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Aim: To investigate the effects of 3-month-long specific training program on biochemical status, oxidative and
antioxidant responses in elite karatekas. Methods: Twenty male karatekas [BMI: 21.9± 2.4 (kg/m2)] participated in
this study. They performed a 3-month specific training to prepare for an international competition. We measured
selected biochemical parameters, the oxidative and antioxidant responses before (T0) and after 3 months of intense
karate training (T1). Results: We found significant increases in catalase activity (26.3%± 21.3%, p< 0.0005),
superoxide dismutase activity (15.9%± 28.8%, p< 0.05), and a significant decrease in malondialdehyde levels
(17.2%± 13.7%, p< 0.0005) after 3 months of karate training. Moreover, the athletes’ biochemical status was
significantly improved at T1 compared with T0 (for the majority of parameters, p< 0.0005). Conclusions: The
specific training program improves the prooxidant–antioxidant balance of elite karate athletes. It could be
recommended for athletes having similar physical fitness level.

Keywords: oxidative stress, balance prooxidant–antioxidant, free radicals, muscular damage, inflammatory
enzymes, athletes, martial arts, training

Introduction

Karate is a polystructural acyclic sport (36), characterized by an intermittent physical activity,
engaging very intense punches and kicks (9, 43). Karate elite athletes are usually prescribed a
mixed training regime that elicits adaptations in both anaerobic and aerobic energy pathways
(6, 17, 44). Indeed, karate training has been shown to increase muscular strength; functional
mobility; mental, moral, and physical health; and self-actualization (8, 40). Moreover,
recently, it has been found that intensive karate training induced higher muscle activation
during the execution of karate-specific kicks (23). However, little is known about the adaptive
responses of the biochemical status, oxidative and antioxidant systems after specific training
among elite karatekas.
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Some studies have shown that oxidative stress biomarkers increased following both
aerobic and anaerobic exercises (21, 22, 36, 38). However, some reports showed some
controversies, probably due to many various factors, such as the training volume and/or the
athlete’s physical fitness level (19, 41, 42, 47). Teixeira et al. (47) showed that a very large
volume of training performed by elite athletes could lead to chronic oxidative stress state
and to the alteration of physical performance. Elosua et al. (19) reported that a 6-week
aerobic physical activity program remarkably increased the endogenous antioxidant
activity and decreased the oxidative stress biomarkers among sedentary healthy young
men and women.

In addition, there are relatively few studies, which have investigated the effect of
training on the biochemical, oxidative stress, and antioxidant status in elite martial
art athletes, preparing for an international competition (12, 16, 33, 34, 36). In addition, the
results are somewhat equivocal. For example, Naghizadeh et al. (33) found a significant
improvement in the antioxidant status of karate athletes, in comparison with non-athletes,
after a 6-month training program. However, Pesic et al. (36) reported a decrease in catalase
(CAT) activity among male elite karate athletes after a 3-month training program.

Therefore, the aim of this study was to assess the effects of a 3-month karate-specific
training program on biochemical parameters, oxidative stress and antioxidant status in male
elite karatekas.

Methods

Participants
Twenty male karatekas [18.2± 2.1 years, 175.9± 5.9 cm, 67.8± 9.5 kg, BMI: 21.9± 2.4
(kg/m2), % body fat: 11%± 1.6%] from a Tunisian national team of Shotokan kumite
volunteered to participate in this study. All athletes were non-smokers and healthy, and had
no injury, no chronic, or acute diseases. They did not take any alimentary complements,
medications, or supplements during the experiment. They were lodged in the national elite
center and followed the same food regime.

They had 10.9± 2 years of experience. They trained 2 h/day × 9 sessions/week. All
participants were ranked as black belts (first Dan or greater). They were fully informed about
the protocol procedures, including the possible risks and associated discomfort, and
consequently signed an informed consent form before participating. For those under
18 years of age, the consent was obtained from their parents. The study was conducted
in accordance with the Declaration of Helsinki, and the protocol fully approved by the local
human research ethics committee before the commencement of the assessments.

