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Introduction

While regular exercise training is associated with 

numerous health benefits,
1
 an acute exercise increases 

oxidative stress and muscular damage, especially when 

the exercise intensity is high.
1,2

 Oxidative stress may 

result in oxidative damage and consequently decrease 

immune function, increase fatigue
3
 and decrease 

athletic performance.
4
 

The possible pathways of oxidative stress in anaerobic 

exercise includes transient and acute muscular 

deoxygenation, which resembles the ischemia-

reperfusion, xanthine oxidase activation, catecholamine 

autoxidation, and NADPH oxidase activation, 

prostanoid metabolism, phagocyte respiratory burst 

activity, disruption of iron containing proteins, and 

altered calcium homeostasis.
5
 Mechanical stress is also 

another hypothesis used to explain the increment of 

free radicals.
6
 The muscle tissue damage caused by 

high levels of force, initiates the inflammation process 

that eventually produces oxygen free radicals and lipid 

peroxidation. In addition, the strong muscle 

contractions during exercise may cause micro-tears 

both in muscle and in the vascular endothelium, which 

also affect the migration of white cells.
7
 This damage 

leads to a temporary loss of the exercising capacity of 

muscle for force production and has implications for 

increase in muscle post exercise soreness.
8
 Tidball 

reported that muscle micro-damage is an inflammatory 

factor during and after exercise.
9
 

Many approaches are used to improve athletic 

performance such as ergogenic supplements. Since 

caffeine has been removed from the list of prohibited 

substances by the World Anti-Doping agency in 2004, 

it has recently been increasingly used as ergogenic 

supplement by many athletes.
10

 The ergogenic 

properties of caffeine have been studied extensively 

and previous results have indicated that low-to-

moderate (~3-6 mg/kg) dosages of caffeine are 

ergogenic for many kinds of sports.
10,11

 

The effects of caffeine on oxidative stress are 

equivocal, with some studies indicating an antioxidant 

effect,
12-14

 and others demonstrating proxidant 

effect
15,16

 or no effect.
17

 The ergogenic effect of 

caffeine may be due to its hypoalgesic properties.
18,19 

The hypoalgesic effect with effort perception altered 
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Background: Athletes use variety of ergogenic aids such as caffeine to improve 

their performance. Many factors such as oxidative stress, muscular-damage and 

decreased immune function may have negative effect on athletic performance. 

However effects of caffeine on mentioned factors in female athletes after 

supramaximal exercise are rare and obscure. Methods: In this double-blind, cross-

over study, 26 female basketball players supplemented with 5mg.kg
-1

 caffeine or 

dextrose as a placebo followed by Wingate test. Blood samples were obtained 

before and 5 minutes post-exercise for determining the serum malondialdehyde 

(MDA), total antioxidant capacity (TAC), creatine kinase (CK) activity and blood’s 

white blood cells (WBC). Kolmogrov-smirnov statistic test and paired t-test were 

used to analyze data. Results: After the Wingate test, WBC, lymphocyte, 

granulocyte count and serum MDA levels, were increased significantly in both 

groups(P<0.001). No significant differences were observed in increased levels 

between caffeine supplemented and placebo groups(P>0.05). Furthermore the 

changes in CK activity and TAC levels were not statistically significant in any of 

the groups (P>0.05). Conclusion: The findings indicated that 5mg.kg
-1

 caffeine 

supplementation did not have significant adverse effect on oxidative stress, 

exercise-induced muscle damage and leukocytosis after Wingate test. 
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could be the cause of a higher exercise induced micro-

injuries
20

 and risk of muscle damage in athletes.
21

 

It has been reported that caffeine ingestion prior to 

exercise enhances the activation of both the 

hypothalamic-pituarity-adrenal axis and the autonomic 

nervous system, which in turn, may affect the immune 

response to exercise.
22-24

 Some researchers have 

demonstrated that the leucocytes and lymphocytes have 

been increased due to stress of exercise,
21,25

 and 

caffeine administration can lead to an aggravation of 

the muscle injury after exercise.
25

 

