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Abstract
The aim of the present study was to find out the effects of 12 weeks of competitive phase specific
training on basal levels of selected biochemical and haematological variables in male Taekwondo
players. A total of 15 Indian male Taekwondo players (Age: 16.9 ± 1.4 years; Height: 173.5 ± 0.81 cm;
Weight: 60.92 ± 11.79 kg, BMI: 20.04 ± 2.44 kg/m2) were volunteered for this study. Twelve weeks of
competitive phase specific Taekwondo training was given to the participants for the perfection of
technical skills and for the improvement of general physical conditioning abilities. Blood samples were
collected from antecubital vein in the morning after overnight fasting and 24 hours of rest, both
before and after training. The samples were analyzed for the selected biochemical and haematological
parameters such as Lipid profile, Iron Profile, Creatine phosphokinase (CPK) Lactate dehydrogenase
(LDH) and Complete Blood Picture (CBP). Data were analyzed by paired-t test by using SPSS
software. A significant increase (P < 0.05) of Serum Iron, Total cholesterol, HDL-cholesterol, Hematocrit,
and Mean Corpuscular Volume were observed after training. Also a significant reduction (P < 0.05) in
total cholesterol/HDL-cholesterol Ratio, Lactate Dehydrogenase and Mean Corpuscular Hemoglobin Concentration
(MCHC) were noted after the training. From this study it is concluded that the competitive phase
specific Taekwondo training is effective for improving lipid profile and some of the biochemical
parameters in national level male Taekwondo players and biochemical monitoring will be helpful for
the evaluation of training effects and training related adaptations at molecular level.
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Introduction1

fast and powerful offensive and defensive skills to score
over an opponent effectively. A successful performance in

Taekwondo is a quick and explosive sport that needs

such a physically demanding sport requires a well-conditioned
and well-trained program, aimed at improving aerobic and

Submitted : 5 April 2018
Revised : 5 July 2018
Accepted : 6 October 2018
Correspondence : ushakaniganti@gmail.com

anaerobic capacity, speed, muscle strength, recovery and
neuromuscular coordination during the training course.
Taekwondo develops posture, graceful movement, balance,
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coordination, flexibility, attentiveness and self-confidence

haematological monitoring is not only important to

(Fong et al., 2013). Taekwondo is also an excellent form

understand the training induced adaptations, training load

of cardiovascular exercise. Physiological responses that

and recovery, it also provides an information about the

occur during the regular Taekwondo training protocol will

health and nutritional status of the athletes. Several research

differ greatly from that of the championship Taekwondo

studies have revealed that the resting levels of biochemical

combat (Bridge C A et al., 2013), this discrepancy is due

parameters in athletes varies from that of sedentary persons

to the less stress hormone responses (adrenaline and

and are influenced by the type of exercise performed and

noradrenaline) during the regular training protocol compared

its duration (Telford, R. D., Cunningham, R.B. 1991). Bio-

to the championship combat. So to prepare the athlete to

chemical assessment would pave the way for designing an

handle the metabolic and physiologic demands of the

optimal training load as well as to verify the effectiveness

combat, Taekwondo coaches will emphasize high-intensity

of training programs and to optimize performance in

specific Taekwondo techniques interspersed with 6 seconds

sports. Most of the studies done on Taekwondo players are

of low- to moderate-intensity movements and interval

pertained to the physiological changes and lactate responses

training sessions with 8 seconds of high-intensity efforts

after the training, no studies were found where the bio-

and 8 seconds of rest or low-intensity efforts. Coaches also

chemical parameters viz., metabolites, lipid profile and muscle

use specific training with various Taekwondo skills to

enzymes were studied in Taekwondo players during compe-

improve anaerobic training. Monitoring of athlete well-

titive phase specific training. The aim of the present investi-

being is very essential during the Taekwondo training to

gation was to assess the effects of 12 weeks of competitive

understand the training responses and to detect any progre-

phase specific Taekwondo training on basal levels of selected

ssion towards the negative health outcomes and associated

biochemical and haematological markers, and to understand

poor performance if any. Excessive training with insufficient

the training induced biochemical adaptations.

recovery can lead to overtraining in which performance

Material and methods

and well being can be affected for months. Exhaustive
exercise training given to the athletes during the competitive
phase might cause oxidative stress associated with inflam-

