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ABSTRACT 
 

The aim of the study was to determine if, and to what extent, supplementation with creatine would induce 
changes in the oxidative stress parameters. The study was performed on twenty rowers in two groups. The test group 
was supplemented with creatine monohydrate for 35 days: initially 20g daily for five days, then 10g daily for the re-
maining 30 days. The control group received a glucose placebo. Prior to and after the 35th day of supplementation, the 
subjects performed an exercise on a rowing ergometer where the stress was graded from 50% of the maximal power up 
to a give-up point. The blood samples were tested for SOD, GPx and CK activity, TBARS concentrations, and LA. It 
was found out that supplementation with creatine did not induce any increase in the rowers’ power, yet it led to the 
reinforcement of the antioxidative system in the rowers’ blood, confirmed by a significantly lower concentration of lipid 
peroxidation products upon a 24-hour recovery period, and by a lower post-exercise activity of glutatione peroxidase. 

 
 

INTRODUCTION 
 

Well-planned and organized physical train-
ing, biological predispositions and a regular diet do 
not always guarantee a sport success. Therefore, 
competitors search for nutrients and adjunctive 
preparations which would counteract and protect 
them against homeostasis disturbances evoked by 
excessive physical effort. Creatine monohydrate is 
a preparation that has been commonly used for this 
purpose since the 1990s.  

Application of creatine monohydrate in sport 
exercise is justified by its physiological functions. 
It has been reported that creatine added to muscle 
fibers intensifies the  synthesis  of  phosphocreatine  

 

[10]. In vitro creatine stimulates the synthesis of 
actin and heavy chains of meromyosin, and intensi-
fies the rate of synthesis of contractile proteins by 
increasing the mRNA expression in differentiating 
as well as mature cells [1, 8, 15, 27]. The studies of 
Hultman and Sahlin [13] revealed that phospho-
creatine had buffering properties and formed 30% 
of the buffer capacity of a muscle cell. This indi-
cates that the ability to neutralize hydrogen protons 
dissociating from lactic acid leads to an increase in 
exercise capability, as the increase of the lactic acid 
concentration and the decrease of pH in muscles 
and blood are commonly regarded as factors limit-
ing exercise capacity. Moreover, Saks [24] and 
Radd   [21]  suggested  that  the  maximum  oxygen  
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absorption depended on the activity of creatine 
kinase, and that this activity was limited by the 
quantitative relations between creatine and phos-
phocreatine. According to Lawler [17], apart from 
the energetic function, creatine also functions as an 
antioxidant. 

The aforementioned creatine properties, most 
of all its antioxidative properties, inspired us to put 
forward the following research questions: (1) Does 
supplementation of creatine modulate changes in 
parameters of oxidative stress induced by physical 
exercise of increasing intensity? (2) Does supple-
mentation  of creatine  contribute to  changes in 
athletes’ threshold power? 
  
 

METHODS 
 

The research was conducted on twenty elite 
rowers, members of the Senior Polish National 
Team. The tests were carried out in the Olympic 
Preparation Center in Wałcz, in May and June 
2003, i.e., between the preparatory and the starting 
period of the annual training cycle. The competitors 
were randomly divided into two groups, the test and 
the control groups, composed of ten members each.  

 

 

The subjects’ basic anthropometric character-
istics are presented in Table 1. The test group was 
supplemented with creatine monohydrate for 35 
days. Initially, for 5 days, the subjects were given 
20g of creatine monohydrate daily in four 5g doses 
dissolved in the Isostar carbohydrate nutrient (satu-
ration dose). For the next 30 days they were receiv-
ing 10g of creatine monohydrate in two 5g doses 
(supporting dose). The competitors from the control 
group received a placebo in the form of glucose 
solution in the same doses and portions. In order to 
fully assess the results of supplementation, daily 
dietary intake of competitors was estimated (Table 
2).  

Before and after 35 days of supplementation, 
the subjects performed the ergometric exercise test, 
routinely applied in rowing, in order to estimate 
their physical capacity [25]. The exercise was per-
formed on the Concept II rowing ergometer (USA). 
The competitors started with a load of 50% of the 
maximum power; then the load was increased every 
3 minutes to 60, 70, 80 and 90% of the maximum 
power. The highest load  was  maintained until 
refusal. The maximum power was determined on 
the  basis   of  a  2000 m  control  run.  Individual 
3-minute  exercise  sessions  were  separated  with 
30-second breaks. 
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   Table 1. Basic characteristic of the studied groups (mean ± standard deviation)
  

Age 
(years) 

 
Body mass 

(kg) 

 
Body height 

(cm) 

Years of 
training 
(years) 

