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Abstract

Zebrafish are becoming a valid model for investigating obesity and its associated disor-
ders within a scientific context. The comprehension of the metabolic parameters linked
to heightened body mass, adiposity, and energy expenditure stands as an indispensable
endeavor in unraveling metabolic requisites among vertebrates. In this particular inves-
tigation, a cohort of 48 zebrafish specimens was scrutinized to determine the impact
of physical exercise when subjected to a hypercaloric diet. The subjects were catego-
rized into four distinct groups, each group respectively assigned to maintenance diets
(GM, n=12, and GMex, n=12) or hypercaloric diets (GH, n=12, and GHex, n=12), with
or without concurrent engagement in physical exercise. Applying a one-way ANOVA,
with a significance level of P < 0.0S, the results revealed noteworthy findings. Among
the GMex group, regarding body mass, a statistically significant variance was observed
during the initial week (0.30g + 0.10). This disparity demonstrated areduction of 30.83%
in the subsequent week, 33.59% in the fourth week, and 40.01% in the sixth week. Simi-
larly, within the GH group, the analysis of variance unveiled significant deviations in
body mass (in grams) from the inception of the study (0.32g + 0.07), in comparison to
measurements from the sixth through the thirteenth weeks. The GHex group exhibited
significant differences in body mass between the first week (0.27g + 0.08) and the subse-
quent weeks, extending until the thirteenth week. Furthermore, discernible variations
in the length (in centimeters) of the zebrafish specimens were recorded, with statistical
significance observed from the ninth (3.29cm * 0.33) to the thirteenth weeks (3.61cm *
0.33). The implementation of a hypercaloric diet yielded an augmentation in body mass.
Additionally, the combination of this dietary regimen with physical exercise further
contributed to an augmentation in the length of the zebrafish specimens. Collectively,
the proposed model exhibited the capability to induce discernible metabolic effects, the-
reby enhancing our understanding of the intricate interplay between diet, exercise, and
metabolic dynamics.
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Gabriela Pacheco Mendes et al.

Efectos de la dieta alta en calorias y el ejercicio
fisico en el pez cebra (Danio rerio)

Resumen

El pez cebra se estd perfilando como un modelo valido para investigar la obesidad y sus
trastornos asociados en un contexto cientifico. La busqueda de comprender los para-
metros metabdlicos relacionados con el aumento de la masa corporal, la adiposidad y el
gasto energético es un esfuerzo indispensable para desentrafiar los requisitos metaboli-
cos entre los vertebrados. En esta investigacion en particular, se analiz6 una cohorte de
48 especimenes de pez cebra para determinar el impacto del ejercicio fisico cuando se
los sometia a una dieta hipercalérica. Los sujetos fueron categorizados en cuatro gru-
pos distintos, cada grupo asignado respectivamente a dietas de mantenimiento (GM,
n=12 y GMex, n=12) o dietas hipercaléricas (GH, n=12 y GHex, n=12), con o sin parti-
cipacion simultdnea en ejercicio fisico. Al aplicar un enfoque estadistico, concretamente
ANOVA unidireccional, con un nivel de significancia de P < 0,05, los resultados reve-
laron hallazgos dignos de mencion. Entre el grupo GMex, en relacién con la masa cor-
poral, se observé una variacion estadisticamente significativa durante la semana inicial
(0,30 g £ 0,10). Cabe destacar que esta disparidad demostré una reduccién del 30,83%
en la semana siguiente, del 33,59% en la cuarta semana y del 40,01% en la sexta semana.
De manera similar, dentro del grupo de GH, el anélisis de varianza revel6 desviacio-
nes significativas en la masa corporal (en gramos) desde el inicio del estudio (0,32 g +
0,07), en comparacién con las mediciones adquiridas desde la sexta hasta la decimo-
tercera semana. El grupo GHex exhibié diferencias significativas en la masa corporal
entre la primera semana (0,27 g + 0,08) y las semanas posteriores, extendiéndose hasta
la decimotercera semana. Ademds, se registraron variaciones discernibles en la longi-
tud (en centimetros) de los ejemplares de pez cebra, observandose significacién estadis-
tica desde la novena semana (3,29 cm * 0,33) hasta la decimotercera semana (3,61 cm
1 0,33). La implementacién de una dieta hipercalérica produjo un aumento de la masa
corporal. Ademads, la combinacion de este régimen dietético con ejercicio fisico contri-
buy6 atin mds a un aumento en la longitud de los ejemplares de pez cebra. En conjunto,
el modelo propuesto exhibi6 la capacidad de inducir efectos metabdlicos discernibles,
mejorando asi nuestra comprension de la intrincada interaccién entre la dieta, el ejerci-
cio yla dindmica metabolica.

