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Abstract- Aims: The purpose of the present study was to evaluate the effects of the resistance training (RT) on the lipid
profile and metabolism, oxidative stress, and activity of metalloproteinase-2 (MMP-2) in the left ventricle (LV) of diet-
induced obesity rats. Methods: Forty males Wistar rats 90 days-old were grouped into four groups (n=10): i) Sedentary
group (SED); ii) Obese sedentary group, feed with high-fat diet (Ob-SED); iii) Resistance Trained group (RT), and
iv) Obese Resistance trained group (Ob-RT). The LV was assayed to Obesity index, LV lipid content, citrate synthase
activity, lipid peroxidation (TBARS), enzymatic and non-enzymatic antioxidant systems, lipid profile, cardio-metabolic
parameters, and activity of MMP-2. Results: High-fat diet was associated with manifestations of the obesity, body mass
gain, and increased obesity index, accompanied by an alteration in the lipid profile. On the other hand, RT was able to
prevent body weight gain, to reduce the obesity index and to improve the lipid profile, to elevate the activation of the citrate
synthase, and to decrease MMP-2 activity in the LV of obese rats. Conclusion: RT positively modulated blood lipid profile
and antioxidant enzymes preventing the increased activity of MMP-2 in the left ventricle from rats fed with high-fat diet.
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Introduction

Obesity, a multifactorial disease linked to a complex relationship
among biological, psychosocial, and behavioral factors, likes a
lifestyle'. It has been qualified as the epidemic of this century and
95% of the cases come from an exogenous origin. Daily intakes
of excessive calories associated with low physical activity are
the main cause of many exogenous obesity cases in adults>?.
Obesity is one of the major risk factors for cardiac diseases such
as heart failure*, ischemic heart disease®®, as well as metabolic
diseases insulin resistance, and dyslipidemia®. Besides, obesity
is associated with increased myocardium lipid peroxidation and
increased susceptibility to oxidative damage, a process that starts
with the metabolic increase of reactive species of oxygen (ROS)
and nitrogen (RNS)"3.

To protect from the harmful effects of the use of O, in the
cellular respiration process, the body has a complex antioxidant
defense system, which is composed of various enzymatic and
non-enzymatic antioxidants. The main antioxidant enzymes

are the superoxide dismutase (SOD), catalase (CAT), and glu-
tathione peroxidase (GPx), which convert the oxidizing agents
into non-toxic molecules®. Obesity-induced by a high-fat diet
generates oxidative stress in the heart and other tissues, mostly
due to a decrease in the activity of antioxidant enzymes’.

Some molecules are associated with the remodeling of
cardiac tissue in obesity and oxidative stress. One of these
molecules is matrix metalloproteinases (MMPs). MMPs are
a member of the family of endopeptidases zinc-dependent.
These molecules contribute to regulating normal cardiac tissue
remodeling. Among them, MMP-2 is a key endopeptidase in-
volved in the remodeling of the cardiac extracellular matrix'®!!,
Obesity, hypertension, dyslipidemia, and oxidative stress are
possibly related to left ventricular (LV) remodeling. Thus, factors
mentioned above are considered to stimulate the synthesis and
activity of MMP-2, which can lead to pathological remodeling
of the LV in obese individuals!®'2,

The activation of MMP-2 by oxidative stress due to the condition
of obesity occurs through the phosphorylation-dephosphorylation
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of this enzyme (MMP-2)"3. In this sense, these reactions can
be carried out either by proteinases'*!* or by post-translational
modifications of the 72-kDa of the MMP-2 zymogen (pro-
MMP-2) by S glutathiolation and nitrosylation. Furthermore,
in an obesity condition, MMP-2 can be activated directly
by nitric peroxide ( ONOQO-). This process occurs through a
non-proteolytic mechanism that involves the glutathiolation S
of the pro-peptide group cysteine sulthydryl in a reaction that
requires small concentrations of ONOO- at the equimolar and
intracellular levels of reduced glutathione!*®,

To avoid the deleterious effect of obesity on the LV re-
modeling, there is a growing interest in the resistance training
(RT) as an exercise modality capable of regulating the activity
of proteins associated with cardiac remodeling (MMPs)!*11:17,
Previous studies have shown that the RT results in a cardiopro-
tective effect'®2. This effect may be due to the improvement of
the antioxidant system and consequent reduction of oxidative
stress, regulating the activity of MMP-2, and promoting an im-
provement in cardiac functions. However, little is known ifan RT
protocol can prevent the possible negative changes mentioned
above about the LV in rats fed a high-fat diet'®.

