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Abstract

Silver nitrate is used extensively in industry that can affect the health of terrestrial and aquatic animals
due to contamination of environment. In the main study, adult female zebrafish (Danio rerio) of three
toxicity groups were exposed to AQNOs concentrations of 8.75, 17.5, 35 pg/L, respectively for 28 days
based on the pilot study observations, along with the control group. Zebrafish used as a model in this
study to evaluate social impairing, anxiety like behaviour and swimming performance. Toxicity
evaluation was done by behaviour evaluation tests like novel tank test, light-dark preference test, Social
Preference test and Social Recognition test. Anxiety-like behavior, decreased locomotor activity, and
altered social behaviour observed in adult female zebrafish of T> & T3 groups. This study concludes
that exposure for 28 days at sublethal dose might produce significant behaviour alteration which
elucidate the neurotoxic potential of AgNOs.

Keywords: Silver nitrate, zebrafish, behaviour, anxiety, swimming performance, social behaviour

1. Introduction

Animals as well as humans are constantly exposed to different xenobiotic chemicals at some
time in their life; in fact, many medications used to cure illnesses are also considered
xenobiotics. These xenobiotic substances cause harm to the body when they enter the bodies
of humans or other living things in an uncontrolled way. Numerous items are produced using
xenobiotics, increasing the likelihood of coming into contact with these harmful substances.
A multitude of chemicals are being released into the environment, raising the possibility of
environmental health risks and ultimately impacting the health of humans and animals [,
The inorganic salt of the silver ions has a number of applications yet have the potential to
seriously pollute the environment. It is acknowledged as a highly effective precursor for the
synthesis of high purity compounds, specific catalysts, and materials at the nanoscale
(nanoparticles, nano powders). It is applied to a skin wound to cauterize the surrounding
diseased tissues. It stops the bleeding from a small skin wound by forming a scab. It is
frequently used to treat wound granulation, inferior turbinate hypertrophy, and minor
epistaxis 12,

It is important to explore the silver nitrate toxicity potential on behaviour of animals in
animal models which can represent aquatic animals with the homology to humans as AgNO3
is coming directly in contact with the animals in aquatic environment because of the spillage
of industrial waste containing these ions. The study employed adult female zebrafish, as they
have been shown to be an excellent model for investigating the effects of xenobiotics on a
fully developed brain following exposure to varying doses of xenobiotics. Additionally, they
are useful for monitoring the environment, neurodegenerative disorders, toxic heavy metals,
endocrine disruptors, and organic pollutants.

Previous research has revealed that silver nitrate sub-lethal exposure for shorter duration
produces neurotoxicity in adult zebrafish through behaviour study [ 4. But there is no
available data supporting toxicity of silver nitrate in the brain after continuous exposure for
28 days or more. In view of this, the current study was planned to assess the neurotoxicity
potential of silver nitrate after exposure at various concentrations in adult zebrafish for 28
days, with a focus on behaviour parameters in brain.
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2. Material and Methods

2.1 Ethical statement and approval

The animals were strictly maintained and treated in
Laboratory Animal House Facility of the institute according
to Committee for the Purpose of Control and Supervision of
Experimentation on Animals (CPCSEA) guidelines. The
experiment has been approved (Approval No:
KU/JVC/IAEC/SA/81/2021) by the Institutional Animal
Ethics Committee, College of Veterinary Science and
Animal Husbandry, Kamdhenu University, Junagadh,
Guijarat.

2.2 Chemicals

Silver nitrate (Purity > 99.90) (CAS No. 7761-88-8)
purchased from HiMedia Laboratories Pvt. Ltd., Mumbai,
India used to induce the toxicity in fish of treatment groups.
All other chemicals (Purity>99.90) of analytical or
molecular grade were procured from standard company.

2.3 Experimental animals and the environment

Three hundred and twelve wild type Danio rerio zebrafish,
mature and in good condition, older than three months, were
obtained from Vikrant Aqua-Culture in Mumbai, India. The
typical stocking density of 5 fish/L was maintained for the
zebrafish in tanks with artificial aeration provided by
aerators. The experiment began 15 days before the fish were
all acclimated. Fish pellets (10 mg per fish, twice daily) and
Tetra bits complete®, purchased from a nearby vendor,
were given to the fish. Every day, the water was replenished
and routinely checked. Every day, the potential of hydrogen
in the water (7 + 0.2 pH), temperature (25 % 3 °C), hardness
(50-100 mg/L), and electrical conductivity (500 + 10
puS/cm) were measured in each tank. Throughout the
experiment, a photoperiod cycle of 10:14 h (dark: light
cycle) and light intensity of 240-260 lux was likewise
maintained. Across all treatment groups, no discernible
variation was seen in any of the above-mentioned
environmental indicators over the exposure period.

