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Summary 

The present study was designed to evaluate the plasma markers 

of reactive oxygen species (ROS) activity and cytokines, and their 

relationship with thiol redox status of basketball players during 

training. Sixteen professional players of the Polish Basketball 

Extraleague participated in the study. The study was performed 

during the preparatory period and the play-off round. Markers of 

ROS activity (lipid peroxidation TBARS, protein carbonylation PC) 

and reduced glutathione (GSH) demonstrated regularity over 

time, i.e. TBARS, PC and GSH were elevated at the beginning 

and decreased at the end of training periods. Oxidized 

glutathione (GSSG) was not affected by exercise training. Thiol 

redox status (GSHtotal-2GSSG/GSSG) correlated with TBARS and 

PC in both training periods. The level of interleukin-6 (IL-6) was 

increased and positively correlated with thiol redox (r=0.423) in 

the preparatory period, whereas tumor necrosis factor α (TNFα) 

was increased and inversely correlated with thiol redox 

(r=-0.509) in the play-off round. The present study showed 

significant shifts in markers of ROS activity, thiol redox status and 

inflammatory mediators (IL-6, TNFα) following professional sport 

training as well as correlation between changes in thiol redox and 

cytokine response. 
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Introduction 
 

The induction of reactive oxygen species (ROS) 
by physical exercise is well documented in both animal 
and human studies. ROS are physiological products of 
aerobic metabolism, and impact on variety of metabolic 
processes including gene expression, protein turnover, 
inflammatory reaction, arachidonic acid immobilization, 
and cellular differentiation. ROS are released from 
muscle, endothelial, and immune cells to stimulate an 
adaptation to intense physical exercise. This adaptation 
includes changes in the immune and energetic status 
related to the cytokine synthesis such as tumor necrosis 
factor α (TNFα) and interleukin-6 (IL-6) (Kosmidou et 
al. 2002, Valko et al. 2007, Radak et al. 2008). 

Glutathione (γ-glutamyl-cysteinyl-glycine) is the 
major non-protein thiol and one of the ROS sensors 
engaged in the cellular control of thiol redox. The ratio of 
reduced (GSH) to oxidized glutathione (GSSG) plays an 
essential role in regulating thiol-depend signal 
transduction. Changes in thiol redox affect transcriptional 
activity via activation or inhibition of transcriptional 
factors, thus modulating the expression of many genes 
such as TNFα and IL-6 genes (Allen and Tresini 2000, Ji 
et al. 2006). 

Previously, it was hypothesized that the 
exercise-induced increases in TNFα and IL-6 are a 
consequence of an immune response to local damage in 
the working muscles (Nieman et al. 1998). However, 
Plomgaard et al. (2005) demonstrated that immune cells 
are not the source of the plasma TNFα and IL-6 during 
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intense exercise. TNFα and IL-6 are expressed in human 
skeletal muscle in a strict fiber type specific fashion. 
TNFα is expressed by fast-twitch fibers whereas the 
expression of IL-6 is more prominent in slow-twitch 
fibers (Plomgaard et al. 2005). TNFα is a pro-
inflammatory cytokine and increases primarily after 
isometric and eccentric exercises. IL-6 is an anti-
inflammatory cytokine and dramatically increases after 
long-term endurance exercises (Suzuki et al. 2002). High 
levels of TNFα impair glucose uptake by skeletal muscle, 
while IL-6 ensures glucose homeostasis and 
intramuscular glycogen stores (Steensberg et al. 2002, 
Petersen and Pedersen 2005). However, both cytokines 
play a very important role in muscle reconstruction after 
strenuous exercise and in the development of tolerance to 
ROS-induced muscle damage (Steensberg et al. 2002). 
TNFα initiates the breakdown of damaged muscle tissue, 
and IL-6 stimulates the proliferation and differentiation of 
satellite cells (Peake et al. 2005). 

