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SUMMARY: The study aimed to evaluate the impact of high-intensity interval training (HIIT) on adipose tissue, pancreatic
islets and liver in mice fed high-fat diet. C57BL/6 male mice were fed one of two diets: standard chow (Lean group - igB}fat a h
diet (Obese group — OB). After the first 12-weeks, the animals were divided into non-trained (LE-NT and OB-NT), train€tExroups
T and OB-T), and started the exercise protocol. The HIIT protocol in the trained animals (LE-T and OB-T) compared totdreauidsun
(LE-NT and OB-NT) led to a reduction in size of the pancreatic islets (LE-T vs. LE-NT -40 %, OB-T vs. OB-NT -22 %) and to an
increase in insulin immunodensity in pancreatic islet (LE-T vs. LE-NT +35 %, OB-T vs. OB-NT +31 %). Apart from the abaye result
in adipose tissue, a decrease of the diameter of adipocytes (LE-T vs. LE-NT -23 %, OB-T vs. OB-NT -12 %), a reductioityin adipos
index (LE-T vs. LE-NT -49 %, OB-T vs. OB-NT -24 %) and in the liver, a decrease in the context of hepatic steatosis (IE=ENTvs. L
-57 %, OB-T vs. OB-NT -77 %). These metabolic changes characterize a benefits performance of the HIIT protocol in swiriming. HII
is able to mitigate the bad effects caused by high-fat diet, even with continued intake of this diet in an animal moded.thiélT h
advantage of requiring only a few weekly sessions with short duration in each session. These benefits are important peopigivate
who nowadays live with a lack of time condition for these activities.
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INTRODUCTION

Itis a challenge for society controlling the increaséostering an improvement in glucose metabolism and
of issues associated with obesity in the population, subbrning fat reserves (Mottat al, 2015; Smith-Ryaret
as insulin resistance (IR) / type 2 diabetes mellitus (DM2)J., 2015). Both the HIIT and moderate-intensity
arterial hypertension, dyslipidemia and nonalcoholic fattyontinuous exercise training (MICT) led to similar effects
liver disease (NAFLD), which is designated as metabolien inflammatory markers (nesfatin-1, interleukin-6, and
syndrome (MetS) (Shamseddesral, 2011). Therefore, tumor necrosis factor alpha), and insulin resistance in men
changes in lifestyle culminate with increased physicalho are overweight, but the HIIT seems to have better
activity and healthy habits in nutrition, promoting weightinorectic effects (as indicated by nesfatin) compared with
loss and improving metabolic parameters (Margied, MICT (Ahmadizadet al, 2015). HIIT significantly
2010; Schultzt al, 2012; Centigt al, 2013). increases cardiorespiratory fitness by almost double that

of MICT in patients with lifestyle-induced chronic diseases

High-intensity interval training (HIIT) is a form of (Westoret al, 2014). In addition, HIIT may provide a more
interval training that prioritizes short and intense periodsbust stimulus than MCT for early exercise training
interspersed with short recovery periods. The main goadlaptations in patients with heart failure and preserved
of HIIT is to develop benefits for the cardiovascular systewsjection fraction (Angadet al., 2014), and HIT
(Chrysohootet al, 2015; Scharét al, 2015). This type significantly reduces body mass, blood pressure and
of training improves physical condition and capacitypxidative stress in menopause (Pimegttal, 2015).

* Laboratory of Morphometry, Metabolism and Cardiovascular disease, Biomedical Center, Institute of Biology, State UniRerslgyde#neiro, Rio de
Janeiro, Brazil.
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The current study was undertaken to investigate thmumber of series determined in the test was used, and the
effects of HIIT in diet-obese mice, evaluating the structuraxercise protocol was performed three times a week for
alterations of the adipose tissue, pancreatic islets and b&fa weeks. Every two weeks, the percentage of the
cells, and the liver steatosis that accompanies NAFLD. incremental load was gradually increased, growing from

10 to 15%.