2.4 Experiment design

Total three hundred twelve fish were randomly divided in
four groups with seventy-eight zebrafish in each. Group C
was served as control. lonic silver is acutely toxic to
zebrafish at concentration within the 96-hour LCs, range (5—
70 pg/L) like for other teleost. To evaluate toxicity of silver
nitrate following long term (28 days) exposure in main
experiment, 35 pg/L (T3) was decided as highest
concentration which is 70 percent of the highest
concentration of pilot study followed by 17.5 (T,) & 8.75
(T1) pg/L concentrations. Accurate weighing of silver nitrate
was done using precise analytical weighing balance Mettler
Toledo (MS 204S/A01 Mettler Toledo, Mumbai, India).
Water with particular strength of silver nitrate in each tank
was changed daily to maintain concentrations of silver
nitrate. Behaviour tests performed at four different durations
of 7,14,21, and 28 days. Total 24 zebrafish (6 in each group)
taken for behaviour parameter evaluation.

2.5 Evaluation of Behavioural Alterations

2.5.1 Novel tank test

Fish of each group were placed in separate experimental
tanks (12 x 7 x 6 inches; Length x Width x Height). Six fish
from each group were used for assessment of behavioral
parameters 61, The tank was divided in to two zones by
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drawing two horizontal lines with marker pen [Fig. 1 (A)].
All fish of each group were habituated for 30 minutes in
newer experimental tank for acclimation before starting the
video recording. The videography of movement of fish was
recorded in the tank from front side of the tank was done.
Back side of tank was covered with white background to
visualize the fish during the analysis of video. Total time in
minutes spent by each fish in upper zone of the tank and no.
of entries in upper zone and lower zone within 10 minutes
was recorded.

2.5.2 Light-dark preference test

For assessment of anxiety-like symptoms, light dark
preference test with the specially designed tank (18 x 9 x 12
inches, Length x Width x Height) was carried out I, The
schematic diagram of the designed tank is shown in [Fig. 1
(B)]. The experimental tank was divided in two equal parts
separated by a piece of glass. One side of the experimental
tank was covered with thick black coloured paper sheet to
avoid the light to enter in the tank from the lateral side
where the main source of the light was present. This paper
covered part was considered as dark side and another
uncovered side was considered as light side or white side.
The bottom of the tank was also covered with white paper to
observe the movement of fish in the tank. The water was
filled up to 10 cm height from the bottom of the tank. For
the source of light, 23-watt LED lamp was placed at lateral
side of the tank in a particular distance (140 cm) which
provided the light to the tank [Fig. 1 (B)]. The intensity of
light in the center of the light part of tank above water
surface was measured thrice and the values were in the
range of 240-260 lux. The intensity of light in the dark area
was only 5-6 lux. Before starting the experiment, the tank
was put in the dark room and the light source was kept on.
The fish of each group (06) were placed in the light part of
the tank and acclimation period of 30 minutes was observed
prior to video recording. The glass between two partitions
was then removed to allow the fish to swim freely between
two compartments. The video of 10 minutes of each group
was observed for documentation of time spent in dark side,
no. of entries in dark side. The movement of each fish was
observed by playing the video six times per group. The
digital timer was used to record the time points during the
movement of each fish from one compartment to another
compartment. <insert figure 1 [A-B] here>.

2.5.3 Social preference test

For social preference test, a 6 L tank (50 cm x10 cm x12
cm; Length x Width x Height) divided into five equal cells
(10 cm) by a glass divider. One zebrafish was placed at one
end of the tank and the other end of the tank remained
empty [Fig. 2 (A)]. To avoid bias, the zebrafish was
randomly placed at the left or right end of the tank. The
zebrafish being tested was introduced into the central zone
of the tank. After acclimation for 5 min, the two dividers in
the central zone were gently removed, and the tested fish
was released to allow it to explore the tank freely for 10
min. The fish behaviors were recorded manually from the
lateral site of the behavioral tank. The time spent by the fish
in each area of the tank and number of entries in each area
was measured.

