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ABSTRACT

Objectives: Monitoring of metabolic status in athletes includes a wide range of different parameters, but not all of them have been fully studied. Thus,
the presence of oxidative stress is noted in athletes, but its features are revealed only in fragments. The crystallogenic properties of blood in athletes
have not been previously studied.

Methods: The study enrolled a total of 262 athletes (19-29 years old) that are highly qualified in cyclic sports. Furthermore, screening data of
apparently healthy non-exercising volunteers of the same age (n=35) were used for control. Blood serum of the athletes and non-exercising volunteers
was analyzed for 8-isoprostane level, oxidized low-density lipoproteins, activity of superoxide dismutase, and glutathione peroxidase and reductase.
We also studied the level o- and (-carotenes, - and y-tocopherols, lycopene, lutein, and zeaxanthin. Crystallogenic properties of blood serum were
tested with own method.

Results: The complex study demonstrated the presence of shifts in oxidative metabolism and blood serum physical and chemical properties induced
by professional sports and manifested both in the status of blood pro- and antioxidative systems and in shifts of biofluids crystallogenic activity. At the
same time, the obtained data confirmed the development of oxidative stress in qualified athletes.

Conclusion: Our data shown that there are some shifts of oxidative metabolism and crystallogenic properties of blood plasma in professional athletes.
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INTRODUCTION

High-performance sport is one of the national priorities whose
successful implementation requires the establishment of athlete
training and support systems [1-5]. A medical screening system is
mainly focused on the identification and management of conditions,
while substantially less attention is paid to the study of the capacity of
the athlete’s body to adapt to extreme loads [1-5]. Conventionally, the
adaptation includes all the types of congenital and acquired adaptive
activities implemented at cellular, systemic, and organismic levels [6,7].
Physiological adaptation is a process of maintaining the functional status
of organs and systems, including maintaining performance efficiency
in extreme conditions [6,8]. One of the key factors of this process is
the continuous regeneration of cellular structures which is directly
dependent on the behavior of free-radical processes [8]. Free-radical
processes undergo substantial changes under various physiological
and pathological conditions [6,9]. Oxidative metabolism of the whole
body and its functional constituents is maintained by an aggregated
complex of prooxidant and antioxidant systems comprising enzymatic
and non-enzymatic (bioradical and non-radical) components [8-11].
Ubiquity of oxidative metabolism predetermines its involvement in
the pathogenesis of the absolute majority of diseases, and on the
other hand, it provides extensive opportunities for correction [11-13].
Maladaptation of oxidative metabolism is termed as oxidative stress
which is considered as a special syndrome [9,11,14-16].

The aim of the study was to investigate the status of oxidative
metabolism as well as the blood physical and chemical properties of
athletes in comparison with non-trained people.

METHODS

The study was performed on 262 highly qualified athletes, which
specializing in cyclic sports (competitive skiing, rowing, bicycling,

track and field athletics, and orienteering) and hold sports titles. The
studied athletes were aged 19-29 years. Furthermore, screening
data of apparently healthy non-exercising volunteers of the same
age (n=35) were used for control. The study was approved by a local
Ethics Committee of the Burnazyan Federal Medical Biophysical Center
(No. 18 dated October 12, 2015). All the studied patients had signed
informed consent to participate in the study.

Blood serum of the athletes and non-exercising volunteers was
analyzed for 8-isoprostane levels using 8-isoprostane enzyme-
linked immunosorbent assay (ELISA) test kit (USBiological, USA). An
assay of oxidized low-density lipoproteins (oLDL) was performed by
competitive ELISA method in a microplate using the Evolis automated
immunoassay analyzer (Bio-Rad, Germany - USA) with Biomedica
Gruppe reagents. Superoxide dismutase (SOD) activity in the blood
plasma was assessed by inhibition of adrenaline autooxidation in a
carbonate buffer (pH=10.0) while adding samples of blood hemolysate
(1:50) following the method of M. Sun, S. Zigman (1978). The study
of blood level of o- and B-carotene as well as o- and y-tocopherol was
performed by a standard method using analyzers as per the method
of EA, Moisenok et al. (2009). The estimation of the concentration
of tissue-specific antioxidants (lycopene, lutein, and zeaxanthin) in
blood samples was performed by chromatography-mass spectrometry
using a technique described by Grigoriev (2005) and Batsukova and
Yaremko (2015).