Palabras clave: pez; metabolismo; masa corporal.
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Effects of Hypercaloric Diet and Physical Exercise on Zebrafish

INTRODUCTION

Inrecentyears, Zebrafish have been accepted and used
as a multidisciplinary model, in the areas of genetics,
reproduction, physiology, aging, and disease. Theyare
animals similar to humans and other mammals, in the
digestive organs, adipose tissue, skeletal muscle and
their biochemical and cognition functions (1). Aim-
ing at replicating and adopting an acceptable model
for the study of obesity and obesity-related disorders,
these fish are emerging as a system similar to humans
and have systematically shown preservation of appetite
and insulin regulation, lipid storage, and an appropri-
ate response to diet modification (2).

Understanding the metabolic parameters related to the
increase in body mass, adiposity, and energy expendi-
ture proves to be vital for understanding the metabolic
demands in vertebrates. To this end, Zebrafish point
to evidence similar to that of mammals regarding the
molecular and morphological aspects of adipocytes
in their ability to store lipids with the function of
providing nutrients (2). Enabling the replication and
deepening of studies related to energy mobilization in
vertebrates, through the establishment of an increase
in body mass, induction of obesity, hyperglycemia,
and hepatosteatosis (3). The comprehension of obesity
and its conditions associated with physical exercise is
paramount. In mammals, exercise makes it possible
to improve numerous metabolic parameters, such as
insulin and leptin resistance; ensuring the reduction
of adiposity associated with the incidence of liver dis-
ease, heart disease, nephropathy, and neurodegenera-
tive diseases (4, 5).

Aiming at expanding the understanding of the influ-
ence of diets related to the different caloric intakes
of physical exercise, the present work evaluated the
effects promoted by the offer of a hypercaloric diet in
Zebrafish, doing or not to physical exercise.

MATERIALS AND METHODS
Experimental Design

Forty-eight fish of the Danio rerio species, of both
sexes, adults, approximately 10 to 18 months old, were
used in the experiment. They were acclimatized and
quarantined, over 15 days, divided into two groups in
an aquarium with four divisions of 19 liters. The study
was approved as it followed the Ethical Principles of
Animal Experimentation, adopted by the Nation-
al Council for Control of Animal Experimentation
(CONCEA) and the Ethics Committee on Animal Use
of the Federal University of Parand—Palotina (Protocol
number 32/2020).

During the acclimatization and quarantine periods,
the animals were submitted to a cycle of 14 hours of
light and 10 hours of darkness. They were fed twice a
day with commercial flake food (Alcon Basic ©) (5%
fat, 45% protein, 5% fibrous material, and 15% min-
eral material) and reared in aquariums with a closed
circulation system, at a constant temperature of 26 +/-
2 °C controlled by a thermostat (Atman °), measured
using a thermometer (Aquadene °). The water in the
aquariums was circulated using a submerged pump for
oxygenation (HBO-300) and external filtration (Alife
500). Each of the aquariums was subjected to a week-
ly change of 10% of its total water volume, as well as
manual cleaning. Additionally, throughout this period,
the quality of the water was evaluated, as follows: every
day, pH = 6.8-7.0 (Tropical pH, LabconTest), weekly
ammonia 0.1 ppm (Amoénia Toxic, LabconTest), and
monthly dissolved oxygen 6-8 mg/L (Dissolved Oxy-
gen, LabconTest). When necessary, parameters were
corrected using Discus Buffer pH corrector (Seachem)
and Am Guard ammonia remover (Seachem).

