hippocampus in the
brain.
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