MATERIAL AND METHOD Euthanasia: The day after the last exercise, after a fast of
6 h, the animals were deeply anesthetized (intraperitoneal
sodium pentobarbital, 150 mg/kg). Blood samples were

Animals and diets: Handling protocols and experimentsobtained by cardiac puncture and centrifuged at 120 g for

were submitted to the Ethics Committee on Animal5 min at room temperature, and the plasma was stored at

Experiments of the State University of Rio de Janeiré80 °C until assayed.

(CEA/041/2012). All procedures were performed in

accordance with the precepts of the "Guide for the use of  We studied the inguinal fat pad (subcutaneous fat

laboratory animal care" (NIH Publication No. 85-23]ocated between the lower part of the rib cage and the mid-

revised in 1996, USA). The animals were kept in a systetmigh) and the intra-abdominal fat pad (a retroperitoneal

with ventilated caging (Nexgen Ecoflo, Allentown, Inc.fat connected to the posterior abdominal wall near the

USA) and controlled temperature @21°C), humidity kidneys plus epididymal fat located in the lower part of

(60+10 %), and a light/dark cycle (12 h light-dark). the abdomen and connected to the epididymis in males).
The fat pads were dissected and weighed, and the

Three-month-old male C57BL/6 mice (n= 40) werespididymal fat was then kept in freshly prepared fixative

fed one of two experimental diets during the duration ¢formaldehyde 4 % wi/v, 0.1 M phosphate buffer pH 7.2)

the experiment: standard chow (lean animals, LE, 76 fr light microscopy. Additionally, the adiposity index was

calories from carbohydrates, 10 % calories from fat, artetermined as the ratio between the sum of the fat masses

14 % calories from protein) or a high-fat diet (obesdivided by the total BM, presented as a percentage

animals, OB, 36 % calories from carbohydrates, 50 ¥Barbosa-da-Silvet al., 2012).

calories from fat, and 14 % calories from protein). The

diets were manufactured in accordance with the American  Adipocytes, liver steatosis, and pancreatic islets:

Institute of Nutrition’s recommendations (AIN-93) (Reevesragments of the epididymal fat pad, the pancreas and the

et al, 1993), and the amounts of vitamins and mineralwer were obtained and fixed in freshly prepared fixative

are identical in both diets. The experimental diets wefer 48 h at room temperature (1.27 M formaldehyde in 0.1

produced by PragSolucoes (Jau, SP, Brazil) and storedvasodium phosphate buffer, pH 7.2), and then embedded

4°C. in Paraplast Plus (Sigma-Aldrich, St. Louis, MO, USA).
The blocks were exhaustively cut with a nominal thickness
After 12 weeks, the animals were divided into fouof five micrometers and stained with hematoxylin and eosin
groups (n= 10 per group) and started an exercise protooolimmunostained as detailed below.
for an additional 12 weeks: non-trained animals (LE-NT

and OB-NT) and trained animals (LE-T and OB-T). The The adipocytes and islets were measured in their

length of the experiment was 24 weeks. equatorial diameters in digital images obtained with a Leica
DMRBE microscope (Wetzlar, Germany) and an Infinity

High-intensity interval training protocol (HIIT): 1-5C digital camera (Lumenera Co., Ottawa, ON, Canada).

Animals were adapted to the pool (15 min/day for twdhe image analysis used the Image-Pro Plus software
days) without load before the start of the HIIT protocol (&sersion 7.03 for Windows, Media Cybernetics, Rockville,
glass tank was 40 x 30 x 80 cm with a controlled wat&D, USA) as described elsewhere (Fernandes-Satos
temperature, 322 °C). The NT animals were submittedal., 2013), in a minimum of 50 adipocytes or islets per
to an environment similar to the T animals in the pooanimal, in nonconsecutive slices.

