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RESUMO

Para verificar o efeito do exercicio fisico sobre biomarcadores de estresse oxidativo no sangue de ratos diabéticos foram
utilizados 40 ratos Wistar distribuidos nos grupos controle, treinado, diabéticos e diabéticos treinado. O treinamento fisico
consistiu de nata¢do 1 hora/dia, 5 dias/semana por 8 semanas. O diabetes foi induzido utilizando aloxana (32mg/kg). Foram
analisados os parametros séricos: glicose, colesterol, triglicerideos, proteina c reativa, catalase, superoxidodismutase (SOD) e
malondialdeido (MDA). O diabetes aumentou as concentragdes séricas de glicose e TBARs, porém diminuiu as atividades da
SOD e catalase. O treinamento fisico reduziu os niveis séricos de glicemia, colesterol e aumentou e catalase nos animais
diabéticos. A atividade da SOD nos animais diabéticos foi menor que nos controles, sendo este parametro recuperado pelo
treinamento fisico. Nao houve diferengas significativas nos demais parametros estudados. Pode ser concluido que o
treinamento fisico foi eficaz em amenizar a hiperglicemia e o estresse oxidativo emanimais diabéticos.
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ABSTRACT

To verify the effects of exercise on blood biomarkers of oxidative stress in diabetic rats, 40 rats Wistar, were distributed into
four groups: control, diabetes, trained control and trained diabetes. Training was constituted of swimming 1 hour/day, 5
days/week for 8 weeks with intensity equivalents to minimum lactate. Diabetes was induced with intravenous alloxan (32
mg/kg). It was evaluated the following blood parameters: catalase, superoxide dismutase (SOD), Malondialdehyde (MDA),
glucose, cholesterol, triglycerides and C-reactive-protein. Diabetes induced hyperglycemia, reduction in body mass, catalase
and SOD activities and increased TBARs concentrations. Physical training, on the other hand, reduced blood glucose and
cholesterol, increased body mass and blood catalase. SOD activity was lower in diabetic rats than control rats and physical
training was able to recovery this parameter. The other parameters showed no differences. In conclusion, physical exercise
protocol contributes in controlling blood glucose, and ameliorates oxidative stress by increasing catalase levels and recovery
SOD activity.
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Introduction

Diabetes mellitus (DM) 1s chronic degenerative disease with the highest prevalence,
and it is estimate that around 415 million people suffering of diabetes in the world'. The
estimation for the year 2040 is that the disease reaches 642 million people’.

The metabolic disorders caused by diabetes are diverse as dyslipidemias, subclinical
inflammation, increased cardiac risk, in addition to loss of function that may evolve to failure
of several organs, caused by the lack of production or the action of insulin and high
concentration of glucose in the blood>. Among the consequences of hyperglycemia
is oxidative stress, defined as an unbalance between antioxidants and pro-oxidant.

The experimental diabetes induced by alloxan simulates type 1 diabetes mellitus and it
is widely used in animal model®”. The alloxan is a pyrimidine with similar structure to uric
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acid and glucose. Its action is selective and destructive on the pancreatic  cells leading to
degeneration and definitive death®. After the diabetes induction, the animals begin to show
classic signs of diabetes as polydipsia, polyphagia, weight loss and elevated glycaemia,
which, if not treated, weakens the animal by high concentrations of glucose in the blood and
its complications as the formation of stress oxidativo™’.

The acute and chronic physical exercise may facilitate the uptake of glucose, the
reduction of gluconeogenesis and body fat mass, which promote the production of reactive

oxygen species (EROS) *'°.

The physical exercise stimulates the production of reactive oxygen species (EROS),

but in fact, these high levels stimulate the increase of expression and activity of antioxidant
11
enzymes .

Some of endogenous antioxidant enzymes are the glutathione peroxidase (GPX) (GPx;
dependent or not of selenium), catalase (CAT-hemi-enzyme), superoxide dismutase (SOD)
(CuZn- Cytosolic and extracellular SOD and Mn-SOD-mitochondrial). Their function is to
decompose superoxide, hydrogen peroxide and hydroxides radicals and to control the activity
of lipid peroxidation, through the levels of species reagents to thiobarbituric acid (TBARS) 2.

