Antropomotoryka. Journal of Kinesiology and Exercise Sciences
JKES 71 (25): 31-38, 2015

SECTION - SPORT SCIENCES

(1.3) DOI: 10.5604/17310652.1203800

CHANGES IN MORPHOLOGICAL-
RHEOLOGICAL BLOOD PROPERTIES
OF HUTNIK CLUB FOOTBALL PLAYERS

Authors’ contribution: Dominika Kolbiarz1 ABDE, Aneta Teleg'(’)WZABDEF,

B Dt saloneonn” Anna Scistowska-Czarnecka®c, Jakub Marchewka**,
C. Data analysis/statistics Jacek Gtodzik®", Krzysztof Zaha°®*,

D. Data int tati . .

E. Pfe;a:?agz)%ri)far::nuscript Katarzyna Filar-Mierzwa’F

F. Literature analysis/search
G. Funds collection

M.A. student, University of Physical Education, Krakow, Poland

Department of Clinical Rehabilitation, University of Physical Education, Krakow, Poland
Department of Anatomy, University of Physical Education, Krakow, Poland
Department of Orthopaedics and Trauma Surgery, 5" Military Hospital, Krakow, Poland
Department of Physiotherapy, University of Physical Education, Krakow, Poland

Ph.D. student, University of Physical Education, Krakow, Poland

Department of Group Therapy, University of Physical Education, Krakow, Poland

~ o o & w o =

Key words: football, blood morphology, blood rheology

Abstract

Study aim. The aim of the study was to investigate the effect of long-term football training on the morphological-rheological
properties of the blood.

Study material. The study was conducted among a group of 16 footballers playing for the Hutnik Nowa Huta Club. The aver-
age age of subjects was 22 years. Practices are held 5 times a week, all year round with the exception of the last 3 weeks of
December and the last 2 weeks of June. In addition, championship or sparring matches are played every weekend. Venous blood
was collected at the end of the football season, in the morning on an empty stomach. Examination of morphological-rheological
parameters of the blood was performed in the footballers and the control group.

Results. Compared to the control group, a statistically significant decrease in RBC, HGB, HCT, MCV, PLT and plasma viscos-
ity were found for the footballer group. And a statistically significant increase in fibrinogen and MCHC as well. There were no
statistically significant changes in the amount of WBC and MCH. Significant changes were also noticed in erythrocyte aggregation
and elongation for the footballers. Al reduced, while AMP and T'2 increased. Elongation index at shear-stress for the range of
0.30-1.13 [Pa] significantly increased, while for the value ranges of 2.19-59.97 [Pa], a decrease was observed in this parameter.

Conclusions. Long-term, regular football training does not cause pathological changes in the morphological-rheological prop-
erties of the blood.

Introduction tional Football Federation covers almost every part of

the world, consisting of 209 national associations. It is

Football is the most popular sport in the world. Its  responsible for the most prestigious sports tournament
earliest variant was already played in the Chinese army,  — the FIFA World Cup. [23]

B.C. [26]. The modern history of football began about The scientific branch dealing with the phenomena

150 years ago in England [2]. Currently, the Interna-  of blood flow through blood vessels is hemorheology.
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Research focuses on whole blood, plasma and the cel-
lular components. Analyzing the rheological properties
of blood, we obtain information on how it behaves in the
vascular system [16]. Blood flow is determined by its
physicochemical properties, it is non-uniform, and its
viscosity varies depending on shear rate. Plasma is a non-
Newtonian liquid, the viscosity is determined by high-
molecularity protein content [14]. Blood rheology plays
a very important role in the aggregation of erythrocytes,
the phenomenon is dynamic and reversible. Erythrocytes
are connected via macromolecular bridges forming sin-
gle aggregates called Rouleaux which can create spatial
branches [11]. The deformability of erythrocytes is based
on the changes in their shape necessary to pass through
a vessel with a diameter smaller than the erythrocytes
themselves. This is a reversible process and does not af-
fect the surface or volume and does not alter the proper-
ties or functions of erythrocytes [15].

The aim of the study was to investigate the effect of
regular training on the morphological-rheological prop-
erties of the blood in football players.

Material and study methods

Study group

The study group was formed from a group of 16
footballers belonging to the Hutnik Nowa Huta Club. The
men were aged 19-31 years, the mean age 22 years.
Practices are held 5 times a week, all year round with the
exception of the last 3 weeks of December and the last
2 weeks of June. In addition, championship or sparring
matches are played every weekend.