Thus, the present study aims to test the hypothesis that the
RT can prevent the increase of the adiposity index, to modulate
the lipid profile, to inhibit oxidative stress, and to balance the
activity of MMP-2 in the LV of Wistar male rats with induced
obesity from feeding with high-fat diet.

Methods

Animal Care

The experimental protocol was approved by the Committee
of Experimental Animals from the Federal University of Sado
Carlos/UFSCar (Protocol # 31/2009). All experimental proce-
dures were according to the principles outlined by the Brazilian
College of Animal Experimentation (Colégio Brasileiro de
Experimentacdo Animal - COBEA), and Guide for the Care
and Use of Laboratory Animals, published by the US National
Institute of Health (NIH, 8" Edition, 2011).

Forty males of Wistar rats (Rattus novergicus var. Albinus,
Rodentia, Mammalia) 30 days-old from a breeding colony of
the Federal University of Sdo Carlos (UFSCar), SP, Brazil. For
acclimatization, the animals were held in collective polypro-
pylene cages (n=5), kept in a controlled constant temperature
(2242°C), and 12-12h light-dark cycle. During the acclimation
period, the rats received standard rat chow (MP-77; Primor®,
Séo Paulo, Brazil) and tap water ad libitum. Daily, body mass
(BM) and food intake were weighed.

Experimental Design
Upon reaching 90 days, the animals were randomly dis-

tributed into four experimental groups (n=10). Each animal
was condition one per polypropylene cages (30x20x13 cm): i)
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Eutrophic sedentary group, fed with standard rats’ chow (SED);
ii) obese sedentary group, fed with high-fat diet (Ob-SED);
iii) eutrophic trained group, fed with standard rats’ chow and
submitted to Resistance Training protocol (RT); and iv) obese
trained group, fed with high-fat diet and submitted to Resistance
Training protocol (Ob-RT).

The study was divided into two steps. The first one was con-
ducted by three weeks for obesity induction. After this period, the
second stage began, which consisted of maintaining the supply of
the high-fat diet for the animals of the obese groups for another
eight weeks and performing the protocol of resistance training in the
animals of the trained groups, indicated above, illustrated in figure 1.

Standard and high-fat diet

The eutrophic rats (SED and RT groups) were fed with
standard rat chow pellets (MP-77; Primor®, Sao Paulo, Brazil).
Animals assigned to the obese groups (Ob-SED and Ob-RT)
were fed with the high-fat diet as reported in the experimental
protocols, with an amount of 20% fat. The composition of both
diets is expressed in table 1. The high-fat diet was performed
with a mixture of standard rat chow plus peanuts, milk chocolate,
and sweet biscuits to reach the wanted nutrient composition and
a palatable diet?!. The high-fat diet, after ready to be offered,
was pelletized to the same size as the rat chow diets (Table 1).
Allingredients were weighed and mixed according to laboratory
procedures. The constitution of diets, normal and high-fat, was
carried out by bromatology [CBO laboratory analysis (https://
www.labcbo.com)].

Obesity-induced period

To induce obese conditions, the rats designed to the obese groups
were fed with the high-fat diet for three weeks?'.

Resistance training protocol (RT)

The RT protocol was performed for eight weeks after the
obesity-induced period. The protocol consisted of 8-12 dynamic
movements (reps) per climb, as previously described? and poste-
riorly adapted®-*.

The rats were adapted to RT protocol for two days interlarded
by rest periods of 72h to totalize eight weeks. During the training,
the rats had to climb a vertical ladder with a weight attached to the
animal tail. Initially, the rats were familiarized with the training pro-
cedure by climbing the leader with an object mimicking the weight
and progressively heavier (75% of the body mass followed by the
addition of 30g toward the “maximum carrying capacity”). That step
allowed evaluating the maximum load for each animal (one point
before the load being impossible to be successfully carried over the
leader end to end). Failure was determined when the animal could
not progress up the ladder after three successive stimuli. RT session
consisted of 4 ladder climbs with 50%, 75%, 90%, and 100% of the
previously determined maximum-carrying-capacity to each rat. If
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the rat reached 100% of the carrying load, an additional 30g were
added until a new maximum-carrying-capacity with a fifth ladder
extra climb. The rest period between each climb was 120s.

Volume of carrying the load

Load Total Volume (LTV) was determined as the sum of every
Load Volume per climb per animal performed until exhaustion
(LVi) in each session and expressed as:

LTV =¥2LVi

FEuthanasia and tissue collection

Twenty-four hours before euthanasia, all animals were
weighed. Animals were euthanized by decapitation 48h after
the last training session and blood samples were immediately
collect and centrifuged at 10.000 x g for 10 min. Before eu-
thanasia, the rats were in eight hours of fasting. Supernatant
plasma was separated and stored for posterior analyses. The
hearts were collected, rinsed with cold saline, and weighted.
The left ventricles (LVs), including the septum, were isolated,
weighed, placed in cryogenic tubes, dipped into liquid nitrogen,
and stored at —80°C for posterior analyses.