2.5.4 Social recognition test

The social recognition test was also conducted using the
same tank that was used for the social preference test. A
familiar fish (the tank mate) was placed at one end of the
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tank, and a stranger fish (raised in another tank) was placed
at the other end [Fig. 2 (B)]. To avoid bias, the locations of
familiar and stranger fish were randomly selected. The
zebrafish being tested was introduced into the central zone
of the tank. After acclimation for 5 min, the two dividers in
the central zone were gently removed, and the tested fish
was released to explore the tank freely for 10 min. The fish
behaviors were recorded manually from the lateral site of
the behavioral tank. The time spent by the fish in each area
of the tank and no. of entries in each area was measured.
<insert figure 2 [A-B] here>.

2.6 Statistical analysis

Statistical analysis of all data was carried out using Graph
pad prism 9 version. Kolmogorov-Smirnov test was used to
evaluate the normality of data along with Bartlett’s test to
confirm the equal variance. Data with normal distribution
and homogeneous variance were analysed by parametric
one-way analysis of variance (ANOVA) followed by
Tukey’s HSD test. Where p<0.05 (*) was considered as
statistically significant and p<0.01 (**), p<0.005 (***) and
p<0.001 (****) were considered for highly significant
differences statistically. The data didn’t have either normal
distribution or homogeneous variance were analysed by
Kruskal-Wallis test followed by Dunnett’s test.

3. Results and Discussion

We evaluated behavioural alterations in adult female
zebrafish on days 7, 14, 21, and 28 following AgNOs;
exposure at 8.75, 17.5, and 35 ug/L concentrations. The
light-dark preference test and the novel tank test are used to
assess the effect of silver nitrate on anxiety-like behavior,
whereas the social preference and social recognition tests
are used to assess the toxic effect of silver nitrate on social
behaviour and interaction.

3.1 Novel tank diving test

The mean values of time spent in the upper zone and the
number of entries in the upper zone on day 7, 14, 21 & 28
are graphically in Figure 3, 4, 5 & 6 respectively. We
observed that zebrafish from the T, & Ts; group spent
significantly less time in the upper zone of the tank than the
control and T1 group on day 7, 14 and 28 indicating the
development of anxiety. The number of entries in the upper
zone was significantly lower in the T, and Ts groups
compared to the control and other lower treatment group
(T1) on day 7 & 28 suggesting decreased swimming
performance. The Ti group zebrafish only spent
significantly less time in the upper zone of the tank on day
14 & 28, otherwise did not show any statistically significant
difference in total time spent or number of entries in the
upper zone compared to the control group. <insert figure 3,
4,5 & 6 here>.

The neurobehavioral phenomics of zebrafish is a new and
promising approach that integrates behavioural phenotypes
with various genetic and environmental factors [ 8,
Toxicant-induced behavioral impairments often point to
underlying physiological deficits that can be used to
effectively evaluate ecological risks that affect fish survival,
growth, or reproduction 1,

The novel tank testis a validated behavioural test for the
assessment of ™anxiety-like" behaviour and swimming
performance in adult zebrafish. It is the scientifically
accepted methodology to evaluate how well the zebrafish
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adapt to various stressors present in the environment or the
effect of stressors/xenobiotics on the body which leads to
stress-mediated alterations. In the novel tank test, the time
spent in a particular portion of the tank (upper zone vs.
lower zone) is considered the index of anxiety-like
symptoms. More time spent at the bottom of the tank and
less time spent at the top indicates a higher level of anxiety-
like symptoms [19],

