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Aim. The aim of this study was to determine the changes in the erythrocyte oxidative sta-
tus of the wrestlers after performing the maximal aerobic test, by registering in erythrocytes
the levels of lipid peroxidation (LPO), total glutathione (tGSH) and activities of catalase
(CAT), superoxide dismutase (SOD), and glutathione peroxidase (GPx). Materials and me-
thods. A group of 12 healthy wrestlers conducted a treadmill maximal aerobic test, and venous
blood samples were obtained before and immediately after the exercise. Erythrocytes were se-
parated from plasma and used for spectrophotometric determination of LPO, tGSH and en-
zyme activities. Plasma was used for determination of hemoglobin concentration (Hb) as
an index of hemolysis. Results. The performance of the maximal aerobic test resulted in a sig-
nificant increase of Hb in blood plasma, a decrease of LPO, and no changes of the tGSH level
in erythrocytes. In regards to antioxidant enzymes, our results showed an increase in the acti-
vity of GPx, while the CAT and SOD activity remain unchanged. Conclusions. It can be con-
cluded that in active athletes, predominate erythrocytes that are more resistant to oxidative
stress, because of the accelerated hemolysis induced by physical exercise, lead to the elimina-

tion of the old and oxidative modified cells.
Keywords: erythrocytes, maximal aerobic exercise test, oxidative status, wrestlers.

Introduction. Physical exercise leads to
changes in the oxidative status of the organism.
In humans, the parameters of oxidative status are
most commonly studied in the blood plasma and
erythrocytes.

The main function of erythrocytes is to
supply cells with oxygen in order to maintain
the aerobic metabolism. In this role, they are in
constant contact with oxygen and are exposed to
reactive oxygen species (ROS) impact. The main
source of ROS in red blood cells is the auto-
oxidation of oxyhemoglobin to methemoglobin
[14, 18, 20]. During the auto-oxidation of me-
themoglobin, superoxide anion radicals (O,") are
produced with a subsequent formation of hydro-
gen peroxide. The reduction of oxygen to supe-
roxide and nitrite to nitrous oxide starts the cas-
cades of oxidation reactions that induce oxidative
stress (OS) in erythrocytes and lead to their dam-
age [14]. All biomolecules — lipids, proteins and
nucleic acids — can be a target of free radicals.
The most commonly used marker for OS is the
membrane lipid peroxidation (LPO), as phospho-
lipids are the most susceptible to the action of
ROS by the presence of polyunsaturated fatty

acids in their structure. The erythrocytes can be
attacked by ROS, generated in the blood plasma,
such as hydrogen peroxide and nitric oxide.
The red blood cells (RBC) are broadly investi-
gated as a source of ROS, as well as a target for
their action. To a large extent, this is determined
by the wide variety of factors that can lead to
hemolysis and cause hemolytic anemia [20].
It is known that the rate of auto-oxidation in-
creases with a decrease in pH and PO, (that is of-
ten observed during physical exercises) [2, 4, 14].

To deal with the ROS and to prevent their
damaging effect, RBC are equipped with a well-
organized defense system. In humans, the activity
of antioxidant enzymes in the RBC is higher than
in most other tissues in the body [17]. In addition
to the enzymes, nonenzyme antioxidants, such as
tocopherols, ascorbate, urate and glutathione,
also act upon the RBC.

The purpose of this study was to determine
the changes in oxidative status of erythrocytes in
wrestlers, after performing the maximal aerobic
test to exhaustion, by measuring the total gluta-
thione (tGSH), the levels of thiobarbituric acid
reactive substances (TBARS) as a marker of lipid
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peroxidation (LPO), and activity of antioxidant
enzymes: catalase (CAT), superoxide dismutase
(SOD), and glutathione peroxidase (GPx). The ma-
ximal aerobic test was chosen because it is widely
used in sports practice for tracking the working
capacity of the athletes and their training level.
Due to the adequate evaluation of the functional
capacity of the subjects tested, and the good re-
producibility of the results, it is accepted as
the “gold standard”. Therefore, the maximal
aerobic test to exhaustion can be used as a stan-
dard workload to investigate the oxidative stress
in athletes.