Visceral Fat Depots (Pads)

The Mesenteric, Urogenital, and Retroperitoneal fat deposits
were excised and immediately weighed to avoid weight loss. The
mesenteric fat pad consisted of adipose tissue surrounding the
gastrointestinal tract from the gastroesophageal sphincter to the
end of the rectum, and special care was taken in distinguishing
and removing pancreatic cells. The urogenital fat pad included
adipose tissue surrounding the kidneys, ureters, and bladder.
The retroperitoneal fat pad was taken as distinct deposits behind
each kidney along the lumbar muscles?.

Adiposity Index

Adiposity index (Al) is presented as the sum of the intra-ab-
dominal adipose tissue mass and subcutaneous fat deposits (FD)
divided by the total body mass (BM) and expressed as percentage
accordant with the expression?:

AI(%) = (ZB%)- 100

Biochemical Parameters
Glycaemia was determined by glucose-oxidase; total triacyl-
glycerol (TGL), total cholesterol (TC), and high-density lipoprotein

cholesterol (HDL-c) were assayed enzymatically with specific lab kits
(Laborlab, Sao Paulo, Brazil). The test was performed in duplicate
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and the coefficient of variation was p<0.05. Serum very-low-density
lipoprotein (VLDL-c) and low-density lipoprotein cholesterol (LDL-c)
concentrations were calculated with the Friedewald equation?’, and
atherogenic indices were calculated as follow: a- LDL-c (mg/dL) =
Total cholesterol —(HDL-c—TGL/ 5); b- VLDL-c = Triglycerides/5;
c- Castelli’s Risk Index I = Total cholesterol/HDL-C; d- Castelli’s
Risk Index II = LDL-¢/HDL-c; e- TGL/HDL-c ratio?.

Colorimetric Assays

All samples of each enzyme were assayed on the same day. To
determine the specific enzymatic activities, 25mg of LV samples
were used to perform the cell extracts. Briefly, tissues were homog-
enized in 1.0mL of 0.1M potassium phosphate buffer pH 7.0 plus
0.25M sucrose (1:1) and centrifuged at 20.000 x g for 5 min at 5°C.
The supernatants cell extracts were used as an enzyme source. The
enzyme’s activities were assayed following the rules specified in
the Cayman’s assay kit. Total-SOD and mitochondrial Superoxide
Dismutase (Mn-SOD) was read at 440nm, Catalase (CAT) was read
at 540nm, and Lipid Peroxidation (TBARS) was read at 540nm.
Approximately 50pug of protein from the extract was used per enzyme
assayed. Glutathione Peroxidase (GPx) and Glutathione Oxidase
(GSH) were assayed according to Beutler®. Shortly, GPx was as-
sayed with 100ug of protein from LV extracts (as reported above)
per enzyme assay. Enzyme activity was read at 340nm. Glutathione
Oxidase GSH was determined in LV tissue extracts made under an
ice bath in Na-phosphate buffer 0.2M pH 7.0, to 50mg of LV tissue.
The optical density was read at 412nm. Citrate Synthase activity
(CS) was determined with 50ug of protein from LV cell extracts in
100mM Tris-HCL buffer pH 7.5 and read at 412nm (CS Assay Kit
CS0720-Sigma). Protein concentrations in the homogenates of LV
samples were determined with Bradford reagent against a standard
solution of bovine serum albumin (BSA-Sigma) and read at 540nm?*.

Determination of total Left Ventricle lipids content

The total lipid concentration was determined by the colorimetric
method sulfo-phospho-vanillin, adapted to tissues. An aliquot of 50mg
LV was used for each animal to determine the lipid concentration®'.
The OD was performed at 540nm. All samples were assayed on
the same day.