Although the benefits of caffeine on different types of 

exercise performance, including aerobic and anaerobic 

have been studied, its effect on human exercise-induced 

oxidative stress, muscle damage and immune system 

after supramaximal exercise are still obscure and 

controversial,
21

 and since some studies showed 

different metabolism of caffeine between males and 

females due to factors such as lower CYP1A2 

(Cytochrome P450 1A2) activity among females
26

 and 

the effect of estrogen,
27,28

 we conducted this study to 

evaluate the effect of caffeine solely on female athletes. 

 

Materials and Methods 

Female basketball players (n=26) participated in this 

double blind, placebo-controlled, crossover design 

study and each person participated on 3 separate 

occasions at the same time of the day. VO2max 

(maximal oxygen consumption) and anthropometric 

measurements were carried out during the first visit. 

The following 2 sessions, the subjects consumed 

gelatin capsules containing 5 mg/kg caffeine or 

dextrose as a placebo, and after 70 minutes a 30-second 

Wingate test was conducted. The participants (aged 18-

30 years) were recruited by advertisement from sports 

centers and 26 potential volunteers were selected. 

Athletes who had cardiovascular, inflammatory 

diseases, musculoskeletal disorders and history of 

medical or surgical events that might influence the 

study outcome, took any types of supplements (such as 

vitamins, antioxidants, protein, creatine, etc.) or had 

usual intake of caffeine containing OTC (over the 

counter) drugs and NSAIDs (nonsteroidal anti-

inflammatory drugs), 6 weeks prior to the test and 

during the study were excluded from the study. 

Habitual caffeine intake from coffee, tea, soft drinks, 

chocolate, sport drinks was assessed via a 

questionnaire. As daily caffeine use of our subjects was 

116.88 mg.day
-1

 they were
 
not caffeine dependat. The 

participants were instructed to drink plenty of fluids 

over the 24-hour period preceding the test, get 6-8 

hours of sleep at night before the test and also were 

asked to continue their usual physical activity and 

dietary intake during the days of the study and also 

abstain from vigorous physical activity 24 hours prior 

to the test. All testing subjects were verbally explained 

in detail, about the procedure, its risks and benefits, and 

a written informed consent was obtained. Approval to 

this trial was granted by the ethical committee of 

Tabriz University of Medical Sciences. 

The baseline demographic characteristics of athletes 

were presented in table 1. 
 

Table 1. Subjects characteristics (n=26) 

Variable Mean ± SD 

Age (year) 24.22 ± 2.65 

Weight (Kg) 57.33 ± 6.97 

Height (m) 1.643 ± 5.45 

BMI (Kg.(m
2
)

-1
) 21.62 ± 1.98 

Caffeine intake (mg.day
-1

) 116.88±26.73 

Body fat (%) 21.94 ± 2.86 

Vo2max (ml/kg/min) 40.84 ± 4.07 

BMI: body mass index, Vo2max: maximal oxygen consumption 

 

The subjects were tested in the temperature-controlled 

laboratory (22-25 °C, and 50-55% humidity) on 3 

separate occasions. There was one week interval 

between the second and third session, as a washout 

period. The skinfold thickness, weight and height were 

measured in the first visit, with subjects wearing 

exercise clothes but no shoes using the calibrated 

physician scale (Harpenden Skinfold Caliper. England, 

Seca, Vogel and Helke, Hamburg). VO2max was 

measured using Astrand 6-minute cycle test (Lode B.V. 

Medical technology Groningen-The Netherlands) and 

subjects were familiarized with the equipment and the 

protocol of Wingate test.  

