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ABSTRACT
Estimation of age dependent changes of the
lipid peroxidation (LPO) intensity, content of
stable metabolites of nitrogen oxides (NO) and
antioxidant enzyme activities in rat blood serum
in conditions of experimental postinfarction cardiosclerosis (PICS) is carried out. Initiation of
the postinfarction remodeling of animals has
been carried out with coronary occlusion, definition of LPO and NO metabolites indices has
been performed after 45 days. Investigations
have been carried out on 44 and twelvemonth-old male Wistar rats with mass 200 - 250
g and 400 - 450 g, accordingly. Statistical analysis of the results was performed using the
Mann-Whitney-Wilcoxone criterion. It has been
found that already intact animals have age
specificity of indices under consideration. The
expressed activity of LPO processes on the
background of reduction of endogenous fermentative antioxidant (SOD and catalase) activity as
well as nitrite concentration in blood serum is
characteristic for PICS of 4-month-old animals.
PICS of 12-month-old rats is accompanied with
suppression of the LPO processes on the background of reduction of the antioxidant enzyme
intensity and increase of NO metabolites production. The following conclusions have been
drawn. Process of ontogenesis is characterized
by imbalance between pro- and antioxidant processes in rat blood. Increase in catalase activity
and concentration of the TBC-active products at
simultaneous decrease of SOD activity and content of diene conjugates has been noted. The
organism of young animals responds with persistent increase of LPO processes and decrease
of SOD and catalase activity on formation of postinfartion cardioslerosis. The less expressed increase of lipid peroxidation activation and deCopyright © 2013 SciRes.

crease of catalase activity has been noted in the
organism of old animals within 45 days after PICS
formation.
Keywords: Lipid Peroxidation; Nitrogen Oxide;
Postinfarction Cardiosclerosis; Age-Related Aspect

1. INTRODUCTION
Free radical reaction has a definite place in the processes that occur in the alive organisms. The main source
of radicals in organism is oxygen. Formation of free
oxygen radical can occur at transfer of electrons in respiratory chain of mitochondrions [1,2], in NADP-cytochrome of Р450-dependent system of microsomal oxidation of xenobiotics [3], at metabolism of purines and
pyrimidines on xantine oxidase way [4] etc. The many
works devoting to regulatory role of free radicals have
been published in the last years [5-7]. Influence of free
radicals and products of peroxidation on sensitivity of
cellular membranes to mediators [5], as well as on reflex
mechanisms of regulation [8] has been shown. Change of
lipid peroxidation intensity in aging process of organism
has been found [5,9,10]. The free radicals are very aggressive molecules which enter easily in interaction with
the main cellular components causing oxidative modification of lipids, thiol groups of proteins and nucleic acids
[6]. Oxidative modification of molecules leading to structural disturbance in the membrane bilayer and decrease
of functional activity of integral membrane proteins is
the pathogenetic link of the many pathological processes
[6,11]. Study of ischemia-reperfusion lesions of cardiac
muscle is pressing question in cardiology. It has been
shown in experiment that development of coronary occlusion infarction creates conditions for uncontrollable
development of the peroxide processes as result of
decrease in antioxidant enzymes activity [12]. At the
same time the clear idea about intensity of processes
of lipid peroxidation (LPO) and their pathogenetic role
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in development of postinfarction cardiac remodeling is
absent. At that there is a high probability that changes
occurring in the system of pro- and antioxidants at myocardial remodeling in young and aging organisms can
differ.
The aim of the present study is investigation of the age
dependent feature of change of LOP process intensity,
content of stable metabolites of nitrogen oxide and antioxidant enzymes in rat blood serum at postinfarction
cardiac remodeling.

