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ABSTRACT

The authors assessed modification of crystallogenic properties of human blood serum action under physical exertion and psychoemotional
stress. Physical exertion was modeled with PWC170 test, and examination situation was a model of psychoemotional stress. This study was
performed on 35 healthy volunteers. We got blood specimens three times (without any physical and phychoemotional stresses; after physical
exertion and after examination) in all volunteers. Crystallogenic properties of blood serum were tested with teziocrystalloscopic method. Results
of own and initiated crystallization were estimated with special semiquantitive criteria and spectrometric analysis. It is stated that physical exertion
and psychoemotional stress cause increasing of crystallogenic activity of human blood serum. This trend is more pronounced for the first impact.
This is confirmed both by the results of the visual metric evaluation of crystallograms, and by the data of their spectrometric studies.
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Introduction. It is known that even
physiological stressors can cause sig-
nificant responses from regulatory (neu-
ro-immuno-hormonal circuit) and effector
(cardiorespiratory suprasystem) systems
[7,9, 10]. At the same time, the nature of
metabolic changes occurring in the body
during significant physical activity and
psycho-emotional stress has not been
studied in detail sufficiently [2, 3, 6].

Examination stress is a strong psycho-
physiological stimulus for a student with
a socially determined significance and
importance of the result, bringing many
systems of the body out of balance for
a long time, which remains after the an-
swer to the examinator questions [1, 3,
10]. In this regard, this situation is a con-
venient model for assessing the emotion-
al impact, including its influence on crys-
tallogenic properties of the blood serum
[5, 11, 12].

Currently, a number of standardized
tests are known to study the physical per-
formance of an individual [2, 7, 8]. One
of the most common among them is the
PWC 170 test, which allows to assess
the functional reserves of the body in
general and the cardiorespiratory system
in particular, taking into account the age,
sex and level of physical fitness of a per-
son [2]. Moreover, the sample of Physi-
cal Working Capacity (PWC), developed
by Shestrand at Karolinska University in
Stockholm in the middle of XX century. In
1968 it has been recommended for deter-
mining the physical health of the person.
This method (from the English Phisicsl
Working Capacity - "physical perfor-
mance") is to determine the power of the
standard load, in which the heart rate
(HR) reaches 170 beats per minute. Its
standardization and predetermined the

possibility of its application as a model of
significant individualized physical activity.

The aim of the study was to evaluate
the modification of crystallogenic prop-
erties of human blood serum under psy-
cho-emotional and physical stress.

Material and methods. The assess-
ment of crystallogenic and initiating ac-
tivity of blood serum of 35 practically
healthy students-volunteers (18-20 years
old) before and after the influence of the
stress factor, including physical activity
and psychoemotional stress (passing
the course exam). As a model of physi-
cal activity, the PWC 170 test was used
in a variant of a veloergometric test. The
power of the first and second loads was
calculated from the tables taking into ac-
count anthropometric data, age and sex
of the subjects [2].

To assess the impact of stress fac-
tors in all subjects, blood samples were
obtained three times: in a calm state (in
the intersessional period), after physical
activity and immediately after the course
exam. Whole blood serum was obtained
by standard centrifugation. For the study
of crystallogenic and initiating properties
of a biological liquid was prepared micro-
scope slide. according to the method of
teziocrystalloscopy [4-6]. The basic sub-
stance in the teziographic test was 0.9%
sodium chloride solution. Description of
the results of own and initiated crystal
formation of biological substrate was per-
formed using a system of semi-quantita-
tive parameters [5, 6]. The main indica-
tors were evaluated in point scale. They
were crystallizability (Cr; reflects the
quantity of the crystallization — density
of the crystalline elements in facies), the
structure index (SI; characterized by the
complexity of structureborne), the facia

destruction degree (FDD; it is an indica-
tor of the qualitative side of the process
and the correctness of the formation of
structures) and the clearity of the margin-
al zone of the micropreparation (MB).

Visual morphometry of micro speci-
mens dried serum supplemented spec-
trometric study crystalloscopic and
teziographic facias are verified with spec-
trophotometry on PowerWave XS device
(USA) at wavelengths of 300, 350 and
400 nm. To eliminate the influence of the
characteristics of glass on the results of
spectrometric studies of biocrystals intro-
duced a correction for the optical density
of the slide material (for crystalloscopy)
or a control sample as a basic substance
deposited on the same glass (for tezio-
graphic test).

Statistical processing of the results
was performed using the program Statis-
tica 6.0.

Results and discussion. On the ba-
sis of the obtained results, a comparative
analysis of the influence of physical ac-
tivity and psycho-emotional stress on the
crystallogenic and initiating properties of
blood serum was performed. In particu-
lar, it was found that these physiological
stressors contribute to a significant trans-
formation of the own crystal formation of
the biological fluid in question (fig. 1 and
2).
At the same time, it is important to em-
phasize that the direction of shifts in all
the main estimates for both variants of
exposure is similar, due to the universal-
ity of the stress response of the body to
the stimulus, but the severity of the shift
in the value of the parameters is not the
same. Thus, when performing the PWC
170 test, changes in the crystalloscopic
pattern of blood serum were more distinct
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Fig. 1. Results of visuametric analysis of
crystallograms of human blood serum under
physical and emotional stress («*» —p<0,05 to calm
state)

O - calm state, E - physical exersices,

M - emotional stress.

