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Exercise induce oxidative stress in rats kidney
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Abstract. Oxygen free radicals play an important role in metabolic and phenotypic adaptation of skeletal muscle to
exercise. Recent experimental studies have shown that oxygen free radicals influence the functional activity and thus
adaptive metabolic organs, involved in post-exercise recovery and disposal of products of metabolism, plus nerve
control structures, gonads and digestive system. Our experimental model aims to quantify the biochemical phenomenon
of oxidative stress induced by acute exercise on kidney Wistar rats at 24 hours post-exercise. Male Wistar rats were
divided into two groups (control group and the experimental group who performed a single workout, swimming for 90
min), and were sacrificed at 24 hours post-exercise, with the protection of laboratory animals. After slaughter samples
were collected from the renal parenchyma and the biochemical parameters followed were: superoxide dismutase
activity (SOD) and catalase (CAT) and tissue levels of reduced glutathione (GSH). From the experimental data
(superoxide dismutase activity – 6.48±0.19↑ **; catalase activity- 3.80±0.25↑ *; Reduced glutathione levels- 1.63±0.24
NS) that at 24 hours post exercise installs the phenomenon of mild oxidative stress on kidney.
Key words: exercise, oxidative stress, kidney.

Introduction
Physical inactivity is a leading cause of death
globally in recent years. The World Health
Organization puts sedentary on fourth place in the
hierarchy of medical phenomena that induce death
worldwide (1). Inactivity is the main cause of
obesity, cardiovascular diseases and tumor
diseases.
Exercise is the essential component for a healthy
life of modern man. Moderate physical effort is
usually recommended in the treatment of
cardiovascular diseases and chronic obstructive
pulmonary disease and in the prevention of
diseases such as atherosclerosis, type 2 diabetes,
colon cancer and breast cancer (2-6 ).
By the energy requirements, exercise increases
oxygen consumption by 20-25% compared to
basal physiological conditions, an event that will
lead to the generation of oxygen free radicals.
Free radicals are chemical species, of reactive
oxygen species which may react chemically with
any biomolecules (7). The main ways of
producing oxygen free radicals during exercise
are: mitochondrial activity, neutrophil activation,
as a result of polymorphonucleate tissue activity,
cell reperfusiune after an ischemic phenomenon,
and autooxidation of catecholamines (8-11).

In addition to the ability to generate oxygen free
radicals as a result of the cell's metabolic
processes, the cell dispose biochemical
mechanisms of defense against oxygen free
radicals.
By their nature, biochemical cellular defense
mechanisms against oxygen free radicals, were
grouped into enzymatic and non-enzymatic
mechanisms.
The category of enzymatic mechanisms, include
the following enzymes: superoxide dismutase,
catalase, glutathione peroxidase, tyreoredoxine,
glutaredoxyne and peroxiredoxyne and the
category
of
non-enzymatic
antioxidant
mechanisms include: vitamins A, E, C, reduced
glutathione (GSH), coenzyme Q10, bilirubin, uric
acid, α-lipoic acid, β-carotene and many
phytocompounds (12-16).
In basal physiological conditions there is a
balance between the rate of generation of reactive
oxygen species and antioxidant neutralizing
capacity for the system overall.
In certain situations, such exercise or different
pathophysiological phenomena can be easily tilted
the balance in favor of oxygen free radicals, called
oxidative stress phenomenon (17, 18).
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capacity of the antioxidant to neutralize the
increased level of oxygen free radicals. Oxidative
stress, through changes in redox equilibrium
tissue / cell influence athletic performance.
Recent experimental studies have shown that
oxygen free radicals play a role in the adaptation
signal of the body to exercise, by activating
antioxidant
mechanisms,
biogenesis
of
mitochondria and increased rate of absorption of
glucose in skeletal muscle (19).
In addition to changes in metabolic and
biochemical events, associated rate, during
exercise blood is sent to the muscles, especially in
business.
The blood flow during exercise, is mainly sent to
the muscles in activity, and to other organs such
as: intestine, liver, kidney and brain (20-22).
Those organs go through short periods of hypoxia
during exercise, post event will lead to a hyperoxygenation effort of body, and hence the
production of oxygen free radicals that can induce
oxidative stress phenomenon.
Exercise can directly influence redox status and
functional activity of skeletal muscle, and
indirect, redox status and functional activity of
organs involved in rebuilding post-exercise,
metabolic products of metabolism, and
elimination of control nerve structures.
Our experimental model quantify biochemical
phenomenon intensity of oxidative stress induced
by acute exercise in the kidney.
Material and Method
Biologic material used in our experimental model
were Wistar albino rats, males 16 weeks of age
and weighing 200±20 g.
The animals were individually housed in
thermostatic (22 ± 2oC) windowless stainless steel
cages with constant humidity and controlled
lighting conditions (12 h of light and 12 h of
darkness per day) as well as with free access to
tap water.
They were fed under standard laboratory
conditions.
Our experimental model consisted of two groups:
a control group and an experimental group, each
group consisting of 6 animals, albino male rats of
Wistar line.
– Control group (M) male - animals in this
group did not perform exercise, serving as a