The maximum swimming time (MST) was the time the

animal was more than 10 cm below waterline incapable of The liver steatosis was quantified by ‘point-
returning to the surface of the water to breathe after 1@sunting’ on digital images, as described previously (Agui-
(Mottaet al). We conducted a maximum number of seriela et al, 2003; Catta-Pretat al, 2011). A 49-points test-
(20 s of active exercise with 10 % of the body massystem (PT) produced by STEPanizer web-based software
increment in the tail with 10 s of passive recovery). Thusjas used (Tscharet al, 2011). The volume density of
for the experimental protocol, 50 % of this maximunihe steatosis (VV[liver, steatosis]) = Pp[liver, steatosis]/
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PT, where Pp][liver, steatosis] was the number (
points that hit the fat deposits in the hepatocytes

Beta-cell immunohistochemistry: Antigen
retrieval was performed with citrate buffer, pH 6.0
endogenous peroxidase was quenched with 3
hydrogen peroxide, and nonspecific binding wajl==
inhibited by phosphate-buffered saline/5 % bovin
serum albumin. Pancreas sections were incubat
with anti-insulin antibody (A0564, DAKO,
Glostrup, Denmark), and the reaction was ampilifi
by a biotin-streptavidin system (K0679; Universa
DakoCytomation LSAB + Kit, Peroxidase,
Glostrup, Denmark). The reaction was visualize
after incubation with 3,3’—diaminobenzidine
tetrachloride (K3466, DakoCytomation), anCesrzm "‘%’
sections were counterstained with Maye
hematoxylin. The beta-cell immunodensity wa
assessed with insulin-positive areas of the islets a
expressed as a percentage of the islet (Image-
Plus version 7.05, Media Cybernetics, Silver Spring”
MD, USA). Selecting the range of pixels that

encompassed the object of interest generated a nix
black-and-white image, where the areas of interg
are shown in white color, represent the
immunostained cells with insulin and the black area
represent the remaining tissue (Fernandes-San

et al). ' S
) Fig. 1. Internal organs and fat accumulation in the animals. (A) LE-NT,

. LE-T, B-NT D) OB-T.
Data analysis:Data are reported as the mean an&B) (©@0© and (D) ©

the respective standard error of the mean. All

samples were tested for normality and homogeneity

of the variances; the differences among groups we2@&d 24 % smaller in the OB-T group (p <0.001) compared to the

then tested by one-way ANOVA and the posthodT counterparts (Figs. 1 and 2).

test of Holm-Sidak (Graph Pad Prism version 6.07

for Windows, San Diego, California, USA). A p- Hepatic steatosisAn excessive accumulation of fat in the liver

value <0.05 was considered statistically significan{steatosis) of the animals in OB group, when compared to LE
group, was observed. At the end of the experiment, trained animals
obtained a reduction in this percentage of hepatic steatosis (LE-T

RESULTS -57 %; P <0.05 and OB-T -77 %; P <0.001), respectively when
compared to the non-trained counterparts (Fig. 3).

Adipocyte diameter and adiposity indexThe OB  Pancreatic islets:;The OB group showed an increase of the islet

group showed greater adipocytes compared to theoss-sectional diameter by 46 % in relation to the LE groups (p
LE group (85 %; p <0.001) until the beginning 0f<0.01), which was associated with an increase of 119 % of the
the exercise protocol. At the end of the HIITimmunodensity for insulin in the islets of the OB group compared

protocol, adipocytes from trained groups were lowdp that in the LE group (p <0.001). The HIIT lead to a reduction

when compared with their non-trained counterpartd) the diameter of the islets in the LE-T (by 40 %, p <0.01) and

respectively (LE-T -23 %; p <0.01 and OB-T -120B-T-groups (by 22 %, p <0.01) compared with those of the NT
%; p <0.01). The adiposity index was greater in theounterparts. The HIIT also improves the insulin immunodensity
OB-NT group by 137 % compared to the LE-NTin the islets by 35 % in the LE-T group (p <0.001) and by 31 % in

group (p <0.001). In addition, the adiposity indesthe OB-T group (p <0.001) compared with those of the NT

was 49 % smaller in the LE-T group (p <0.001)counterparts (Fig. 4).
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Fig. 2. Adipose tissue. (A) size distribution of
adipocytes in the groups; (B) adiposity index.
When indicated, there was a significant difference
(p <0.05) compared to T LE-NT, ¥ LE-T, and §
OB-NT (one-way ANOVA and posthoc test of
Holm-Sidak). The photomicrographs (C to F)
were stained with hematoxylin and eosin: (C) LE-

