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Introduction 
Dietary restriction (DR), intermittent fasting (IF), and calorie 
restriction (CR) are three commonly researched fasting 
techniques, each with their own approaches and potential 
benefits [1]. CR involves reducing calorie intake while 
maintaining essential nutrient intake. It typically aims to reduce 
calorie intake to about 20%–40% of ad libitum consumption, 
which is the amount of food an individual eats when allowed 
to eat as much as they want [2]. Intermittent fasting (IF) has 
recently attracted significant attention owing to its potential 
health benefits and flexibility in implementation. IF typically 
involves cycling between periods of eating and fasting, and there 
are various approaches to it, including the one you described. 

One popular method is the 16/8 method, in which individuals fast 
for 16 h each day and consume all their calories within an 8-hour 
window. During fasting, they typically consume only water, tea, 
or coffee without adding calories [3]. Numerous scientific studies 
have investigated the potential effects of intermittent fasting (IF) 
on various health outcomes, and their findings have revealed 
several potential benefits. The findings indicated that fasting 
contributed to an extended lifespan and prevented a variety 
of health disparities, such as cardiovascular illnesses, kidney 
disorders, various types of cancer, and brain and diabetes [4]. 
Obesity is indeed a significant and complex global health issue 
with multifaceted causes and consequences. The prevalence of 
obesity has been steadily increasing worldwide and will continue 
to increase in the future. The 2021 Nutrients Review, predicts 
that the prevalence of obesity will approach 50% of the global 
population by 2030 if current trends persist [5,6].
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The behavioural apparatus of the T-maze is commonly used in 
neuroscience research to assess spatial learning and memory 
in various animal models, including fish and rodents. A maze 
typically consists of a T-shaped runway with a starting area 
and two arms extending from it, forming a T shape [7-9]. The 
T-maze was used to evaluate the effects of medications and 
pharmacological interventions on animal behaviour [10,11]. 
To employ the T-maze to assess the effects of drugs or other 
interventions on animal models’ learning, memory, or other 
behavioral processes. Additionally, the T-maze was adapted to 
study the social behaviors and interactions of zebrafish. Earlier 
studies conducted experiments using the T-maze to assess 
how factors such as food rewards or exposure to conspecifics 
influence zebrafish behavior in a social context [12]. Moreover, 
pharmacological studies can explore the influence of drugs on 
social interactions and behaviors in zebrafish models, providing 
insights into the neurochemical basis of social behaviours. The 
second test, the Novel Tank Task (NTT), is one of the most 
commonly used assays to assess anxiety-like behaviour in 
zebrafish. This task involves placing a zebrafish in a novel tank 
environment and quantifying its behaviour, such as time spent 
at the bottom (thigmotaxis), erratic movements, and exploring 
the tank’s vertical and horizontal dimensions. Changes in these 
behaviours can indicate changes in anxiety levels or stress 
responses. [13]. The study by (Tan et al., 2022) likely describes 
experiments in which zebrafish were subjected to conditioning 
paradigms to assess anxiety-like behaviours and the effects of 
medication. By observing changes in behaviour before and after 
treatment, researchers can evaluate the efficacy of medications 
in modulating anxiety-related responses in zebrafish models.

To demonstrate that zebrafish fed different high-fat diet 
regimens experienced increased subcutaneous fat content, body 
weight, body mass index (BMI), fasting blood glucose levels, 
and cholesterol and triglyceride levels. These findings mirror 
observations in mammalian models and highlight the utility of the 
zebrafish as a model organism for studying metabolic disorders 
and obesity-related complications [14]. The active avoidance 
test will be used to investigate the impact of a high-fat diet on 
zebrafish behavior. This test assesses an animal’s ability to learn 
and avoid aversive stimuli in an operant conditioning paradigm. 
[15]. Effects of food on outcomes Preliminary clinical studies have 
shown that fasting may affect neurotransmitter levels. Fasting, 
or intermittent fasting, influences neurotransmitter production 
and release, potentially affecting mood, cognition, and behavior 
[16]. Moreover, these neurotransmitters are believed to control 
the behavior and nervous system activity [17]. We considered 
this using one of the best animal models. Likewise, zebrafish 
contain 75% of human genes (external source) and also have a 
mouth, two eyes, a brain, spinal cord, gut, pancreas, liver, bile 
ducts, kidney, esophagus, heart, ear, nose, muscle, blood, bone, 
cartilage, and teeth. Humans and zebrafish share many genes 
and essential pathways for developing these traits. Therefore, 
evidence may not apply to larvae because they lack a developed 
central nervous system. The current investigation assessed the 
effects of modification to overfeeding and fasting on various 
behavioral, physiological, and neurological endpoints in future 
zebrafish generations.

Material and Methods
Animal Husbandry
A wild-type, 3-6-month-old, short-fin phenotypic zebrafish 
(Danio rerio) was obtained from Asia’s largest aquarium shop in 
Chennai, Tamil Nadu. Maintaining proper water quality is crucial 
for fish health, growth, and behavior. Regular water testing and 
appropriate adjustments should ensure optimal conditions [18]. 
The Department of Biochemistry and Biotechnology conducted 
the experiments at the Faculty of Science, Annamalai University. 
Using genetically heterogeneous zebrafish from a survival lab 
to more accurately reflect natural populations. This approach 
can help reduce the impact of random genetic drift on inherited 
features, a common concern in experimental biology.

Experimental Diet
An experimental setup involved four dietary groups to 
evaluate the impact of diet on morphological and behavioural 
characteristics in zebrafish. The experiment involved feeding 
and fasting the fish daily according to the nutritional groups.

Group I: Control (fed twice per day)
Group II: overfed (fed five per day)
Group III: 12hrs fasting (fed twice per day)
Group IV: 24hrs fasting (fed once per day)

The composition of the proximate diet was determined based 
on the following factors: moisture, crude protein, crude fat, 
crude fibre, carbohydrate, and ash. In the event of fish mortality, 
the deceased fish were promptly removed from the tank and 
preserved at -80˚C freezer for subsequent histological studies 
[19].

Morphological Measurement

Figure 1: (a) This part of the figure probably shows the 
measurement of the height or length of the zebrafish at different 
time points during the study. This may demonstrate how the 
height of the fish changes over time or across different dietary 
groups. (b) This part of the figure likely illustrates the weight 
paradigm of the zebrafish. The results may depict the weight 
measurements of the fish over time or variations in weight 
among the different dietary groups.

This experimental design allowed us to assess how different 
diets affect growth (measured by weight and length), body 
composition (evaluated through BMI), and overall body weight 
fluctuations in the zebrafish population throughout the study. 
Laterally photographed images can provide additional insights 
into visible morphological changes that may have occurred [14]. 
The zebrafish used in this study underwent weight and length 
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measurements, and the results are shown in Fig.1 (a) (b). BMI 
was calculated by dividing body weight (g) by the square of 
body length (cm2) [20].