Supplemented 
group 
(n=10) 

 
21.6 ± 4.11 

 
91.5 ± 7.65

 
193 ± 6.02 

 
7.5 ± 4.16 

Control     

group 
(n=10) 

21.6 ± 1.64 85.8 ± 9.21 189 ± 5.69 7.6 ± 2.36 

        Table 2. The daily energy and antioxidant vitamin intake in the supplemented  
                       and control groups (mean ± standard deviation) 

 Supplemented group Control group 
Kcal 4227.0 ± 442.7 4015.0 ± 769.4 
Proteins (g) 189.0 ± 46.6 167.0 ± 25.2 
Fat (g) 137.0 ± 29.2 127.0 ± 25.0 
Carbohydrates (g) 560.0 ± 70.6 552.0 ± 25.0 
Vitamin A (IU) 2241.0 ± 801.8 1949.0 ± 764.4 
Beta-carotene (IU) 3233.0 ± 1465.6 2487.0 ± 1144.1 
Vitamin C (mg) 118.0 ± 28.9 105.0 ± 32.5 
Vitamin E (mg) 9.0 ± 1.7 10.0 ± 2.4 



Creatine supplementation and parameters ... 

In the first and second periods of the study, 
before the test, one minute after its completion, and 
after 24 hours of recovery, venous blood was taken 
from the subjects’ basilic vein (using polyethylene 
test-tubes with 1mg of EDTAK2) and the capillary 
blood from the auricle. The blood was centrifuged 
(3000/min, for 10 minutes), the plasma and leuko-
cytes were removed, and the red blood cells were 
rinsed three times with the physiological 0.9% 
NaCl solution at the temperature of 4ºC. In the 
haemolysate of red blood cells the following pa-
rameters were assessed: activity of superoxide dis-
mutase (SOD) using the Randox diagnostic set 
(Randox-Ransel, Cat No. SD 125, UK); activity of 
glutathione peroxidase (GPx) using the Randox 
diagnostic set based on the method described by 
Paglia and Valentine [20] (Randox-Ransel, Cat No. 
RS 506, UK); concentration of thiobarbituric acid 
reactive substances (TBARS) with the spectropho-
tometric method by Buege and Aust [5]; and con-
centration of hemoglobin with Drabkin’s method. 
In the blood plasma, the concentration of creatine 
and activity of creatine kinase (CK) were deter-
mined with an Emapol diagnostic set (Cat No. 
12015, Poland). In the capillary blood the concen-
tration of lactates was measured with the enzymatic 
method, using a Dr Lange set (Cat No. LKM 140, 
Germany).  

The study was performed with the subjects’ 
consent and was granted approval by the Local 
Committee for Scientific Research. 

The results were statistically processed with 
STATISTICA 6.0 PL. The Mann-Whitney test was 
used for analysis of independent variables, and 
Wilcoxon’s test for analysis of dependent variables. 
Correlations were assessed with Spearman’s rank 
correlation coefficient.  

 
 

RESULTS 
 
The results of the research are presented in 

Tables 1-5. Table 1 presents basic anthropometric 
characteristics and the rowers’ sports experience. 
The rowers from the supplemented group were 
characterized by higher body mass (6 kg more on 
the average) and body height (4 cm taller on the 
average). Differences in the length of training pe-
riod in years were statistically non-significant. 

Table 2 contains values  of the  mean daily 
energetic intake and the amounts of main dietary 
components. No significant dietary differences 
were found between the groups under study, and 
the mean contents of respective components was in 

agreement with values recommended for men with 
a high level of physical activity [30]. 

The structure of training and the amount of 
work performed during 5 weeks before the first 
study period, and during 5 weeks between the first 
and the second study periods, are given in Table 3. 
The differences between the amounts of loads ap-
plied during individual training periods of rowers 
are due to the program principles of the annual 
training cycle. The specialist training on water con-
sisted of about 80% of anaerobic loads that did not 
increase the lactate level above 2-3 mmol/l; 18% of 
loads exceeded the anaerobic threshold (the lactate 
level between 4 and 6 mmol/l). About 2% of the 
training time featured exercise with forced anaero-
bic metabolism (the lactate level above 8 mmol/l). 
Exercises on the rowing ergometer were aerobic – 
with the lactate  level between 2 and 4mmol/l. Dur-
ing the endurance training the lactate level was 4-
6mmol/l. The intensity of cross-country, swimming 
and systemic exercises did not raise the lactate level 
over 2mmol/l.  

