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Intermittent Training Followed by Detraining Provides the
Preservation of Hepatic Tissue and Body Composition of
Eutrophic rats in Relation to Obese Rats after the

Detraining Period
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SUMMARY: The aim of the study was to evaluate the effects of intermittent training followed by detraining on liver tissue and body
composition of rats subjected to a normolipidic or hyperlipidic diet. Sixty Wistar rats were divided into the groups Sedatr@r{SC),
Exercised Control (EC), Sedentary Control euthanized at six months of age (SC(6)), Detrained Control (DC), Sedentary Gxesei$80)
Obese (EO), Sedentary Obese euthanized at six months of age (SO(6)) and Detrained Obese (DO), which performed inteirmgiftemt trai
eight weeks. After, the groups SC(6), DC, SO(6) and DO performed a detraining protocol for eight weeks. The animals viezé,auithan
measurements of body mass and length taken, and retrieval of Epididymal Adipose Tissue (EAT) for body composition vatfiediesrand
for karyometric and stereological analysis. Significant differences were found in the liver mass values of the EC retai@ émdl in the
SO(6) liver in relation to all groups, with a greater gain in body mass of the SO(6) in comparison to the EC; in the EAT fo¢atentage
and BM of SO(6) and DO in relation to the EC and the DC and in the karyometric variables of the EC and the DC in relatiod @O0
with no differences in the stereology and on the Lee index between all groups. Intermittent training showed better b#dots livet
tissue compared to EO and DO, and on the EC and DC body composition compared to SO(6) and DO.
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INTRODUCTION

The increase of body weight and excessivéat can contribute to the development of the complications of
accumulation of lipids in adipose cells in the body, due tebesity. Non-alcoholic Fatty Liver Disease (NAFLD) is
the ingestion of large amounts of fat and a low energyharacterized by an increase in the concentration of intrahepatic
expenditure, thereby increasing the concentration of bodjglycerides (IHTG), which can lead to excessive tissue injury,
fat, can be a factor to obesity development. Excessiegolving into chronic inflammation. This chronic inflammation
consumption of a hyperlipidic diet can contribute for thisaused by the accumulation of IHTG may result in hepatic
process, by the high caloric values and leads fat masteatosis or cirrhosis (Soegjal., 2014).
increase, due to the metabolic conversion of the lipids
contained in food into triglycerides, which are then stored Among the non-pharmacological therapeutic
in the adipose tissue (Assaatlal, 2014), which can be approaches for treating obesity and its deleterious effects
conducive to the development of obesity. on body composition and hepatic tissue, physical exercise