Methods. The study was performed in ac-
cordance with the Declaration of Helsinki for
Human Research [21], and approval was obtained
from the Ethics Committee of the Institute of
Neurobiology, Bulgarian Academy of Sciences
(registration FWA 00003059 of the US Depart-
ment of Health and Human Services).

Participants. Twelve international level
wrestlers (9 males and 3 females) took part in the
study after signing an informed consent form.
They completed a maximal aerobic test on
a treadmill. Before the test all athletes underwent
a medical examination. None of them were ex-
cluded because of irregularities in ECG and
blood pressure, a history of chronic diseases, cur-
rent infections, use of antibiotics and herbal, an-
tioxidant or steroids.

Venous blood was taken (Vacuette/Li Hep)
before and immediately after the maximal test.

Physical characteristics. Body weight (BW)
was measured to within an accuracy of 0.05 kg.
Body height (BH) was measured to the nearest
0.5 cm using a stadiometer. Body mass index
(BMI) was calculated as BW (kg) divided by BH
(m) squared. Body composition was evaluated
using the bioelectrical impedance method (Tanita
418, Japan).

Maximum oxygen uptake. The maximum
oxygen uptake (VO,max) was assessed by a ma-
ximal aerobic test on a treadmill (H/P/Cosmos,
Germany) according to the following protocol:
the duration of the step was 1 min 30 sec, the ini-
tial speed was 6 km/h, and after completing each
step the speed was increased by 1.2 km/h, and
the slope was constant at 2.5%. The analysis of
exhaled gases (O, and CO,) was performed in
real time, using a metabolic device (Jaeger-Pro,
Germany).

Biochemical analysis. The reagents used in
the present work were obtained from Sigma-
Aldrich (Germany).

Analytical procedures. The blood was centri-

fuged at 600 g for 10 min and the plasma was
removed from the packed RBC. The amount of
hemoglobin (g/L) in whole blood, in packed
RBC, and in plasma was determined spectropho-
tometrically according to a calibration curve by
using Drabkin’s Reagent. The packed RBC were
washed twice with physiological saline and a 5 %
suspension (diluted according to Hb in 0.15 M
NaCl — 10 mM sodium phosphate buffer, pH7.2)
was prepared. The RBC suspension was frozen,
and the hemolysate obtained after defrosting was
used for measurement of the level of LPO, tGSH
and the activity of CAT, SOD, and GPx. Each
sample was analyzed in triplicate. The single re-
sults obtained were in a good agreement and
the mean value was taken as the final result.

The lipid peroxidation of hemolysate was es-
timated by the amount of thiobarbituric acid reac-
tive substances (TBARS) [8] without LPO induc-
tors (spontaneous LPO) and with 10 mM H,0,
and 2 mM NaNj; (induced LPO). The extinction
at 532 nm was measured, and the amount of
TBARS was calculated using a molar extinction
coefficient of 1.56 x 10° M 'cm ™', and was ex-
pressed as ng malondialdehyde (MDA) per mg Hb.

Total glutathione (tGSH) level was measured
according to Tietze [19]. The values were ex-
pressed in ng/mg Hb, with oxidized glutathione
(GSSG@G) as a reference standard.

Superoxide dismutase (SOD) activity was
determined according to Beauchamp and Frido-
vich [3] and was expressed as U/mg Hb. A unit
of SOD activity is the amount of the enzyme pro-
ducing 50% inhibition of nitroblue tetrazolium
(NBT) reduction.

Catalase (CAT) activity was determined
according to Aebi [1] and was expressed as
dA240/ mln/mg Hb.

Glutathione peroxidase (GPx) activity was
determined according to Gunzler et al. [9] and
was expressed in U/mg Hb, using a molar extinc-
tion coefficient of 6.22 x 10° M 'em ™.