The testing protocol comprised two sessions. The first session (T0) was realized at the
beginning of the season (January), after a 1-month resting period. The second session (T1)
was achieved after a 3-month karate-specific training program (to prepare the karatekas for an
international competition “International Open of Nederland”).

Training program
The specific training program was realized during a 3-month macrocycle (Table I). This
program was divided into four periods. During the first period (i.e., cycle 1), the general
objective was focused on the improvement of the aerobic capacity and the development of
strength endurance (60%–70% of VO2max or maximal strength). The exercises included
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total and segmental movements of upper limbs, trunk, and lower limbs. The second period
(i.e., cycle 2) was dedicated to the development of power, speed, agility, and coordination
circuits. The training was completed by two specific strength training sessions. The latter was
developed using essential exercises, such as squat and overhead split squat with or without
external loads, box crossover and box jump, push-ups, draw chest, bench and inclined bench
presses, abdominals, and a variety of plyometric exercises for developing force–velocity of
both lower and upper limbs. Cycle 3 was focused on a specific intense karate training, which
mainly consisted of repetitive series of short and intensive exercises involving various
components within a karate session specific interval training, technique and/or specific drills,
such a guiaku-zuki and kiza-mawashi-guiri situation, and randori (freestyle sparring) each
Friday. The last cycle was based on tactical schema situations (i.e., first week) and sharpening
session (i.e., second week).

Measurements and Protocols

Biochemical assays
Blood samples from each participant were collected at rest before training (T0) and after the
specific training program (T1) to verify the chronic effect of training. Samples were collected
between 07:00 and 08:00 h (after a 12-h overnight fast). T1 samples were undertaken for 72 h
following the last training session to avoid fatigue effects on metabolic parameters. Venous
blood samples were collected by the same technician from the antecubital site in tubes
(Vacutainer, Becton Dickinson, Franklin Lakes, NJ, USA) after 5 min of being in a seated
position. All specimens were put in a cooler and quickly transported to the laboratory in a
crushed ice block. Samples were centrifuged immediately at 3500 × g and 4 °C for 12 min.
Aliquots of the resulting plasma were stored at –80 °C for analyses. To eliminate interassay
variance, all samples were analyzed in the same assay run. All biochemical parameters were

Table I. Training program during 3-month macrocycle

Structure of macrocycle

Cycle 1 Cycle 2 Cycle 3 Cycle 4

3 weeks 4 weeks 3 weeks 2 weeks

W1 W2 W3 Specific karate training
repetitive series of short
and intense exercises:
Power, speed, agility,
and coordination
circuit (2 × 20 min;
10 min rest between)

Specific agility and
coordination circuit
(technique and
specific karate drills)
(2× 20 min; 10 min
rest between)

Karate-specific
interval training:
(Technique and
specific karate
drills) (2× 30 min;
15 min rest
between)

Specific karate
stretching (30 min)

Fight arbitrated
(randori) (Friday)
(90 min)

Tactical
situations
(90 min)

Sharpening
(last week)

Aerobic capacity

60% VO2max

(40 min)
70% VO2max

(50 min)
70% VO2max

(60 min)

Strength

50–60
(% of 1RM)
(60 min)

60–80
(% of 1RM)
(50 min)

80–100
(% of 1RM)
(40 min)
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performed in duplicates in the same laboratory using an automated analyzer (Beckman
Coulter UniCel® DxC 600 Synchron®, Beckman Instruments, “Beckman Danville,
California, USA”), with reagents, standards, and controls from Randox Laboratories
(Crumlin, Northern Ireland, UK). The intraassay coefficients of variation for these parameters
were <7%.