Behavioural Observation
T-maze
Zebrafish require food incentives or stimuli from conspecifics 
to complete the T-maze test. [12]. It was made from a sheet of 
clear acrylic glass (Figure 2). The maze comprised three arms: 
a 50 cm x 10 cm long arm, a 20 cm x 10 cm short arm, and a 
10 cm × 10 cm starting box at the base of the stem. The two 
short sides on the left and right were covered with green and 
red sleeves. The transfer latency was used to calculate how long 
the fish took to reach the deeper compartment (TL). A stimulus 
that rewards food (green arm) or punishes stress (red arm) is the 
basis of the T-maze test in zebrafish. Williams (2002) measured 
the time taken and the number of entries made by each arm 
of a T-maze in adult zebrafish [12]. The aim of this study was 
to develop a protocol that efficiently evaluates learning and 
memory function in zebrafish using a combination of the T-maze 
and passive avoidance test principles. This is the development 
of a quick and reliable method for assessing cognitive abilities 
in adult zebrafish, which could have implications for further 
neuroscience or behavioral studies [21].

Figure 2: (a) This paradigm involves using a T-maze setup to 
assess learning and memory in zebrafish (b) The NTT is used 
to assess anxiety and cognitive behaviour in zebrafish. This 
involves placing the fish in a novel tank environment.

NTT
The Novel Tank Test (NTT) was used to assess anxiety-like 
behaviours in zebrafish, as described by Blaser and Rosemberg 
(2012). Here is a breakdown of the key components and methods 
described [13]. Rectangular glass aquariums with the same 
dimensions and features as the experimental aquariums were 
used for the NTT (Figure 2 (b). The aquariums are likely divided 
into two zones: a top zone and a bottom zone. The behavioural 
analysis was performed using a Canon EOS 1500D 24.1 digital 
camera. The fish were removed from the test aquarium for five 
minutes. During this time, the top and bottom components of the 
test tank are separated. The amount of time the fish spent in each 
zone (top and bottom) and the number of entries into each zone 
is assessed.

Biochemical Markers 
The passage describes a biochemical study where fundamental 
values were assessed by analyzing homogenized tissue samples 
from subjects under different conditions, namely fasting and 
overfeeding. We allowed these samples to sit at room temperature 
in dry test tubes for 40 minutes before the assessment. We 
separated the sample after centrifuging it at 2000 rpm for 10 
minutes. Then it was stored in a refrigerator at -20°C until the 

assays were completed, as outlined in the study by Emami et al. 
The tissue samples underwent a quantitative assessment using 
a photometric assay, specifically utilizing the Roche/ Hitachi 
Cobas C 111 system from Roche, USA. This methodological 
detail indicates a rigorous approach to biochemical analysis, 
utilizing established equipment and procedures to ensure 
accuracy and consistency in the results obtained [22].
 
Brain Tissue Extraction 
The passage describes a procedure for homogenizing brain tissue 
weighing 1.55 mg. The tissue was homogenized for 1 minute 
in 0.1 ml of HCl-butanol solution. This solution was prepared 
by mixing 0.85 ml of 37% HCl with n-butanol to make a final 
volume of 1 liter. The homogenization was conducted using a 
glass homogenizer made from a miniature centrifuge tube with 
a volume of 1.5 ml. After homogenization, the total volume 
was found to be 0.105 ml, taking into account the volume of 
the tissue itself (1 mg of tissue corresponds to 0.001 ml).  After 
centrifugation at 2000 g for 10 minutes, a volume of 0.08 
milliliters of the supernatant phase was carefully transferred into 
an Eppendorf tube with a volume of 1.5 ml. To this, 0.2 milliliters 
of heptane (for spectroscopy) and 0.025 milliliters of HCl 0.1 
M were added. We then centrifuged the tube under the same 
conditions as before to separate the two phases. This step was 
conducted after 10 minutes of vigorous shaking. We carefully 
disposed of the organic phase that covered the top of the tube 
after centrifugation. It is worth noting that all steps were carried 
out at a temperature of 0°C, likely to maintain the integrity of the 
samples and to prevent any unwanted reactions or degradation of 
the compounds being analyzed. We conducted all assays using 
spectrophotometric analysis, evaluating different wavelengths 
for each specific neurotransmitter assay.
 
F1 Generation 
The description outlines a method for breeding fish, particularly 
ensuring the safety of the eggs from being consumed; see Figure 
3.  This method involves using a breeding tank divided into 
male and female sections, likely to facilitate controlled mating 
between specific individuals. The removable divider enables 
male and female fish to be separated or reunited during breeding. 
Additionally, the net in the bottom zone shields the eggs from 
ingestion, guaranteeing successful breeding and hatching. The 
breeding method described involves collecting and preserving 
the eggs for fertilization while maintaining temperature 
control below 28°C. After hatching, typically at five days 
postfertilization, the fish are fed exclusively with artemia and 
rotifers before being transferred to a growth tank. This feeding 
regimen is likely to provide essential nutrients for the fish’s 
early development. We keep each experimental group for three 
months to allow the fish to mature into adults. This timeframe 
ensures the fish reach sexual maturity and are ready for further 
experiments or studies.

Statistical Analysis 
In addition to traditional statistical methods like ANOVA and 
Tukey’s test, a mathematical learning technique known as 
least mean ± SD was utilized. This technique likely involves 
calculating the mean ± standard deviation for each group and 
using mathematical models to assess the probability (P<0.05 
value) of a correct response as an expression of the variable 
groups.
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Results
Behavioural Evaluation 
T-maze  
Zebrafish adults were trained one-on-one in testing tanks see 
Figure 2 (a). We evaluated spatial alternation learning and 
memory in zebrafish for five minutes in this experiment. We 
evaluated the proportion of accurate responses at the food 
reward (green sleeves) and punishment (red sleeves) choice step. 
Green sleeves, associated with food reward, and red sleeves, 
associated with punishment, represented the stimuli presented to 
the zebrafish. Zebrafish made choices between the food reward 
and punishment stimuli. We used One-way ANOVA for multiple 
comparisons and DMRT multiple comparison tests for post hoc 
comparisons. A significant level of P < 0.05 is utilized to convey 
the values. In contrast, the zebrafish that were overfed and fasted 
on opposite sides of the tank had a pattern of wise decisions 
resembling those shown in earlier tests. The analysis evaluated 
the time spent and entries made in response to green (+) and red 
(-) sleeves. Time spent and entries could indicate the zebrafish’s 
learning and memory behaviour.