The study took place on July 11, 2014 in the Labo-
ratory of Locomotor Pathology at the University School
of Physical Education in Krakow. The footballers arrived
for examination in the morning, on an empty stomach.
A qualified nurse collected the blood into Vacuette — type
test tubes with potassium EDTA. The morphological-rhe-
ological indicators of the blood were tested. The study
was authorized by the Bioethics Committee at the Re-
gional Medical Chamber in Krakow.

The measurement of basic hematological indicators

The HORIBA ABX Micros 60 blood analyzer was
used to measure basic morphological indicators:
WBC [G/L] — number of white blood cells
RBC [T/L] — number of red blood cells
HGB [g/L] — hemoglobin
T[L/L] - hematocrit
PLT[G/L] - platelets
MCVI[fL] — mean corpuscular volume
MCH[fmol] — average mass of corpuscular hemoglobin
MCHC[mmol/L] — mean corpuscular hemoglobin
concentration

L] L] L] L] L] L] L] L]
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Rheological blood testing

To study the aggregation and deformability of red
blood cells, the LORCA lasik-optical analyzer construct-
ed by Max R. Hardeman was used. The instrument has
two cylinders in between which the blood is placed. The
outer cylinder rotates relative to the inner one. In this
method, the red blood cells scatter the laser light which
is in a stationary cylinder [22].

Elongation index determination

For the determination of the elongation index, a 25ul
blood sample was taken and put into 5 ml of 0.14 mM
polyvinylpyrrolidone (PVR M = 360000) solution. The
measurement was performed at 37°C. The sample was
placed between the cylinders and submitted to centrifugal
force. The laser light passing through the red blood cells
is diffracted. The compressed computer system records
the scattering of the laser beam, and then computes the
elongation index (El) according to the following formula:
El = (A-B)/ (A+B),

A —is the length of the red blood cell
B — is the width of the red blood cell

The results of the elongation index (El) were given in
the range of 0.30 to 59.97 of shear forces expressed in
Pascals [Pa]. The collected measurements determined
the degree of erythrocyte flexibility [10] [22].

Aggregation index determination

To test the aggregation index, 1 ml of blood was put
into the chamber located between two cylinders. The
computer launched rotational movement of the cylinder,
120 s at a shear rate of > 400 s-'. After ten 10 seconds,
the cylinder stops and aggregation of red blood cells oc-
curs. Its measurement is the change in laser light inten-
sity, until its maximal value within a range of 0.5-2.0
sec. After reaching 2 seconds to 1 minute or longer,
erythrocyte aggregates are subjected to different shear
rates from 6 to 700 s-' [9] [22].

The computer calculated the following parameters
defining the kinetics of erythrocyte aggregation:

e Al [%] — aggregation index calculated from the for-
mula:

Al= A/A + Bx100 %

A — area above selectogram

B — area below selectogram
e AMP [au] — degree of total aggregation
e T'% [s] — half-life of total aggregation

Biochemical testing

Determination of fibrinogen concentration
Fibrinogen concentration [g/I] was determined using

the Chrom — 7 coagulometer. The Bio-Ksel PT reagent

containing thromboplastin with calcium chloride was
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added to the plasma which resulted in plasma coagula-
tion and clot formation. Conversion of fibrinogen to fibrin
occurred. The standard for fibrinogen is from 2 to 5 g/I.

Determination of blood plasma viscosity
Examination of plasma viscosity [mPa] was per-
formed using the Myrenne viscometer (model: D-52159,
Germany). 0.5 ml of plasma, obtained after centrifuga-
tion of the morphotic components of the blood, was put
into the measurement capillary. The measured value is
the time in which the tested string of plasma covered
the distance from the L3 to L4 light-points, thanks to
constant pressure. The device was standardized using
standard Myrenne NP1 and NP2 solutions before the
measurement In order to obtain high accuracy (approx.
+ 3%). NP1 was a standard solution for the lower range
of measurements with the viscosity of 1.10 [mPa]. NP2
was the standard solution for high range measurements.

Statistical analysis

The results were obtained using Microsoft Office Ex-
cel. Analysis of the study took into account, inter alia, the
number of people in the group, the mean and standard
deviation. To compare data between the group of foot-

ballers and the control group, the Tukey test was used.
Statistically significant values were found at the signifi-
cance level of p <0.05.