Diets and Physical Exercise

Keeping the same quarantine and acclimatization con-
ditions, the animals were submitted to a gradual diet
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modification, for two weeks, receiving frozen artemia
(AquaSmart-22% oflipids, 16% of carbohydrates, and
44 % of proteins), until they reached the following
amount, according to Table I:

- Maintenance (GM): Maintenance diet (S mgarte-
mia cysts /fish/day, once a day), (n=24). For thir-
teen weeks.

- Hypercaloric diet (GH): Hypercaloric diet (60mg
artemia cysts /fish/day, twice a day), (n=24). For
thirteen weeks.

Table 1-Absolute data of the different diets (Kcal/
day per animal) provided to the Danio rerio over
thirteen weeks. According to the protocol proposed
by (3). Maintenance diet (GM); Diet maintenance +
physical exercise (GMex); Hypercaloric diet (GH);
Hypercaloric diet + physical exercise (GHex)

Diet (artemia) GM / GMex GH / GHEX
Energy intake (Kcal/day per 2 240
animal)

Aiming at inducing overweight, the protocol was
adopted (3). From then on, each group was again
divided into two new groups n=12, aiming at the
implementation of the physical exercise protocols.
The aquariums were kept under the same conditions
as previously exposed. The groups correspondingly
received maintenance (GM and GMex) and hyperca-
loric (GH and GHex) diets, subject or not to physical
exercise. These groups were kept for thirteen weeks
and then submitted to euthanasia by immersion in cold
water, 4 degrees Celsius, for 15 minutes, according to
the protocol (4).

—  GM: Maintenance diet (n=12);

-  GMex: Maintenance diet + physical exercise
(n=12);

- GH: Diet hypercaloric acid (n =12);

- GHex: Hypercaloric diet + physical exercise
(n=12).

The modified physical exercise protocol was per-
formed based on the work of (6), for the animals:
GMex: Maintenance diet + physical exercise (n = 12)
and GHex: Hypercaloric diet + physical exercise
(n=12). These animals were subjected to six hours of
forced physical exercise, through a controlled flow of
water at a velocity of five centimeters (cm) per second
(S em/sec), for thirteen weeks in an aquarium with a
tube for swimming. To reduce stress and optimize the
imposed protocol, every day the water flow was gradu-
ally increased until it reached the expected speed in
about 5 minutes, table 2.

Table 2-Adaptation protocol of the physical exercise
of the animals over the weeks for the GMex animals:
Maintenance diet + physical exercise and GHex:
Hypercaloric diet + physical exercise (n=12)

Day/Week Time (h/day)
1st 1

Speed (cm/s)

2nd
3rd

2

3

4th 4
Sth 5
6

6

6th
2nd to 13th week

(G2 NG I G B C A B G N G B

Throughout the entire period of the experiment, each
of the animals was weekly weighed, when they were
removed and placed in a 100ml glass beaker (Nalgon).
In a precision balance (Mars AD 1000), the weights
obtained in grams were compiled and presented for
each of the groups in Figure 1.

All the animals, from each of the groups, over the 13
weeks, were measured (longitudinal length), using the
measurement in centimeters of the distance obtained
from the head. Using a universal caliper (Starret) for
both. The data is expressed in Figure 2.
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Statistical Analysis

Data, body mass, and length were tested for normal-
ity by applying the Kolmogorov-Smirnov normality
test, presented as mean * standard deviation. Differ-
ences between groups were tested by one-way analysis
of variance (ANOVA), followed by Tukey’s multiple
comparison post-test, considering the P value < 0.0S,
as statistically significant. Statistics were performed
using the GraphPad Prism program (Prism version
6.0c for Mac, GraphPad Software, La Jolla, CA).