Spending Time in The Green Sleeve
We evaluated the fish based on how long they spent in the green 
sleeve of the T-maze. The highest amount of time that fish could 
spend in the green sleeve was 12 hours, 3.7±0.28 (p<0.05), 24 
hours, 3.8±0.42 (p<0.05), and the control, 3.5±0.27 (p<0.05). 
Thus, they showcased food as a prize for spending too much 
time. On the other hand, inadequate time for overfeeding 
(2.9±0.22) and their generation (2.8± 0.24; p<0.05), as shown in 
(fig.3, a), were reported.

Spending Time in The Red Sleeve
We looked at the red sleeve side, where the overfed group spent 
the most time (3.8±0.29; p<0.05), and their generation (3.9±0.30; 
p<0.05) occupied the punishment side. In comparison, the 
control groups spent less time in the red sleeves (3.4±0.26; 
p<0.05), and the 12fasting group spent 2.9±0.022 (p<0.005), 
3±0.23 (p<0.05), and 24 hours were 3±0.23 (p<0.05) Expressed 
on figure 3(b).

Number of Entries in The Green Sleeves
Fish spent a maximum of 12 hours, 5±2.10 (p<0.05), and 
24 hours, 6±0.46 (p<0.05) in the green sleeves to learn and 
remember food reward sleeves. Conversely, the overfed groups 
spent less time in the green sleeves (3±0.23 (p<0.05)), as shown 
in Figure 3(c). 
 
Number of Entries in The Red Sleeves
A maximum of 7±2.94 (p<0.05) of the entrants in the red sleeves 
were overfed, and their progeny also received 7±2.94 (p<0.005) 
of extra time to spend in the red sleeves of punishment. Figure 3 
(d) shows that there were fewer entries in the red sleeves for the 
fasting group (3±0.23; p<0.05) and the control group (5±0.38; 
p<0.05).

Novel Tank Test (NNT)  
This NTT was used to compute anxiety and cognitive tests. 
The amount of time spent in the top and bottom zones and the 
total number of entries to record typical fish, with the top zone 
requiring the most time and the bottom zone requiring less time. 
Therefore, we computed anxiety flaws in this behavior. Maximum 

time spent in the top (+) and bottom (-) zones was prompted by 
reduced anxiety, whereas less time was spent in the top (-) and 
bottom zone (+) when measured anxiety increased. Additionally, 
the bottom zone produces planned anxiety-like behavior.

Figure 3: The graph presentation compares the overfeeding 
groups with the control and fasting groups and F1. The maze 
apparatus uses green and red sleeves in (a,b) to show the values 
of evaluated and spent entries. (c,d) The number of entries in the 
green and red sleeves was assessed. Every value was reported as 
mean + SD with a significance level of less than p < 0.05.

Figure 4: The graphical [presentation compared overfeeding 
with control and fasting groups along their F1(a,b) NTT test 
graphs show F1 and the parent. Restraint, fasting as a contrast 
to overfeeding (a,b) The duration of time in the upper and lower 
zones was assessed. (c,d) Display the number of entries in the 
top and bottom zones, respectively, from the control, overfed, 
12-hour, and 24-hour fasting groups. The data were presented 
as mean ± SD, with a significance threshold of less than P<0.05.

Total Number of Time Spend in The Top Zone
We observed less anxious behaviour in the fasting groups with 
a maximum time of 12 hours (3.7±0.28; p<0.05) and 24 hours 
(3.8±0.29; p<0.05) in the top zone. Additionally, after having 
enough time, they were overfed 3±0.23 (p<0.05), and their 
progeny 2.9±0.22 (p<0.05) were assessed see figure 4 (a).

Total Number of Time Spend in The Bottom Zone
Figure 4 (b) shows the highest amount of time that could be 
spent in the overfed groups, which was 3.7±0.28 (p<0.05), 
compared to the fasting groups, which had 3.2±0.24 (p<0.05) 
and 3.4±0.26 (p<0.05). Thus, poor group fish performance is 
caused by overfeeding.

Number of Entries in The Top Zone
We enter the majority of the time in the top zone, which is 12 
hours at 5±0.29 (p<0.05) and 24 hours at 6±0.46 (p<0.05). On 
the other hand, overfed were enough time to spend 3±0.23 
(p<0.05) refer to figure 4 (c) Lastly, we discovered that the best 
entries had lower anxiety behaviour evaluations.
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Number of Entries in The Bottom Zone 
Fish in the overfed group had more entries (7±2.94; p<0.05). 
While there were less entries in the 24 hour group (5±0.38; 
p<0.05) and the 12 hour group (4±0.30; p<0.05) see figure 4 
(d) the correlation fasting group had more entries (maximum) to 
investigate potential anxiety-related defects.

Physical of Body Measurement 
We compare the body weight before and after the evaluation. 
Fish were found to have changed morphologically and in terms 
of body weight. For instance, the control baseline weight was 
0.50±0.02 to 0.53±0.04, and the fish’s length was 3.5±0.27, which 
led to a BMI level of 0.041±0.04 to indicate an increase in body 
weight. Initially, the 12-hour fasting groups had a body weight of 
0.55±0.05 after being assessed at 0.52±0.04 as length 3.6±0.27 
and a BMI level that was lowered to 0.037±0.04 to achieve 
the same outcome for their offspring. The next 24hour fasting 
group experienced a reduction in body weight to 0.51±0.02 as 
length 3.7±0.28 and a BMI level of 0.033±0.03, both of which 
are statistically significant at less than p<0.05. Table 1 show that 
although this finding indicates a modest difference in their F1 
generation, their observations were identical to those of their 
parents. In contrast, the duration of 3.2±0.25 was significantly 
longer for the overfed, increasing from 0.53±0.03 to 0.57±0.04, 
with a BMI level 0.052±0.05 higher than all other levels, and 
a significant level of p<0.06, indicating the same observation 
results as the F1 generation. Compared to fasting groups, 
overfeeding results in negative feedback on morphology and 
impacts the F1 generation. Our findings show that the BMI levels 
of the obese groups decreased, whereas the levels of the overfed 
group considerably increased. Additionally, these effects were 
passed on to the next generation.