Oxidative and antioxidant enzymes
Plasma lipid peroxidation was estimated by measuring malondialdehyde (MDA) levels
according to the double heating method (18). Aliquots (250 μl) from the sample were mixed
with 250 μl butylated hydroxytoluene (BHT)–trichloroacetic acid (TCA) solution containing
1% BHT (m/v) dissolved in 20% TCA (m/v) and centrifuged at 1,000 × g for 5 min at 4 °C.
The supernatant (400 μl) was blended with 0.5N HCl (80 μl) and 120 mM thiobarbituric acid
(TBA) in 26 mM Tris (320 μl), and then heated at 80 °C for 10 min. After cooling, the
absorbance of the resulting pink chromophore was determined at 532 nm using a SmartSpec
3000 Bio-Rad UV-visible spectrophotometer (Germany). MDA levels were determined using
an extinction coefficient for MDA–TBA complex of 1.56 105 M−1cm−1. MDA concentration
(M) = absorbance at 532 nm/1.56 × 105.

Superoxide dismutase (SOD) activity was determined by the epinephrine method (30),
which is based on the capacity of the SOD to inhibit the autooxidization of the epinephrine in
adrenochrome while trapping the flux of anion superoxide. The sample was mixed in a buffer
of Na2CO3/NaHCO3 (50mM, pH= 10.2) with 10 μl of bovine CAT (0.4 U/ml) and 20 μl of
epinephrine (5 mg/ml). The SOD activity in the samples was assessed by spectrophotometry.
Detection was performed at 480 nmwith a Bio-Rad spectrophotometer (Bio-Rad Laboratories,
Philadelphia, USA).

The CAT is a metalloenzyme that transforms the peroxide of hydrogen in water and
molecular oxygen according to the following reaction (1):

2H2O2 → 2H2O + O2:

The sample was mixed with phosphate buffer (50 mM, pH= 7). The kinetics of the CAT
activity was spectrophotometrically measured at 240 nm in 3 min while measuring the
decomposition of the H2O2. The C concentration of the CAT activity was calculated
according to the law of Beer–Lambert.

Statistical analysis
All statistical tests were processed using the Statistical software SPSS version 20 for
Windows (SPSS Inc., Chicago, IL, USA). All values are reported as mean and standard
deviation (mean ± SD). The Shapiro–Wilk W test revealed that the data were normally
distributed. Once the assumption of normality was confirmed, data were analyzed using the
parametric test (Student’s t-test for matched samples) for the intragroups comparison of
parameters. Data obtained at the beginning of the season (T0) were compared with those
obtained after the 3-month training period (T1). Cohen’s d effect sizes (ES) were calculated to
assess the practical significance of the findings. ES was interpreted as: d< 0.20 (trivial),
d= 0.20−0.49 (small), d= 0.50−0.79 (medium), and d≥ 0.80 (large) (11). The precision of
point estimates is quantified through 95% confidence intervals (CI). The level of significance
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was set at p< 0.05. When the SPSS output demonstrated significance levels less than 0.001,
these were corrected to p< 0.0005 (25).

Results

A general linear model showed significant differences between the beginning of the season (T0)
and after 3 months of karate training (T1) with respect to biochemical status (Table II). All
values were obtained before and after training, corresponding to the margin of the usual values.

We found significant increases in CAT [(p< 0.0005; with amplitude of 26.3%± 21.3%;
with mean differences of 4.16; 95% CI=−5.51 to −2.81; ES= 1.305) (Fig. 1)] and SOD
[(p< 0.05; with amplitude of 15.9%± 28.8%; with mean differences of 0.06; 95%
CI=−0.11 to −0.01; ES= 0.189) (Fig. 2)] values after a 3-month training.

We also found a significant decrease in MDA values [(p< 0.0005; with amplitude of
17.2% ± 13.7%; with mean differences of 0.06; 95% CI= 0.04–0.09; ES= 0.92) (Fig. 3)]
after training.

Discussion

The major finding of this study is the improvement of the antioxidant status (i.e., CAT and
SOD activities) and the decrease of the biochemical parameters and MDA levels after a
3-month intensive karate training program.