Numerous studies explored the effects of a single 
physical effort on pro- and anti-inflammatory cytokines 
(Suzuki et al. 2002). However, little information is 

available on the inflammatory response to physical training 
and its relationship with ROS production and thiol redox 
status in athletes (Gokhale et al. 2007, Huffman et al. 
2008, Rämson et al. 2008, Rong et al. 2008). Therefore, 
we attempted to evaluate the changes in plasma markers of 
ROS activity, thiol redox status, and inflammatory 
mediators including IL-6 and TNFα, and then to 
demonstrate the association between cytokine production 
and thiol redox status in professional training activity. 
 
Methods 
 

Sixteen professional players of the Polish 
Basketball Extraleague (age 26.1±3.2 years, height 
198.3±10.2 cm, body mass 98.2±4.1 kg) volunteered for 
this study; all participants gave informed consent. The 
protocol of the study was approved by the local ethics 
committee in accordance with the Helsinki Declaration. 
The subjects participated professionally in sport activities 
for an average 12.5±2.8 years. Markers of ROS activity, 
thiol redox status, cytokines, and creatine kinase activity 
were measured during the preparatory period (November, 

Table 1. Exercise intensity during training periods.  
 

Training period Energetic area Exercise load % Lactate mmol . l-1 

Preparatory period  
November, 20 days 

Supporting (aerobic) 
Aerobic 

Aerobic-anaerobic 
Anaerobic-lactate 

Anaerobic-alactate* 

19 
21 
40 
17 
3 

< 2 
2 – 4 
4 – 8 
> 8 

< 5 – 6 

Preparatory period 
December, 25 days 

Supporting (aerobic) 
Aerobic 

Aerobic-anaerobic 
Anaerobic-lactate 

Anaerobic-alactate* 

17 
25 
42 
13 
3 

< 2 
2 – 4 
4 – 8 
> 8 

< 5 – 6 

Play-off round 
April, 20 days 

Supporting (aerobic) 
Aerobic 

Aerobic-anaerobic 
Anaerobic-lactate 

Anaerobic-alactate* 

15 
18 
46 
17 
4 

< 2 
2 – 4 
4 – 8 
> 8 

< 5 – 6 

Play-off round 
May, 20 days 

Supporting (aerobic) 
Aerobic 

Aerobic-anaerobic 
Anaerobic-lactate 

Anaerobic-alactate* 

13 
20 
49 
12 
6 

< 2 
2 – 4 
4 – 8 
> 8 

< 5 – 6 
 
* short duration work (<10 s). 
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December) and during the play-off round (April, May). 
All subjects underwent the same, standardized training 
program. Details of the training cycles reported by the 
coach are shown in Table 1. During the study subjects 
were asked to avoid drugs or nutrition supplement that 
could interfere with pro-antioxidant evaluation. 

Each subject was asked to avoid physical effort 
for 24 h before the laboratory measurements. Blood 
samples were taken from an antecubital vein with an 
anticoagulant (EDTA-K2) in the morning (8 a.m.) after  
15 min of rest. After collection the samples were 
immediately placed in 4 oC temperature. Within 10 min, 
they were centrifuged at 2500 g and 4 oC for 10 min. 
Aliquots of plasma were stored at –20 oC. All assays were 
performed within 5 days of plasma collection.  

Measurement of thiobarbituric acid reactive 
substance (TBARS) level, according to the method of 
Buege and Aust (1991), was used to estimate plasma lipid 
peroxidation products. To avoid further peroxidation, 
plasma samples were treated with 15 % trichloroacetic 
acid containing 0.25 M hydrochloric acid. TBARS level 
was expressed as nmol of malondialdehyde using 1,1,3,3- 
tetraethoxypropane as a standard. The TBARS detection 
limit was 0.13 nmol . ml-1. 

Plasma protein carbonyls (PC) were measured 
by the method of Levine et al. (1990) using  
2,4-dinitrophenyl hydrazine. The carbonyl content was 
calculated using an extinction coefficient of  
22000 M-1. l-1. cm-1 and expressed as nmol PC per mg of 
plasma protein. Protein concentration was determined by 
the method of Bradford (1976). The intra-assay 
coefficient of variation (CV) was <10 % for PC and 
TBARS procedures. 