2. METHODS
2.1. Animal Groups and Experimental Model
Investigations have been carried out on 40 male Wistar rats of 2 age groups. The four-month-old and twelvemonth-old animals were obtained from the vivarium of
the Institute of Сytology and Genetics of the Siberian
Branch of the Russian Academy of Sciences (Novosibirsk, Russia). During of the whole experiment the animals were kept under standard conditions on routine
food and water intake.
The first group contained 10 experimental and 10 control four-month-old animals with mass 200 - 250 g. The
second group contained the same number of the experimental and control twelve-month-old rats with mass 400 450 g accordingly. Myocardial infarction has been simulated in the experimental animals of all groups by
means of coronary occlusion in the field of the high third
of link coronary artery [13]. Post-infarction cardiosclerosis (PICS) has been formed in experimental animals
within 45 days after coronary occlusion [14]. The animals which have been suffered false operation without
coronary occlusion served in our investigation as control.
Gravimetric control for change of the left ventricle has
been performed in the all group of animals within 45
days. The estimation of myocardial lesion volume has
been performed according to the method [15].

2.2. Serum Samples
Blood sampling has been performed in cooled test glass,
blood samples has been centrifuged at 3000 rpm during 10
minutes. Obtained serum was dispensed for aliquots and
stored in liquid nitrogen until investigation moment.

2.3. Methods of Estimation of LPO
LPO activity in blood serum was estimated in reaction
with 2-thiobarbituric acid (TBA) by measuring concentration of TBA-active products (TBAAP) [16]. The concentration of primary products of LPO—dien conjugates
(DC) was measured in the hexane extracts of serum samples with spectrophotometer at 232 nm [17].
Copyright © 2013 SciRes.

2.4. Measurement of Catalase Activity in
Serum Samples
The activity of catalase was determined by the spectrophotometric method [18], based on the ability of hydrogen peroxide to form a stable stained complex with
molybdenum salts.

2.5. Measurement of SOD Activity in Serum
Samples
Superoxide dismutase (SOD) activity in samples was
evaluated by method of spectrophotometric measurement
of adrenochrome concentration increase at 480 nm [19].
Adrenochrome is formed at the autoxidation of adrenalin
in alkaline medium which proceeds with formation of
oxygen superoxide anion. SOD dismuting superoxide anion inhibits autoxidation process.
Accomplishing the biochemical methods for the determination of LPO products and antioxidative ferment (catalase and SOD) activity one used Sigma reagents.

2.6. Method of Estimation of NO Metabolism
in Blood Serum
Content of stabile metabolites of nitrogen oxide
(NO)—nitrates and nitrites—is defined by the Griss reaction with use of commercial reagents kit Nitric Oxide
( NO 2 / NO3 ) Assay Kit (Assay Designs).

2.7. Statistical Analysis
Confidence of differences of obtained data was evaluated by use of Mann-Whitney range criterion and Wilcoxone criterion. Differences are considered statistically
significant at р < 0.05.

3. RESULTS
It has been found that statistically significant increase
of TBAAP on 25% and decrease of DC content on 20%
is characteristic for the control twelve-month-old animals
in comparison with the young animal group (Table 1).
These age changes of LOP products indices appeared
interrelated with the antioxidant enzyme system activity.
So, the activity of SOD enzyme and catalase in major
age group differed from values obtained for juveniles. It
has been revealed statistically significant decrease of
SOD activity in 5 times and opposite, increase of catalase activity more than 2 times. At definition of nitrites
and nitrates it has been shown that values of this metabolites of the twelve-month-old animals of the control
group were statistically significantly lower (Table 2) in
comparison with the four-month-old animal group. The
revealed age dependent differences in TBAAP and DC
concentration and SOD and catalase activity can be reflected on change of these indices at development of
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Table 1. Indices of lipid peroxidation and antioxidant enzyme activity in blood serum of 4-month-old and 12-month-old rats (M ±
m).
Index

Group
DC, ΔЕ232/ml

TBAAP, μmol/l

Catalase, μcatal/l

SOD, mol/min·L

Control animals, 4-month-old
(n = 10)