In agreement with the literature, we found increases in CAT and SOD activities (19, 32,
33, 36). SOD activity is significantly higher in athletes than non-athletes (20, 28). Dopsaj
et al. (16) reported higher SOD activity in wrestlers compared with karate professionals,
during the precompetitive period. In a recent study, Koubaa et al. (26) have reported that a
12-week training period increases the SOD activity among sedentary male smokers. Zivkovic
et al. (49) found the same tendency in young soccer players after a 6-month training program.
Pesic et al. (36) found increases in SOD activity after a training period of 3 months, without
reaching the level of statistical significance.

Regarding CAT activity, our findings are in agreement with recent studies (15, 48, 49).
Tong et al. (48) showed a marked increase in serum CAT activity in runners after a 12-week
training period. In addition, Zivkovic et al. (49) found increases in CAT activity in young
soccer players after a 6-month training program. Moreover, CAT activity is higher in young
handball players compared with non-athletes (15).

However, Pesics et al. (36) reported a decrease in CAT activity after a 3-month karate
training program. The authors suggest that this result might indicate that athletes need
antioxidant supplementation (35). Other studies reported unchanged CAT activity after
training (4, 24, 32). The rise of CAT activity observed in our investigation may indicate that,
during the training period, the antioxidant system has more time to adapt to oxidative stress
(48). Indeed, the increase in the activities of these enzymes (i.e., SOD and CAT) was
probably counteracting the generation of oxygen-derived free radicals promoted by karate
session (38). On the other hand, in this study, the significant increase in antioxidant markers
activity was produced by predominate aerobic training during endurance and tactical
situations (cycles 1 and 4) (19), and predominated anaerobic training during cycles 2 and 3
(41, 42). In this context, it has been demonstrated that regular exercise training, when
compounded by “explosive,” “high intensity,” or “endurance intensive” efforts (10), appears
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Fig. 1. Basal CAT
activity (mean± SEM)
of elite karatekas before
(T0) and after (T1) the
3-month karate training
program. CAT: catalase.

****Significant
difference between T0
and T1 (p< 0.0005)

Fig. 2. Basal SOD
activity (mean± SEM)
of elite karatekas before
(T0) and after (T1) the
3-month karate training

program. SOD:
superoxide dismutase.
*Significant difference
between T0 and T1

(p< 0.05)

Fig. 3. Basal MDA levels
(mean± SEM) of elite
karatekas before (T0)
and after (T1) the

3-month karate training
program. MDA:

malondialdehyde levels.
****Significant

difference between T0
and T1 (p< 0.0005)
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to improve antioxidant defense mechanisms, providing additional protection during times of
acute physical stress (39). Accordingly, antioxidant status improvements may suggest
positive effects of the specific training program in elite karatekas.

This study also showed that the basal MDA levels of our athletes significantly decreased
after the training period. These findings are in agreement with previous observations among
other populations (i.e., namely on sedentary male smokers) after a 12-week training program
(26), as well as in cyclists who spent 13 days at an altitude of 2,500–3,000 m, and trained at
1,200 m above sea level (37), and also for soccer players who have realized regular training
(29). In the same line, Miyazaki et al. (32) found that 12-week endurance intensive training
program decreased the basal lipid peroxidation and improved the antioxidant status [i.e., SOD
and glutathione peroxidase (GPX) activities] compared with the pretraining among untrained
male subjects. According to the authors, the improvement of the antioxidant defense system
would result from a reduction of acute aerobic exercise-induced lipid peroxidation, increases
in the athletes’ resistance and chronic adaptation to subsequent oxidative stress. Elosua et al.
(19) reported an increase in antioxidant enzyme activity [i.e., blood GPX, plasmatic
glutathione reductase, and low-density lipoprotein (LDL) resistance to oxidation] and a
decrease in oxidative stress markers levels (i.e., oxidized LDL) after 16 weeks of aerobic
training, among sedentary healthy young volunteers. Given these improvements, the authors
suggested that the antioxidant activity increase may result from endogenous antioxidant
production related to the repeated increases of free radicals acting as inductors of gene
transcription after each aerobic training session (46).