Biochemical Assessment 
A summary of the effects on multiple biochemical markers in 
the different groups following a 28-days fasting and overfeeding 
endurance exercise regimen. Compared to the control, 12-hour, 
and 24-hour fasting groups, the overfed groups had an increase 
in glucose levels of 97±7.43 p<0.05 and an increase in F1 
production of 101±7.73 p<0.05, respectively. We concluded that 
extra sugar causes unfavorable biochemical markers based on 
these findings. Plasma AST and ALT activity were significantly 
elevated (P<0.05) in overfed groups but significantly lower 
(P<0.04) in fasting groups. There were no significant changes 
made to their F1 generation. Table 2 shows how endurance 
training sessions influenced the plasma lipid profile of each 
group. The majorities of biochemical markers had abnormal 
values and were evaluated as an excess eating habit that impacts 
all types of diseases. However, the overfed group showed higher 
TG, cholesterol, HDL, and LDL than the control and fasting 
groups. Notably, their contrast levels were substantially higher 
than those of the group that fasted for 12 hours straight. The F1 
generation ratio did not significantly differ between the groups. 
Protein levels in the control, 12- and 24-hour fasting groups 
varied modestly (p<0.04 and p<0.05), which was consistent with 
their F1generation. In the meantime, the overfed group and their 
F1 generation group considerably reduced their protein profile. 
Thus, the fasting group’s values were shown to be consistent 
and beneficial. On the other hand, it is noteworthy that the 
biochemical values were highly impacted by surplus feed and its 
subsequent development.

Evaluation of Neurotransmitter 
Table 3 summarises our analysis of the neurotransmitter levels in 
the brains of the control, overfed, 12- and 24hour fasting group 
fish. The analysed values clearly show that the neurotransmitter 
levels of dopamine (0.158±0.018), serotonin (0.173±0.015), 
adrenaline (0.32±0.02), and nor-epinephrine (0.173±0.013) 
appeared to be gradually reduced in the overfed groups, and their 
F1 generation was evident. Conversely, while F1 production 
was similar in the control, 12-hour, and 24-hour fasting groups, 
neurotransmitter levels were elevated; all values are reported less 
than p<0.05, accordingly; table 2 briefly explains these groups’ 
results. Compared to overfed fishes, we discover that the fasting 
groups had an increase in neurotransmitters overall. The high 
concentrations of neurotropic factor, which can repair damaged 
neurons and prevent neurodegenerative disease, may cause the 
steady state rise in neurotransmitter levels in the fasting group 
[23].

Brain Histology

Figure 5: Zebrafish brain morphology carry out by 40X 
magnification after being overfed and fasted. (a,e) No anomalies 
were discovered in the neuronal and neurophil architecture of the 
control zebrafish’s brain tissues. (b,c,f and g) The basal dendrites 
in the 12 and 24 hour and their F1showed a high density of 
neutrophil infiltration; (d,h) arrow mark showed long brain 
space were overfed, and their offspring decreased the granular 
neutrophil spine density.

The number of neutrophil facets in the reciprocal control of the 
immunological and neurological systems First, there is debate 
over the function of neutrophils as a widespread source of 
catecholamine and acetylcholine, as well as the role played by 
these neurotransmitters in neutrophil activity. Furthermore, the 
infiltration of neutrophils in the brain system during inflammatory 
responses points to these immune cells as novel targets for the 
therapy of neurological, neurodegenerative, and central infectious 
illnesses. Determining the function of neuron-neutrophil 
communication in the pathophysiology of viral, inflammatory, 
and neurological illnesses requires multidisciplinary research, 
including that of immunologists and neuroscientists. At the same 
time, several of the earliest research studies analyzed brain cell 
damage or lower to indicate responsibility for memory, cognition, 
neurotransmitters, and anxiety, respectively. This present study 
was a histological observation that exposed neutrophil-dense 
changes in the overfed and their F1 generation see Figure 5 (d,h). 
Moreover, when compared to control as (a, e), 12hrs (b,f), and 
24hrs fasting (c,d), they showed similar changes in these groups. 
Likewise, it’s not a problem for behavioral and neurotransmitter 
consequences. These neutrophil densities reduced in the overfed 
groups were outcomes abnormal responsibilities showed, which 
may be one of the reasons for structural changes. It looks like 
Figure 5 clearly outcomes their brain morphology.
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Discussion
To assist in zebrafish conditional training, we present a modified 
T-maze technique in this work that has several advantages, 
including weekly testing and training duration, a T-maze 
instrument, and reliability. We specifically designed our 
modified T-maze with an optimised electric shock at the left 
arm and a green colour signal at the right. Previous studies [24] 
also included a colour cue at the bottom of the labyrinth, three 
side sleeves, or one arm of the T-maze. [25]. In our T-maze 
experiment, we used green sleeves as a food reward and red 
sleeves as a sort of punishment. In contrast to earlier research 
that used electric shock, our goal was to make the fish fearful 
by punishing them with churning water. Remarkably, in spite 
of this unorthodox method, the fish never touched the red 
sleeves, especially the ones with the glass rod in them. More 
specifically, about 90% of our research findings support this 
observation. A previous study found that participants preferred 
zebrafish over yellow in a colour preference test. In the current 
study, fasting groups favoured green over red and spent more 
time in the red compartment throughout training sessions. We 
were able to verify that zebrafish preferred red to green, even 
though they were unable to recall the red compartment from the 
memory test. [26]. However, in our current study, the control, 
12, and 24 fasting groups spent the most time in green sleeves, 
while the overfed and their generation did not like living and 
traveling in green; they showed different results in the fasting 
groups. As shown in figure 6(a), the fasting groups’ green 
sleeves had more entries than the overfed groups. These results 
indicate that food rewards help zebrafish learn and memorise 
spatial cues. Animal research has successfully used food 
incentives as a positive motivator for behavioural tasks. Food 
reward preference is a simple behavioural test that demonstrates 
the appetitive behaviour of zebrafish [27]. While we expected 
colour preference to translate into a learning paradigm, there are 
limitations to our zebrafish colour-sleeve learning methods. It 
appears that the time and quantity of repeats of the experiment 
were insufficient to highlight the favouredolor. [26]. Research 
indicates that generations pass on the beneficial effects of fasting 
on memory. Overfed groups have shown diminished memory and 
learning capacities. These results point to a possible connection 
between memory performance and nutritional conditions, as 
well as their intergenerational effects. To fully comprehend the 
impacts on cognitive capacities that have been reported in the 
setting of fasting and overfeeding, more investigation into the 
underlying mechanisms is necessary.

Figure 6: Illustrates the overall expression of our research 
(control/fasting (C/F), overfeeding (O). a) T-maze was exposed 
to the outcomes of control and fasting groups; fish were traveled 
in the green arm of food reward sleeves, and another was 

overfed to spend in the red arm of punishment arm. (b) NTT 
results showed C/F fish spent in the top zone and opposite of 
overfed fish groups. (c) The brain neutrophils accumulated 
in C/F groups and, at the same time, reduced overfed groups. 
Lastly, the C/F groups had better-interrogated memory and 
neurotransmitter levels compared to the overfed groups. This 
was seen in differences in anxiety levels between the groups, 
with higher levels of anxiety seen in the overfed groups and 
lower levels of anxiety seen in the C/F groups.