NT; (D) LE-T; (E) OB-NT; (F) OB-T.
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Fig. 3. Hepatic steatosis analysis. (A) volume density of the steatosis
(mean and standard error of the mean). When indicated, there was a
significant difference (p <0.05) compared to T LE-NT, £ LE-T, and

§ OB-NT (one-way ANOVA and posthoc test of Holm-Sidak). The
photomicrographs (stained with hematoxylin and eosin) show
macro- (open arrows) and microvesicular (arrows) steatosis (B) LE-
NT (low content of fat in the hepatocytes); (C) LE-T (low content

of fat in the hepatocytes); (D) OB-NT (high content of fat in the
hepatocytes); (E) OB-T (moderate content of fat in the hepatocytes).
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at least in part, the use of fat as fuel for
fat oxidation during exercise (Helge,
2002). In diet-induced obese mice, the
exercise combined with a calorie
restriction was more significant in
reducing adiposity than calorie
restriction or just exercise. Dietary
restriction and exercise - whatever the
type - appear to be an excellent strategy
for the control of obesity (Aucodt al,
2004; Poobalast al, 2004).

The composition of the adipose
tissue is a determinant of metabolic
activity and responds to environmental
changes (Yang & Smith, 2007). In the
current study, we saw a greater number
of smaller adipocytes in the trained
mice, but a lesser number of large
adipocytes in the untrained mice, which
could be explained because the
increased lipolysis, and attenuated
lipogenesis, due to the exercise training.

.‘ ’ A DA & The high-fat diet was associated
Fig. 4. Insulin immunohistochemistry (beta-cells) in the pancreatic islets: (A) LE-NT group/ith an mcreased ylsceral ad|p05|t_y n
(B) LE-T group; (C) OB-NT group; (D) OB-T group. the non-trained animals. In the trained

animals, HIIT was effective in reducing

the visceral adiposity. The lipoprotein
DISCUSSION lipase activity increases with exercise

and is responsible for releasing the fatty

acids of lipoproteins, promoting an
We have chosen the experimental model because their phenotyipisalance between the consumption of

susceptibility to the development of components related to the human Mgish-fat diet and the effects caused by
(Fraulobet al, 2010). The high-fat diet was relevant in increasing the bodyercise (Schrauwen & Westerterp,
mass of the animals and causes an adipose tissue hypertrophy, fat accumufa@n). Options for the control of obesity
in the liver cells, and changes in carbohydrate metabolism. As we have obseetedl,reduced hepatic steatosis in the
there are beneficial effects of the exercise training in the animals, even maintaigii@ge population may be complemented
the excessive consumption of a high-fat diet. The LE group did not sh@ih different types of exercise protocols
significant changes in the adipocytes and pancreatic islet size and the gluchssk et al, 2006). As demonstrated,
metabolism while the OB group showed these alterations. The training prote¢T has been effective in reducing
led to benefits to the animals, mainly the OB animals. hepatic steatosis in obese animals.