Evaluating the markers of oxidative stress in blood can be interesting,
because according to Aguilar-da-Silva and collaborators', red blood corpuscles are good
indicators of oxidative stress, because they are in contact with numerous molecules and
organic structures and they act as carriers of gases, being very susceptible to damage by
oxygen reactive species and, as a consequence, their functionality will be impaired.

Despite the knowledge about the damage caused by oxidative stress in diabetic body
and the beneficial effects of moderate physical training to alleviate this process, few studies
have evaluated the effects of physical training on parameters related to oxidative stress in
diabetic animals. In this way, the present study aimed to investigate the effects of physical
training on markers of oxidative stress in alloxan diabetic rats.

Materials and methods

Animals

It was used 40 wistar rats with 45 days of age at the beginning of the experiment,
selected from the Universidade Estadual Paulista (UNESP), Campus of Botucatu. The
animals were kept in cages of polyethylene measuring 37 x 31 x 16 (five rats per cage), they
were kept at ambient temperature of 21 C and photoperiod of 12 hours light/dark, they were
fed with Purina standard balanced ration and water ad [libitum at the animal facility of
Biodynamic laboratory of Physical Education Department (Institute of Biosciences) - UNESP
- Rio Claro. The experimental period occurred between the months of April and September
2013.

All experimental procedures are in accordance with the standards of the Brazilian
College of Animal Experimentation (COBEA) and they were submitted and approved by the
Committee of Ethics in Animal Experimentation (CEUA) of the Institute of Biosciences of
UNESP - Campus of Rio Claro (N° 633/2012 protocol).

Experimental design

The rats were moderately anesthetized with ethyl ether and then they received
intravenous monohydrate alloxan Sigma® (32 mg/kg of body weight) dissolved in citrate
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buffer 0.01M, pH 4.5. After the induction to DM by alloxan, the animals remained in the
cages and receiving during the first day a solution of water and glucose (15%) and food.
Seven days after the drug administration, blood glucose was tested (commercial kit-
Laborlab® enzymatic colorimetric method of glucose oxidase-peroxidase) to verify the
diabetic state of the animals.

It was considered diabetic only those animals which had blood glucose levels greater
than or equal to 200 mg/dL. After these procedures, it was registered the animal body weight
and the animals were randomly distributed into the following groups (n=10): sedentary
control - SC; Trained Control - TC; sedentary Diabetic - SD; Trained diabetic - TD.

Training
The training protocol consisted of swimming for 1 hour/day, 5 days/week, with load

corresponding to minimum lactate'*'> for the period of 8 weeks, preceded by aquatic
environment and loads adaptation phase for a week.

Swimming sessions were held in tanks with 100 cm length, 70 cm width and 60 cm
depth, containing water at a depth of 50 cm, to avoid the rats to suspend themselves in their
tail on the bottom of the container. The water temperature was between 31° and 32° C, being
considered thermally neutral in relation to the rat’s temperature '°.

Samples and analyzes

Forty-eight hours after the last training session, the rats were anesthetized with
thiopental sodium (40 mg/kg of body weight via intraperitoneal injection) and blood samples
were collected by cardiac puncture to determinate and assess the following biomarkers:
Catalase - CAT'” and superoxide dismutase - SOD using laboratory kit (Cayman Chemical,
Ann Arbor, MI, USA), as well as the reagent products for thiobarbituric acid'®. For analyzes
of serum glucose and cholesterol C reactive protein were used colorimetric enzymatic
method using commercial kit (Laborlab®).

Statistical analysis

It was conducted the Shapiro-Wilk normality test, and one way ANOVA, followed by
the complementary test of Tukey. The data are expressed as mean and standard deviation and
the values were considered significant when P<0.05. For analyzes, we used the Statistica
software 7.0® and the GraphPad Prism®.