All the samples were centrifuged for 15 min (2500 g; Multifuge 1S-R
centrifuge) to obtain blood serum. Then, 100 ul of blood serum was
applied on a microscope slide, and slides with a dried biological fluid
were prepared following the crystalloscopic method allowing to
evaluate crystallogenic activity of the biological material [17,18]. The
dried slides were evaluated morphologically (by describing special
features of the structure of the biological fluid) and by visual parameters
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(using our own system of parameters) [17]. The basic visual parameters
rated by a scale were crystallizability (reflecting a quantitative aspect
of crystallization, i.e., density of crystal elements in facias), structure
index (defines complexity of structure formation), facia destruction
degree (as an indicator of a qualitative aspect of the process, i.e.,
structure formation regularity), and clarity of facia marginal zone. The
evaluation covered three concurrently obtained facias with calculation
of these parameter values. The whole facia areas were analyzed. The
sample images were obtained using Levenhuk kit.

Data acquired in the course of the study are processed using Statistica
6.1 software package for Windows. Arithmetic average (X), error of
average (m), and average absolute deviation (o) were calculated for
each sampling. Shapiro-Wilk test was used to test data for normal
distribution. A method of one-way analysis of variance was used to
compare sampling units of several experimental samples with a control
one. The differences were considered significant at p<0.05.

RESULTS AND DISCUSSION

It was found that the majority of the studied metabolic parameters
are significantly different in qualified athletes as compared with those
characteristic for non-exercising volunteers. Thus, people with regular
exercising showed a significantly higher level of 8-isoprostane in the
blood plasma (Fig. 1); and the value of this parameter was in 1.25 times
higher as compared to the control group (p<0.05). It is known that
8-isoprostane plasma concentration is now considered as an integral
laboratory marker of oxidative stress [9,16]. That is why the identified
trend is indicative of excessive stimulation of free-radical oxidation
processes induced by intensive physical exercise.

At the same time, the level of oLDLs in professional athletes was on 16%
lower than in non-exercising volunteers (p<0.05; Fig. 2), which seems to
be due to a primary effect of the studied factor not on lipid peroxidation
but on oxidative damage of other macromolecules, particularly, on
oxidative protein modification. This is indirectly proven by the nature of
the SOD (one of the major antioxidant enzymes) activity shifts observed
in highly trained athletes. Representatives of this group showed
moderate inhibition of this enzyme’s catalytic capacities as compared
to the level found in the control group (by 8%; p=0.072).

The above parameter level shifts indicate an active involvement of the
enzyme in scavenging free radicals (by removing superoxide anion
radicals from the biological fluid) on the one hand and can reflect
partial modification of SOD as a large protein molecule.

Furthermore, changes in plasma concentrations of non-tissue-specific
non-enzymatic antioxidants also indicate pronounced activation of free-
radical processes in qualified athletes. In particular, o.- and y-tocopherol
levels in individuals regularly having intensive physical exercise are
significantly lower as compared to non-exercising individuals (Fig. 3).
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The most significant trend is observed in terms of y-tocopherol, which
concentration decreases 1.68fold in athletes as compared to the
representatives of the control group, while a-tocopherol is 1.23-fold
lower (p<0.05 for both parameters).

It is noteworthy that we observed not only absolute decrease in levels
of both tocopherols but also given the lipophilic nature of tocopherols,
a decrease in the ratio of Vitamin E level/concentration of plasma
cholesterol, which is 1.25-fold lower in trained individuals as compared
to the representatives of the control group (p<0.05).

Similar but less pronounced changes were registered for the other
group of non-selective non-enzymatic antioxidants, that is, carotenes. It
was found that a-carotene concentrations decrease more significantly
than B-carotene concentrations in plasma of professional athletes
(1.3-fold and 1.1-fold, respectively; p<0.05 for both parameters). This
further confirms the deficiency of antioxidant potential which develops
under continuous intensive physical exercise and the onset of oxidative
stress under such conditions.

Said trend fully applies to tissue-specific antioxidants. In particular,
plasma levels of zeaxanthin, lycopene, and lutein were significantly
decreased in qualified athletes as compared to non-exercising
volunteers (up to 1.9-fold; p<0.05).