At the second and third sessions, the Wingate test was 

conducted at the same time of the day for each subject, 

one week apart. To eliminate any possible confounding 

effects of hormonal variations, all were tested on day 

10 of menstrual cycle. The first blood sample was 

collected via venipuncture from the forearm vein while 

the subjects were in a seated position in the morning 

after an overnight fasting of 10-12 hours. The samples 

were then divided into two tubes, one heparinized to 

measure WBCs, and the other was centrifuged at 3000 

rpm (revolution per minute) for 10 minutes, to separate 

the serum for the measurement of the MDA, TAC 

concentration and CK activity. The serum then was 

quickly frozen and stored at -70 °C. Serum 

concentration of MDA, as thiobarbitaric acid 

complexes were measured by fluorometry method. 

Commercial test kits from Randox Laboratories were 

also applied to measure the serum TAC. ABTS (2,2'-

Azino-di-[3-ethylbenzthiazoline sulphonate]) is 

incubated with a peroxidase (metmyoglobin) and H2O2 

to produce the radical cation ABTS. This has a 

relatively stable blue-green colour, which is measured 

at 600 nm. Antioxidants in the added sample cause 

suppression of this colour production to a degree which 

is proportional to their concentration. The CK activity 

was determined by commercial kits (Sigma Chemical 

Co) with automatic analyzers (RA-1000; made by 

America TECHNICOM Co). WBCs and differential 
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leukocyte levels were determined by automatic blood 

analyzer (Technicon H1, Technicon, Tarrytown, NY, 

USA). 

The subjects were randomly divided into 2 groups and 

received a capsule, containing 5 mg.kg
-1

.bodyweight
-1

 

caffeine (Merck KGaA, Germany) or dextrose as a 

placebo (Parsazmoon, Iran) 5 minutes after eating 

breakfast consisting of 200 ml pineapple juice and 30 

gram biscuits, with 150 ml water. Previous studies
26

 

showed that after consumption of 5mg.kg
-1

 caffeine the 

urinary caffeine concentration would be less than the 

limitations imposed by IOC (international Olympic 

committee) and NCAA (national collegiate athletic 

association).
10,29,30

 The Wingate test was performed 70 

minutes following ingesting the capsules. In the present 

study according to the Monark ergomedic bicycle 

(894E, Sweden) protocol, the subjects completed a 4-

min warm up consisting of both dynamic and static 

stretches and then cycled for 3 minutes at 

approximately 1-2 kg and 50-60 revolutions per minute 

(RPM) on an ergometer bike. After a careful 

adjustment of foot clips and saddle height, two prestarts 

were carried out, this is to ensure that the subjects 

know the feeling of maximal acceleration to top 

pedalling rate and the effect of the weight basket falling 

down to load the wheel. The prestarts took less than 5 

seconds and were separated by a two-minutes slow 

pedalling without loading. After the participants 

reached their perceived maximal speed, the 

predetermined load (7.5% body weight) was dropped 

and the test continued at maximal effort for 30 second. 

The second blood sample was collected 5 minutes after 

finishing the test and then the participants completed 5 

min cool down stretches. 

 

Statistical Analysis 

Descriptive statistics (age, height, weight, and body fat) 

were expressed as mean±standard deviation (M±SD). 

The normality test was assessed using Kolmogrov-

smirnov statistic. Paired t test was used to compare 

WBCs (white blood cells), serum MDA 

(malondialdehyde) and CK activity (creatine kinase) 

changes. P-values of less than 0.05 were considered 

statistically significant. 

 

Results 

The results of present study are reported for 26 athletes 

with the mean age of 24.22 ± 2.65 years and mean BMI 

(body mass index) of 21.62 ± 1.98 Kg.(m
2
)

-1
. No 

significant differences were observed in baseline 

WBCs count, CK activity, serum MDA and TAC levels 

between the caffeine and placebo treatment groups.  

After Wingate test serum mean malondialdehyde 

concentrations (MDA) increased significantly in both 

groups (P <0.001). Although the increased level of 

MDA in placebo group was lower than in caffeine 

supplemented group (0.951±0.142 nm/ml versus 

1.157±0.267 nm/ml respectively), the differences were 

not statistically significant (P>0.05), (Figure 1). 