RESULTS
GM-Maintenance diet group

For the GM animals (Figure 1), it was observed that
over the 13 weeks, the body mass (grams) remained
constant, with no statistical difference between the
weeks (P <0.05). The data obtained about the longitu-
dinal length of the animals, in centimeters, also dem-
onstrated the maintenance of length over the period
(Figure 2). Without the occurrence of statistical dif-
ference (P < 0.05).

GMex-Maintenance diet and
physical exercise group

In the GMex group, regarding body mass (grams), a
statistical difference was observed between the ani-
mals in the first week (0.30g + 0.10), when applying
ANOVA one way, Dunnett’s multiple comparison
post-test (P <0.05), revealing a decrease: of 30.83 % for
those in the second week (P < 0.001); 33.59% for the
fourth week (P < 0.001) and 40.01% for the sixth week
(P <0.001). Regarding the longitudinal length (cm) of
the animals in this group, no statistical difference was
observed over the evaluated period (Figure 2).

GH-Hypercaloric or rich diet group

It was observed that the hypercaloric diet promoted
an increase in body mass (grams) in the animals over
the weeks. The analysis of variance revealed statisti-
cal differences between the body mass (grams) in the
first week (0.32g + 0.07) when compared with the data
obtained from the sixth to the beginning third week
(Figure 1). Revealing a relative increase of: 45.68% for
animalsin the sixth week (P < 0.001), 53.27% for those
in the last week (P < 0.001), 40.08 % for those in the
eighth week (P < 0.001), 47.59% for those in the ninth
week (P < 0.001), 63.94% for those in the d and above
week (P < 0.001), 49.80% for those in the d and above
first week (P < 0.001), 43.13% for those in the d and
above second week (P < 0.001) and 28.89% for those
from d are up the third week (P < 0.001). No statistical
difference was observed in the length of the animals
(cm), over the weeks (P < 0.05 ) (Figure 2).

GHex - Hypercaloric diet and
physical exercise group

Statistical differences were observed in the body mass
(grams) of the animals in the GHex group, from the
first week (0.27g £ 0.08) about the body mass from the
sixth to the third week. This is proved by the applica-
tion of the analysis of variance, one-way ANOVA, and
Dunnet’s multiple comparison post-test (P < 0.05).
The values increased by 45.75% for the sixth-week ani-
mals (P < 0.001), 65.66% for the seventh-week animals
(P <0.001), 85.98% for the eighth-week animals (P <
0.001), 96.88 % for the ninth-week animals week (P <
0.001), 104.48% for the animals from the d is top week
(P < 0.001), 94.59% for the animals from the d is up
to the first week (P < 0.001), 87.16% for the animals
from the d is up to the second week (P < 0.001) and
79.69% for the animals from the top third week (P <
0.001) (Figure 1). A statistical difference was observed
in the length (cm) of the animals (P < 0.001), from the
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ninth (3.29cm * 0.33) to the first third week (3.61cm
+0.33). From the application of the same test used to
assess body mass (P < 0.05) (Figure 2).

DiscuUSSION

As an adaptive measure, a commercial diet consisting
of 5% fat, 45% protein, 5% fibrous material, and 15%
mineral material was offered to all animals in the first
two weeks. After the adaptive period, the diet was
replaced by brine shrimp, characterized by containing

22% fat, 16% carbohydrates, and 44% protein. The
standardization of the diet had as its purpose the pos-
sibility of being highly caloric, capable of promoting
an increase in body mass. For this purpose, data was
recommended by (3), when he used a high-fat diet for
Zebrafish, inducing obesity. coinciding with (7, 8),
when they evaluated the effect of high-fat content in
the diet. Thatis a diet featuring 20% corn oil or lard on
body fat accumulation in Zebrafish. In the evaluated
animals, it was clear that an effective weight gain was
established and maintained. However, given the data
generated, it was not possible to determine that they