Our results showed decreased time spent and number of
entries in the upper zone, suggesting decreased activity of
zebrafish following AgNO;3; exposure. The findings of Fu et
al. ™ supported our findings, who reported a significantly
lower total moving distance of fish treated with 30 ppb
(0.176 uM) of AgNO3z compared to control, indicating the
effect of silver nitrate on locomotion. While total time spent
in the upper zone was not altered in any treatment group of
AgNOs, which is in contrast to our results in the present
study, suggesting AgNO; treatment did not alter anxiety
level, this disparity may be due to the longer AgNOj3
exposure (28 days) in our study eliciting anxiety-like
behavior, implying a sub-acute toxicity effect developing
over time. They also found lower endurance of the
swimming behaviour by showing fatigue against lower
water velocity in a swimming performance test, indicating
AgNO; affected locomotion activity and reduced the
physical fitness of the fish. Studies in zebrafish embryos
found that significant hyperactivity was observed in
zebrafish exposed to 3 ppm of silver nanoparticles. These
results suggest that swimming behaviour and locomotor
activity were altered through Ag* treatment in fish [ 121,
Swimming behaviour and locomotor activity are combined
performances of cardiovascular, neural, metabolic, and
muscle function 31,

The results of the present study showed aberrant swimming
patterns, i.e., arrow-like swimming, circular swimming, and
finally ending in a motionless state (freezing behavior). In
support of our findings, silver nitrate exposure (13, 21, 23,
25,29, 37, and 47 pg/L) for 48 hrs in zebrafish displayed an
avoidance reaction by increasing their swimming activity
and trying to escape from the tank through the sensing of
silver ions in the water. Reduced food consumption, food-
conversion efficiency, and swimming speed were found in
trout exposed to 5 ppm Ag* (as AgNOs) for 23 days 1. A
few fish displayed jerky movements and circular swimming
just before they lost equilibrium, indicating that ionic silver
is also acutely toxic to zebrafish at concentrations within the
96-hour LDsp range (5-70 pg/L) for other teleost [,

In fish, hypo locomotion is an indicator of motor retardation
due to depression (1. The symptoms like spontaneous
movement with freezing, swimming in a group, swimming
in the lower zone of the tank, forced swimming, and jerky
movement observed in our study are considered typical
responses to anxiogenic stimuli in adult zebrafish (%1, The
symptoms observed in the study clearly confirmed the
disturbed locomotor activity after exposure to different
AgNO; concentrations for 28 days in the present study. In
zebrafish, the relationship between higher levels of
corticosteroids and depression is well characterized in
zebrafish (71, The high level of corticosteroids is responsible
for the depression-like symptoms in the zebrafish following
AgNO; exposure.

3.2 Light-dark preference test
The mean values of time spent in the dark side and the
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number of entries in the dark side on day 7, 14, 21 & 28 are
graphically in Figure 7, 8, 9 & 10. Zebrafish from the T, &
Ts groups spent significantly more time on the dark side of
the tank when compared to the control group and the T
group on day 7, 14 & 28. While the number of entries on the
dark side did not differ significantly between treatment and
control groups on day 7 & 21. On Day 14, the number of
entries on the dark side increased in T, & T3 groups while
only T3 group showed this phenomenon on day 28. <insert
figure 7, 8,9 & 10 here>.

The light-dark preference test is one of the most commonly
used tests to assess anxiety-like behaviour in animals,
particularly in zebrafish. The test has the ability to assess the
tendency of animals to explore or avoid zones of preference
in terms of either light or dark zones. Adult zebrafish are
known to be scototaxic (8. Zebrafish have a marked
preference towards the dark zone in terms of intensity of
light, which is an indicator of an anxiety-like behavior, and
preference towards the light zone reflects an anti-anxiety
behaviour % 1. The main disadvantage in relation to the
open-field and the novel tank diving test is the lack of
pharmacological validation. Zebrafish prefer a light
environment in normal conditions, but it depends on light
intensity 2. When the light intensity is near to 200 lux,
zebrafish prefer a light environment, but dark is preferred
when the light intensity is increased. More entries in a light
environment indicate more exploratory behavior, while
more time spent in a dark environment indicates a greater
tendency for anxiety-like behaviour [, Anxiety-like
behavior is an emotional behavior due to exposure to a new
environment or potential adverse stimulus 23,

Exposure to 30 ppb Ag* (as AgNQ3) for 24 h caused hyper-
responsiveness to light changes in zebrafish embryos 6 days
post-fertilization [, Furthermore, exposure to 5 ppb
AgNO; and 150 ppb silver nanoparticles for 4 h was found
to impair rheotaxis ability in zebrafish embryos 96 h
postfertilization [, These studies demonstrated that
exposure to silver affected swimming behaviours in fish.