Table 4 contains a comparative analysis of 
the mean values of power and physiological pa-
rameters between the first and the second study 
periods for competitors from the supplemented and 
control groups. The power at which the subjects of 
the supplemented group achieved the anaerobic 
threshold (AT) in the second period decreased by 
17 W, with a parallel decrease of the mean heart 
rate by 3 bpm (differences statistically non-
significant). In the control group, no such changes 
were noticed. In the second study period, the stan-
dard ergometric rowing exercise in competitors 
from both groups led to an increase in the lactate 
concentration by 2 mmol/l, in comparison with the 
first period. Moreover, in the control group, the 
mean time of exercise performance was longer in 
the second term by about 14 s. 

Table 5 shows a comparative analysis of the 
biochemical parameters before and after supple-
mentation in the groups under study. In the supple-
mented group, a significantly lower activity of glu-
tathione peroxidase was determined in the blood 
taken one  minute  after the exercise  test in the 
second study period, in  comparison to the first 
period (p<0.005). After 24 hours of recovery a sig-
nificant decrease of TBARS concentration was also 
noted (p<0.05). No significant changes of the stud-
ied parameters were observed between both study 
periods in the control group. In both groups, con-
centrations of creatine kinase were significantly 
higher in the second period, either at rest after the 
exercise test or after the 24-hour recovery period. 
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                             Table 3. Training structure and the work performed in hours 

Type of training I term 
[h] 

II term 
[h] 

Specialist training on water 25.5 45.5 
Endurance 16.5 9 
Cross-country and stadium run 8 3 
Exercises on the rowing ergometer 12 4 
Exercises at the gym and the swimming pool 2.5 1.5 
Together 64.5 63 
       Table 4. Comparative analysis of mean values of power and physiological parameters between I and  
                      II terms of the study in the supplemented and control groups 
 

Supplemented group Control group  
Parameter I term 

x ± SD 
II term 
x ± SD 

Wilcoxon’s 
test 

I term 
x ± SD 

II term 
x ± SD 

Wilcoxon’s 
test 

Power AT 
(W) 338 ± 33.06 321.3 ± 44.23 n.s. 320.6 ± 30.38 321.9 ± 28.51 n.s. 

Heart rate AT 
(bpm) 174.3 ± 8.38 171.0 ± 8.35 n.s. 173.0 ± 5.56 173.3 ± 8.47 n.s. 

Heart rate max 
(bpm) 192.6 ± 8.79 194.4 ± 8.02 n.s. 193.1 ± 4.93 193.8 ± 8.56 n.s. 

Exercise time 
(s) 996.5 ± 50.44 999 ± 66.41 n.s. 978 ± 76.24 992 ± 106.54 n.s. 

LA max 
(mmol/l) 11.7 ± 3.34 14.2 ± 2.51 n.s. 12.9 ± 3.54 14.6 ± 3.34 n.s. 

       n.s. – statistically non-significant; AT – anaerobic threshold (lactic acid, LA = 4 mmol) 

DISCUSSION 

le 5. Balance between oxidants and antioxidants before and after supplementation. Comparisons within  
         the supplemented or the control groups (mean ± standard deviation) 

Supplemented group Control group 

 Before  
supplementation 

x ± SD 

After  
supplementation 

x ± SD 

Wilcoxon’s 
test 

Before  
supplementation 

x ± SD 

After  
supplementation 

x ± SD 

Wilcoxon’s 
test 

TBARS  
(µmol/gHb) 
at rest 
after ET 
24 h after ET 

 
 

1.4 ± 2.24 
1.7 ± 0.45 
2.3 ± 0.75 

 
 

1.5 ± 0.63 
1.6 ± 0.36 
1.6 ± 0.38 

 
 

n.s. 
n.s. 
* 

 
 

1.3 ± 1.24 
1.8 ± 1.68 
2.2 ± 0.57 

 
 

1.3 ± 0.26 
1.9 ± 0.35 
2.4 ± 0.71 

 
 

n.s. 
n.s. 
n.s. 

SOD 
(U/gHb) 
at rest 
after ET 
24 h after ET 

 
 
  1105.4 ± 83.27 

1190.1 ± 81.66 
1411.5 ± 98.24 

 
 
   1196.6 ± 91.68 
     1227 ± 106.19 
1346.3 ± 102.6 

 
 

n.s. 
n.s. 
n.s. 

 
 

1127.2 ± 69.79 
  1217.5 ± 109.74 
   1391 ± 97.23 

 
 

1142.9 ± 83.01 
1272.8 ± 89.17 

  1403.3 ± 131.61 

 
 

n.s. 
n.s. 
n.s. 