Researchers widely use the NTT to assess zebrafish activity 
that mimics anxiety [28-30]. Previous research that compared 
the two tasks found a strong cross-test association in vivo and 
similar sensitivity to anxiety-like states in Zebrafish [31]. We 
focused on swimming patterns in both top and bottom positions 
that exhibit anxiety-like behavior. The length of time in a fresh 
tank at the bottom (↑ time= =↑ anxiety), the top half (↑ time= =↑ 
anxiety), or the top third (↑ time= =↑ anxiety) are several analysis 
interpretations of anxiety in the NTT. According to studies 
conducted by Egan et al. 2009, Gerlai et al. 2000, Rosemberg et 
al. 2012, and Parker et al. 2012, there are several interpretations 
of anxiety in the NTT. Present research of Zebrafish from the 
control and fasting groups, as well as their offspring, showed 
evidence of spending a considerable amount of time at the 
top zone [32-35]. This behaviour suggests a calmer or less 
worried state because it is suggestive of the lack of anxiety-
related behaviours. On the other hand, Zebrafish that were made 
obese by forcefeeding them an obesogenic diet showed altered 
behavioral responses, especially those related to anxiety. When 
given high-fat diets, both larval and adult specimens showed 
signs of anxiety, suggesting a possible connection between 
dietinduced obesity and anxiety-related behaviours in Zebrafish 
[36,37]. This is one of the findings from our most recent study. 
Conversely, the bottom zone showed the largest amount of time 
spent there as well as the inclination toward entrances, whereas 
the top zone and entries showed less time spent for overfed 
individuals and their offspring (see Figure 6,b). It was decided 
to raise the behavioral variables in order to look at the activation 
of the central monoaminergic circuitry and confirm past findings 
[38,39]. The findings of our current study on overfed individuals 
and their generation support the emergence of anxiety-like 
behaviors. For obese individuals, we suggested a negative 
feedback mechanism in which an excess feeds this experimental 
study strategy.

For this study, we created a model of overfed and fasting zebrafish. 
We noted hepatosteatosis, hypertriglyceridemia, and higher BMI 
in overfed zebrafish. These results suggest testing new drugs on 
the DIO (dietinduced obesity) zebrafish model. This can also 
help find promising drug targets for treating obesity in people 
[14]. Our study revealed that while the BMI rates were lower in 
the 12,24-hour fasting groups, the overfed fish populations were 
higher. We indicate that prior research has shown that high-fat 
diets (HFDs) elevate body mass index (BMI), the main indicator 
of obesity [40]. The second of these earlier investigations 
confirmed our findings, demonstrating that a short period of a 
high-fat diet affected parameters linked to obesity and metabolic 
diseases by promoting higher body weight and belly length in 
zebrafish. Changes in sociability, hostility, anxiety, and memory 
are also present. The results we obtained showed an obesogenic 
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effect and modified a wide variety of behaviours, supporting 
the use of zebrafish as a special alternative model organism to 
evaluate the neurobehavioral implications of obesity in addition 
to the prior rodent models. The zebrafish model’s high degree 
of face validity is demonstrated by these findings, as behaviours 
were assessed through well-characterized activities and mirrored 
those observed in humans and other animals [36]. The fasting 
group mostly exhibits a protective response against obesity and 
subsequent illnesses as compared to the overfed individuals. 
Zebrafish with higher visceral and subcutaneous fat content 
(which is associated with longer abdomens) and BMI also 
had higher blood glucose, cholesterol, and triglyceride levels, 
according to an HFD study that employed chicken egg yolks. 
But only after four weeks, not after two, did the fish on the diet 
exhibit a rise in body weight [41]. Our current investigation is 
actually what we were learning, However, the overfeeding of 
this generation led to elevated biochemical levels of glucose, 
cholesterol, triglycerides, protein, HDL, LDL, liver enzymes, 
ALT, and AST.

Additionally, their increased body weight had an effect on the 
morphological consequences of their brains 
 
According to Meguro et al. 2019, zebrafish fed maize oil or 
lard show changes in parameters related to metabolic health 
and obesity. Similar to this, feeding zebrafish too much artemia, 
a fat-rich live food, raises their BMI and triglyceride levels, 
causing hepatic steatosis and increased fat buildup [14]. This 
is an excellent example of a research study that focuses on a 
specific phenomenon. Obesity and/or fat consumption lead to 
neurobehavioral alterations in both humans and rats, including 
reductions in cognitive performance. Researchers have reported 
similar findings in both humans and rats [42,43]. In particular, 
cognitive decline in mammals is linked to high-fat diets (HFDs) 
and the ability of the hippocampus to experience fatrelated 
problems. Some of the things that HFD does to the central 
nervous system are lower neurogenesis, lower expression of 
memory-related genes, impaired synaptic plasticity, insulin 
resistance, and changes in the shape of the brain. We received 
strong recommendations to complete this assignment earlier 
[44-46]. Dyslipidemia, frequently observed in obesity, is 
characterized by increased flow of free fatty acids, rising total 
cholesterol, low levels of high-density lipoprotein cholesterol, 
and increased levels of low-density lipoprotein [47,48]. In fact, 
the comprehensive research report indicates that fatty acid 
metabolism, cholesterol efflux, and triglyceride metabolism 
are closely related. The diagnosis of illnesses and liver damage 
compromising the liver’s structural integrity is commonly 
accomplished by liver assays that measure AST and ALT activity 
[49,50].

Our study’s elevated levels of these markers are due to the fatty 
liver resulting from HFD. HFD changed liver enzyme levels, 
hepatocyte degeneration, and lipid metabolism, according 
to several research [51]. The plasma AST and ALT activity 
of the fasted groups in this study returned to normal levels, 
suggesting a decrease in fatty liver. The antioxidant capability 
of the fasting approach could potentially lead to a drop in liver 
damage. The previous study revealed that overfed individuals 
had significantly elevated blood glucose levels. Generation 

groups were also informed that oxidative stress is caused by 
biochemical indicators and that this leads to insulin resistance in 
the liver, hormones, and behavior. Additionally, they displayed 
elevated triglyceride, cholesterol, glucose, and visceral adiposity 
levels. By altering the amounts of Y neuropeptide in fat people’s 
brains, triglycerides can penetrate the blood-brain barrier and 
cause central leptin resistance [52]. Consequently, this could 
potentially exacerbate nervous tendencies [53]. Mice exhibit 
anxiolytic-like effects due to the high degree of conserved leptin 
found in fish and humans [54]. Strong anxiety-like behaviors are 
displayed by zebrafish knockouts [55]. We discovered that blood 
glucose levels and all biochemical parameters were aberrant as 
a result of excessive feeding behavior and that fasting duration 
was significantly reduced. We attributed this to the elevated 
adiponectin level and insulin sensitivity.