 
Figure 1. Comparison of serum MDA levels before and after 
exercise in two treatments (in both groups: n=26). 
MDA: Malondialdehyde , *P<0.001 

After Wingate test total antioxidant capacity levels 

decreased slightly in both groups (Figure 2). 

 
Figure 2. Comparison of serum TAC levels before and after 
exercise in two treatments (in both groups: n=26). 
TAC: Total antioxidant capacity , *P>0.05 
 

Serum creatine kinase activity increased insignificantly 

in caffeine group, from 112.27±14.80 to 125.64±15.93 

IU/L (P=0.09) and placebo group from 119.50±11.90 

to 123.71±11.60 IU/L, (P=0.46) (Figure 3). 

 
Figure 3. Comparison of serum creatine kinase levels before 
and after exercise in two treatments (in both groups: n=26). 
CK: Creatine kinase , *P>0.05 
 

The Wingate test significantly (P<0.001) increased 

WBCs count in both groups, from 5.12±0.20 to 
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8.08±0.32 (×10
3
/mm

3
) in caffeine group and from 

4.98±0.15 to 7.78±0.29 (×10
3
/mm

3
) in placebo group 

(Figure 4). The observed difference between caffeine 

supplemented (2.96±0.24 ×10
3
/mm

3
) and placebo 

group (2.79±0.24 ×10
3
/mm

3
)

 
was not statistically 

significant (P>0.05). 

 

 
Figure 4. Comparison of serum white blood cells levels before 
and after exercise in two treatments (in both groups: n=26). 
WBC: White blood cells  
* P<0.001  

 

Lymphocyte (LYM) count also increased significantly 

(P<0.001) after Wingate test in both groups (from 

2.11±0.12 to 3.64±0.15 (×10
3
/mm

3
) in caffeine group 

and from 2.10±0.10 to 3.51±0.19 (×10
3
/mm

3
) in 

placebo group). The comparison of the elevated levels 

between two groups (1.53±0.12 (×10
3
/mm

3
) in caffeine 

versus 1.40±0.14 (×10
3
/mm

3
) in placebo group) were 

not statistically significant (P>0.05), (Figure 5). 

 

 
Figure 5. Comparison of serum lymphocyte level before and 
after exercise in two treatments (in both groups: n=26). 
LYM: Lymphocyte 
* P<0.001 
 

Granulocytes (GRA) count were higher after Wingate 

test (P<0.001) (Figure 6), and caffeine supplementation 

had no significant effect on increased granulocyte level 

versus placebo group (P>0.05). Granulocyte count 

increased from 2.86±0.19 to 4.14±0.28 (×10
3
/mm

3
) in 

caffeine supplemented group and from 2.68±0.15 to 

4.06±0.23 (×10
3
/mm

3
) in placebo group. The difference 

of increased levels of GRA in both groups (1.27±0.14 

in caffeine group versus 1.38±0.15 in placebo group), 

was not statistically significant (P>0.05). 

 

 
Figure 6. Comparison of serum granulocyte level before and 
after exercise in two treatments (in both groups: n=26). 
GRA: Granulocyte 
 * P<0.001 

 