MMP-2 Activity by Gelatin Zymography

An aliquot of 50mg of frozen LV was rinsed 3 times with cold
saline, incubated at 4°C for 24h in extraction buffer (10mM cacody-
lic acid pH 5.0; 0.15M NaCl; 1uM ZnCl 2; 20mM CaCl2; 1.5mM
NaN3; 0.01% Triton X-100 [v/v]) at a ratio of 25uL of buffer per
mg oftissue, and centrifuged for 20 min at 13.000 x g in cold-bath at
4°C. Aliquots containing 30ug of total protein, determined by BCA
Protein Assay Kit (Pierce®, Rockford, IL, USA), were applied in
the lanes of sodium dodecyl sulfate (SDS)-10% polyacrylamide
gels prepared with 1mg mL™! of gelatin. After electrophoresis, the
gels were washed twice for 20 min in 2.5% Triton X-100 to remove



the SDS. Gels were rinsed and incubated in buffer substrate (S0mM
Tris-HCI pH 8.0; SmM CaCl2; 0.02 % NaN3) at 37°C for 20h and
were stained with Coomassie Brilliant Blue for 1 h and distained with
acetic acid: methanol: water (1:4:5) for visualization of the activity
bands. Negative control was performed with EDTA in the gel-loaded
samples and incubation buffer.

The gels were photographed with a Canon G6 Power Shot 7.1
megapixels camera. The images were processed with Irfan View
for Microsoft Windows. All images were fitted to reach the same
brightness and contrast. Densitometry of the MMP-2 protein bands
was performed with the Gene Tools version 3.06 software (Syngene,
Cambridge, UK).

Rats with
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Statistics

Results were expressed as mean =+ standard error of the
mean (S.E.M). The normality of data was evaluated by the
Kolmogorov—Smirnov and the homoscedasticity was assessed
by Levene’s test. Two-way analysis of variance was used to
test the effects of training, high-fat diet, and their interac-
tions, followed by the Post-Hoc-Bonferroni (p<0.05). The
Student’s t-test (p<0.05) was used to compare the volume
of carrying load between the groups RT vs Ob-RT. The IBM
SPSS® Statistics software version 20 for Macintosh was
used to evaluate the present data.

Two days of adaptation

90 days to the RT protocol
3 weeks
obesity-induced period 8 weeks of RT protocol
______________________ > > 48h after last
& @ | session training,
Euthanasia
Begigning of .
obesity-induced Begigning of
. RT protocol
period
Figure 1 - Representation of the experimental design of the study.
Table 1 - Composition of the standard- and high-fat diet.
Standard High-fat diet
%

Protein 22.81 18.12
Fat 4.80 20.00
CHO 39.23 32.90
Fiber 5.82 2.97
MM 6.87 3.29
Humidity 12.47 14.72
*Kcal g! 3,854 4,665

The composition of Standard- and high-fat diet are expressed in percentage (%) per 100g of diet. CHO, Carbohydrate; MM, mineral material. *The caloric
content of the diet was determined with an adiabatic calorimeter IKA-500 and expressed in Kcal.

Results

Body mass (BM) evolution

The initial BM of all groups was nearly the same
indicating weight homogeneity among the samples at
the zero point (Figure 2A). After the third experimental
weeks, the Ob-SED group fed with a high-fat diet depicted
increased BM in comparison with all others (p<0.03).
This data despite being observed from the end of the
first experimental week was significant from that point
and pronounced from it through the whole experimental

span. After the beginning of the experimental period
for training, the RT avoided the BM gain in the Ob-TR
throughout the experimental period, compared to the
Ob-SED (p<0.05).

The Adiposity index is illustrated in figure 2B. The
rats from the Ob-SED group showed a higher Adiposity
index than those from the SED group (p<0.001). The RT
group rats did not differ from the SED group ones but
showed lower percentage values as compared with Ob-SED
group rats (p<0.001) and with RT group rats (p<0.001).
However, eight weeks of RT resulted in none effects on
the Adiposity index in obese trained animals as compared
with obese sedentary ones (Ob-RT vs Ob-SED).
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Heart and left ventricle (LV) mass

Neither high-fat diet nor RT promoted any change in the heart
and LV mass of the groups.

Evolution of total carrying load volume (ETCL)

There was no difference between the RT and Ob-RT in the ETCL
volume over the whole experimental period (Figure 3).

Glycaemia and Plasma Lipid Profile

Glycaemia of obese rats submitted to RT (Ob-RT) was lower
than that from all the other groups (p<0.001), which were similar
among them (Figure 4A).

The values of total cholesterol (Figure 4B) were lower in the
rats from both trained groups (RT and Ob-RT) and those in the Ob-
SED group (p<0.03, p<0.02, respectively). In the Ob-SED group,
the serum triglycerides (TGL) of the rats was higher than that of the
SED group animals (p<0.03). The exercise training also reduced the
TGL concentration in the rats of the RT (p<<0.002) and Ob-RT groups
(p<0.002) when Ob-SED animals are used for comparison (Figure 4C).
The concentration of HDL-c rats was higher than that observed in the
animals from the SAD (p<0.001) and Ob-SED groups (p<0.001). A
positive effect of the RT was observed in Ob-RT animals concerning
the SED group (p<0.02) and Ob-SED (p<0.003) rats. Resistive train-
ing led to similar concentrations of HDL-c between Ob-RT and RT
groups (Figure 4D). Concentrations of LDL-c were similar among
all groups (Figure 4E). The condition of obesity without exercise
in the rats from the SED group elevated the VLDL-c concentration
(p<0.04) but, among the rats from RT condition and those from the
SED group any difference was not observed.