1.03 + 0.08

20.99 + 2.03

20.52 + 1.63

0.86 + 0.05

Animals with PICS 4-month-old
(n = 10)

1.96 + 0.09
p1 < 0.05

25.58 + 2.26
p1 < 0.01

15.92 + 0.95
p1 < 0.01

0.09 + 0.01
p1 < 0.01

Control animals 12-month-old
(n = 10)

0.82 ± 0.11
p2 < 0.05

25.32 ± 5.44
p2 < 0.05

41.3 ± 2.95
p2 < 0.001

0.153 ± 0.039
p2 < 0.05

Animals with PICS 12-month-old
(n = 10)

0.85 ± 0.19,
р1 > 0.05, p2 < 0.05

12.53 ± 1.92
р1 < 0.05, p2 < 0.05

26.7 ± 3.33
р1 < 0.05, p2 < 0.05

0.087 ± 0.031
р1 < 0.05, p2 < 0.001

Note: p1—significant differences from that of the group of control animals of corresponding age; p2—significant differences in a similar group of young animals; n—number of animals in group.

Table 2. Change of concentration of nitrites and nitrates in blood serum of the rats of various age groups at formation of PICS (M ±
m).
Index
Animal groups
Control animals (n = 10)

Nitrites μmol/l

Nitrates μmol/l

2.655 ± 0.598

29.598 ± 9.958

*

28.194 ± 8.119

4-month-old
Animals with PICS (n = 10)

1.499 ± 0.342

Control animals (n = 10)

1.12 ± 0.516#

18.42 ± 3.86#

Animals with PICS (n = 10)

2.44 ± 0.085*#

28.85 ± 6726*

12-month-old

Note: *(p < 0.05)—significant differences from indices in the group of control animals of corresponding age; #(p < 0.05)—significance differences of values in
animals of older age group from the corresponding values in the 4-month-old rats. n—number of animals in group.

postinfarction cardiosclerosis.
Average value of heart mass in the four-month-old
animal group within 45 days after modeling of infarction
exceeded similar index of the control rats on 22.8% ±
3.11% (p < 0.01). At that the zone of postinfarction scar
made in average 55.0% ± 9.00% of the left ventricle
mass. The average value of heart mass in the twelvemonth-old animal group increased on 28.9% ± 2.58% (p <
0.05) in comparison with control group of this age as
result of postinfarction remodeling. Percentage of scarce
tissue in the left ventricle made 58.0% ± 9.90%. Revealed changes testify that postinfarction cardiac remodeling leads to development of myocardial hypertrophy
both of the young animals and the animals of major age
group.
Results allowing to judge about LPO activity and stress
of the endogenous antioxidant system at remodeling of
myocardium are presented in Table 1. The average value
of TBAAP contents in blood serum samples of the fourmonth-old animals at PICS exceeds indices obtained in
the control animal group of the same age on more than
21%. The more expressed differences were revealed by
DC content. Its concentration in experimental animals
exceeds values obtained in the control group on 90%. At
investigation of endogenous antioxidant enzyme activity
Copyright © 2013 SciRes.

we revealed that catalase and SOD activities in serum of
the postinfarction four-month-old animals is less on 22%
and 89% than in the control group of the same age, accordingly (Table 1). Definition of the concentration of
stable NO metabolites—nitrites and nitrates—showed
that myocardial postinfarction remodeling is accompanied with authentic decrease of nitrites (on 44%) while
the content of nitrates remains on the same level that in
the control group (Table 2).
Similar investigations carried out on the twelve-monthold animals gave some other results. It has been found
that on the background of developed postinfarction remodeling the average content of TBAAP in the rats of
this age group are more than 50% less than one of the
control animals of the same age while the content of DC
practically has not been changed (Table 1). The significant (p < 0.05) decrease of the SOD (on 43%) and catalase (on 35%) activity in relation to indices of the control
animal group was characteristic. Definition of stable NO
metabolites (Table 2) showed increase (p < 0.05) of concentration of both nitrites (on 117%) and nitrates (on
56%).