The development of several co-morbidities, such as IR/DM2 is associated  Hyperinsulinemia associated
directly with the quality of life and physical inactivity. The goal of the exercisgith insulin resistance may lead to the
is the recovery of health, changing lifestyle through major metabolic changsvelopment of type 2 diabetes
acting as an anti-inflammatory agent (Mgial, 2011). The HIIT protocol is (Ferrannini, 2006). The consumption of
particularly indicated when the time expenditure is a problem to break High-fat diet is associated with an
sedentary lifestyle (Drigngt al,, 2013). excessive level of glucose and free fatty

acids worsen the state of insulin
We know that different types of exercise protocols are beneficial to #istance by increasing lipolysis and

fatty liver and insulin resistance (Gauth@ral, 2003; Marquest al; Schultz secretion of insulin. In addition,
et al). The mechanism by which exercise may lead to the benefits is relate@dé@entary lifestyles can also lead to the
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development of type 2 diabetes (Bassuk & Manson, 200%Lamontagnet al, 2007). In the present study, the reduction
Even without body mass loss, exercise training is able tothe islet size and immunodensity of beta cells in the trained
improve insulin sensitivity. One of the positive effects ofmice was significant in comparison with non-trained animals.
exercise is linked with the increase in glucose transporters

(GLUT4 mostly) in skeletal muscle (Younossi, 2008; Ligte Finally, diet-induced obese mice develop
al., 2011). The exercise training is also able to enhance tmanifestations compatible with the human MetS. The HIIT
insulin action in the liver besides reducing glycogen forcingrotocol brought benefits in reducing IR and hepatic steatosis.
fatty acids to be used as the main energy substrate for skeldta¢ findings reinforce the importance of HIIT (swimming) as
muscle. Moreover, during the recovery period, glycerol ia non-pharmacological approach to the control of adiposity,
mightily needed for reconstruction (Gauthétral, 2004). insulin resistance, and hepatic steatosis.

The effect caused by exercise interacts with beta cells
fat metabolism. An abnormal accumulation of fat in the bet@CKNOWLEDGMENTS
cells has been implicated in the pathogenesis of functional
islet failure and cell death in type 2 diabetes incident. The
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RESUMEN: EIl objetivo fue evaluar el impacto del entrenamiento con intervalos de alta intensidad (EIAI) sobre el tejido
adiposo, el higado y los islotes pancreaticos en ratones alimentados con dieta alta en grasas. Ratones C57BL/6, mdithes-fueron a
tados con una de dos dietas: dieta estandar (grupo magro - MA) o una dieta alta en grasas (grupo obeso - OB). Desjmésde las pr
12 semanas, los animales fueron divididos en dos grupos, no entrenados (MA-NE y OB-NE) y grupos entrenados (MA-E y OB-E), y
comenzaron el protocolo de ejercicio. El protocolo de IEAI en los animales entrenados (MA-E y OB-E) en comparacion com sus cont
partes (MA-NE y OB-NE) condujowna reduccién en el tamafio de los islotes pancreéaticos (MA-E vs. MA-NE -40 %, OB-E vs. OB-NE -

22 %) y al aumento de la inmunodensidad de insulina en los islotes pancreaticos (MA-E vs. MA-NE +35 %, OB-E vs. OB-NE +31 %).
Ademas, en el tejido adiposo se detectd una disminucion del diametro de los adipocitos (MA-E vs. MA-NE -23 %, OB-E vs20B}NE -1

una reduccion en el indice de adiposidad (MA-E vs. MA-NE -49 %, OB-E vs. OB-NE -24 %) y en el higado una disminucioratisis este
(MA-E vs. MA-NE -57 %, OB-E vs. OB-NE -77 %). Estos cambios metabdlicos caracterizan una actuacion beneficiosa del protocolo de
EIAl en la natacion. El EIAI es capaz de mitigar los efectos negativos causados por la dieta alta en grasas, inclusstoodatingada

de esta dieta en el modelo animal. La EIAl tiene la ventaja de requir s6lo unas pocas sesiones semanales con corteallmesasiode

Estos beneficios son imparites para motivar a la personas en las condiciones de falta de tiempo que tienen en la actualidad.

PALABRAS CLAVE: Entrenamiento con intervalos de alta intensidad; Obesidad; Resistencia a la insulina; Esteatosis
hepética; Estereologia.
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