Study results

The analysis of morphological and rheological indi-
cators of the blood:

1. HGB [g/L], HCT [L/L], MCV [fL], MCH [fmol], MCHC
[mmol/L]

Comparing the group of footballers to the control
group, the following statistically significant changes
were found:

e average concentration of HGB [g/L] decreased by

8.52% in footballers
e average number of HCT [L/L] decreased by 13.79%

in footballers
e average value of MCV [fL] decreased by 5.05% in

footballers
e average value of MCHC [mmol/L] increased by
6.26% in footballers

Analyzing the changes in the average value of the
MCH [fmol], no statistically significant changes were
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Fig. 1. Graph presenting average values of HGB [g/L], HCT [L/L], MCV [fl], MCH [fmol], MCHC [mmol/L] in footballers compared to

the control group.
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Fig. 2. Graph presenting average values of WBC [G/L], RBC [T/L], fibrinogen [g/l], blood plasma viscosity [mPa] in footballers compared

to the control group.
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found in the group of footballers compared to the control
group.

2. WBC [G/L], RBC [T/L], fibrinogen [g/l], blood
plasma viscosity [mPa]

Analyzing the changes in the average number of WBC
[G/L], no statistically significant changes in the group of
footballers were found compared to the control group.

Comparing the group of footballers to the control
group, the following statistically significant changes
were found:
 average number of RBC [T/L] decreased by 9.4% in

footballers
 average value of fibrinogen [g/l] increased by 24.61%

in footballers
e average value of blood plasma viscosity [mPa] de-
creased by 16.39% in footballers

3. PLT[GIL]
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Fig. 3. Graph presenting average values of PLT [G/L] in footballers
compared to the control group
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Analyzing the average values in the number of PLT
[G/L], statistically significant changes by 18.86% were
noted in the group of footballers compared to the control
group.

4. El[Pa]

Comparing the group of footballers to the control
group, the following statistically significant changes
were found:

e average El concentration at 0.30 [Pa] shear-stress
increased by 179.76% in footballers

e average El concentration at 0.58 [Pa] shear-stress
increased by 235.53% in footballers

e average El concentration at 1.13 [Pa] shear-stress
increased by 51.32% in footballers

e average El concentration at 2.19 [Pa] shear-stress
reduced by 30.37% in footballers

e average El concentration at 4.24 [Pa] shear-stress
reduced by 29.34% in footballers

e average El concentration at 8.23 [Pa] shear-stress
reduced by 20.89% in footballers

 average El concentration at 15.96 [Pa] shear-stress
reduced by 14.29% in footballers

 average El concentration at 31.04 [Pa] shear-stress
reduced by 10.75% in footballers

 average El concentration at 59.97 [Pa] shear-stress
reduced by 6.85% in footballers

5. Al [%], AMP [au], T"2 [s]

Comparing the group of footballers to the control
group, the following statistically significant changes
were found:

e average Al [%] numerical values decreased by

15.31% in football players
e average AMP [au] numerical values increased by

69.14% in football players
e average T"2 [s] numerical values increased by

69.18% in football players
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Ocontrol group
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15.96 31.04 59.97

Fig. 4. Graph presenting average values of El [Pa] in footballers compared to the control group
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Fig. 5. Graph presenting average values of Al [%], AMP [au], T/ [s] in footballers compared to the control group

Discussion

Association football belongs to a group of sports
with a very particular training programme which es-
capes the simple distinction between endurance and
strength training. A football match lasts 90 minutes
and is divided into two halves, 45 minutes each; dur-
ing this time, players engage in physical activity of
both aerobic and anaerobic nature. Most of the time,
a player’s metabolism is aerobic, however, some dis-
tances must be covered with great speed, with anaero-
bic intensity and a heart rate at 80-90% of maximum
heart rate [1] [17].

The objective of the present study is to demon-
strate the effect of regular training on association foot-
ball players’ morphological and rheological properties of
the blood. Many studies have already proved the effect
of regular training on the properties of blood flow. Re-
search indicates a decrease in haematocrit, haemoglo-
bin concentration and a decrease in the number of red
blood cells due to endurance training; the condition is
explained by the increased volume of plasma occurring
during and after physical exercise [18] [24]. However,
the above-mentioned research only applies to strength
or endurance training [20].

Research on the impact of association football train-
ing programmes on haematological parameters is lim-
ited. In their research, Bruno et al. (1991) showed that
regular football training improves blood fluidity and has
positive impact on blood rheology [4]. In their research,
Edwards and Clark (2006) observed a significant de-
crease in the volume of plasma, measured after a non-
professional (7.2%) and professional (11.6%) football
match [7]. To my knowledge, the study by Edwards
and Clark is the only one showing a decrease in plasma
volume in response to years of exercise. Schumacher et
al. (2002) explain this state as resulting from conges-
tion of the blood caused by fluid loss, in turn caused by
increased sweating resulting from intense exercise [20].
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The decrease in plasma volume is also common in de-
hydrated athletes [6].