Participants

matory responses, which in turn may result in muscle cell

15 male Taekwondo practitioners aged 16.9 ± 1.4 years

membrane damage. Elevated levels of creatine phosphokinase

with 3.3 ± 2.8 years of Taekwondo training experience,

(CPK) and lactate dehydrogenase (LDH) have been used

participating in national level competitions were recruited

as markers of muscle damage in athletes performing heavy

for this study from Sports Authority of India, Bangalore.

training. Some authors have suggested that the concentration

All the athletes undertook 5-10 training sessions per week

of nitrogenous wastes such as urea and uric acid in the

and exercised 1-2 hours per training session. The details

blood plasma may provide a measure of muscle protein

regarding the health status, history of muscle injuries,

breakdown and hence may be considered as markers of

hospitalization, medication and supplementary usage were

overtraining (Kinderman, 1986). On the other hand blood

obtained through the questionnaires. The study was approved

leukocyte subset counts also provide valuable information

by the institutional ethical committee and written informed

about the training load and recovery balance in athletes

consent was obtained from all the participants.

(Michael Gleeson, 2002). Neutrophil/Lymphocyte ratio
(NLR) is used as one of the measure to monitor exercise
stress and subsequent recovery (Nieman, 1998). Iron profile
and RBC indices values will help to diagnose anemia and
to understand the cause of anemia. So biochemical and

Training
Training programme comprised of two components namely
Physical conditioning, Technical & Tactical training.

Biochemical evaluation of Taekwondo players

Physical conditioning
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for haematology. The rest of the sample was left to
coagulate at room temperature for 30 minutes and centri-

Physical conditioning was planned in the morning

fuged at 1500 g for 10 minutes to separate the serum which

session (6.00 am to 7.30 am) and various exercises were

was analysed for selected biochemical parameters such as

given to meet the different conditioning abilities required

triglycerides (mg.dl-1), total cholesterol (mg.dl-1), HDL-

for Taekwondo, such as strength, endurance, flexibility,

cholesterol (mg.dl-1), LDL-cholesterol (mg.dl-1), CPK (U/L),

speed, agility and so on.

LDH (U/L), urea (mg.dl-1), uric acid (mg.dl-1), serum iron

This included-

(µg.dl-1), total iron binding capacity-TIBC (µg.dl-1), transferrin

1. Strength building phase

saturation (%).

2. Lactic Power Phase
3. Taper

Technical & tactical training

Measurement of biochemical variables
Blood Urea

Technical & tactical training was scheduled in the

Urea concentration was estimated by using (Spinreact)

evening from 4.00 pm to 6.00 pm. This training mainly

Berthelot method -where in urea in the sample is

focused on kicking skills, punching skills, distance, timing

hydrolyzed enzymatically by Urease into ammonia (NH4+)

training, attacking, counterattacking and scoring.

and carbon dioxide (CO2). Thereafter Ammonia ions

The typical Taekwondo training session used in this
investigation consisted of:

formed react with salicylate and hypochlorite (NaClO), in
the presence of catalyst nitroprusside, to form a green

(a) 15-20 minute warm up period during which

indophenol: The intensity of the colour formed is propor-

non-Taekwondo activities (flexibility exercises, calisthenics,

tional to the Urea concentration in the sample and the

running etc) were performed to prepare for the higher

optical density of the same was measured at 580nm and

intensity activities;

Urea concentration expressed in mg.dl-1.

(b) After the warm up 25-30 minute of fundamental
Taekwondo techniques (basic kicks & blocking etc) were

Uric acid estimation

performed and repeated with a gradual increase in intensity;

Uric acid concentration was estimated by using enzymatic

(c) 10-15 minute cool down period, during which

method (Spinreact) in which uric acid is oxidized by

activities were performed to gradually reduce the heart rate

uricase to allantoine and hydrogen peroxide (2H2O2), and

to the levels reached at the end of the warm up period.

under the influence of POD, 4-aminophenazone (4-AP)

Specimen collection and assay
Blood samples were collected before and after competitive phase specific Taekwondo training having duration
of 3 months. Samples were collected from the participants in seated position from antecubital vein into plain
evacuated tubes in the morning in overnight fasting

and 2-4 dicholrophenol sulfonate (DCPS) forms a red
quinoneimine compound.
The intensity of the red colour formed is proportional
to the uric acid concentration in the sample and was read
at 520nm and concentration expressed in mg.dl-1.