Cardio-metabolic Parameters

Comparisons among all groups showed that the cardio-metabolic
risk was attenuated by RT protocols in both groups RT and Ob-RT.
In the RT group Castelli’s ratio | was decreased as compared either
with SED (p<0.003) or Ob-SED ones (p<0.001). The Ob-RT group
rats presented no significant difference values in comparison with
the SED (p<0.007) and Ob-SED ones (p<0.001) (Figure SA). A
decrease in the Castelli’s ratio Il (LDL-c/HDL-c) was observed in
both RT and Ob-RT groups as compared with Ob-SED (p<0.001).
Regarding Castelli’s ratio I, we observed that the RT group showed
a decreased ratio when compared to the SED group (p<0.03). The
Ob-SED increased the ratio when compared to SED (p<0.02, Figure
5B). Regarding, the RT, even to the Ob-RT group, showed lower

values for the Castelli’s ratio III when compared to the Ob-SED
group (p<0.001, for both. Figure 6C).

Total lipid content and the citrate synthase activity (CS)

The Ob-RT group showed higher total lipid content in the LV
(p<0.05) when compared to the RT group RT. No change was observed
between the other groups. The specific activity of LV CS increased
in the Ob-RT group when compared to the other groups (p<0.004).
The rats from Ob-SED and RT groups depicted the same CS activity
of the SED group (Figure 6).

Lipid peroxidation (TBARS) and Antioxidant system

Lipid peroxidation (TBARS) in LV tissue of rats submitted to
RT protocol was increased in comparison with the other groups
(p<0.05). None difference was observed between the SED groups
and the Ob-RT group. These data are shown in table 2. The values of
Total-SOD activity in the RT group were higher than those of SED
and Ob-SED groups (p<0.001). In obese and trained animals (Ob-
RT) that value was lower than that in the RT group (p<0.001). The
Mn-SOD activity was higher in rats of the RT group in contrast to
those from the SED group (p<0.03). The activity of CAT increased
in the animals submitted to the RT protocol in comparison with those
from Ob-SED ones (p<0.05). Comparison between obese trained
(Ob-RT) and obese sedentary (Ob-SED) animals depicted an increase
in CAT activity in the first ones (p<0.001). The RT protocol, in both
eutrophic and obese groups (RT and Ob-RT), was able to lessen the
GHS activity as compared with the Ob-SED group (p<0.002 and
p<0.01, respectively). The rats from the RT group compared with
those from SED, Ob-SED and Ob-RT ones boost the SOD/GPx
ratio values (p<0.001). Similar results were observed concerning
the SOD/CAT ratio. There was no significant change of specific
activities between SED groups neither to Total-SOD, Mn-SOD, GPx,
CAT and GSH nor to the ratio SOD/GPx and SOD/CAT (Table 3).

MMP-2 Activity by Gelatin Zymography

The activity expression of the Pro Isoform of MMP-2 did not
change in Ob-SED rats as compared with those from the SED group.
This isoform reached the highest expression in RT rats, and the Ob-
RT animals depicted intermediate values (Figure 7-2A). The MMP-2
Intermediate Isoform expression was maximum in Ob-RT rats and
minimum in SED and Ob-SED rats, while in RT animal this expres-
sion was intermediate (p<<0.05). In the Active Isoform, the highest
expression was seen in Ob-SED rats and the others remained equal
(p<0.05) (Figure 7-2C).

Table 2 - Rat Heart weight and LV mass of Sedentary (SED), Obese sedentary (Ob-SED), resistance training (RT), and obese trained groups.

SED Ob-SED RT Ob-RT
Heart (g) 1.94+0,16 1.89+0.10 1.87 +£0.08 1.74 £ 0.08
LV (mg) 0.75 £ 0,03 0.75+0.01 0.71 £0.01 0.75+0.02
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Table 3 - Biochemical assays of antioxidant activity and lipid peroxidation in the rat LV from Sedentary (SED), Obese sedentary (Ob-SED),
resistance training (RT), and obese trained (Ob-RT) groups.