CK 
(U/l) 
at rest 
after ET 
24 h after ET 

 
 

36.8 ± 18.38 
42.9 ± 13.97 
41.2 ± 11.84 

 
 

81.6 ± 32.40 
99.5 ± 32.55 
91.3 ± 33.66 

 
 
* 
* 
* 

 
 

35.2 ± 11.99 
39.2 ± 13.06 
33.1 ± 10.90 

 
 

71.9 ± 35.69 
83.1 ± 27.19 
78.5 ± 32.62 

 
 
* 
* 
* 

GPx 
(U/gHb) 
at rest 
after ET 
24 h after ET 

 
 

38.9 ± 9.71 
  67.9 ± 10.86 
  47.0 ± 12.15 

 
 

39.9 ± 7.15 
  43.5 ± 11.47 
49.1 ± 9.41 

 
 

n.s. 
* 

n.s. 

 
 

42.4 ± 9.87 
68.9 ± 12.12 
42.3 ± 9.91 

 
 

40.4 ± 10.81 
     62.1 ± 9.3 

45.3 ± 9.69 

 
 

n.s. 
n.s. 
n.s. 

he samples for analysis were collected at rest, 1 min after an incremental rowing exercise test (after ET), and after a 24-h  
ecovery period  (24 h after ET).  
.s. – statistically non-significant difference; * – difference significant at P ≤ 0.05; TBARS, thiobarbituric acid reactive substances;  
OD, superoxide dismutase; CK, creatine kinase; GPx, glutathione peroxidase 
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DISCUSSION 
 

Positive influence of supplementation with 
creatine monohydrate on the course of a rowing 
race has been confirmed in several studies. Rossiter 
et al. [23] indicated a significant improvement of 
the time in a control 1000m run in British rowers 
supplemented with creatine, while Lawrence et al. 
[16] reported similar effects on a 2500-m distance. 

In our study no positive effects of 35-days 
supplementation with creatine monohydrate have 
been found with respect to the parameters of row-
ers’ physical capacity. The results were not con-
firmed with respect to the AT power, AT heart rate, 
time of the exercise test or lactate concentration 
(Table 4). 

The power at which the competitors achieved 
the anaerobic threshold in the supplemented group 
was even slightly decreased (by about 17 W) in 
comparison with results obtained before supple-
mentation. In the control group the mean power 
remained at the same level. The anaerobic threshold 
at the level of 4 mmol/l is acknowledged as an indi-
cator of physical capacity [4, 6]. Wolf and Roth 
[26] confirmed the diagnostic usefulness of this 
parameter in their assessment of rowers’ starting 
disposition. It is apparent from the results from 
Table 4 that creatine supplementation did not im-
prove the oxidative power. In the supplemented 
group, the exercise time did not change in the sec-
ond study period, while it was longer by 14 s in the 
control group. The rowers’ starting period was cho-
sen for the purpose of the study as during this time 
the rowers participate in numerous competitions 
and, moreover, they should have the highest predis-
positions to perform physical exercise. 

The results obtained in this study confirmed 
beyond  doubt   that  physical  exercise  on  the 
ergometer with the intensity increasing from 50% 
of the maximal power until refusal, causes meta-
bolic acidosis. The post-exercise increase of the 
lactate concentration in the second study period 
might be a result of the increased tolerance to aci-
dosis – evoked by the training cycle during the 
conditioning camp, and on the other hand, of the 
higher contribution of an anaerobic component in 
covering the energetic costs of the exercise. 

The exercise test  used  in  this  study  contri-
buted also to disturbances in the prooxidative-
antioxidative balance towards the prooxidative 
processes. The presented results showed that de-
spite regular intake of antioxidative vitamins, as 
recommended for men with a high level of physical 
activity [30], the antioxidant defense system in the 
competitors from the control group appeared to be 

less efficient than in the competitors from the group 
supplemented with creatine (Table 5). It was indi-
cated by higher concentrations of lipid peroxidation 
products (TBARS) in the control group and lower 
post-exercise activity of gluthathione peroxidase 
(GPx) in the supplemented group in the second 
study period. 