Results

Table 1 shows serum data from the studied groups. Hyperglycemia of diabetic animals
(SD and TD) characterizes the dawn of an insulinopenic state. However, the diabetic animals
submitted to physical training had glycaemia values smaller than the sedentary diabetic
animals. For the data of serum cholesterol, the diabetic induction did not promote significant
differences, (SC: 98.8 = 9.7; TC: 82.0 + 13.1; SD: 95.5 £ 31.6; TD: 75.5 £5.21) being the
physical training promoter of reduction in groups TD compared to SC. The values of C-
reactive protein (SC: 0.44 + 0.18; TC: 0.43 + 0.31; DS: 0.54 + 0.44; TD: 0.39 + 0.14) did not
show different values between the groups studied. The analysis of Malondialdehyde (MDA),
which is one of the thiobarbituric acid reactive substances (TBARS) (SC: 3.11 + 0.45; 4.09 +
0.40; TC: 4.32 £ 1.03; TD: 4.72 + 0.73).
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Figure 2 showed that diabetes promoted greater production of this substance and that
the physical training did not change these values in these animals.

Table 1. Values of blood glucose (mg/dl), total cholesterol (mg/dl) and C-reactive protein
(mg/dl) from animals of the groups sedentary control (SC), trained control (TC),
sedentary diabetic (SD) and trained diabetic (TD) in the end of the experimental

period.
Groups SC TC SD TD
Parameters
Glycemia 166.7 + 18.88 170.4 £ 14.92 4462 +£79.49%  279.4 + 98.64™
Total 98.8+9.7 82.0+: 13.09 95.5+31.6 75.5+£5.21%
cholesterol
C- reactive 0.44+0.18 043 +0.31 0.54 +£0.44 0.39+0.14
protein

Values were expressed as mean =+ standard deviation. a # SC; b # TC; ¢ # SD (ANOVA, Tukey post-hoc; p<0.05).
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Figure 1. Body weight assessed during the study of animals belonging to the groups:
sedentary control (SC), trained control (TC), sedentary diabetic (SD) and trained
diabetic (TD) to the end of the experimental period. Results were expressed as
mean and standard deviation.
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Figure 2. Concentrations of reagents to thiobarbituric acid (TBARS) in the blood of animals
belonging to the groups: sedentary control (SC), trained control (TC), sedentary
diabetic (SD) and trained diabetic (TD) to the end of the experimental period.
Results were expressed as mean and standard deviation. Significant differences:
(*) and (**) in relation to SC (P < 0.05, Post-hoc Tukey test).

Figure 3 shows serum values of catalase enzyme activity (SC: 3.3 + 0.45; TC: 4.07 =
0.4; SD: 49+ 1.03; TD: 4.70 = 0.73). These values were increased in diabetic animals
(SD and TD), and there was no significant effect of physical training on this parameter.
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Figure 3. The catalase enzyme activity in the blood of animals belonging to the groups:
sedentary control (SC), trained control (TC), sedentary diabetic (SD) and trained
diabetic (TD) to the end of the experimental period. Significant differences: (*)
and (**) in relation to the SC (P < 0.05, Post-hoc Tukey test).

J. Phys. Educ. v, 27, 2726, 2016.



Page 6 of 9 Pereira et al.

SUPEROXIDE DISMUTASE
40+
=
W
§ *- =
Q e,
S :
oo &
£ e
~ "
=) *
e,
SC TC SD ™

Figure 4. Activity of superoxide dismutase enzyme in animals belonging to the groups:
sedentary control (SC), trained control (TC), sedentary diabetic (SD) and trained
diabetic (TD) to the end of the experimental period. Results were expressed as
mean and standard deviation. Significant differences: (*) in relation to the SC (P <
0.05, Post-hoc Tukey test).

Finally in the analysis of the activity of the enzyme superoxide dismutase (SC: 27.33 +
4.19; TC: 21.95 £ 3.72; SD: 21.95 + 0.90; TD: 26.76 £+ 5.16). The animals of SD group had
lower values than the SC group (figure 4). However, the physical training recovered these
values in diabetic animals, not being observed a difference compared to SC.

Discussion

The present study explores the effects of physical training on oxidative stress of
diabetic rats. Alloxan was used for induction of diabetes, taking as reference several studies
that showed the mechanisms of injury in beta cells that culminate with the dual stage of
hyperinsulinaemia in the first hours, follow by hypoinsulinaemia and hyperglycemia®®. The
diabetic hyperglycemia can causes an increase in the rate of cellular respiration, producing
EROS; furthermore, sugars oxidized react with lipoprotein components and membrane
receptors, stimulating the formation of superoxide anions and hydrogen peroxide due to
permanent hyperglycemia that induces the self-glucose oxidation.'*!