SED Ob-SED RT Ob-RT
Total-SOD (nmol/min/mg) 11.27+0.78 1091 £0.51 25.49 +1.33%0 1236 £0.86°¢
Mn-SOD (nmol/min/mg) 1.52+0.15 1.76 £0.18 2.19+0.18% 2.81+0.14 3¢
CAT . " 2.96+0.13 2.51+£0.08 3.08+0.16" 345+0.19°
(nmol/min/mg™)
GPx
. 72.14 £ 2.81 72.09 +2.81 73.42+7.49 73.85+4.44
(nmol/min/mg)
GSH 1,234+ 42 1,385+ 57 1,100+ 53 ° 1,148 + 46"
(nmol/g)
TBARS 18.5140.77 1730 +2.23 23.72 42310 15.65+0.97 ¢
(uM)
SOD/GPx 0.17+0.01 0.14+0.01 0.36 £0.04 »° 0.16£0.01¢
SOD/CAT 4.01 £0.42 444 +0.26 8.67+0.72» 370 £ 047 ¢
The letter superscript represents statistical difference between groups by two-way ANOVA followed by the Post-Hoc-Bonferroni test (p<0.05).
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Figure 2 - Effect of high-fat diet and RT on A) body mass evolution (g); and B) Adiposity index (%).
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Figure 3 - The volume of the carrying load (Kg). RT, resistance training group; and Ob-RT, obese trained group.
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Discussion

The extra energy surplus from a high-fat diet combined with
a sedentary lifestyle and other factors result in increased adipose
tissue mass, which characterizes obesity, among other factors.
Obesity is a multifactorial disease basically from dietary unbal-
ance. Consuming of a high-fat diet is associated with significant
increase adiposity, ectopic fat accumulation, altered blood lipid
profile and cardiac abnormalities in rats***, and humans’. Also,
abnormal alterations in the cardiac structure and function are
associated with the oxidative stress and activity of proteolytic
enzymes such as MMP-21°.

The present study showed that the RT was an important
strategy to positively modulating the blood lipid profile, anti-
oxidant enzymes as Total-SOD, Mn-SOD, and GSH. Even that,
RT was able to prevent the increased activity of MMP-2 in the
left ventricular in obese rats induced by diet.

In previous studies, our group has shown that the palatable
high-fat diet is recommended as a good strategy to induce obesity
in rats. This diet leads to increased BM and results in delete-
rious effects related to obesity, such as an increase of hepatic
fat content (NAFLD) and alteration of serum lipid profile®>*,
an increase of adipocyte area followed by metabolic chronic
pro-inflammatory state?*. In the present study, eight weeks of a
high-fat diet was able to promote higher BM, but RT prevented
elevation of BM gain, in Wistar rats. Curiously, in the course
of RT protocol development, obese animals presented equal
volumes of carrying the load. However, whether those volumes
were relativized by a ratio with BM, obese animals showed a
lower relative volume of workload compared with eutrophic
animals. Besides, obesity can cause a reduction in muscle strength
concerning body size. On the other hand, physical exercise is
associated with an improvement in muscle strength?®’.

In a report on possible differences in the peripheral strength
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of women, no differences are observed in obese versus lean
subjects for absolute isokinetic strength in knee extension and
isometric handgrip. However, when correcting the values for
fat-free mass, the muscle strength is at least 6% lower in obese
women compared with lean ones**. Obese men also depict higher
muscle power and torque®. However, whether relativized by
BM, the obese men showed a reduction of the relative muscle
power and torque in comparison with lean ones. Our results
are showing that obese rats present equal absolute capacity
to perform the training, but obesity leads to a training decline
capacity when it is relativized by the ratio of the BM to every
animal. Even that the RT has avoided BM gain in animals fed
with a high-fat diet it did not show positive effects in reducing
the adiposity index values. The RT has shown to be an important
tool for increasing the strength, and it is still very efficient to
reduce body fat*. Besides, RT is an important tool against the
negative effects of obesity, such as elevated levels of glycemia*'.

Obesity can elevate blood glucose levels. In our study, the
RT may lead to decrease blood glucose levels in obese animals.
The practice of RT by obese shifts the predominance of lipids as
the energy source to carbohydrates, and signalizes to increasing
of glucose uptake*!. It occurs by elevating the expression and the
degree of phosphorylation / activity of isoform insulin receptor
substrate 1 and 2 (IRS-1, IRS-2), phosphatidylinositol-3-kinase
(PI3K) and protein kinase B*2. It results in an increase in glucose
transporters (GLUT4) to the plasma membrane**. A study that
investigated the effects of 12 weeks of RT in obese rats showed
that there was greater phosphorylation/activity of Akt stimulated
by insulin and an increase in GLUT4 expression in skeletal
muscle fibers, contributing to the reduction of glycemia®.