In this study, the improvement of antioxidant status and the decrease of oxidative stress
markers suggest that anaerobic exercises (i.e., “explosive” and “high intensity” efforts) used
during the karate-specific training program can increase oxidation of macromolecules,
potentially leading to tissue damage (7), whereas chronic training can induce adaptations
that attenuate the exercise-induced oxidative stress (7). In this context, Radak et al. (41)
reported that the stimulatory effect of anaerobic exercise on reactive oxygen and nitrogen
species (RONS) generation appears to be an important phenomenon of the exercise-induced
adaptation process. Thereby, the increased antioxidant enzyme activity in response to training
is apparently due to the system’s need to generate antioxidants to facilitate protection against
RONS. Bloomer and Goldfarb (7) affirmed that the decrease in RONS markers may also be
due to repeated and prolonged exposure to high RONS generation, resulting in alterations in
the production of these RONS. According to these authors (42), such adaptation exists to
attenuate the typical rise in protein, lipid, DNA, and glutathione oxidation following a single
bout of exercise, which appears to be valuable for both aerobic and anaerobic exercises. In
view of the above considerations, the present results could also suggest that the training load
used in this program was efficient to induce improvement in antioxidant status and the
decrease of oxidative stress biomarker levels among karate athletes (16). Furthermore, other
factors could be related to these findings, such as physical fitness level and/or training
experience (16) of our elite karate athletes.

Concerning the markers of renal (i.e., creatinine, protein, uric acid, urea, sodium,
potassium, calcium, phosphor, and chloride), hepatic [i.e., alanine aminotransferase (ALAT),
aspartate aminotransferase (ASAT), alkaline phosphatase, and acid phosphatase], and
metabolic functions (i.e., glucose, magnesium, iron, and total cholesterol), we found a
significant decrease in these parameters after training, without reaching clinical significances.
In the same manner, Miura et al. (31) found no significant changes in hepatic enzymes levels,
such as ASAT and ALAT, after a 6-month training program among judo athletes. However,
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other studies found that these hepatic function markers can significantly increase following a
single intensive training session or an acute physical exercise (2, 3, 5, 13, 27, 31). Similarly,
we observed a significant decrease of the urea and uric acid plasma levels after the training
program. These changes may be an indication of decreased protein catabolism (14).

Our blood analyses are of interest. First, they gave an initial appreciation of the renal,
hepatic, and metabolic functions of our athletes; second, they permit to assess training
adaptations, and/or status of undertraining, or overtraining syndrome following 3 months of
intensive karate training (45).

The present findings include some limitations. It would be interesting to measure the
responses of the hormonal, cytokine, and biomarkers of muscular damage (e.g., creatine
kinase, myoglobin, lactate dehydrogenase, and C-reactive protein) before and following the
karate intensive training program to establish the relationships between biomarkers of fatigue
and the immune system. The lack of a control group is another limitation of this study. In fact,
the comparison of the results with those of a control group (i.e., sedentary subjects) could well
highlight the effect of the karate-specific training program on biochemical, oxidative, and
antioxidant statuses, among karate elite athletes. However, in practice, it is difficult to find a
control group composed of elite athletes who accept not to train for such a long period. In
addition, dietary intakes of our athletes may influence our data. Nevertheless, our athletes
follow the same dietary intakes, because they live and train in a training national center.
Dietary intakes should influence the selected parameters in the same manner. In conclusion,
the intensive-specific training program significantly improved the prooxidant–antioxidant
status balance among karate elite athletes. The increase in SOD and CAT values, associated
with the reduction of the biochemical responses and MDA activity, highlights the effective-
ness of this training program among karate elite athletes. Our data give additional information
about the evolution of the prooxidant–antioxidant status in elite athletes preparing for a
serious competition. Furthermore, these findings could inspire coaches to prepare adapted
training for karate athletes.
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