Once the neurotransmitter levels of the overfed and fasting fish 
were analyzed, it was discovered that the overfed fish had lower 
levels than the fish in the 12,24-hour fasting group. Research 
on serotonin and norepinephrine has demonstrated that fasting 
increases the brain’s availability of serotonin and tryptophan 
[56,57]. This implies that the adult fish brains experienced 
a significant increase in monoamines following their fast. 
Increased neurotransmitter levels during fasting have been 
connected to improved synaptic plasticity in terms of memory 
for any number of reasons, including abnormal behavior. Several 
of the early studies that describe the effects of food restriction 
on brain plasticity also showed an increase in neurotrophic 
factors, including brain-derived neurotrophic factor (BDNF) 
[58]. We corroborate our findings with research that indicates 
fasting enhances learning and short-term memory retention, as 
well as dramatically improves memory function [59]. Yes, our 
present data supports this, yet as compared to overfed groups, 
the neurotransmitters in the fasting group showed beneficial 
behavioural changes (see above Figure 6, d). BDNF has a critical 
role in memory and neuroprotection [60]. Down-regulation 
plays a crucial role and expresses itself in the hippocampus 
and cortex, which may impact abnormalities in behaviour 
linked to depression and anxiety [15]. This study also raises 
the idea that intermittent fasting may indirectly improve the 
brain by improving insulin sensitivity, which may help prevent 
neurological disorders and delay the onset of other diseases 
Researchers found a connection between the lard-induced 
memory impairment in zebrafish and the alterations in genes 
that control neuronal function, oxidative response, and blood-
brain barrier integrity. This demonstrates that a high-fat diet 
retains the pathophysiology of memory impairment. Therefore, 
in order to minimize memory loss and its associated behavioral 
repercussions, we suggested that the current study focuses on 
higher-level neurotransmitters [61]. Accordingly, there is a link 
between obesity and overweight and human aggression, anxiety, 
and depression [62,63].

Furthermore, we discovered that, in the past decade, there has 
been a greater emphasis on neutrophil migration and its role 
during inflammation in our assessment of the histology results 
from previous investigations. Thanks to developments in real-
time imaging and the application of novel model systems, we 
now have a better knowledge of neutrophil behavior in ill or 
damaged tissues. The article talks about the different tissue 
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signals that tell neutrophils to move forward or backwards in 
response to injury or infection. It also talks about what these 
pathways mean for human disease [64]. In the current study, we 
found that minor variations in neutrophil cell density after 12 
and 24 hours of fasting did not affect any markers. As shown in 
Figure 6 (c), the overfed and their F1 generation showed poor 
accumulation of neutrophil cells. Consequently, our findings 
demonstrate a change in the ensuing behavioral and physiological 
consequences. Thus, brain-derived neurotrophic factor (BDNF) 
is a neurotrophin that is vital to the development and flexibility 
of the central nervous system (CNS). It is now recognized to be 
important in regulating food consumption.

Conclusion
The findings revealed that zebrafish overeating behavior, body 
weight effects, and biochemical fluctuation were significantly 
negative feedback, which led to deterioration in learning and 
memory. It is important to note that the details of these effects 
would depend on the parameters examined in the study, as well 
as the length and severity of calorie restriction and overfeeding. 
The results of this type of research could have an impact on 
our understanding of how parental nutrition influences the 
health of offspring in vertebrates, including humans. The 
cross-generational effects of dietary decisions may shed light 
on the longer-term effects of dietary practices on subsequent 
generations. Future studies might examine the traumatic 
impacts of compulsive eating on the body’s chemistry and how 
it affects the next generation. Researchers may also look at how 
eating excessively impacts psychological wellness and illness 
associated with obesity while limiting dietary intake to short-
term intermittent fasting’s possible advantageous effects on 
quality of life, which are recognized to be important in regulating 
food consumption.

Declaration
Funding
The study that it was conducted without external funding 
support.  

Conflicts of Interest
The authors have no relevant financial or nonfinancial interests 
to disclose.  

Ethics Approval
This study was performed in department of biochemistry and 
biotechnology at Annamalai University in Tamilnadu, India. 
It is part of my PhD work an exemption from ethics approval 
Annamalai University CPCSEA for Zebrafish, where there is 
no deception of participants and no sensitive topics or materials 
are presented to participants. Consent to participate Informed 
consent was obtained from all participants in the study.

Consent for Publication
Participants consented to the publication of their anonymized 
data in an open-access repository

References
1.	 Johnstone A. Fasting for weight loss: an effective strategy 

or latest dieting trend?. International Journal of Obesity. 
2015. 39: 727-733.

2.	 Abreu-Vieira G, Xiao C, Gavrilova O, Reitman ML. Integration 
of body temperature into the analysis of energy expenditure in 
the mouse. Molecular metabolism. 2015. 4: 461-470.

3.	 Kim SH, Chun HJ, Choi HS, Kim ES, Keum B, et al. Current 
status of intragastric balloon for obesity treatment. World 
journal of gastroenterology.  2016. 22: 5495.

4.	 Horne BD, Muhlestein JB, Anderson JL. Health effects of 
intermittent fasting: hormesis or harm? A systematic review. 
The American journal of clinical nutrition. 2015. 102:  464-
470.

5.	 Basolo A, Bechi Genzano S, Piaggi P, Krakoff J, Santini F. 
Energy balance and control of body weight: Possible effects 
of meal timing and circadian rhythm dysregulation. Nutrients. 
2021. 13: 3276.

6.	 Matthias B. Obesity: global epidemiology and pathogenesis. 
Nature Reviews. Endocrinology. 2019. 15: 288-298.

7.	 Itoh J, Nabeshima T, Kameyama T. Utility of an elevated 
plus-maze for the evaluation of memory in mice: effects 
of nootropics, scopolamine and electroconvulsive shock. 
Psychopharmacology. 1990. 101: 27-33.

8.	 Dudchenko PA. An overview of the tasks used to test working 
memory in rodents. Neuroscience & Biobehavioral Reviews. 
2004. 28: 699-709.

9.	 Deacon RM, Rawlins JNP. T-maze alternation in the rodent. 
Nature protocols. 2006. 1: 07-12.

10.	 McGaugh JL, Roozendaal B. Drug enhancement of memory 
consolidation: historical perspective and neurobiological 
implications. Psychopharmacology. 2009. 202: 3-14.

11.	 Takahashi RN, Pamplona FA, Fernandes MS. The cannabinoid 
antagonist SR141716A facilitates memory acquisition and 
consolidation in the mouse elevated Tmaze. Neuroscience 
letters. 2005. 380: 270-275.

12.	 Williams FE, White D, Messer Jr WS. A simple spatial 
alternation task for assessing memory function in zebrafish. 
Behavioural processes. 1999. 58: 125-132.