3.3 Social Preference test

The mean values of time spent in the conspecific zone and
the number of entries in the conspecific zone on day 7, 14,
21 & 28 are presented graphically in Figure 11, 12, 13 & 14.
Adult zebrafish from the T3 group spent significantly less
time in the conspecific zone (p<.05) than the control group
on observation of day 7, 14 & 28 and T, group only showed
this phenomenon on day 21. While lower numbers of entries
in the conspecific zone were observed in the T, and Ts
groups with different significance levels compared to the
control group on day 7, 14 & 21 indicating an effect on
social behavior. <insert figure 11, 12, 13 & 14 here>.
Zebrafish have a highly social phenotype. The social
preference test was performed to investigate whether
exposure to AgNOs has any detrimental effects on the social
interaction of the zebrafish. In the present study, we found
that control zebrafish spent more time in the conspecific
zone in the social preference test, but as the duration and
concentration of AgNQs are increased, there is a decrease in
the total time spent and number of entries in the conspecific
zone, showing the development of AgNO; adverse effect on
abolishing  social interaction towards conspecific
individuals. The fish exposed to a lower AgNO;3
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concentration (8.75 pg/L) showed altered social behaviour.
In support of our findings, Fu et al. [l observed that control
fish showed a preference for a conspecific individual and
spent more time staying in the conspecific area of the tank.
This preference was abolished by AgNO; treatment. The
durations of stay in the empty and conspecific zones of the
tank were similar in the AgNOs-treated fish.

Previous studies demonstrated that exposure to sublethal
concentrations of AgNOs led to an accumulation of Ag* in
the brain and changed the social behaviour of the zebrafish.
Moreover, the neural activity in the dorsal zone of the dorsal
telencephalic area was reduced in AgNOs-treated fish,
compared with control fish ®. Dorsal zone of the dorsal
telencephalic area sends the axon to the dorsal nucleus of
the ventral telencephalic area (Vd), which is a putative
region corresponding to the mammalian nucleus accumbens
(NAc) P4, In mice, increased social interaction is
accompanied by increased activity in the NAc, which
receives input from dopamine neurons in the ventral
tegmental area 21, In the social conditional place preference
assay, blockade of oxytocin and serotonin receptors in the
neurons of the NAc prevented social reward and reduced the
time spent in the social zone after the trial !, Manual and
genetic lesions of the ventral telencephalon suppressed
social interactions in zebrafish ?71, Thus, AgNO;3 treatment
might affect social preference and recognition by reducing
the activity of the dorsal zone of the dorsal telencephalic
area.

3.4 Social Recognition test

The mean values of time spent in the familiar zone and the
number of entries in the familiar zone on day 7, 14, 21 & 28
are presented graphically in figure 15, 16, 17 & 18. On day
7 & 14, T3 group zebrafish showed a significant decrease in
the time spent in the familiar zone compared to control and
T1 group zebrafish; while, on day 21 & 28, T, & T3 group
zebrafish showed this phenomenon. The number of entries
in the familiar zone also significantly decreased in T3 group
compared to control on day 7, 14 & 28, suggesting social
recognition was abolished in the T3 group. Other groups did
not show significant alterations in both parameters. <insert
figure 15, 16, 17 & 18 here>.

Social recognition is a critical factor for the stability of
social linkage structures in animal societies %8 and is crucial
for the maintenance of social hierarchy and appropriate
mating choice . As the AgNO; exposure duration
increased, total time spent and number of entries in the
familiar zone where its tankmate is placed decreased
compared to unfamiliar zone (stranger fish), consequently
indicating increasing toxicity of AgNOsz; on social
recognition, which is attributed to the impaired social
behavior.

Fu et al. [ carried out a social recognition test to study
whether AgNO3 exposure impairs social recognition. They
observed that control fish spent more time staying in the
familiar area than in the novel area of the tank. By contrast,
AgNO:; treated fish stayed for similar lengths of time in the
familiar and novel areas of the tank. These results are
consistent with our results suggesting that exposure to 10
ppb of AgNOs; resulted in impaired social preferences and
social recognition but did not affect anxiety levels,
aggressiveness, and shoaling behaviour at lower doses.
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Fig 3: Effect of silver nitrate on exploratory behaviour (day 7). (A) Time spent in upper zone (sec) (B) Number of entries in upper zone
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Fig 4: Effect of silver nitrate on exploratory behaviour (day 14). (A) Time spent in upper zone (sec) (B) Number of entries in upper zone
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(A): Data were analyzed by Kruskal-wallis test followed by Dunn’s test. (B): Data were analyzed
by one-way analysis of variance (ANOVA) followed by Tukey’s HSD test. Where *p<0.05;
*%k

p<0.01.