appears as one of the most indicated to reduce body mass

The Epididymal Adipose Tissue (EAT) has the functiorand the concentrations of IHTG (Spassiani & Kuk, 2008).
of storing triglycerides in its adipocytes and the gain of adipogatermittent training proves to be effective in reducing ab-
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dominal fat and intrahepatic lipids in obese people;ontrol (CD, n= 10); Exercised Obese (EO, n = 10),
decreasing the concentration of adiponectin and of tietrained Obese (DO, n = 10) (Fig. 1). This division in the
adiponectin/leptin ratio, subcutaneous fat, LDL, totagroups was made because the groups SC, EC, SO and EO
cholesterol and in the amount of alanine aminotransferasgsre euthanized after the intermittent training protocol
(Leeet al, 2012). period, 60 days after the experiment began, while groups
SC(6), DC, SO(6) and DO were euthanized after the
However, it is indicated that the therapeutic condudetraining protocol period, 120 days after the experiment
involving intermittent training must be practiced regulariyegan.
to avoid the detraining condition, defined as the interruption
of the, so far, regularly practiced physical training, when The animals from the groups SC, EC, DC and SC(6)
the benefits generated by the exercise are partially or totallyere fed standard feed (Labina feed, from the brand
lost (Kimet al., 2013). Purina®), provided with tap water ad libitum. The groups
SO, EO, DO and SO(6) followed a hyperlipidic diet (cafeteria
The literature available lacks perspicuity regarding thdiet) (Lamaset al, 2004; Panveloski-Coset al, 2011)
effect of intermittent training followed by detraining on thewhich consisted of: bacon, bologna, sausage, cookies, soda
body composition and hepatic tissue of eutrophic and obesed standard feed, on a ratio of 2:2:2:1:1:1, respectively, in
rats, also considering the possible clinical aspects that mayomposition of 28 % carbohydrate, 13 % protein and 59
support new approaches for patients during the treatment%ffat by the start of the training protocol, provided ad libitum
obesity and its comorbidities. Therefore, this study aims #nd tap water ad libitum, resupplied every day.
evaluate the effect of an intermittent training program followed
by detraining on the body composition and the liver tissue &fitermittent training
rats subjected to a normolipidic or hyperlipidic diet.
Training Model. The intermittent training was the "Jump
Squd" model (Tamaket al, 1992). The device allowed the
MATERIAL AND METHOD animal to be placed on a metal platform while immobilized
by a fitted vest. The jumps were performed by an electrical
stimulation from a metallic clip attached to the tail end of the
Animals. Sixty male Wistar rats (each 60 days old) weranimal and connected to a Dualpex type stimulator 961, the
obtained and kept in shared plastic cages, groups of th@earkef, with a frequency of 1 Hertz (Hz) and duration of
animals per cage, in the vivarium under average temperat@t8 s, with 2 s intervals between each electrical stimulation
of 22+ 2 °C and light/dark cycles of 12 h, with the lightand a charge ranging from 3 to 6 milliamperes (mA) (Fig. 2).
cycle commencing at 7 h, and fed standard feed and tap water,
provided ad libitum. The animals body mass was taken three  With this stimulation, the animals underwent the full
times a week, throughout the experimental period. movement extent of the leg (knee and ankle), lifting a load
that was placed on the posterior part of the vest. The
All procedures followed the Ethical Principles inmovement "jump squat" was tested and validated as an
Animal Experimentation adopted by the Brazilian Societinducer of hypertrophy in animals, similar to the hypertrophy
of Science in Laboratory Animals (SBCAL). This study wasbtained in human weightlifters (Tamadtial, 1997).
approved by the Ethics in Animal Research Committee
(CEUAS) from FCT/UNESP, filed under n° 004/2011. The The training protocol was composed of three sets of
60 animals were randomly assigned, distributed as followk2 repetitions, with an interval of 60 s between sets and
performed three times a week, with an interval of 24 h
Initially, Control and Obese groups were each dividedetween each day of training, for a period of 60 days.
into two subgroups: Sedentary Control (SC, n = 10), Exercised
Control (EC, n = 20), Sedentary Obese (SO, n = 10) and Three preliminary sessions were performed for
Exercised Obese (EO, n = 20). The groups SC and SO wedgaptation to the training in the first two weeks, during which
divided once again in two subgroups: Sedentary Control (StBe animals underwent training without load increase. From
n = 5), Sedentary Control euthanized at six months of atfee third week, a load equivalent to 50 % of the body mass
(SC(6), n =5); Sedentary Obese (SO, n =5), Sedentary Obeséhe animal was imposed for all experimental period, with
euthanized at six months of age (SO(6), n = 5). adjustments or overload according to the variations of the
weight of each animal. This training protocol was initiated
Within the EC and EO groups the same subdivisioris combination with a hyperlipidic diet when the animals
also occurred: Exercised Control (EC, n = 10), Detraingg@ached 60 days old.
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After the detraining period, all animals were euthanized.

Fig. 1. Experimental design module. Legend: SC = Sedentary Control; E
Exercised Control; SC(6) = Sedentary Control euthanized at six months of

Surgical procedure.The animals of the groups
SC, EC, SO and EO were euthanized 24 h after
the last intermittent training session. The
animals of the groups SC(6), DC, SO(6) and
DO were euthanized 24 h after the last day of
detraining protocol. The animals had their length
and body mass measured to calculate the body
mass gain (DM = final mass - initial mass).
Then, a paramedian incision was made in the
abdomen, folding the epithelial tissue for the
exposure of the organs. Soon after the incision,
the epididymal adipose tissue was removed and
weighed on a precision weighing scale.

The animals' hepatic tissue was also
extracted and weighed on precision weighing
scale. In all animals, only the right upper lobe
of their livers was standardized for analysis and
fixed in a 10 % formalin solution. Twenty-four
h after the extraction of the liver's right upper
lobe, this part of the organ was transferred to
vials with alcohol 70 %. This solution was
replenished for three days, resulting in the
subsequent removal of formalin residue

ggCZamargo Filheet al, 2011).

DC = Detrained Control; SO = Sedentary Obese; EO = Exercised Obese; SO(6) .
= Sedentary Obese euthanized at six months of age; DO = Detrained Obes80ly Composition Assessment

= initial number; fn = final number.
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Lee Index.The Lee Index was calculated in all
animals using the relation between the cube root
of body mass (g) divided by the snout-rump
length (cm) and multiplied by 10 (Novedi al,
2007).