13.	 Blaser RE, Rosemberg DB. Measures of anxiety in zebrafish 
(Danio rerio): dissociation of black/white preference and novel 
tank test. PloS one. 2012. 7: e36931.

14.	 Oka T, Nishimura Y, Zang L, Hirano M, Shimada Y, et 
al. Diet-induced obesity in zebrafish shares common 
pathophysiological pathways with mammalian obesity. BMC 
physiology. 2010. 10: 1-13.

15.	 Meguro S, Hosoi S, Hasumura T. High-fat diet impairs 
cognitive function of zebrafish. Scientific Reports. 2019. 9: 
17063.

16.	 Bear T. An investigation into the interaction of the microbiome-
gut-brain axis with stress: a thesis presented in partial fulfilment 
of the requirements for the degree of Doctor of Philosophy in 
Nutritional Science at Massey University, Manawatū, New 
Zealand (Doctoral dissertation, Massey University). (2023).

17.	 Masson J, Sagne C, Hamon ME, El Mestikawy S. 
Neurotransmitter transporters in the central nervous system. 
Pharmacological reviews. 1999. 51: 439-464.

18.	 Westerfield M, A guide for the laboratory use of Zebrafish 
(Danio rerio). University of Oregon Press. 2007.

19.	 Pedrotti F, Martins ML, Baloi M, Magnotti C, Scheuer F, et al. 
Mortality, hematology, and histopathology of common snook 
Centropomus undecimalis (Perciformes: Centropomidae) 
exposed to acute toxicity of ammonia. Journal of applied 
aquaculture. 2018. 30: 272-284.



Copyright © Shanmugasundaram Tamilarasan1, et al.  Volume 2 | Issue 3

www.oaskpublishers.comJ Clin Med Health Care, 2025 Page: 9 of 10

20.	 Wang J, Li Y, Lai K, Zhong Q, Demin KA, et al. High-
glucose/high-cholesterol diet in zebrafish evokes diabetic 
and affective pathogenesis: The role of peripheral and 
central inflammation, microglia and apoptosis. Progress 
in Neuro-Psychopharmacology and Biological Psychiatry. 
2020. 96: 109752.

21.	 Ngoc Hieu BT, Ngoc Anh NT, Audira G, Juniardi S, Liman 
RAD, et al. Development of a modified three-day t-maze 
protocol for evaluating learning and memory capacity of 
adult zebrafish. International journal of molecular sciences. 
2020. 21: 1464.

22.	 Emami SR, Jafari M, Haghshenas R, Ravasi A. Impact of 
eight weeks endurance training on biochemical parameters 
and obesity-induced oxidative stress in high fat diet-fed rats. 
Journal of exercise nutrition & biochemistry. 2016. 20: 29.

23.	 Longo VD, Mattson MP. Fasting: molecular mechanisms 
and clinical applications. Cell metabolism. 2014. 19: 
181192.

24.	 Colwill RM, Raymond MP, Ferreira L, Escudero H. 
Visual discrimination learning in zebrafish (Danio rerio). 
Behavioural processes. 2005. 70: 19-31.

25.	 Yu L, Tucci V, Kishi S, Zhdanova IV. Cognitive aging in 
zebrafish. PloS one. 1: e14.

26.	 Kim YH, Lee KS, Park AR, Min TJ. Adding preferred color 
to a conventional reward method improves the memory of 
zebrafish in the T-maze behavior model. Animal Cells and 
Systems. 2017. 21: 374-381.

27.	 Fernandes Y, Talpos A, Gerlai R. Towards the 
characterization of short-term memory of zebrafish: effect 
of fixed versus random reward location. Progress in Neuro-
Psychopharmacology and Biological Psychiatry. 2015. 56: 
189-195.

28.	 Maximino C, de Brito TM, Colmanetti R, Pontes AAA, de 
Castro HM, et al. Parametric analyses of anxiety in zebrafish 
scototaxis. Behavioural brain research. 2010. 210: 1-7.

29.	 Maximino C, de Brito TM, da Silva Batista AW, Herculano 
AM, Morato S, et al. Measuring anxiety in zebrafish: a 
critical review. Behavioural brain research. 2010. 214: 157-
171.

30.	 Stéphanie D, Carole R, Ségolène G, Jean-Claude G, 
Catherine V, Patrick D, et al. Impact of high-fat diet on 
antioxidant status, vascular wall thickening and cardiac 
function in adult female LDLR–/– mice. World Journal of 
Cardiovascular Diseases. 2012.

31.	 Kysil EV, Meshalkina DA, Frick EE, Echevarria DJ, 
Rosemberg DB, et al. Comparative analyses of zebrafish 
anxiety-like behavior using conflict-based novelty tests. 
Zebrafish. 2017. 14: 197-208.

32.	 Egan RJ, Bergner CL, Hart PC, Cachat JM, Canavello 
PR, et al. Understanding behavioral and physiological 
phenotypes of stress and anxiety in zebrafish. Behavioural 
brain research. 2009. 205: 38-44.

33.	 Gerlai R, Lahav M, Guo S, Rosenthal A. Drinks like a fsh: 
zebra fsh (Danio rerio) as a behavior genetic model to study 
alcohol efects. Pharmacol Biochem Behav. 2000. 67:  773-
782.

34.	 Blaser RE, Rosemberg DB. Measures of anxiety in zebrafish 
(Danio rerio): dissociation of black/white preference and 
novel tank test. PloS one. 2012. 7: e36931.

35.	 Parker MO, Millington ME, Combe FJ, Brennan CH. 
Housing conditions differentially affect physiological and 
behavioural stress responses of zebrafish, as well as the 
response to anxiolytics. PloS one. 2012. 7: e34992.

36.	 Picolo VL, Quadros VA, Canzian J, Grisolia CK, Goulart 
JT, et al. Short-term high-fat diet induces cognitive decline, 
aggression, and anxiety-like behavior in adult zebrafish. 
Progress in Neuro-Psychopharmacology and Biological 
Psychiatry. 2021. 110: 110288.

37.	 Türkoğlu M, Baran A, Sulukan E, Ghosigharehagaji A, 
Yildirim S, et al. The potential effect mechanism of high-fat 
and high-carbohydrate diet-induced obesity on anxiety and 
offspring of zebrafish. Eating and Weight Disorders-Studies 
on Anorexia, Bulimia and Obesity. 2022. 22: 163-177.

38.	 Anwer H, Mason D, Zajitschek S, Hesselson D, Noble DW, 
et al.  S Intergenerational effects of overfeeding on aversive 
learning in zebrafish (Danio rerio). Ecology and Evolution. 
2022. 12: e9423. 

39.	 Anwer H, O’Dea RE, Mason D, Zajitschek S, Klinke A, et al. 
The effects of an obesogenic diet on behavior and cognition 
in zebrafish (Danio rerio): Trait average, variability, 
repeatability, and behavioral syndromes. Ecology and 
evolution. 2022. 12: e9511. 