Fig 5: Effect of silver nitrate on exploratory behaviour (day 21). (A) Time spent in upper zone (sec) (B) Number of entries in upper zone
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test. Where *p<0.05; **p<0.01.

Fig 6: Effect of silver nitrate on exploratory behaviour (day 28). (A) Time spent in upper zone (sec) (B) Number of entries in upper zone
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Fig 7: Effect of silver nitrate on light-dark preference (day 7). (A) Time spent in dark side (sec) (B) Number of entries in dark side
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(A,B): Data were analyzed by one-way analysis of variance (ANOVA) followed by Tukey’s HSD
test. Where *p<0.05; **p<0.01; ***p<0.005; ****p<0.001.

Fig 8: Effect of silver nitrate on light-dark preference (day 14). (A) Time spent in dark side (sec) (B) Number of entries in dark side

(A) X% (B)
500+ 40+
ol
-~ - 8 II
3 400 : "
E < 10- g3
83 % ¥ =
) [~ —_—
‘E' : 200+ 2 i =
X £ < -
100+ v g
0~ | 1 E |
C T 12 13 C T T2 13

(A,B): Data were analyzed by one-way analysis of variance (ANOVA) followed by Tukey’s HSD
test. Where **p<0.01.

Fig 9: Effect of silver nitrate on light-dark preference (day 21). (A) Time spent in dark side (sec) (B) Number of entries in dark side
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(A,B): Data were analyzed by one-way analysis of variance (ANOVA) followed by Tukey’s HSD
test. Where *p<0.05; **p<0.01; ***p<0.005; ****p<0.001.

Fig 10: Effect of silver nitrate on light-dark preference (day 28). (A) Time spent in dark side (sec) (B) Number of entries in dark side
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(A,B): Data were analyzed by one-way analysis of variance (ANOVA) followed by Tukey’s HSD

test. Where *p<0.05; **p<0.01; ***p<0.005.

Fig 11: Effect of silver nitrate on social preference behaviour (day 7). (A) Time spent in conspecific zone (sec) (B) Number of entries in
conspecific zone.
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(A,B): Data were analyzed by one-way analysis of variance (ANOVA) followed by Tukey’s HSD
test. Where *p<0.05; **p<0.01; ****p<0.001.

Fig 12: Effect of silver nitrate on social preference behaviour (day 14). (A) Time spent in conspecific zone (sec) (B) Number of entries in
conspecific zone.
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(A,B): Data were analyzed by one-way analysis of variance (ANOVA) followed by Tukey’s
HSD test. Where *p<0.05; **p<0.01; ***p<0.005; ****p<0.001.

Fig 13: Effect of silver nitrate on social preference behaviour (day 21). (A) Time spent in conspecific zone (sec) (B) Number of entries in
conspecific zone.
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(A,B): Data were analyzed by one-way analysis of variance (ANOVA) followed by Tukey’s HSD
test. Where *p<0.05; **p<0.01; ***p<0.005; ****p<0.001.

Fig 14: Effect of silver nitrate on social preference behaviour (day 28). (A) Time spent in conspecific zone (sec) (B) Number of entries in
conspecific zone.
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(A,B): Data were analyzed by one-way analysis of variance (ANOVA) followed by Tukey’s HSD

test. Where *p<0.05; **p<0.01.
Fig 15: Effect of silver nitrate on social recognition behaviour (day 7). (A) Time spent in familiar zone (sec) (B) Number of entries in
familiar zone.
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(A,B): Data were analyzed by one-way analysis of variance (ANOVA) followed by Tukey’s HSD
test. Where *p<0.05; **p<0.01; ***p<0.005.