Plasma reduced (GSH) and oxidized glutathione 
(GSSG) were measured with Oxis Research kit (USA). 
The concentrations of GSH and GSSG were calculated 
using reduced glutathione as a standard and the results 
were expressed in μmol . l-1. Detection limits for the GSH 
and GSSG were 0.1 μmol . l-1 and 0.02 μmol . l-1, 
respectively. The intra-assay coefficients of variation 
(CV) for GSH and GSSG were 0.96 % and 6.45 %, 
respectively. Thiol redox status was calculated according 
to the following equation: (GSHtotal-2GSSG) / GSSG. 

Plasma tumor necrosis factor (TNFα) and 
interleukin-6 (IL-6) levels were determined by enzyme 
immunoassay methods using commercial kits (R&D 
Systems, USA). Detection limits for TNFα and IL-6 were 
0.038 pg . ml-1 and 0.04 pg . ml-1, respectively. The intra-
assay coefficient of variation (CV) was <8.0 % for both 
cytokines. 

Creatine kinase (CK) activity was evaluated 
using the diagnostic assays for the kinetic enzyme 
analyzer Konelap 60 BioMerieux (France). CK detection 
limit for the applied kit was 6 U . l-1. The intra-assay 
coefficient of variation (CV) for the CK kit was 1.85 %. 

Lactate concentration in the capillary blood was 
assessed before and 5 min after training using LKM 140 
Dr Lange kit (Germany). The intra-assay coefficient of 
variation (CV) for the lactate kit was 2.5 %. 

Statistical calculations were performed using 
STATISTICA 8.0. Statistical significance was assessed 
by one-way analysis of variance (ANOVA) and Tukey 
post-hoc test. Associations among measured parameters 
were analyzed using Pearson’s linear regression 
(coefficient, r). Statistical significance was set at  
P<0.05. Results are expressed as mean ± S.D. 

Table 2. Levels of plasma lipid peroxidation (TBARS) and protein carbonyls (PC) products, reduced and oxidised glutathione (GSH, 
GSSG), tumour necrosis factor α (TNFα), interleukin-6 (IL-6) and creatine kinase (CK). 
 

 Preparatory period Play-off round 
 November December Nov vs. Dec April May Apr vs. May 

TBARS (µmol . l-1) 1.88 ± 0.39ac 0.89 ± 0.14bc P < 0.001 1.49 ± 0.25 0.98 ± 0.20ad P < 0.001 
PC (nmol . mg-1) 1.07 ± 0.08 0.80 ± 0.12bc P < 0.001 1.11 ± 0.12 0.89 ± 0.16ad P < 0.01 
GSH (μmol . l-1) 2.73 ± 0.55ac 1.77 ± 0.49bc P < 0.001 3.81 ± 0.36 1.45 ± 0.51ad P < 0.001 
GSSG (μmol . l-1) 0.07 ± 0.02 0.07 ± 0.01bd ns 0.07 ± 0.02 0.05 ± 0.01ad P < 0.001 
IL-6 (ng . l-1) 1.31 ± 0.35ac 0.82 ± 0.20bc P < 0.001 0.53 ± 0.23 0.73 ± 0.23ad ns 
TNFα (ng . l-1) 0.87 ± 0.26 0.85 ± 0.19bd ns 0.99 ± 0.34 1.43 ± 0.34ad P < 0.01 
CK (U . l-1) 238 ± 74 186 ± 45bd ns 261 ± 147 327 ± 141 ns 

 
Double letters indicate statistically significant differences (P < 0.01) between preparatory period and play-off round: ac Nov vs. Apr, 
ad Nov vs. May, bc Dec vs. Apr, bd Dec vs. May. 
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Results 
 

The analysis of ROS activity markers, thiol 
redox status, and cytokine levels showed changes 
dependent on exercise load in particular training cycles 
(Tables 1 and 2).  