Discussion  

Previous studies in physically active university students 

have shown that 30 seconds of high intensity exercise, 

such as Wingate test, resulted in increment of plasma 

MDA concentration which was due to lipid 

peroxidation.
31,32

 Although some previous studies 

reported antioxidant activity of caffeine,
12-14

 since no 

significant differences were observed between two 

groups we concluded that 5 mg/kg caffeine 

supplementation did not affect the MDA level. Our 

findings were in accordance with the findings of Olcina 

et al., who reported that 5 mg/kg caffeine 

supplementation had no significant effect on plasma 

MDA levels immediately after maximum incremental 

effort until exhaustion.
16

 While in another study Olcina 

et al., showed that caffeine supplementation caused 

lipid peroxidation and raised plasma MDA levels 

immediately after 30 minutes aerobic exercise at 75% 

Vo2max, in active males.
17

 In present study TAC levels 

were slightly decreased in placebo and caffeine 

supplemented groups, with no significant differences 

between the two groups. Although caffeine 

supplementation did not have any significant effect on 

serum MDA levels, the increased levels in caffeine 

supplemented group were insignificantly higher than 

the placebo group. The insignificant effect of caffeine 

on serum MDA level may be due to the dose which is 

used in this study. It is possible that higher doses of 

caffeine may have significant effect on MDA 

production. Since the altered levels were similar in both 

groups we concluded that 5 mg/kg of caffeine 

supplementation did not have significant effect on 

MDA and TAC levels after a 30 second supramaximal 

exercise. 

To the best of our knowledge, there was no study about 

the effect of caffeine supplementation on creatine 

kinase levels in short-term exercises. Concerning long-

term exercises, our findings (non significant increased 

levels of CK activity) were consistent with the findings 
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of Marco Machado, Vimercatti et al and Bassini-

Cameron. Marco Machado reported that serum CK 

levels increased significantly after exercise tests in 

soccer players in both caffeine (4.5 and 5.5 mg.kg) 

supplemented and placebo groups and the increased 

level were not different between groups.
20,33,34

 

Vimercatti et al
21

 also indicated that serum CK levels 

increased immediately after 60-min treadmill exercise 

at 65%Vo2max, however 4.5 or 5.5 mg/kg 

supplementation did not have any significant effect on 

the increased levels of CK. In contrast Bassini-

Cameron showed that consumption of 5 mg.kg
-1

BW 

caffeine significantly increased serum Ck levels after 

45 minutes of variable distance run protocol.
25

 Since 

these authors did not indicate whether their results were 

adjusted for the hemoconcentration effect, the 

discrepancy between our results and their findings may 

be due to the hemoconcentration changes. 

It has been suggested that caffeine ingestion has 

hypoalgesic effect on muscle during high-intensity 

exercise
18,19

 and enhances the risk of muscle 

damage.
20,21

 Since anaerobic power in this study 

increased insignificantly in caffeine supplemented 

group (data not reported yet) the more increment in 

MDA and CK in this group is probably due to 

decrement in muscular pain perception and effort 

perception of caffeine. 

Many previous studies have shown that anaerobic 

exercise can increase WBC concentration.
21,35

 In the 

present study the white blood cell population, 

lymphocyte and granulocyte count were increased after 

Wingate test in both groups without any significant 

differences between the two groups. These results were 

consistent with the report of other previous studies.
21,24

 

Walker et al., showed that leukocyte count was 

increased immediately following 120 min exercise at 

65% VO2max and caffeine supplementation (6 mg.kg
-

1
BW) did not significantly affect it. Vimercatti also 

indicated that leukocyte count increased after a 60-min 

treadmill exercise at 65% Vo2max in both placebo and 

caffeine supplemented groups, however 4.5 or 5.5 

mg/kg caffeine supplementation did not have any 

significant effect. In contrast to our findings and two 

above mentioned studies, Bassini-Cameron 

demonstrated that lymphocyte level was increased after 

45 minutes of intense distance run protocol in both 

groups, and caffeine had a significant synergistic effect 

on blood lymphocyte count
25

, which may be due to 

more increment of muscle injury and creatine kinase in 

caffeine ingested group. 

 

Conclusion 

The results of the present study indicated that 5 mg/kg 

caffeine supplementation, 1 hour prior to 30 second 

Wingate test did not have any significant effect on 

oxidative estress, exercise-induced muscle damage and 

inflammatory factors in female basketball players. 

 Since we did not achieve any remarkable changes with 

this supplemented dose, it is suggested that more 

research should be carried out with higher doses of 

caffeine in order to learn about the precise effect of 

caffeine on supramaximal exercise. 
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