Figure 1-Assessment of body weight gain. Evolution of body mass, in grams (g), of Zebrafish submitted to A. Maintenance
diet (GM); B. Maintenance diet and physical exercise (GMex); C.hypercaloric diet (GH), and D. Hypercaloric diet and
physical exercise (GHex), over 13 weeks. All values are mean day + standard deviation, asterisks (*) represent the
occurrence of statistical difference about the first week, one-way ANOVA, and Tukey’s post-test (P < 0.05).
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Figure 2-Assessment of body length. Evolution of body length, in centimeters (cm), of Zebrafish submitted to A.
Maintenance diet (GM); B. Maintenance diet and physical exercise (Gmex ); C. Hypercaloric diet (GH) and D. Hypercaloric
diet and physical exercise (GHex), over 13 weeks. All values are mean day + standard deviation, asterisks (*) represent
the occurrence of statistical difference about the first week, one-way ANOVA, and Tukey’s post-test (P < 0.05).

had become obese since the results evaluated did not
have the appropriate amplitude to affirm this condi-
tion. Above all, the nature of the diet was an important
step, due to the adoption of artemia as the basis of the
diet, revealing the possibility of increasing body mass
even with the imposition of physical exercise.

Diet composition is critically important in pinpoint-
ing health or pathology (2). A combined diet with high
sugar and fat content offered to mice led to the estab-
lishment of hyperglycemia, hypercholesterolemia, and

high levels of inflammatory mediators, as well as the
occurrence of low levels of T cells (9). Already (10),
assessed fat supplementation by associating Smg of
brine shrimp with 30mg of egg yolk powder (59% fat,
32% protein, 2% carbohydrate), in comparison with
60mg of brine shrimp (22% fat). And found that both
groups were overweight. Despite these quotes, it was
possible to infer that the nature of the diet by itself
could not promote weight gain, as observed in the
maintenance groups (GM and GMex).
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Zebrafish fed 60mg of artemia daily reached obesity
in eight weeks, also revealing increased levels of tri-
glycerides in blood plasma and hepatosteatosis (3).
In other species, the diet actively promoted a positive
energy balance capable of promoting metabolic dis-
orders resulting from obesity, as verified in mice (11).
Given the results, the effect promoted by the availabil-
ity of artemias on body mass was confirmed, inducing
overweight, due to the greater availability of intrinsic
energy, from a diet rich in fat or carbohydrate.

In GMex, the imposition of physical exercise mani-
fested itself significantly (P < 0.05), so the animals’
body mass decreased in the second, fourth, and sixth
weeks. Due to the characterization of the diet, which
was hyperlipidemic, with 22% fat, but not hypercaloric.
This is a determining factor for the understanding of
the results obtained since a ketogenic diet promoted
weightloss in rodents subjected to resistance exercise,
including obese animals with a high-fat and high-cal-
orie diet (12).

About the Zebrafish of the GH and GHex groups, the
action determined by the amount of artemia made
available through the diet was positive. Character-
izing for that, these animals had an increase in their
weights from the sixth week, revealing that there is still
an evolutionary period of approximately five weeks.
This weight gain was confirmed by the occurrence of
a statistical difference when comparing the animals
in the first week, in both groups (P < 0.05). Even with
the imposition of exercise, there was a significant
variation in the mass and length of the animals. This
coincided with what was observed by (12), in Zebraf-
ish for an exercise training model, which verified
adaptive muscular hypertrophy and even an increase
in angiogenesis.

Regarding longitudinal growth, the GHex group
showed, from the sixth week onwards, the statisti-
cal difference when compared with the first week
(P < 0.05). This result corroborates with (12) when
they found growth-stimulating effects, in front of an

intense exercise protocol. This fact was also observed
in our study when the greater supply of food together
with exercise promoted greater longitudinal growth
of the animals from the sixth week of the experiment.
In contrast, previous studies indicated that exercise-
stimulated growth occurred only early in development
21-24 days after fertilization (6). This ambiguity could
be associated with the diet offered, and its constitu-
tion, which responds to the metabolic demand, allow-
ing the longitudinal growth of adult animals. However,
in such a process, the active role promoted by exercise
was not disregarded, exerting an efficient stimulus in
establishing growth, probably due to the stretching of
the skeletal striated muscle fibers.
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