TBARS concentration was significantly elevated 
in the preparatory period compared with the play-off 
round. The highest level of TBARS was found at the 
beginning of the preparatory period (November). PC did 
not demonstrate the same degree of variability between 
training periods. However, the measurement of ROS 
activity markers showed consistency over time, i.e. 
TBARS and PC were elevated at the beginning of 
analysed periods (November, April), and dropped at the 
end of training periods (December, May).  

Changes in GSH were similar to TBARS and 
PC, i.e. GSH increased in November and April and 
decreased in December and May. The highest value of 
GSH was observed at the beginning of the play-off round. 
GSSG concentration did not demonstrate significant 
changes in the preparatory period, but increased during 
the play-off period. Both glutathione forms were 
significantly higher in April than in May.  

Thiol redox status, calculated from GSH and 
GSSG ratio, was lowest in December (26.9±13.3  
μmol . l-1) and highest in April (53.3±13.0 μmol . l-1)  
(Fig. 1). Thiol redox directly correlated with TBARS and 
PC in both training cycles (Tables 3 and 4). 

Cytokines responded differently to exercise 
loads during the analyzed training cycles (Table 2). IL-6 
concentration was significantly elevated in the 
preparatory period and reached the highest level in 
November. Opposite changes were observed in TNFα 

concentration: low levels were observed in the 
preparatory period and high levels in game season. TNFα 
reached the highest level at the end of the play-off round 
(May), corresponding to performance of anaerobic-
alactate efforts.  

IL-6 directly correlated with thiol redox status 
(r=0.423) in the preparatory period whereas TNFα 
inversely correlated with thiol redox (r=-0.509) in the 
play-off round (Tables 3 and 4). 

 
 

Table 3. Relationships (correlation coefficients) between thiol 
redox status, cytokines (IL-6 and TNFα), and oxidative damage 
markers (TBARS, PC) in the preparatory period. 
 

 IL-6 TNFα TBARS PC 

Thiol redox 0.423* -0.147 0.415* 0.683* 
 
* P < 0.05. 
 
 
Table 4. Relationships (correlation coefficients) between thiol 
redox status, cytokines (IL-6 and TNFα), and oxidative damage 
markers (TBARS, PC) in the play-off round. 
 
 IL-6 TNFα TBARS PC 

Thiol redox -0.159 -0.509* 0.572* 0.481* 
 
* P < 0.05. 

 
 
CK activity as a marker of muscle damage was 

the highest in May, similar to TNFα. However, there 
were no significant correlations between CK and TNFα 
in the play-off round.  
 
Discussion 
 

The main purpose of this study was to determine 
the role of thiol redox as a second messenger between 
ROS generation and cytokine response during training 
activity.  

Thiobarbituric acid and dinitrophenyl hydrazine, 
for the detection of lipid peroxidation and protein 
carbonylation products, are the most widely used markers 
of ROS activity. Although plasma TBARS and PC are 
non-specific techniques, they adequately express the 
complex process of peroxidation and carbonylation 
followed by single or repeated exercises (Margaritis et al. 
1997, Allesio et al. 2000, Metin et al. 2003, Knez et al. 
2007). The present study demonstrated that the changes 
in lipid peroxidation and protein carbonylation in 
basketball players were specifically dependent on 
exercise loads applied during the investigated periods. 

 
Fig. 1. Changes in thiol redox status (GSHtotal-2GSSG/GSSG) in
basketball players in training periods; double letters indicate
statistically significant differences (P<0.001) between cycles of
the preparatory period and play-off round: bc Dec vs. Apr, cd Apr 
vs. May. 
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Both TBARS and PC were elevated at the beginning of 
preparatory and play-off periods, and values dropped at 
the end of training periods, showing inverse relationship 
to the percent of aerobic efforts. This suggests that 
exercises performed at the aerobic level enhanced 
antioxidant defense activity and thus reduced ROS 
generation in athletes. The present results partially 
confirm those obtained in previous studies. The typical 
aerobic endurance exercise such as triathlon racing and 
cycling training did not induce lipid peroxidation and 
even decreased resting concentration of peroxidation 
products (Mena et al. 1991, Margaritis et al. 1996, Knez 
et al. 2007). Oztasan et al. (2004) and Brooks et al. 
(2008) established that high-volume endurance training 
effectively prevents acute exhaustive exercise-induced 
ROS generation by upregulation of the antioxidant 
system.  