Body Mass Index.The Body Mass Index (BMI)
was calculated by: Body Mass (g) / [shout-rump
Length (mm})] (Sjogrenet al., 2001).

Epididymal Adipose Tissue (EAT).After
extraction, the epididymal adipose tissue (EAT)
was weighed on a precision weighing scale. For
the data analysis, both the percentage and total
value of the tissue relative to the mass of each
animal were determined by: {{[EAT (g) x 100]/
Body Mass (g)}. This procedure was established

Fig. 2. Representative diagram of the device used for training jump squats, ada%ﬁe@ way of correcting the difference in body

from Panveloski-Costet al (2011).

mass between the animals (8hal, 2007).

At the end of the training protocol began the detraining periddver Tissue Evaluation
for the animals from the groups DC and DO, in which the animals were
kept for 60 days without performing any physical training. The animaléssue Morphology. After the fixation and
from the SC(6) and SO(6) remained without performing any physiddrmanence in alcohol 70 %, a procedure for

activity. The respective diets of each group were not changed.

the inclusion of the material in paraffin was
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carried out, as well as the microtomy in the rotargoftware ImageJ® 1.47t for WindoWwdhe National
microtome Microm® HM 325, which performed transverdinstitute of Health - USA (Fig. 3). The only counted test-
sal cuts 6mm thick. The staining was performed bgoints were the ones that touched the cellular structure of
associating two stains: Hematoxylin and Eosin (HE) (D&he hepatocytes, within an area. This counting system of
Pai, 1995). The HE-stained slides were used for kariomette&st-points was performed in the cytoplasm, nucleus and
and stereological analysis of the liver tissue. extracellular matrix of the hepatocytes. The projection was
performed in 20 different test-areas, with 100 points for
Kariometry and Stereology of the Liver Tissue.The each test-area, and a total of 2000 points per animal group.
images of the liver tissue of animals were obtained throudtfter these procedures, these values were put into
a Nikon® 50i optical microscope, with 1000x magnificatiorequations and the stereological parameters was obtained
and the coupling of a Nikérinfinity 1 digital camera and (Figs. 4 and 5).
the images were captured using the computer image analysis
software NIS-Elements D 3.0 - SP7 - build 547, Nikon® The unit of measurement used for the values was
for Windows®. the micrometery(m). The calculations was made using the
computer software Excel 2013rom Microsoft Office
The kariometric analysis (Martiret al., 2010) was 2013 for Windows.
performed using the computer image analysis software
Image-Pro Plus 4.5.0.29 For WindéW88-NT-2000, Me-  Statistical Analysis.For statistical comparison of the body
dia Cybernetics Inc. In the images obtained were accounwammposition, kariometric and stereological results between
100 nuclei of the hepatocytes of each animal, in which twgyoups, the Levene's test was used to verify the normality
lines were traced, one on the largest diameter (majofthe data, the ANOVA One Way test and the Tukey’s post-
diameter (D)) and the other on the smallest diameter (minteist were used for parametric data and the Kruskal-Wallis’
diameter (d)) of each nucleus. Soon after, these values wegst and the Dunn’s post-test were used for non-parametric
put into equations by providing the kariometric parameterdata. All procedures adopted the significance level of
(p<0,05). The calculations were performed with the R
For the stereological study (Martiesal) 20 images version 3.5.2 software for Windofand the Origin version
of each component group were obtained and the areas9d® software for Window&was utilized for the elaboration
analysis were delimited, using the computer image analysischarts.
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Fig. 3. Usage of the software ImageJ® 1.47t for Windows® the National Institute of Health — USA.
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RESULTS

Figure 6 shows the
values of body mass gain of the
studied groups on 2nd, 4th and
6th Month’s age of the animals
during the experiment (start,
middle and end, respectively).

Statistically significant
difference can be seen in body
mass gain value of the SO(6) in
comparison to EC (p=0,04).

Table | shows the values
for body composition and liver
mass (LM) of all groups.

It was possible to see in
Table | statistically significant
differences (p<0.05) in the va-

Fig. 4. Photomicrography of the liver tissue of the rats, cut with a thicknesstoad stained by "1able EAT (g) of the EC and DC
H-E. The arrows point to the nuclei of the hepatocytes. Legend: A= group SC; B= group Ecé@mpared to SO(6) and DO; in
group SC(6); D= group DC. 1000x. the EAT (%) of DC compared
to SO(6) and DO; in the BMI
of EC comparedo SO(6) and
DO; and in the LM between EC
and DO, and between SO(6)
and all other groups.

The kariometric values
of the nuclei of the hepatocytes
of all the groups are found in
Table 1.