and included a complication of the struc-
tural organization of crystal elements
(due to the predominance of dendritic
crystal formations with a minimum num-
ber of single structures), an increase in
their density in the facias in combination
with an increase in the degree of their de-
struction. This was manifested in a statis-
tically significant increase in the level of
structure index, crystallizability and facia
destruction degree, respectively (p<0.05).
In addition, after the implementation of
the veloergometric test, a significant ex-
pansion of the marginal zone of the mi-
cropreparation was observed, leading to
an increase in the severity of the latter
(MB), in which case the specified facias
zone was wider not only compared with
serum facies obtained at rest, but also
under examination stress (p<0.05). Tak-
ing into account the fact that the marginal
zone of the micropreparation is formed
by protein macromolecules, we can as-
sume an increase in the concentration of
proteins in the biological fluid entering the
blood with the intensification of metabo-
lism in muscle tissue.
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Fig. 2. Results of spectrometric analysis of
crystallograms of human blood serum under
physical and emotional stress («*» — p<0,05
to calm state)

units

According to the results, emotion-
al stress causes the formation of lesser
shifts in the morphology of serum crys-
tallograms (fig. 1). In particular, under
examination stress there was a moder-
ate but statistically significant tendency
to complicate the organization of crystal
structures (according to the structure
index of facias; p<0.05), but it was less
significant than during exercise. With re-
spect to the crystallizability of the biolog-
ical medium (an indicator characterizing
the quantitative side of crystallogenesis)
the increase in the parameter level is reg-
istered only at the trend level (p<0.1).

At emotional stress, as well as after
the PWC 170 test, there was a significant
expansion of the marginal zone of the
micro-preparation of dehydrated blood
serum (p<0.05), but in this case it was
less pronounced than in physical activi-
ty. In our opinion, this may be due to the
transformation of the protein spectrum of
the biological fluid without a significant
change in the level of total protein in the
blood serum of the subjects in the pre-ex-
amination period.

The shifts are recording by the method
of visuametric analysis of crystalloscopic
facias were verified by their subsequent
spectrometric investigation at wave-
lengths of 300, 350 and 400 nm. It is es-
tablished that in both variants of stress
the optical density of crystallograms
increases, and in the case of PWC 170
load test this tendency is more distinct at
all used wavelengths, statistically signifi-
cantly differing both from the level of the
indicator registered at rest and immedi-
ately before the exam (p<0.05). It should
be noted that the increase in the optical
density of facias in these cases is due
to the increase in the number and com-
plexity of the crystal elements that form
the crystalloscopic picture of the biolog-
ical fluid. Thus, multi-spectral data allow
confirming the results parametric assess-
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Fig. 3. Results of visuametric analysis of
teziograms of human blood serum under
physical and emotional stress («*» — p<0,05 to
calm state).

ment of crystalloscopic facias at rest and
in the stress response.

A comprehensive assessment of the
initiating properties of blood serum in
healthy individuals in the implementa-
tion of the metabolic response to phys-
ical stress and psycho-emotional stress
was also carried out (fig. 3 and 4). It is
revealed that, as in the case of crystallo-
genic activity of the biological substrate,
in teziographic test under the stress-re-
sponse observed an increase in the val-
ues of most visuametric parameters, but
the degree of this trend varies depending
on the form of the corresponding stress
factor (fig. 3). In particular, according to
the level of the main quantitative indicator
(the tezioigraphic coefficient Q) directly
after the physical activity, the increase in
the initiator potential of the biofliud was
recorded, as evidenced by a significant
increase in this parameter (p<0.05). In
contrast, in the pre-examination period
no substantial changes of the density
of the crystal structures in blood serum
teziograms of evaluated persons is not
revealed. It should be noted that the val-
ue of the criterion under consideration
after physical stress was higher than be-
fore the exam (p<0.05). At the same time,
both stressors contributed to the compli-
cation of the crystalline elements formed
in the dried samples of biological fluid,
which was indicated by a moderate in-
crease in the level of crystallinity (p<0.05
for both cases). Similar dynamics took
place in relation to the facia destruction
degree as a nonspecific marker of "cor-
rectness" of crystal formation. In our
opinion, the nature of changes in these
parameters reflects the universal compo-
nent of metabolic stress response [6, 9].

The features of the formation of the
marginal zone of the micro-preparation
of dehydrated blood serum under the
influence of the studied stressors are
generally similar to those found for the
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Fig. 4. Results of spectrometric analysis of
teziograms of human blood serum under
physical and emotional stress («*» — p<0,05 to
calm state).



main teziographic coefficient, but this pa-
rameter increases statistically both after
physical activity and in the pre-examina-
tion period (p<0.05). This allows us to as-
sume the presence of rearrangements of
serum proteome in both studied states,
and when performing the PWC 170 test,
these changes are more pronounced
(p<0.05).

These shifts in the initiated crystal
formation of blood serum, as in the case
of crystalloscopic facias of biological flu-
id, are fully confirmed by the results of
spectrometric studies (fig. 4). Thus, for
all used wavelengths, serum tezigrams
demonstrate a higher level of optical den-
sity compared to dried samples of the bi-
ological medium obtained from the same
people in a calm state (p<0.05). At the
same time at a wavelength of 300 and
400 nm the optical density of the facias
of the blood serum of the subjects after
exercise were significantly higher than
that characteristic of the pre-exam period
(p<0.05).

Conclusion. In whole, the study
demonstrated the direction of shifts in
crystallogenic and initiating properties of
blood serum of students under physical
activity and psycho-emotional stress, but
the severity of modification varies signifi-
cantly. This allows us to conclude that
the teziocrystalloscopic picture of human
blood serum can be an indicator of vari-
ous physiological states, which is reflect-
ed in the changes in the morphology of
dried micro-preparations of the biological
fluid, indicating shifts in the qualitative
and quantitative composition of the latter.
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