4. DISCUSSION
Activation of free-radical oxidation is considered as
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one of the aging mechanism of organism [9,10]. There is
interconnection between aging of an organism and development of many pathologies including heart failure of
ischemic genesis.
It is shown that at acute and chronic myocardial ischemia the production of active form of oxygen and activation of lipid peroxidation increases significantly and antioxidant potential decreases [6,11,12]. During whole
postinfarction period myocardium suffers the complex of
structural and functional changes which are noted not
only in the lesion focus but and in the zones remote from
lesion [20].
Excessive activation of the processes of free radical
oxidation of lipids is one of the factors increasing permeability of cellular membranes as well as leading to oxidative modification of their structural proteins and enzymes [5,12].
Our investigation of free radical processes in the control animals of different age testify that aging process
leads to increase of TBAAP concentration in blood serum. Such an increase can be considered as result of
strengthening of their formation in animals of major age
group or as result of decrease of utilization. However, we
did not observe significant changes in DC content. It is
known that intensity of metabolic processes in organism
decreases and mitochondrial respiratory activity are depressed with age. Some authors connect decrease of number of active oxygen form molecules just with this fact
[21,22]. Our investigation found that accumulation of
LOP products in animals of major age group can be result of age dependent decrease of SOD activity [23].
Since we observed rise only TBAAP index which formation occurs in process of synthesis of thromboxane [24],
it is possible to suppose that there is no real rise of free
radical processes activity in the 12-month-old rats.
Behavior of LOP in living organisms is regulated by
multicomponent antioxidant system which constraints excessive formation of hydroperoxides and lipid radicals
[1,5,6]. SOD and catalase are high specific regulatory enzymes which cause antioxidant action and neutralize such
an active forms of oxygen as superoxide anion radical and
hydrogen peroxide [1,5,6].
We revealed oppositely directed changes of SOD and
catalasa activity in 4-month-old and 12-month-old animals. Decrease of SOD activity of the rats in major age
group can be considered as evidence of suppression of
antioxidative ability of organism. The most probably decrease of SOD activity is caused by inhibition of active
center of this enzyme with LOP products [25]. Increase
of catalase activity in the rats of major age group probably reflects realization of compensatory possibilities of
endogenous antioxidant system.
Obtained results are corresponded with data of other
researchers showing that SOD activity decreases in blood
Copyright © 2013 SciRes.