Statistical analysis. The results were ex-
pressed as mean = SD. Statistical analyzes were
performed using SPSS statistical software (SPSS
for Windows, version 16.0, 2008, SPSS Inc.,
Chicago, USA). The statistical significance of
the differences between mean values was eva-
luated by t-test for paired data. Statistically sig-
nificant differences between the average results
were evaluated at p < 0.05.

Results. The anthropometric data, along
with the results of the maximal aerobic test, are
presented in Table 1. The wrestlers represented
different weight categories and, therefore, large
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variations in height and weight were observed.
The BMI for female wrestlers was within the norm,
and that for male wrestlers was slightly above
25.0 kg/m® (26.5 + 2.24 kg/m®), which is to be
expected in strength sports athletes, due to
the latter’s greater muscle mass. All athletes were
well hydrated and had a normal average percen-
tage of body fat (at 75 percentile) according to
the American College of Sports Medicine [13].
The wrestlers showed a good aerobic capacity for
men (VO, max = 52.9 + 3.80 mL/min/kg) and
for women (VO, max = 46.8 + 0.95 mL/min/kg).

Table 1
Anthropometric data and results
of the maximal aerobic test of the wrestlers

The blood hemoglobin before the test was
near to the lower normal limits for females
(119.70 £ 7.16 g/L) and for males (140.79 +
+19.17 g/L). After the test, the blood hemo-
globin increased insignificantly. After completion
of the maximal aerobic test, the hemoglobin con-
centration in the blood plasma increased signifi-
cantly (p <0.01) (Table 2).

The results of the erythrocytes’ oxidative sta-
tus are presented in Table 3. There were no sig-
nificant differences between the values obtained
for males and females, and, therefore, the data are
presented for both sexes together. The results
showed a significant decrease in both sponta-
neous and induced LPO level immediately after
completion of the maximal aerobic test. The levels

Female Male of tGSH didn’t change significantly. The indi-
Age (years) 21.0+1.00 21.0+0.87 vidual baseline values for tGSH in the ath-
Weight (kg) 58.4 +3.05 79.2 £7.15 letes tested showed large variations (minimum
Height (cm) 159.6 +5.59 172.9 £4.25 1401 ng/mg Hb and maximum 3122 ng/mg Hb),
BMI (kg/m?) 22.9+0.90 26.5+2.24 which along with the relatively small number of
Water (%) 60.3+1.53 64.3+£2.96 participants could be the reason for the lack
Fat (%) 17.5+1091 11.4+3.01 of significance in the results. The activity of SOD
Test total time 1024 £ 00:32 | 12:42 + 01:10 b§fore and 1mmed1a‘Fely. after the max‘lmal aero-
(mm:ss) bic test showed no significant changes; however,
Maximal speed eat differences in individual enzyme activity be-
(km/h) 136069 15.2+085 ‘sgv{leen athletes before the test (mnifly6.40 U/mtngb,
VO,max 46.8 + 0.95 52.9+13.80 max 18.17 U/mg Hb) were detected. The results
(mL/min/kg) showed a statistically significant increase of GPx
HRmax (bpm) 193.0 £3.00 190.3 +3.10 after the maximal aerobic test.
Table 2
Hematological data before and after the maximal aerobic test
Blood hemoglobin (g/L) Before After
Female 119.70+7.16 121.68 +7.32
Male 140.79 = 19.17 154.41 +£26.55
Hemoglobin in plasma (g/L) Before After
Female 0.71+0.12 1.37 £ 0.50%
Male 1.56 £1.35 3.05 £ 1.79%
Here and in table 3 * —p <0.01.
Table 3
Erythrocyte oxidative status before and after the maximal aerobic test
Before After
LPO spontaneous (umol/gHb) 5.43+£0.57 4.06 +£0.30*
LPO induced (umol/gHb) 30.95+3.34 22.25 +1.84*
tGSH (ng/mg Hb) 2159.9 £ 168.17 2089.30 +170.22
SOD (U/mg Hb) 13.25 +0.97 13.78 + 1.37
CAT (U/mg Hb) 2158.88 +78.04 1912.08 + 80.69
GPx (U/mg Hb) 9.00 £ 0.35 10.03 + 0.49%
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Discussion. Our results indicated a signifi-
cant increase of the amount of Hb in blood plas-
ma immediately after the test. The established
two-fold increase in the plasma Hb could be ex-
plained by intravascular hemolysis, occurring
during the maximal aerobic test. Such hemolysis
in athletes was documented during long aerobic
physical exercises with submaximal intensity
[15]. This hemolysis leads to increased erythro-
cyte turnover [16], and this is, moreover, consi-
dered by some authors to be one of the causes of
anemia in athletes [15, 16]. Hemolysis may be
caused by several factors, such as sheer stress,
temperature, osmotic and pH changes [10].
An important factor of RBC hemolysis is the OS
caused by a deficiency in their antioxidant sys-
tem and/or by increased generation of free ra-
dicals [12].