Lower concentrations of TBARS after the 
24-hour recovery in the supplemented group in the 
second study period indicate a lower level of the 
oxidative stress in comparison with the control 
subjects. Such changes should be attributed to the 
antioxidative properties of creatine. Lawler et al. 
[17] determined in vitro that creatine had an ability 
to remove the superoxide anion radical, ABTS+ 
cation, and peroxynitrite radical (ONOO-); how-
ever, the ability to remove free radicals is lower for 
creatine than for glutathione, and plays rather a 
supporting than major role in antioxidant defense. 
Antioxidative properties of creatine may be linked 
to the presence of arginine in its molecule. Arginine 
is  a  substrate  for  calcium  and  calmodulin – de-
pendent nitric oxide synthases [2]. Thus, the creat-
ine intake may increase the production of nitric 
oxide in endothelial cells causing relaxation and 
decrease of blood pressure [22]. Other amino-acids, 
such as cysteine or methionine, contained in the 
creatine molecule are highly susceptible to free 
radical oxidation due to the presence of sulphydryl 
groups [9]. Different studies confirm that creatine 
evokes indirect antioxidative effects. This was pro-
posed by Vergnani et al. [28], who revealed the 
protective function of arginine, the precursor of 
creatine,  in  the  oxidative  modifications  of the 
LDL-cholesterol in endothelial cells and aortal 
rings. On the other  hand,  Matthews et al. [18] 
suggested that creatine might suppress the in-
creased  hypoxanthine  efflux from the muscle dur-
ing intensive exercise and generation of the super-
oxide anion  radical by  xanthine oxidase during the 
concurrent increased ATP catabolism [11]. Since 
creatine is soluble in the sarcoplasm and accessible 
for oxygen reactive forms generated during physi-
cal exercise, it may be regarded as a factor support-
ing antioxidant defense. This fact could play a sig-
nificant role in reducing fatigue. The oxidative 
stress caused by excessive production of prooxi-
dants and/or insufficient antioxidative ability in-
creases degradation of myofibril proteins, which in 
turn leads to the fatigue of a contractile unit [3]. It 
is likely that the increased intracellular concentra-
tion of creatine needs lower amounts of arginine for  
energetic metabolism, so the latter becomes more 
accessible for nitric oxide products [17]. 
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Yatin et al. [29] reported that the reactive 
form of oxygen inhibited creatine kinase (CK). In 
our study, the physical exercise of increasing inten-
sity in both groups caused a significant rise in the 
activity of this intracellular enzyme in the blood 
plasma. In the supplemented group, the CK activity 
in the second study period was higher by more than 
10 U/L in comparison with the control group. On 
the one hand, this higher CK activity may be an 
indicator of miofibrillar lesions; on the other hand, 
it could be an effect of higher saturation of muscle 
fibers with creatine, present in 60-70% in the form 
of phosphocreatine (PCr). Creatine kinase is an 
enzyme contributing to the synthesis of PCr by 
catalyzing reversible phosphate residues between 
PCr  and  ADP  [12]. Although  the  hypothesis 
explaining  the increase  of  CK  activity  in  the 
supplemented group in the second study period by 
higher creatine and phosphocreatine concentrations 
in muscle fibers seems reasonable, the explanation 
of the double increase of the CK activity in the 
second study period in the control group remains a 
difficult one. 

The activity of superoxide dismutase (SOD) 
determined in this study  showed no significant 
differences between the groups under study, but the 
increase of the SOD activity was observed in both 
groups between both study periods, after the exer-
cise test and after 24-hours of recovery. SOD is the 
enzyme defending a cell from cytotoxic effects of 
superoxide radicals and from their formation. Its 
activity increases in parallel to the increased physi-
cal activity. Products of dismutation are substrates 
for antioxidative enzymes, catalyse and GPx, which 
remove the hydrogen peroxide [19]. These enzymes 
are activated for reduction of reactive forms of 
oxygen (ROS) during the oxidative stress evoked 
by the muscular work, but often their activity is 
insufficient to build up effective defence against 
ROS, which leads to intensified peroxidation [14]. 
One should stress, however, that the rowers under 
study were elite competitors from the Polish Na-
tional Team, with an average 8-year period of train-
ing. The years of endurance training could evoke 
adaptive changes of enzymatic antioxidative sys-
tems [7]. It is apparent that creatine supplementa-
tion decreased the post-exercise activity of GPx, the 
enzyme responsible for metabolism of hydrogen 
peroxide. This way a cell could be defended from 
excessive lipid peroxidation, which was indicated 
by lower levels of TBARS  after the  24-hour re-
covery period, and which was not observed in the 
control group. In the latter the increased activity of 
antioxidative  enzymes  accompanied  the  consi-

derable  increase  of  lipid  peroxidation products 
(Table 5).  

In  conclusion, the  supplementation  with 
creatine monohydrate did not influence the parame-
ters of physical capacity; however, it contributed to 
the reinforcement of the antioxidant defense system 
in competitors’ blood, which was proved by sig-
nificantly lower levels of lipid peroxidation prod-
ucts after the 24-hour recovery period, a higher 
resting level of creatine as well as a lower post-
exercise activity of glutathione peroxidase in the 
supplemented group. These observations suggest 
more conscious use of creatine as an additional 
protection from overproduction of reactive forms of 
oxygen. 
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