In Table Il, we can ob-
serve significant differences
(p<0.05) between DC, EO and
DO in the variables minor
diameter, mean diameter, D/d,
volume, area, shape coefficient
and contour index.

The stereological values
for liver tissue of all the groups
are found in Table IlI.

g ; In Table lll, there were

Fig. 5. Photomicrography of the liver tissue of the rats, cut with a thicknegsoafd stained by N0 Statistical differences
H-E. The arrows point to the nuclei of the hepatocytes. Legend: A= group SO; B= group EOPetween the stereological varia-
group SO(6); D= group DO. 1000x. bles found among the groups
studied.
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Fig. 6. Evolution of the animals body mass

o SC during the experiment. Legend: SC =
6004 Sedentary Control; EC = Exercised Con-
= EC trol; SC(6) = Sedentary Control
500- euthanized at six months of age; DC =
S 4 SC(6) Detrained Control; SO = Sedentary Obeseg;
g EO = Exercised Obese; SO(6) = Sedentary
.g’ 400 + DC Obese euthanized at six months of age;
5 DO = Detrained Obese; 2nd, 4th and 6th
2 300l <+ SO = Month’s age of the animals during the
experiment (start, middle and end,
® EO respectively). The ANOVA One Way and
200+ the Tukey’s post-test (Meat Standard
= SO(6) Deviation) were used for the comparison
of the results. Significance values p <0.05
énd ;#h éth * DO were adopted for all procedures. *
Statistically significant difference in the
Period mass gain of the EC compared to the
SO(6).
DISCUSSION
The main results of this study regarding the body As for the kariometric analysis of liver tissue, the

composition of the groups were: lower body mass gain afain findings were that the animals of the DC had the nuclei

EC compared to the SO(6); lower amount of EAT (g) in EGf their hepatocytes with greater size and volume, and less
and DC in relation to SO(6) and DO; lower EAT (%) in DGdeformation in comparison to animals of the SO(6) and DO.

compared to SO(6) and DO; lower BMI in EC compared tAs for the stereological analysis, there were no significant

SO(6) and DO. differences between groups.

A study suggests that intermittent training can Nuclear size and shape changes in liver tissue of
positively affect inflammation parameters, body massnimals exposed to toxic substances are considered a
adipocyte areas and lipids concentration in mice (Spereithenomenon known as anisonucleosis, associated with the
etal, 2012). In addition to the regular training, calorie intakpresence of immunomarkers of oxidative damage in the liver,
restriction can contribute to the increase of systemic glucosfiich may point to an inflammatory process in the liver
tolerance, improve mitochondrial fatty acid oxidation antissue (Jarrar & Taib, 2012).
oxidative function of enzymes and suppress hepatic
lipogenesis (Rectaet al, 2011). A hyperlipidic diet may induce a decrease in size and

change in the conformation of the nucleus of the hepatocytes

Such parameters corroborate the results of our study,the animals. The hydropic degeneration, which occurs in
the EC had lower body mass gain compared to the SO(6)tle liver tissue of obese animals according to inflammatory
addition to the lower values of body composition, particularlgrocesses generated by a macrovesicular steatosis,
the EC and DC in comparison to the SO(6) and the D@ontributes to the anisonucleosis of the nucleus of
Also, the values of body composition of DC do not showepatocytes (Acciolet al, 2013). The hepatocytes from
significantly difference from EC, which can indicate thaSO(6) and DO are more exposed to the risk of increased
the detraining did not reflect any type of influence on thBHTG concentration compared to DC.
effects initially provided by the intermittent training.

A study found that the use of a hyperlipidic diet may

In regards to the LM, animals receiving a hyperlipidi@affect the pathophysiology of NAFLD, since the excess
diet have higher gain in body mass, an increase in adipossturated fat and fructose contained in food may stimulate
and IHTG (Leiteet al, 2013). These variables may havehe accumulation of IHTG, aggravating the hepatic steatosis
influenced the increase in liver mass of SO(6) in relation {®erglundet al, 2011). This same study also shows that
all groups, and of DO compared to EC. changes in the type of diet used may provide a preventive
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effect against NAFLD. This suggests that the diet may be We conclude that the intermittent training showed

an important variable in the development of NAFLD, antietter effects on the DC liver tissue relative to the EO and
that less consuption of hyperlipidic diets may reduce theDO, and it showed better effects on the body composition
content of IHTG, thereby reducing its deleterious effectsf the EC and DC in relation to the SO(6) and DO. Detraining
on the liver tissue. have no significant effects on intermittent training.