While studying 99 association football players,
Varlet-Marie et al. (2011) showed, among other things,
the correlation between VO, max and haematocrit. The
existence of the correlation confirms the results of ear-
lier studies, performed on a smaller number of athletes.
Another relation revealed in the aforementioned study
concerns the influence of the appearance of lactate in
the blood on the aggregation of red blood cells. The re-
lationship is consistent with many previous reports by
Varlet-Marie et al. and confirms that red blood cells are
more likely to aggregate when the muscles at work re-
lease more lactate [25].

In my study, a statistically significant increase
(24.60%) of fibrinogen as compared to the control group
was proven. The impact of association football training
on fibrinogen is poorly investigated, however, there is
no doubt that fibrinogen and blood rheology are closely
linked since the former is the main determinant of eryth-
rocyte aggregation [19].

Furthermore, a statistically significant decrease in
plasma viscosity, possibly attributable to increased plas-
ma volume, was noticed. Karakoc et al. (2005) argue
that the increase of lactate in the blood has no negative
effects on plasma viscosity in football players since they
develop a defence mechanism through regular training
during the season. Analysis of the study by Karakocet al.
(2005) shows that blood viscosity tends to decrease as
a result of this type of training: this is due to a decrease
in mean red cell volume by 5.05%, also showed in my
study [12].

My research on the aggregation and elongation of
erythrocytes in association football players is pioneer-
ing. All these parameters were statistically significantly
different from the control group. The study by Bilski et
al. (2014) showed that physical exercise affects the
rheology of blood in that it significantly changes the de-
formability of erythrocytes; the elongation index is also
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statistically significantly reduced. These changes may
be partly due to an increase in lactate levels in plasma
after exercise. Lactate reduces the size of red blood
cells, which in turn decreases their formability [3]. My
research showed a decrease in the deformability by
2.19-59.97 [Pa] in the shear-stress interval; formability
increased significantly for lower shear rates: 179.76%
for EI 0.30 [Pa], 235.53% for EI 0.58 [Pa] and 51.32%
for EI'1.13 [Pa].

Detailed mechanisms of correlation between eryth-
rocyte aggregation and physical exercise are not known
yet. Bilski et al. (2014) found a significant increase in Al
and a decrease in the value of T' in an examination of
12 moderately active, healthy men on a cycle ergometer
[3]. However, the present study showed a 15.31% re-
duction in Al and an increase in AMP and T'2 (69.14%
and 69.18%, respectively), which proves that football
training improves indicators of blood aggregation.

Kilgore et al. (2002) put forward the hypothesis that
for the change in the number of erythrocytes, haemoglo-
bin concentration, haematocrit, and the size of changes
in plasma volume, a particular training program that
includes endurance, strength, power, sprint and jumping
is to be deemed mostly responsible [13]. The present
study reported a statistically significant reduction in
erythrocytes (9.40%), haemoglobin (8.51%) and hae-
matocrit (13.79%); the studies by Ciorsac et al. (2010)
and Silva et al. (2008) also found a statistically signifi-
cant decrease in haematocrit at the end of the football
season [5] [21].
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Silva et al. (2008) published a study that demonstrat-
ed that association football training does not affect the
immune system: leukocytes, lymphocytes, eosinophils
and monocytes remained at a constant level [21]. In the
present study, there were no statistically significant dif-
ferences in the number of leukocytes in the football play-
ers compared to the control group.

The study by Filaire et al. (2003) verified the be-
haviour of haematological parameters for a particular
football training programme. The study showed no sig-
nificant changes in the number of platelets, and it lacks
information about the concentration of haemoglobin and
haematocrit [8]. In contrast, an analysis of original re-
search showed a significant reduction in the number of
platelets (18.86%) in football players compared to the
control group.

Both my study and the study conducted by Silva
et al. (2008) showed a statistically significant increase
in the average haemoglobin concentration in red blood
cells (6.26%) at the end of the football season [21].

From the conducted study, it may be concluded that
training on a regular basis causes changes in morpho-
logical-rheological properties of the blood in football
players. However, obtaining exact knowledge on the re-
sponse requires further reserach.
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