Fig 16: Effect of silver nitrate on social recognition behaviour (day 14). (A) Time spent in familiar zone (sec) (B) Number of entries in

(A,B): Data were analyzed by one-way analysis of variance (ANOVA) followed by Tukey’s HSD

test. Where *p<0.05; **p<0.01; ***p<0.005; ****p<0.001.
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Fig 17: Effect of silver nitrate on social recognition behaviour (day 21). (A) Time spent in familiar zone (sec) (B) Number of entries in

(A,B): Data were analyzed by one-way analysis of variance (ANOVA) followed by Tukey’s HSD

test. Where *p<0.05; ***p<0.005; ****p<0.001.
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Fig 18: Effect of silver nitrate on social recognition behaviour (day 28). (A) Time spent in familiar zone (sec) (B) Number of entries in
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4. Conclusion

Zebrafish exposed to mid and high dose of silver nitrate
exhibited anxiety-like behavior, hypo-locomotor activity,
altered social behaviour indicating effects on central
nervous system of adult female zebrafish. Two higher
concentrations of AgNOs; for 28 days were found to have
more neurotoxic potential in zebrafish compared to the
control and low dose group. These neurotoxic effects on the
behaviour of aquatic animals can have detrimental effects on
their survival.

5. Acknowledgements

All the authors are highly thankful to Dr. A. R. Bhadaniya,
Associate Professor, Department of Veterinary Pathology,
Dr. J. B. Trangadiya, Assistant Professor, Department of
Veterinary Pathology and Dr. S. N. Godasara, Assistant
Professor, Department of Veterinary Microbiology for their
help during the study.

6. Funding
The study was carried out using the fund provided to the
Department by the Institute/University.

7. References

1.

Pereira LC, de Souza AO, Bernardes MFF, Pazin M,
Tasso MJ, Pereira PH, et al. A perspective on the
potential risks of emerging contaminants to human and
environmental health. Environmental Science and
Pollution Research. 2015;22:13800-13823.

Kjolseth D, Frank JM, Barker JH, Anderson GL,
Rosenthal Al, Acland RD, et al. Comparison of the
effects of commonly used wound agents on
epithelialization and neovascularization. Journal of the
American College of Surgeons. 1994;179(3):305-312.
Bilberg K, Hovgaard MB, Besenbacher F, Baatrup E. In
vivo toxicity of silver nanoparticles and silver ions in
zebrafish (Danio rerio). Journal of Toxicology. 2012, 1-
9.

Fu CW, Horng JL, Tong SK, Cherng BW, Liao BK, Lin
LY, et al. Exposure to silver impairs learning and social
behaviours in adult zebrafish. Journal of Hazardous
Materials. 2021;403:124031.

Araujo J, Maximino C, de Brito TM, da Silva AWB,
Oliveira KRM, Batista EDJO, et al. Behavioral and
pharmacological aspects of anxiety in the light/dark
preference test. In:  Zebrafish  Protocols for
Neurobehavioral Research. Totowa, NJ: Humana Press;
2012. pp. 191-202.

Tran S, Gerlai RT. The novel tank test: handling stress
and the context specific psychopharmacology of
anxiety. Current Psychopharmacology. 2016;5(2):169-
179.

Kalueff AV, Echevarria DJ, Homechaudhuri S, Stewart
AM, Collier AD, Kaluyeva AA, et al. International
Zebrafish  Neuroscience ~ Research  Consortium.
Zebrafish neurobehavioral phenomics for aquatic
neuropharmacology and toxicology research. Aquatic
Toxicology. 2016;170:297-309.

Orger MB, de Polavieja GG. Zebrafish behavior:
opportunities and challenges. Annual Review of
Neuroscience. 2017;40:125-147.

Pyle G, Ford AT. Behaviour revised: contaminant
effects on aquatic animal behaviour. Aquatic
Toxicology. 2017;182:226-228.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

~ 398"~

https://www.biochemjournal.com

Seibt KJ, da Luz Oliveira R, Zimmermann FF, Capiotti
KM, Bogo MR, Ghisleni G, et al. Antipsychotic drugs
prevent the motor hyperactivity induced by
psychotomimetic MK-801 in zebrafish (Danio rerio).
Behavioural Brain Research. 2010;214(2):417-422.
Powers CM, Levin ED, Seidler FJ, Slotkin TA. Silver
exposure in developing zebrafish produces persistent
synaptic and behavioral changes. Neurotoxicology and
Teratology. 2011;33(2):329-332.

Gonzalez A, Norambuena-Contreras J, Storey L,
Schlangen E. Self-healing properties of recycled asphalt
mixtures containing metal waste: An approach through
microwave radiation heating. Journal of Environmental
Management. 2018;214:242-251.