reference for the experimental group.
– Experimental group (Ef) male - animals
in this group were subjected to a single
exercise (swimming in a pool of water at
200 ± 20 C, 90 minutes). The animals were
slaughtered at 24 hours after the exercise,
with the protection of laboratory animals.
After slaughter samples were collected
from renal parenchyma.
Biochemical assays. Biochemical parameters
were:
– superoxide dismutase activity (SOD);
– catalase (CAT);
– tissue
concentrations
of
reduced
glutathione (GSH).
Determination of the enzymatic activity of
superoxide dismutase (SOD) was made by the
method of Winterbourne (1979) (23).
Biochemical analysis method is the colorimetric
method and the enzymatic activity was related to
milligrams of protein. Determination of total
proteins was done by the method described by
Lowry (1951) (24).
Determination of enzymatic activity of catalase
(CAT) was done as was described by Beers and
Sizer (1952) (25).
Determination of tissue levels of reduced
glutathione (GSH) was done as was described by
Beutler (1984) (26). Biochemical analysis method
is the colorimetric method, and reduced
glutathione tissue levels was relate to milligrams
of protein.
Statistical Analysis. Data were processed in the
program OriginPro75. The significance threshold
was set at p≤0.05.
Results
The results of our research are presented in Table
I.

Discussion
Recent experimental studies have shown that
oxygen free radicals are generated during exercise
and play an important role in the control of
muscle metabolism (27).
Skeletal muscle is a dynamic structure in terms of
morphological, biochemical and endocrine
adaptation strategy and the exercise part
metabolic conversion and modification of active
muscle mass (19).
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Table I. Superoxide dismutase activity and catalase enzyme and tissue levels
of reduced glutathione at the control group (M) and experimental group (Ef)

Group

Control Group (M)

Experimental Group
(Ef)

Statistical
Analysis

Superoxide Dismutase
Activity-SOD
U/mg protein

Catalase ActivityCAT
U/mg protein

Reduced
Glutathione- GSH
mcg/mg protein

X±ES
n

4.89±0.12
6

2.67±0.14
6

1.46±0.17
6

X±ES
n

6.48±0.19
6

3.80±0.25
6

1.63±0.24
6

t

6.54

3.45

-

p≤

0.01↑

0.05↑

NS

X±ES = mean ± standard error; n = the number of individual samples that represented the arithmetic mean in the end;
t = the value of the “t” test taken by the student; p ≤ = the threshold of significance established on the basis of the
“t” value; NS = insignificant change

Unfortunately the same thing cannot be said about
the kidney. Proteinuria is an event that indicates
an exercise that induced renal injury, hypothesis
demonstrated and cited in the literature (28) and
the research of the post effort kidney is a crucial
target in sports physiology.
Exercise is recommended in patients with chronic
renal failure to improve general and physiological
status and to reduce mortality (29).
Paradoxically exercise is an important source of
generation of oxygen free radicals. And when the
concentration of oxygen free radicals exceeds the
antioxidant defense system inactivates basal and
install oxidative stress.
If skeletal muscle mechanisms for generation of
oxygen free radicals witch can cause oxidative
stress is known largely for kidney, but the sources
that induce oxidative stress during exercise and
after effort are still unclear.
A possible cause of the phenomenon installation
oxidative stress in the kidney can be effort lessly,
and post ischemic reperfusion phenomenon,
addition the increase in glomerular filtration rate
(30).
Superoxide dismutase and catalase are the
antioxidant enzymes, which corrects the level of
superoxide radicals and hydrogen peroxide on
cellular/tissue level.
Superoxide dismutase catalyzes the conversion of
the superoxide radical to hydrogen peroxide and
catalase activity, using as a substrate of hydrogen
peroxide. The both enzymes changes in relation to

the level of superoxide radicals to hydrogen
peroxide.
Reduced Glutathione is a biologically active
peptide with antioxidant and co-activator factor.
This enzyme may act directly or indirectly to
oxygen free radicals, by enzymes whose co-factor
is.
The dynamics of the biochemical parameters in
the study indicate in our experimental model of
oxidative the stress phenomena installation of
medium intensity at 24 hours post effort.
The enzymatic activity of superoxide dismutase
and catalase, increase statistically significant and
reduced glutathione tissue levels is in the range of
the reference (see Table I) that indicates the
installation of the dynamic phenomenon of
moderate oxidative stress.
Conclusions
In our experimental model, the dynamics of the
biochemical parameters in the study of the
phenomenon indicates the installation of moderate
oxidative stress in the kidneys in 90 minutes after
(at 24 hours) physical effort on Wistar rats.
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