In our opinion, reduced levels of spontane-
ous LPO are due to the fact that older erythro-
cytes, with more oxygenated membranes, have
undergone hemolysis during exercise. Thus,
younger erythrocytes with less membrane initial
lipid peroxidation and higher hemolytic resis-
tance remain in the blood.

The reduced induced LPO can also be ex-
plained by the fact that hemolysis-free erythro-
cytes have increased antioxidant protection. This
specific claim is also supported by the higher
GPx activity in erythrocytes after the perfor-
mance of the maximal aerobic test, as established
in this study. This may be also due to the induc-
tion of the GPx from the LPO production during
exercise [22]. For instance, the performance of
a graded exercise on a cycle ergometer till ex-
haustion by elite wrestlers led to a significant
increase of SOD and CAT in erythrocytes [11].
However, the data of our study do not show sig-
nificant changes in these enzymes.

Some authors [5] reported a decrease in
the levels of erythrocytes LPO in people involved
in active sports. This observation seems para-
doxical because of elevated OS during regular
physical exertion. However, in active athletes,
the erythrocyte turnover is accelerated, and en-
hanced degradation of old and oxidative modified
erythrocytes was registered. As a result, in the ath-
letes’ blood, the RBC that are more resistant
to oxidative stress predominate.

In addition, the endurance training may mo-
dify the resting activity of antioxidant enzymes in
erythrocytes. In general, higher activities of anti-
oxidant enzymes were established in the erythro-

cytes of athletes compared to those in people who
are not actively engaged in sports [6].

It has been suggested that the degree of
oxidative stress, induced by aerobic exercise,
could be time-dependent. According to Fisher-
Wellman & Bloomer [7], the submaximal and
maximal aerobic loads must be of at least 30 mi-
nutes to cause significant ROS-mediated damage.
It is possible that with longer duration loads
(in our study, it is only 10-12 minutes on ave-
rage), oxidative changes could also be observed
in the membranes of erythrocytes that have not
undergone hemolysis.

Conclusions. The performance of the max-
imal aerobic test with a duration of about 12 min
(as in this study) is sufficient for induction of
oxidative stress and hemolysis only in older and
less resistant erythrocytes. Thus, erythrocytes
with no LPO damages and with higher antioxi-
dant defense remain in the blood.

The accelerated turnover of the erythrocytes,
induced by the exercise, possibly contributes to
a decrease in the levels of LPO in the erythro-
cytes. In addition, higher activities of erythrocyte
antioxidant enzymes established in people acti-
vely involved in sports, is possibly due to the fact
that the erythrocytes with weak antioxidant en-
zymes activity are regularly eliminated during
exercises.
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OKCUOATUBHBbIU CTATYC 3PUTPOLIUTOB
NOCNE MAKCUMAJIbHOIO A3POBHOIO TECTA Y BOPLIOB