Similarly, the aerobic physical training was based on previous results that determined
the load used as predominantly aerobic for diabetic animals (4, 2% b.m.) and no diabetic
(5.5% b.m.)'*'>** The aerobic exercise facilitates the glucose uptake independently of
insulin, by increasing the tyrosine-kinase activity of insulin receptors, increasing the
translocation of the skeletal muscle glucose transporters (GLUT-4)®.

In the present study, there was an induction of hyperglycemia in diabetic animals,
while the physical training was capable of reducing this hyperglycemia in the animals. The
training contributes to potentiate other points of insulin signaling pathway, as increasing of
IRS phosphorylation, PI3-kinase activity that culminate with increasing in the translocation
of GLUT-4 adjacent to the membrane®**%.

Among the symptoms are included the dyslipidemias. According to Luciano and
collaborators® in an exercise protocol similar to groups used in this work (moderate to light),
no differences in some lipid parameters were found between the groups, but when HDL was
analyzed, it was found that the exercise is able to stimulate its increase.

Oxygen reactive species are produced in the process of cellular respiration, thus there
is an antioxidant apparatus that mitigates the damage that can occur in the oxidative stress.

J. Phys. Educ. v, 27, 2726, 2016.



Influence of aerobic exercise training on serum markers of oxidative stress in diabetic rats Pagina 7 de 9

The acute physical exercise can aggravate this mechanism, but the body adapts and produces
antioxidant enzymes as catalase in response to the event, having a protective effect against the
lipid peroxidation®.

The reasons for the choice of blood tissue are: it is be widely exposed to metabolites
and gases, such as O, and in this case to the high levels of glycaemia makes it more likely the
EROS and because the red blood cells have small metabolism but physiologically significant,
keeping the structure of the membrane and hemoglobin, in order to protect against oxidative
damage". In addition, the iron found in the free form or connected to a heme can convert the
radical superoxide anion and hydrogen peroxide, by Fenton's reaction, in the hydroxyl radical,
one of the most reactive species known'?.

The cell membrane may suffer oxidative damage due peroxidation of residues of
unsaturated fatty acids of phospholipids and a nonspecific test of products that react to
thiobarbituric acid (TBARS) is widely used as an indicator of oxidative attack'****".

In our study, serum concentration of TBARs was high in diabetic groups, which
indicates that the diabetes increased peroxidation and the physical training was not efficient in
mitigating this process. Corroborating with the present study, Kakkar and collaborators™,
showed that the concentration of TBARs was higher in diabetic animals.

The effects of exercise are dependent on several factors such as duration, type and
intensity of exercise. Prada and collaborators'’, using an exercise protocol of swimming,
observed an increase of lipid peroxidation, finding out the TBARS significantly high in the
blood of trained animals. Coskun and collaborators®’ showed that the exercise of swimming
with moderate intensity was more effective at reducing levels of MDA in diabetic rats
induced by streptozotocin, comparing to light and heavy exercise. Additionally the authors
demonstrated that moderate intensity swimming was better in protecting the pancreatic 3
cells.

The serum concentration value of catalase enzyme showed that the trained groups had
a higher enzyme expression. This data does not corroborate with the study of Prada
and colleagues'® who claimed that there is a possibility of different responses due to the type,
intensity and duration of exercise. However, Torres et al’’ found catalase values is
significantly higher in the diabetic group, agreeing with Kakkar and collaborators®®
who reported an increase independently of the time of DM induction, after all according to the
authors it would reduce during the course of the disease.

With regard to the activity of superoxide dismutase (SOD), the diabetic animals had
areduction in the values of this parameter. This data corroborates previous studies that
present a possible glycation of this enzyme or action of S,0;leading to inactivation of it in
hyperglycemic animals®’. In the present study, the moderate physical training has mitigated
the activity reduction of this enzyme, demonstrating a beneficial adaptation of the physical
training to diabetic organism.

Conclusion

The set of data collected in this study allow us to conclude that the aerobic physical
exercise protocol contributes to glycemic control and partially alleviate the oxidative stress
demonstrated through increased catalase levels in diabetic animals and recovery of SOD.

However, it is necessary to study other antioxidant enzymes and markers of stress, as
well as the use of other techniques for better understanding the relationship between physical
exercise and diabetes in oxidative stress.
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