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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 (O2

–) 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 PO2 (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 

DOI: 10.14529/hsm190102
 

ERYTHROCYTE OXIDATIVE STATUS  
AFTER MAXIMAL AEROBIC TEST IN WRESTLERS 
 
A. Alexandrova1,2, a_alexandrova_bas@yahoo.com, ORCID: 0000-0002-7007-3665, 
L. Petrov1, dr.lubomir.petrov @gmail.com, ORCID: 0000-0003-1209-959X, 
R. Makaveev1, racho74@abv.bg, ORCID: 0000-0002-7670-9222, 
E. Tsvetanova2, elina_nesta@abv.bg, ORCID: 0000-0002-5916-5200,  
A. Georgieva2, almirageorgieva@gmail.com, ORCID: 0000-0003-1323-2348, 
S. Kolimechkov1, dr.stefan.kolimechkov@gmail.com, ORCID: 0000-0003-0112-2387 
1National Sports Academy, Sofia, Bulgaria, 
2Bulgarian Academy of Sciences, Sofia, Bulgaria 

 
 

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. 
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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 (VO2max) 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 (O2 and CO2) 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 H2O2 
and 2 mM NaN3 (induced LPO). The extinction 
at 532 nm was measured, and the amount of 
TBARS was calculated using a molar extinction 
coefficient of 1.56 × 105 M–1cm–1, 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) 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/min/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 × 106 M–1cm–1. 

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 



Александрова А., Петров Л., Макавеев Р. и др.       Оксидативный статус эритроцитов 
          после максимального аэробного теста у борцов  

Человек. Спорт. Медицина  
2019. Т. 19, № 1. С. 15–21  17

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/m2 (26.5 ± 2.24 kg/m2), 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 (VO2 max = 52.9 ± 3.80 mL/min/kg) and  
for women (VO2 max = 46.8 ± 0.95 mL/min/kg). 

 
Table 1 

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

 Female Male 
Age (years) 21.0 ± 1.00 21.0 ± 0.87 
Weight (kg) 58.4  ± 3.05 79.2  ± 7.15 
Height (cm) 159.6 ± 5.59 172.9 ± 4.25 
BMI (kg/m2) 22.9 ± 0.90 26.5 ± 2.24 
Water (%) 60.3 ± 1.53 64.3 ± 2.96 
Fat (%) 17.5 ± 1.91 11.4 ± 3.01 
Test total time 
(mm:ss) 

10:24 ± 00:32 12:42 ± 01:10 

Maximal speed 
(km/h) 

13.6 ± 0.69 15.2 ± 0.85 

VO2max 
(mL/min/kg) 

46.8 ± 0.95 52.9 ± 3.80 

HRmax (bpm) 193.0 ± 3.00 190.3 ± 3.10 

 

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 
of tGSH didn’t change significantly. The indi-
vidual baseline values for tGSH in the ath- 
letes tested showed large variations (minimum  
1401 ng/mg Hb and maximum 3122 ng/mg Hb), 
which along with the relatively small number of 
participants could be the reason for the lack  
of significance in the results. The activity of SOD 
before and immediately after the maximal aero-
bic test showed no significant changes; however, 
great differences in individual enzyme activity be-
tween athletes before the test (min 6.40 U/mg Hb, 
max 18.17 U/mg Hb) were detected. The results 
showed a statistically significant increase of GPx 
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 (μmol/gHb) 5.43 ± 0.57 4.06 ± 0.30* 
LPO induced (μmol/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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ОКСИДАТИВНЫЙ СТАТУС ЭРИТРОЦИТОВ  
ПОСЛЕ МАКСИМАЛЬНОГО АЭРОБНОГО ТЕСТА У БОРЦОВ 
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Цель. Данное исследование проводилось с целью выявления изменений в оксидатив-
ном статусе эритроцитов у борцов после выполнения максимального аэробного теста.
В рамках исследования проводилась регистрация уровня пероксидации липидов, общего
глутатиона, активности каталазы, супероксиддисмутазы и глутатионпероксидазы. Мате-
риалы и методы. 12 здоровых борцов приняли участие в максимальном аэробном тесте
на беговой дорожке. Перед тестированием и сразу после выполнения упражнения у участ-
ников были взяты образцы венозной крови. Из плазмы крови были выделены эритроциты,
в которых методом спектрофотометрии были исследованы пероксидация липидов, общий
глутатион и активность ферментов. Плазма была также использована для определения
концентрации гемоглобина как показателя гемолиза. Результаты. Выполнение макси-
мального аэробного теста спровоцировало значительное повышения уровня гемоглобина в
плазме крови и снижение пероксидации липидов, однако никак не повлияло на уровень
общего глутатиона в эритроцитах. Что касается антиоксидантных ферментов, то результа-
ты анализа показали увеличение активности глутатионпероксидазы, при этом активность
каталазы и супероксиддисмутазы осталась на том же уровне. Заключение. Можно прийти
к выводу, что у активных спортсменов преобладают эритроциты, которые более устойчи-
вы к оксидативному стрессу вследствие ускоренного гемолиза, спровоцированного физи-
ческими упражнениями, которые приводят к удалению старых и оксидативно модифици-
рованных клеток.  

Ключевые слова: эритроциты, максимальный аэробный тест, оксидативный ста-
тус, борцы. 
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