Concurrently with the evaluation of parameters representing oxidative
metabolism status, we studied athlete and non-exercising individual blood
serum samples for crystallogenic activity integrally reflecting physical
and chemical properties of biological fluid and its composition. We found
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Fig. 2: Level of oxidized lipoproteins of low density in blood
serum of athletes and non-trained people (“*” - differences
between control group and athletes are statistically valuable,
p<0.05)
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Fig. 1: Level of 8-isoprostane in blood serum of athletes and
non-trained people (“*” - differences between control group and
athletes are statistically valuable, p<0.05)

Fig. 3: Level of alpha- and gamma-tocopherols in blood serum
of athletes and non-trained people (“*” - differences between
control group and athletes are statistically valuable, p<0.05)
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shifts in all the major visual parameters of blood serum facias of athletes as
compared to those of the individuals having no regular physical exercise.

Thus, in comparison with non-exercising volunteers, we observed
an apparent trend of increase (1.22-fold; p<0.05) in crystallizability
being a quantitative characteristic of the result of biofluid dehydration
structuring and demonstrating its activity. This may be due to
significant athletes’ plasma concentrations of under oxidized products
of free-radical processes which stimulation is evidenced by the above
data. Such compounds in the biological fluid can take on the role of
crystallization centers, and the presence of such compounds promotes
the formation of organo-mineral aggregations described as crystal
elements at visual evaluation.

The proposed hypothesis is also confirmed by visual parameter changes
representing the qualitative aspect of crystallogenesis, that is, structure
degree index, allowing to take into consideration the complexity of
element structure formation in a dehydrated sample of the blood serum.

The professional athletes also demonstrated higher values of this
parameter as compared to the non-exercising volunteers (1.3-fold;
p<0.05). These changes indicate that metabolic adaptation in the
course of prolonged intensive physical exercise leads not only to the
quantitative stimulation of biological fluid crystallogenic activity
but also to complexification of the formed structures. This indicates
significant shifts in physical and chemical properties of a biosubstrate.

Evaluation of the facia destruction degree is particularly interesting.
Facias destruction is the major criterion of crystallogenesis regularity,
now considered indicative of the extent of maladaptivity of changes in
biological fluid crystallogenic properties. It was found that dried samples
of non-exercising volunteer blood serum showed only moderate signs
of facias element destruction, while samples of most qualified athletes
showed subtotal destruction of histological slide crystal structures.
This was reflected by the degree of facias destruction of 0.64+0.14 and
2.12+0.36 points in non-exercising and trained individuals, respectively
(p<0.05), thus implying the pathological nature of crystallogenesis
shifts in athletes, which are induced by regular intensive physical
exercise (metabolic maladaptation).

We observed an inverse trend with regards to clarity of marginal zone
of serum histological slide. The level of this parameter was lower
in qualified athletes as facias margin was narrowed in this group
of studied individuals. Based on the known molecular mechanisms
of structure-forming in dried drops of biological fluids [17,18],
protein macromolecules retaining structure, physical, and chemical
properties and conformation are concentrated in the concerned area
of the sample. This allows to assume a decrease in the amount of native
protein during intensive physical exercise, which corresponds to data
from literature [10,11]. This is due to the fact that shifts in oxidative
metabolism lead not only to the stimulation of lipid peroxidation in
blood plasma and formed element membranes but also to oxidative
modification of proteins [8,10] resulting, in turn, in the loss of
functionality, physical, and chemical properties of proteins.

In general, the study of crystallogenic properties of athlete blood serum
along with the evaluation of oxidative metabolism modification in the
biological fluid has verified negative shifts initiated by regular intensive
physical exercise comparable in terms of direction with a blood
biochemical response to this exposure.

This is also supported by the results of correlation analysis also
confirming the presence of multiple relationships between the shifts
in metabolic parameters representing the status of blood pro- and
antioxidant systems and crystalloscopic parameters indicating changes
in physical and chemical properties of biological fluids in professional
athletes. These data additionally emphasize that an increase in the
severity of oxidative stress (particularly manifested as an increase
in 8-isoprostane level and concentrations of oLDLs and as a decrease
in total antioxidant activity of plasma, activity of SOD and level of
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non-enzymatic antioxidants) takes place along with negative shifts
in crystallogenic properties of the blood serum such as the increased
activity of structure formation, increased degree of destruction in slide
elements, and narrowed protein margin of the sample.

CONCLUSION

Therefore, the complex study demonstrated the presence of shifts
in oxidative metabolism and blood serum physical and chemical
properties induced by professional sports and manifested both in the
status of blood pro- and antioxidant systems and biofluid crystallogenic
activity. At the same time, the obtained data confirmed the development
of oxidative stress in qualified athletes. However, irregularity of said
metabolic transformations draws attention.
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