It is well known that ROS serve as messengers, 
activating adaptive responses by thiol redox-sensitive 
signaling pathways (Allen and Tresini 2000, Ji et al. 
2006). In our study, markers of ROS activity directly 
correlated with thiol redox status in both training periods, 
demonstrating the involvement of ROS in thiol redox 
disturbance. Thiol status, i.e. reduced and oxidized 
glutathione ratio, has been favorably linked to two redox-
sensitive transcription factors, nuclear factor κB (NK-κB) 
and activator protein-1 (AP-1). Expression of these 
transcription factors may be induced by extremely high or 
low levels of reduced or oxidized glutathione, resulting in 
increased IL-6 and TNFα expression in skeletal muscle. 
In addition, TNFα is known to be a potent activator of  
NF-κB in immune cells (Kersick and Willoughby 2005).  

The cytokine response to physical exercise has 
been studied by several authors in recent years 
(Steensberg et al. 2002, Suzuki et al. 2002, Plomgaard et 
al. 2005, Steinberg et al. 2007). Petersen and Pedersen 
(2005) reported that plasma IL-6 and TNFα increase 
exponentially during physical effort in relation to exercise 
intensity, duration, mass of working muscles, and 
individual endurance capacity. It was also demonstrated 
that mRNA for IL-6 and TNFα are upregulated in 
contracting skeletal muscle, and that the transcriptional 
rate of IL-6 and TNFα genes are markedly enhanced by 
ROS generation (Kosmidou et al. 2002, Plomgaard et al. 
2005).  

Our results show that professional sport training 
significantly influenced plasma cytokine levels. IL-6 was 

higher in the preparatory period than in the play-off 
round. According to Petersen and Pedersen (2005) IL-6 
acts in a hormone-like manner to maintain glucose 
homeostasis, induce lipolysis and fat oxidation, exert an 
inhibitory effect on TNFα production, and stimulate the 
proliferation of satellite cells and differentiation of 
myoblasts. Thus, it seems that an increase of IL-6 is 
important for the development of optimal adaptation to 
intense physical exercise. The decline in IL-6, observed 
in the game season, may be related to muscle lactate 
accumulation during competition (McInnes et al. 1995). 
The high lactate produced during intense exercise likely 
impairs the ability of muscle cells to produce IL-6 
(Suzuki et al. 2002). 

TNFα increased during the play-off round and 
reached the highest level in May when muscle structure 
was disrupted, as expressed by high CK activity. Muscle 
damage attracts neutrophils and macrophages to the site 
of injury, which contribute to the degradation of damaged 
tissue by releasing pro-inflammatory cytokines such as 
TNFα (Peake et al. 2005). Therefore, an increase in 
plasma TNFα may be a useful index of phagocytosis and 
reconstruction of muscle after intense exercise. 

An important finding of our study was an 
integration of ROS production and cytokine response 
with thiol redox status. Thiol redox correlated with 
markers of ROS activity in both training periods. 
However, the relationship between thiol redox and 
cytokines was markedly dependent on training loads. In 
the preparatory period, thiol redox positively correlated 
with the high levels of IL-6, whereas during the play-off 
round, it was inversely correlated with the elevated TNFα 
levels.  

In conclusion, our study demonstrates that  
1) thiol redox status plays an important role in IL-6 and 
TNFα release in physical training activity, 2) IL-6 
dominates during the preparatory period, whereas TNFα 
is the predominant cytokine in the play-off round, and  
3) determination of selected cytokine might be introduced 
for the metabolic evaluation of training periods. 
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