Besides that, the addition of an intermittent training
protocol minimizes the deleterious effects provided by ACKNOWLEDGMENTS
hyperlipidic diet consumption (Leitet al). This occurs
as a result of the increased activity of superoxide dismutase
and catalase in the hepatic tissue of animals that underwent  We thank the Coordenacéo de Aperfeicoamento de
intermittent training, improving the effectiveness of théessoal de Nivel Superior — CAPES for the financial support
antioxidant system, thus reducing the markers of livém the development of this study. The authors declare no
peroxidation (Botezellet al,, 2011). conflict of interest in this work.

The intermittent training results in the decrease of
lipid content of EAT, serum lipid profile and decrease in
IHTG in animals. Furthermore, the intermittent traininglAGALHAES, A. J. B.; CAMARGO, R. C. T.; MOREIRA,
can stimulate the release of hepatic glucagon throufhJ.; SERAPHIM, P. M.; OIKAWA, S. M. & CAMARGO

metabolic pathways, contributing to the reversal of fatfy!LHO. J. C. S. El entrenamiento intermitente seguido de
liver condition in rats (de Wit al, 2012). desacondicionamiento facilita la preservacion del tejido hepati-

co y la composicion corporal de las ratas eutréficas en relacion a

. . . L. . . . las ratas obesas después del periodo de desacondicionamiento.
A combined intervention with intermittent training ;5 Morphol., 36(4)1341-1349, 2018.

and a normolipidic diet can reduce the concentration of

IHTG, serum leptin and of the size of adipose cells and ~ RESUMEN: El objetivo del estudio fue evaluar los efec-
may reflect in the reduction of body mass and alsos del entrenamiento intermitente seguido de desentrenamiento
reduction of apoptosis markers in the liver tissue cellgn el tejido hepatico y la composicion corporal de ratas someti-

avoiding liver tissue damage caused by IHTG (Kurosalgs a una dieta normolipidica e hiperlipidica. Sesenta ratas Wistar
et al, 2015). se dividieron en los siguientes grupos: Control Sedentario (CS),

Control Entrenado (CE), Control Sedentario sacrificado a los
S ... _seis meses de edad (SC (6)), Control Desentrenado (CD), Obeso
. Th_erefore,_th_e use of the normollpld_dlet n addl“o@edentario (0S), Obeso Entrenado (OE), Obesidad Sedentaria
to |nterm|tt(_ant tra_mmg may have been an important faCt%crificados a los seis meses de edad (OS) (6)) y Obesidad
why the animals in the EC and DC groups presented low§gsentrenada (DOD), que realizé un entrenamiento intermitente
values of body composition compared to the animals @firante ocho semanas. Posteriormente, los grupos CS (6), CD,
the SO(6) and DO groups, as well as for the animals in t& (6) y DO realizaron un protocolo de desentrenamiento du-
DC group presented greater preservation effect on ttemte ocho semanas. Los animales fueron sacrificados, con me-

hepatic tissue in relation to EO and DO. diciones de masa corporal y longitud, y la recuperacion de tejido
adiposo epididimal (EAT) para las variables de composicion cor-

This study analyzed the liver condition only byporal y el higado para el andlisis estereoldgico y cariométrico.
. . . - -Se encontraron diferencias significativas en los valores de la masa
images, besides evaluating the body composition usi gpética de CE en relacion con DO y en el higado SO (6) en

EAT and variables derived from the length and body ma?é_acién con todos los grupos, con un mayor aumento en la masa

of the animals. Based on what has been presented, {jgoral del SO (6) en comparacién con la CE:; en el total de
study has some suggestions for future researches. It Woghr, porcentaje de EAT y BM de SO (6) y OD en relacién con
be interesting to quantify the amount of intrahepatic fa&lE y CD y en las variables cariométricas de CE y CD en rela-
and verify if this is a determining factor for the differenceion con OE y OD, sin diferencias en la estereologia y en el
in LM of the obese groups mentioned. It would also piadice de Lee entre todos los grupos. En el entrenamiento inter-
valid to compare the performance of other training‘iteme se observaron mejores efectos en el tejido hepatico de

protocols implemented in isolation and together witfyD €N comparacion con OE y OD, y en la composicion corporal
intermittent training, to calculate the food coefficient o e CEy CD en comparacion con OS (6) y OD.

the animals and to analyze the concentration of anti- PALABRAS CLAVE: Obesidad; Higado; Composi-
inflammatory and proinflammatory cytokines, consideringisn, corporal: Ejercicio: Histologia.

the effects of both types on the accumulation of lipids found
in obesity and in NAFLD.
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