A. AnekcaHdpoea'?, J1. Mempoe’, P. Makaeeee’,
3. Ljeemanoea?, A. MNeopzueea?, C. Konumeykoe'

"HayuoHanbHas CnopmuseHasi Akademusi, e. Cogpus, boneapus,
’Goneapckasi Akademus Hayk, 2. Copusi, Gonzapusi

ean. [JanHoe HCCIIeI0BaHIE MPOBOIMIOCH C IIENBIO BBIABICHUS W3MEHEHHH B OKCHIATHB-
HOM CTaTyce 3PHUTPOIMTOB y OOPIOB MOCIE BBHIMOJHEHHS MaKCHMAIbHOIO a’spoOHOTO TecTa.
B pamkax mcciemoBaHus MPOBOAMIACH PETHUCTPAIMSA YPOBHS MEPOKCHIAINH JIMIIHIOB, 00IIEro
TJIyTaTHOHA, aKTHBHOCTH KAaTalasbl, CYMEPOKCHIINCMYTa3bl M TIIyTaTHOHIEPOKCHIa3bl. Mate-
pHANBI U MeTOABI. 12 370pOBBIX OOPIOB MPHUHSIN YIaCTHE B MAKCUMAJIbHOM a3pOOHOM TecTe
Ha GeroBoit mopoxke. [lepex TeCTUpPOBaHUEM U Cpa3y MOCIIE BBIMOIHEHUS YIPAKHEHUS ¥ YIacT-
HUKOB OBUTH B3STHI 00Pa3Isl BEHO3HON KpOBH. 13 T1a3MBI KpOBH OBUIH BBIIEICHB SPUTPOIUTE,
B KOTOPBIX METOJOM CIEKTPO(HOTOMETPHH OBLITHM MCCIIEOBAHBI MEPOKCUAAIHS JIUITHUIOB, OOt
[JIyTaTHOH W aKTUBHOCTH (pepMeHTOB. Ilnasma Oblna TakKe WMCIOJIB30BAHA IS ONPEIEIICHHS
KOHIICHTPAIIMKA TeMOTJIO0MHa KakK IOKa3aTels reMmojn3a. Pe3yjabTaThl. BeimonHeHne Makcu-
MAaJIbHOTO a3pOOHOTO TECTa CIIPOBOIMPOBANIO 3HAYUTEIHHOE MOBBIIICHUS YPOBHS IeMOrIo0uHa B
I1a3sMe KpOBHM M CHIDKEHHE TEPOKCHIAINY JIUIKUIOB, OAHAKO HUKAK HE TOBJIUSIO HA YPOBEHb
001IIIero TIIyTaTHOHa B OpUTponUTax. UTo KacaeTcsi aHTHOKCHIAHTHBIX (DEPMEHTOB, TO Pe3yJIbTa-
THI aHAIM3a TTOKA3aJIM YBEINYCHNE aKTHBHOCTH TJIyTaTHOHIIEPOKCHIA3EI, TIPH 3TOM aKTHBHOCTh
KaTajasbl ¥ CyMEPOKCHIUCMYTa3bl OCTAIACh HA TOM K€ YPOBHE. 3aK/aodyeHne. MOXHO MPUATH
K BBIBOJY, UTO y aKTHBHBIX CIIOPTCMEHOB MPE00IaaatoT SpUTPOIUTEI, KOTOpEIe Gojee yCcTodmn-
BBI K OKCHIQTHBHOMY CTPECCY BCJEICTBHE YCKOPEHHOTO TeMOJIN3a, CIIPOBOIIMPOBAHHOTO (HH3H-
YECKUMH YIPAKHEHUSAMH, KOTOPbIE NPUBOIAT K YAAICHHIO CTAPhIX U OKCHIATUBHO MOIU(PHIIU-
POBAaHHBIX KIICTOK.

Kniouesvle cnosa: spumpoyumol, MAKCUMANbHBLL AIPOOHBIIL MECH, OKCUOAMUBHBLIL CMA-
myc, bopypbi.
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