In addition, RT can stimulate glucose uptake-synlization
pathways independent of insulin. One of these pathways is stim-
ulated involving a key enzyme activated by muscle contraction,
called AMP-activated protein kinase (AMPK)*. The increase
in glucose uptake via AMPK is mediated by several factors,
such as the increase in intracellular concentrations Ca®* and
bradykinin, also by the increase in the activity of nitric oxide
synthase endothelial, by the use of the protein kinase activated
by mitoxide (MAPK), activation of Ca*" / calmodulin-depen-
dent protein kinase (CaMK) and activation of protein kinase
C (PKC), in addition to hypoxia condition*. Thus, RT reduces
glucose levels as well as lipid profile, as observed in our study.
Besides, it is worth remembering that both hyperglycemia and
hyperlipidemia are responsible for increasing the production of
ROS and it can accelerate some pathogenesis related to obesity
such as type 2 diabetes, as evidenced by glucose and lipid toxicity
theories*’. That is why controlling blood glucose, lipid profile,
and improving the antioxidant system is so important, which
can be done by RT. About the lipid profile, the same diet of the
present experiments used for three weeks?! showed that such a
period is enough to change the blood lipid profile and increase
the mass of adipose tissue developing dyslipidemia.

Our results showed that the high-fat diet was responsible
for the dyslipidemia condition, high levels of total cholesterol,
VLDL-c, TGL, and even decrease of HDL-c. This condition is
observed in rodent models of induced obesity?*3* 4. Dobrian
and co-workers* studying the occurrence of hypertension in
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rats fed with a high-fat diet addressed an increase of LDL-c
concentration and decreased HDL-c concentration after 10
weeks of intervention. Regarding the LDL-c, our results are
not in agreement with the literature, maybe due to the dietary
intervention span. Moreover, eight weeks of high-fat diet
brought up early metabolic disorder, suggesting dyslipidemic
conditions. This set of responses from the short trial span must
be more investigated. Even so, RT in the same period was able
to improve such dyslipidemic conditions by lowering lipid
disorder parameters, enhancing HDL-c, and lessening the car-
dio-metabolic risk biomarkers such as the Castelli’s ratio I and
II, in either eutrophic or obese animals. Not only the whole
organism could be affected by the negative effects of obesity
but also the heart, a structure with intense metabolic activity,
is prone to be affected by the obese condition®.

In the present study, an increase in LV lipid content was
observed only in the trained obese group (Ob-RT). This was
likely for the preference of carbohydrates (glucose) as the energy
source instead of lipids, which were stored in the peripheral
tissues, as just reported in skeletal muscle®. This increase of
lipids associated with increased metabolic demand due to ex-
ercise elevates the work of cardiomyocytes. Thus, the energy
needed by the cardiac tissue is augmented, followed by the heart
mitochondria activity. This fact is corroborated by the increase
of citrate synthase activity, as also observed in other study®'. The
growth of the total lipid content in LV of RT-Ob may be the con-
sequence of the maximum capacity of the ventricular myocytes
is reached by the oxidation of palmitate or other excessive free
fatty acids stored in LV?. As observed, high-fat diets augmented
the heart lipid concentration of Sprague Dawley’. However,
improvement in oleate oxidation with consequent suppression
of glucose oxidation has been reported in the cardiac tissue of
rats fed with a diet rich in fat>. The differences between results
are probably due to distinctions among animals and protocols.

It has been shown in rats fed with caloric diets, in com-
parison with standard ones, that the experimental span can
increase the mitochondrial fatty acid oxidation causing damages
in cardiac output without changes of citrate synthase activity.
However, the oxygen uptake in vivo is 19% higher and the
cardiac efficiency is 21% lower due to the increase in oxygen
consumption®. In contrast to the lower citrate synthase activity
up discussed, the higher activity usually observed in animals
submitted to RT protocols is being assumed to be due to the
lipid accumulation in the LV and the increased metabolic
demand from the imposed exercise. Moreover, RT improves
cardiac efficiency reducing blood pressure?®3*3¢, The increment
of energy production by cardiac mitochondria comes from
fatty acids catabolism as the predominant metabolic resource.
However, high mitochondrial work can generate more super-
oxide radicals in the cardiomyocytes®’.