of the animals in age range from 3 up to 30 months and
catalase activity, opposite, increases [23,26].
Simulation of PICS in the 4-month-old rats in our investigations was accompanying with increase of TBAAP
and DC content in blood serum that testifies intensive
passing of LOP processes even within 45 days after
simulation of myocardial infarction. Increase of indices
of lipid peroxidation in serum can be result of exit of
LOP products in blood flow from damaged myocardium
or generalization of oxidative stress on the level of whole
organism. In this case active passing of LOP processes
can occur in membranes of the form elements of blood,
endothelium and vessel walls.
In the most cases action of endogenous antioxidant
enzymes is inefficient at oxidative stress as result of inhibiting action of fat acid peroxides and active forms of
oxygen on their active centers [25,27]. It may well be
that increased formation of active forms of oxygen and
lipid peroxides which are typical for ischemic action
[6,11] promotes decrease of antioxidant enzyme activity
[25,27] that in certain conditions leads to formation of
the peculiar “closed” circle and formation of oxidative
stress. Decrease of SOD and catalase activity in blood
serum of young animals with cardiosclerosis revealed by
us can be considered as additional confirmation that state
of oxidative stress remains in these animals and within
45 days after simulation of myocardial infarction.
Changes of DC and TBAAP indices of the rats of major age group suffered coronary occlusion were differently directed. At these terms of postinfarction remodeling we noted decreased TBAAP content with no significant changes in DC concentration.
Comparison of obtained results allows to draw conclusion that active remodeling of myocardium remains at
young rats within 45 days after PICS which is expressed
in particularly in intensive passing of LOP processes.
Active passing of LOP processes was not observed in the
old rats within 45 days after coronary occlusion. It can be
considered that decrease of LOP intensity at cardiosclerosis in the old rats is achieved with the significant exhaustion of reserves of endogenous antioxidant system. It
is corresponded to decrease of SOD and catalase activity
in the old rat group revealed by us.
NO and its derivatives together with active forms of
oxygen and lipid peroxides play significant role in pathological processes developing at myocardial ischemia.
Variety of NO regulatory effects can promote demonstration both cytoprotective and cytotoxic action in various
pathophysiological processes.
Acting through activation of guanilatcyclase and decrease of intracellular calcium, NO leads to relaxation of
smooth muscle vessel tissue and improvement of blood
flow of ischemic section that decreases grade of myocardial ischemic injury [28]. It is shown that NO cannot
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inhibit complexes of respiratory chain of mitochondria
that is accompanied with decrease of macroenergetic
phosphates in cells [29,30]. Interaction of NO with superoxide anion radical of oxygen leads to formation of
toxical peroxynitrite which is strong cytotoxic agent and
is able to induce LOP processes, to cause one-string
breaks of DNA, and to nitrate aromatic amino acids [31].
Molecule of NO in physiological concentrations has antioxidant properties effectively binding with organic radicals of lipids to lead to break of chain reactions of freeradical oxidation [32]. Regulatory action of NO on SOD
[33] and catalase [34] activity in conditions of ischemia—
reperfusion is shown. In our experiments we evaluated
only integral effect of NO since we defined concentration of its stable metabolites and LPO products in blood
serum but not in particular organs.
Decrease of nitrite and nitrate concentration in serum
samples of the control animals of major age group testifies decrease of NO synthesis that can act as one of causes
of age disregulation of lipid peroxidation processes and
antioxidant enzyme activity. It is shown that NO causes
inhibitive effect on catalase activity by means of binding
with gemm of active centre of enzyme [34]. On this basis
one can assume that increase of this enzyme activity with
age occurs as result of decrease of concentration of inhibitive factor in organism of the rats of major age group.
Previously, it was shown on the model of separated rat
heart that preliminary insertion of blocator of synthesis
NO-L-NAME prevented decrease of catalase activity
caused by LOP induction [35]. Although SOD also is
gem containing enzyme similar effect of NO blockade
has not been noted.
Our investigation found that formation of PICS in
young rats was accompanied with decrease of nitrite
concentration and did not influence on nitrate level.
Noted decrease of NO concentration, probably, is caused
by its fast consumption in metabolite reactions. Development of PICS in the old rat groups was accompanied
with increase of NO production up to level of young rats
in control group. Probably, increase of NO concentration
could promote decrease of catalase activity.
Thus, obtained results showed that in PICS conditions
one observes in young rats expressed activity of LOP
processes on the background of authentic decrease of
endogenous enzyme antioxidants and NO concentration
in blood serum. Myocardial remodeling of the old rats at
PICS is accompanied with suppression of LOP processes
on the background of the decrease of antioxidant enzyme
activity and the increase of NO production.

5. CONCLUSIONS
1) Process of ontogenesis is accompanied with imbalance between pro- and antioxidant processes occurring in
the blood of the laboratory rat. One notes the increase of
Copyright © 2013 SciRes.
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catalase activity and TBAAP concentration at a simultaneous decrease of SOD activity and DC content;
2) Young animal organism responds with stable increase of LOP processes intensity and decrease of SOD
and catalase activity on formation of postinfarction cardiosclerosis;
3) The less expressed activation of lipid peroxides and
the decreased catalase activity have been noted in organisms of the old animals on the 45 days of PICS formation.
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