Seebacher F, Little AG, James RS. Skeletal muscle
contractile function predicts activity and behaviour in
zebrafish.  Journal of Experimental Biology.
2015;218(24):3878-3884.

Galvez F, Wood C. The mechanisms and costs of

physiological and toxicological acclimation to
waterborne  silver in  juvenile rainbow  trout
(Oncorhynchus  mykiss). Journal of Comparative

Physiology B. 2002;172(7):587-597.

Nguyen M, Stewart AM, Kalueff AV. Aquatic blues:
modeling depression and antidepressant action in
zebrafish. Progress in Neuropsychopharmacology and
Biological Psychiatry. 2014;55:26-39.

Egan RJ, Bergner CL, Hart PC, Cachat JM, Canavello
PR, Elegante MF, et al. Understanding behavioral and
physiological phenotypes of stress and anxiety in
zebrafish. Behavioural Brain Research. 2009;205(1):38-
44,

Kyzar E, Stewart AM, Landsman S, Collins C,
Gebhardt M, Robinson K, et al. Behavioral effects of
bidirectional modulators of brain monoamines reserpine
and d-amphetamine in zebrafish. Brain Research.
2013;1527:108-116.

Maximino C, Araujo J, Leao LK, Grisolia AB, Oliveira
KR, Lima MG, et al. Possible role of serotoninergic
system in the neurobehavioral impairment induced by
acute methylmercury exposure in zebrafish (Danio
rerio). Neurotoxicology and Teratology. 2011;33:727—
734,

Serra EL, Medalha CC, Mattioli R. Natural preference
of zebrafish (Danio rerio) for a dark environment.
Brazilian Journal of Medical and Biological Research.
1999;32:1551-1553.

Gerlai R, Lahav M, Guo S, Rosenthal A. Drinks like a
fish: zebra fish (Danio rerio) as a behavior genetic
model to study alcohol effects. Pharmacology,
Biochemistry, and Behavior. 2000;67(4):773-782.
Graeff F, Zangrossi Jr H. The dual role of serotonin in
defense and the mode of action of antidepressants on
generalized anxiety and panic disorders. Central
Nervous System Agents in Medicinal Chemistry.
2010;10(3):207-217.

Powers CM, Levin ED, Seidler FJ, Slotkin TA. Silver
exposure in developing zebrafish produces persistent
synaptic and behavioral changes. Neurotoxicology and
Teratology. 2011;33(2):329-332.

McNeil PL, Boyle D, Henry TB, Handy RD, Sloman
KA. Effects of metal nanoparticles on the lateral line
system and behaviour in early life stages of zebrafish
(Danio rerio). Aquatic Toxicology. 2014;152: 318-323.


https://www.biochemjournal.com/

International Journal of Advanced Biochemistry Research https://www.biochemjournal.com

24. Rink E, Wullimann MF. Connections of the ventral
telencephalon (subpallium) in the zebrafish (Danio
rerio). Brain Research. 2004;1011:206-220.

25. Gunaydin LA, Grosenick L, Finkelstein JC, Kauvar IV,
Fenno LE, Adhikari A, et al. Natural neural projection
dynamics  underlying  social  behavior.  Cell.
2014;157:1535-1551.

26. Dolen G, Darvishzadeh A, Huang KW, Malenka RC.
Social reward requires coordinated activity of nucleus
accumbens  oxytocin  and  serotonin.  Nature.
2013;501:179-184.

27. Stednitz SJ, McDermott EM, Ncube D, Tallafuss A,
Eisen JS, Washbourne P. Forebrain control of
behaviorally driven social orienting in zebrafish.
Current Biology. 2018;28: 2445-2451.

28. Kaidanovich-Beilin O, Lipina T, \Vukobradovic I,
Roder J, Woodgett JR. Assessment of social interaction
behaviors. Journal of Visualized Experiments.
2011;(48):e2473.

29. Moy SS, Nadler JJ, Perez A, Barbaro RP, Johns JM,
Magnuson TR, et al. Sociability and preference for
social novelty in five inbred strains: an approach to
assess autistic-like behavior in mice. Genes, Brain, and
Behavior. 2004;3:287-302.

~399~


https://www.biochemjournal.com/