The activity of antioxidant enzymes is usually increased
with the rise of superoxide anions, which can lead to damages
particularly in the heart tissue. As a protective factor, the body
makes use of the first line of antioxidant defenses, SOD, and
CAT activities to cope with superoxides. The induced obesity
in the Wistar rats does not modify the action of the antioxidant
defense system. However, the high values of the Total-SOD



activity in the RT group allowed us to assume that RT produced
superoxide radicals in LV. Even obese rats depicted the same
effects when submitted to RT. In obese rats submitted to RT,
however, the increase of antioxidant response was observed
through Mn-SOD and CAT activities. The effectiveness of the
RT protocol has been shown to improve the heart antioxidant
defenses'®8. Comparison between sedentary Fisher rats with
others submitted for eight weeks to the aerobic protocol in a
treadmill shows a greater activity of Total-SOD, Mn-SOD,
CAT, and GSH in the trained rats. This response is indicative
of cardioprotective effects from the aerobic exercise to cope
with the oxidative stress®.

Observing the effect of strength training, under submaximal
for short period (one month) or long period (three months) on
cardiac function in rats, is found that the developed an increase
of the cardiac mass and the relative heart mass. The heart rate
baseline is lower in animals trained for three months, and coro-
nary blood flow is increased either in sedentary or exercised rats.
There is no change in the enzymatic activity of SOD, CAT, GPx,
and lipid peroxidation either in trained or sedentary animals,
allowing concluding that sub-maximal intensity is appropriate
and safe for the heart tissue'®. The results of our study differ
from those cited here, probably due to the different protocols
applied. Juvenile rats fed with high-fat diet depict a significant
increase of BM, heart rate, visceral adiposity, plasma lipid
peroxidation, and blood pressure®. Obese animals presented an
increase in intravascular volume and cardiac output. This fact
is due to the need for matching the metabolic demand with the
BM, particularly in adipose tissue, the total peripheral resistance,
and the sympathetic activity®-¢2,

It was observed an increased activity of the Active MMP-2 in
the LV of rats fed with high-fat diets. This response likely built
up the proteolytic action of ECM constituents such as collagen
Iand IV, and LV sarcomere proteins such as troponin I, myosin
light head I due to the action of Pro MMP-2%. However, the
lower activity of Pro and Intermediate MMP-2 here observed
may be related to the activity of the Active MMP-2. Those ef-
fects could lead to a minor cardiac function, making it necessary
for enhancing the heart work to provide nutrients to the entire
organism through the vascular system. To reach these conditions
it is necessary elevating the heart energy production which
will lead to elevated citrate synthase activity, O2" production,
activation of MMP-2, and elevated antioxidant work, such as
observed in the present study.

The increase of lipid peroxidation results in MMP-2 activity,
remodeling the LV either through Pro (with its pro-domain,
activated by nitric peroxide and GSH) or active isoforms'. It
is postulated that the post-translational modification of MMP-
2, 72kDa (Pro MMP-2) by oxidative stress is a key event that
leads to its intracellular activation observed in several patho-
logical conditions, including obesity'®. These facts support our
assumptions. The obesity-induction period was able to promote
alterations in the lipid profile, oxidative stress, and increased
activity of MMP-2 in the LV. However, RT partially inhibited this
activity, showing lower values in obese animals and eutrophic
ones, as observed and previously reported'”.

Reviews on MMP-2 have shown that this enzyme, activated

Exercise Prevents Heart Oxidative Stress in Obese Rats

by oxidative stress and proteolytic actions, is also associated
with apoptosis by stimulation of B-adrenergic receptors. The
MMP-2 active, along with TNF-a induces apoptosis of cardiac
cells. There is evidence of the role of both in apoptotic pathways
of myocardial cells and other cellular functions, either over
healthful or pathogenic condition'*. The degradation of contrac-
tile proteins as signaling to apoptosis by MMP-2 is related to
oxidative stress in cardiomyocytes'®!*!5, Thus, decreasing the
MMP-2 activity could protect cardiac tissue from the harmful
effects of oxidative stress-induced by obesity. In our study, the
eight weeks of RT was able to promote a decrease of MMP-2
activity in obesity-induced by diet. This finding points out to a
beneficial response of RT protocol with outcomes on mitigating
deleterious effects from obesity and possible improvement of
cardiac functions from such pathological conditions.

In summary, eight weeks of high-fat diet promotes an elevated
body mass gain, and increase obesity index, accompanied by an
alteration in the lipid profile. Therefore, RT was able to prevent
body weight gain, to reduce the obesity index and to improve
the lipid profile, to elevate the activation of the citrate synthase,
and to decrease MMP-2 activity in the LV of rats.

Conclusion

In the current study, eight weeks of RT in obese animals was
efficient in reversing the harmful effects of obesity in dyslipid-
emic condition, ameliorating lipidic profile, and cardiometabolic
parameters and equilibrating MMP-2 activity in LV of obese rats.
Besides that, obesity-induced by high-fat diet leads to metabolic
lipid alterations, the elevation of lipid content, an increase of
citrate synthase activity, and elevated the MMP-2 activity.
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