40.	 Wang Y, Beydoun MA. The obesity epidemic in the United 
States—gender, age, socioeconomic, racial/ethnic, and 
geographic characteristics: a systematic review and meta-
regression analysis. Epidemiologic reviews. 2007. 29: 06-28.

41.	 Landgraf K, Schuster S, Meusel A, Garten A, Riemer T, et 
al. Short-term overfeeding of zebrafish with normal or high-
fat diet as a model for the development of metabolically 
healthy versus unhealthy obesity. Bmc Physiology. 2017. 
17: 1-10.

42.	 Karimi SA, Salehi I, Komaki A, Sarihi A, Zarei M, et al. 
Effect of high-fat diet and antioxidants on hippocampal 
long-term potentiation in rats: an in vivo study. Brain 
research. 2013. 1539: 01-06.

43.	 Freeman LR, Haley-Zitlin V, Rosenberger DS, Granholm 
AC. Damaging effects of a high-fat diet to the brain and 
cognition: a review of proposed mechanisms. Nutritional 
neuroscience. 2014. 17: 241-251.

44.	 Heyward FD, Walton RG, Carle MS, Coleman MA, Garvey 
WT, et al. Adult mice maintained on a high-fat diet exhibit 
object location memory deficits and reduced hippocampal 
SIRT1 gene expression. Neurobiology of learning and 
memory. 2012. 98: 25-32.

45.	 Stranahan AM, Norman ED, Lee K, Cutler RG, Telljohann 
RS, et al. Dietinduced insulin resistance impairs 
hippocampal synaptic plasticity and cognition in middle‐
aged rats. Hippocampus. 2008. 18: 1085-1088.

46.	 McNay EC, Ong CT, McCrimmon RJ, Cresswell J, Bogan 
JS, et al. Hippocampal memory processes are modulated 
by insulin and high-fat-induced insulin resistance. 
Neurobiology of learning and memory. 2010. 93: 546-553.

47.	 Unger RH, Clark GO, Scherer PE, Orci L. Lipid homeostasis, 
lipotoxicity and the metabolic syndrome. Biochimica et 
Biophysica Acta (BBA)-Molecular and Cell Biology of 
Lipids. 2010. 1801: 209-214.

48.	 Kolovou GD, Anagnostopoulou KK, Cokkinos DV. 
Pathophysiology of dyslipidaemia in the metabolic syndrome. 
Postgraduate medical journal. 2005. 81: 358-366.



Copyright © Shanmugasundaram Tamilarasan1, et al.  Volume 2 | Issue 3

www.oaskpublishers.comJ Clin Med Health Care, 2025 Page: 10 of 10

Copyright: © 2025 Shanmugasundaram T, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution 
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

49.	 Cui B, Liu S, Lin X, Wang J, Li S, et al. Effects of Lycium 
barbarum aqueous and ethanol extracts on high-fat-diet 
induced oxidative stress in rat liver tissue. Molecules. 2011. 
16: 9116-9128.

50.	 Jafari M, Salehi M, Asgari A, Ahmadi S, Abbasnezhad M, et 
al. Effects of paraoxon on serum biochemical parameters and 
oxidative stress induction in various tissues of Wistar and 
Norway rats. Environmental toxicology and Pharmacology. 
2012. 34: 876-887.

51.	 Kumar P, Bhandari U, Jamadagni S. Fenugreek seed extract 
inhibit fat accumulation and ameliorates dyslipidemia 
in high fat diet-induced obese rats. BioMed research 
international. 2014.

52.	 Banks WA, Farr SA, Salameh TS, Niehoff ML, Rhea EM, 
et al. Triglycerides cross the blood–brain barrier and induce 
central leptin and insulin receptor resistance. International 
journal of obesity. 2018. 42: 391-397.

53.	 Karl T, Duffy L, Herzog H. Behavioural profile of a new 
mouse model for NPY deficiency. European Journal of 
Neuroscience. 2008. 28: 173-180.

54.	 Wang W, Liu SL, Li K, Chen Y, Jiang B, et al. Leptin: a 
potential anxiolytic by facilitation of fear extinction. CNS 
neuroscience & therapeutics. 2015. 21: 425-434.

55.	 Audira G, Sarasamma S, Chen JR, Juniardi S, Sampurna 
BP, et al. Zebrafish mutants carrying leptin a (lepa) gene 
deficiency display obesity, anxiety, less aggression and fear, 
and circadian rhythm and color preference dysregulatio). 
International journal of molecular sciences. 2018. 19: 4038.

56.	 Mezzomo NJ, Silveira A, Giuliani GS, Quadros VA, 
Rosemberg DB. The role of taurine on anxiety-like 
behaviors in zebrafish: a comparative study using the novel 
tank and the light–dark tasks. Neuroscience Letters. 2016. 
613: 19-24.

57.	 Perez-Cruet J, Tagliamonte A, Tagliamonte P. Gessa GL. 
Changes in brain serotonin metabolism associated with 
fasting and satiation in rats. Life sciences. 1972. 11: 31-39.

58.	 Fond G, Macgregor A, Leboyer M, Michalsen A. Fasting in 
mood disorders: neurobiology and effectiveness. A review 
of the literature. Psychiatry research. 2013. 209: 253-258.

59.	 Lee J, Seroogy KB, Mattson MP. Dietary restriction 
enhances neurotrophin expression and neurogenesis in the 
hippocampus of adult mice. Journal of neurochemistry. 
2002. 80: 539-547.

60.	 Mattson MP. Glutamate and neurotrophic factors in neuronal 
plasticity and disease. Annals of the New York Academy of 
Sciences. 2008. 1144: 97-112.

61.	 Gibney SM, McGuinness B, Prendergast C, Harkin A, 
Connor TJ. Poly I: C-induced activation of the immune 
response is accompanied by depression and anxiety-like 
behaviours, kynurenine pathway activation and reduced 
BDNF expression. Brain, behavior, and immunity. 2013. 
28: 170-181.

62.	 Cerniglia L, Cimino S, Erriu M, Jezek S, Almenara CA, 
et al. Trajectories of aggressive and depressive symptoms 
in male and female overweight children: Do they share a 
common path or do they follow different routes?. PLoS one. 
2018. 13: e0190731.

63.	 Lindberg L, Hagman E, Danielsson P, Marcus C, Persson 
M. Anxiety and depression in children and adolescents with 
obesity: a nationwide study in Sweden. BMC medicine. 
2020. 18: 1-9.

64.	 De Oliveira S, Rosowski EE, Huttenlocher A. Neutrophil 
migration in infection and wound repair: going forward in 
reverse. Nature Reviews Immunology. 16: 378-391.