Serum Iron

condition. All participants were refrained from training 24

Iron concentration was estimated calorimetrically by

hours prior to the test to avoid acute exercise-induced

Ferrozine method (Spinreact). The Iron is dissociated from

shifts in plasma volume. An aliquot of each sample was

transferring – iron complex in weakly acid medium. Iron

immediately mixed with EDTA solution to prevent clotting

liberated was reduced into the bivalent form by means of
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ascorbic acid. Ferrous ions give with ferrozine a coloured
complex. The intensity of the colour formed is directly proportional to the iron concentration in the sample. The optical
density (OD) was measured at 562nm and the concentration
expressed as µg.dl-1.

Total Iron Binding Capacity (TIBC) &
Unsaturated Iron Binding Capacity
(UIBC)

Total cholesterol (TC) and High density
lipoprotein cholesterol (HDL-C)
Cholesterol esters liberate cholesterol and fatty acids;
by the action of the cholesterol esterase (CHE). The
cholesterol present in the sample is converted to
4-cholestenona and hydrogen peroxide (H2O2). H2O2 reacts
with 4-aminophenazone and Phenol in presence of
peroxidase (POD) to give a coloured product.
To estimate HDL-C, Chylomicrons, LDL and VLDL are

TIBC was estimated calorimetrically by using Saturation

precipitated from serum by adding phosphotungstate in the

– Precipitation method (spinreact). Serum transferrin is

presence of divalent cations such as magnesium, the HDL-C

saturated with excess of Fe3+ and the unbound portion is

remains unaffected in the supernatant is estimated using

precipitated with magnesium carbonate. The total amount

CHOD-POD method after centrifugation. The optical density

of iron (TIBC) is then determined by using Ferrozine

(OD) was measured at 505nm and the concentration is

method. The difference between the TIBC and initial serum

expressed as mg.dl-1.

iron yields the unsaturated iron binding capacity (UIBC)
and both the values were expressed as µg.dl-1.

Transferrin Saturation (TS %)
Transferrin saturation is calculated from Serum iron and

Very low-density lipoprotein cholesterol
(VLDL-C)
Very low-density lipoprotein cholesterol (VLDL-C) was
indirectly assessed using standard equation

TIBC values by using the standard equation.

Serum Iron
Transferrin Satufation % =
× 100
TIBC

Triglycerides
Triglyceride Concentration was estimated calorimetrically
by using GOD-POD method (Spinreact). Serum triglycerides

VLDL –C (mg.dl-1) =

Low-density
(LDL-C)

Triglycerides
5

lipoprotein

cholesterol

Low-density lipoprotein cholesterol (LDL-C) was indirectly
assessed using standard equation

incubated with lipoprotein lipase (LPL), liberate glycerol
and free fatty acid. Glycerol is converted to glycerol-3

LDL-C (mg.dl-1) = TC – (HDL-C+TG/5)

phosphate (G3P) and adenosine -5- diphosphate (ADP) by
glycerol kinase and ATP. Glycerol -3- phosphate is then
converted to dihydroxyacetone phosphate (DAP) and hydrogen peroxide (H2O2) by glycerol phosphate dehydrogenase.

Creatine Kinase (CK)

H2O2 reacts with 4- aminophenazone and p-chlorophenol

Estimation of CK was done by kinetic method

in presence of peroxidase (POD) to give a red coloured dye.

(Spinreact). CK catalyses the reversible transfer of

The optical density (OD) was measured at 505nm and the

phosphate group from phophocreatine to ADP and forms

concentration is expressed as mg.dl-1.

ATP. ATP and Glucose reacts in the presence of

Biochemical evaluation of Taekwondo players

Hexokinase (HK) and forms glucose -6-phosphate (G6P)
and ADP.G6P and NADP+ reacts in the presence of
glucose -6- phosphate dehydrogenase and produces
NADPH+ along with 6-Phosphogluconate. The rate of
NADPH formation is measured photometrically at 340nm
and is proportional to the catalytic concentration of CK
present in the sample and is expressed as U/L.

Lactate Dehydrogenase (LDH)
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Results and Discussions
The mean and standard deviations of age, height,
weight, BMI and training age are shown in Table 1.
The mean, SD values and paired sample t-test results
of biochemical parameters both before and after the
training were shown in Table 2 & 4 respectively. No
significant changes were observed in urea and uric acid
levels after the training. Significant increase was observed

LDH was estimated by using kinetic method

in TC and HDL-C with significant reduction in TC/HDL-C

(Spinreact). Lactate dehydrogenase; present in the sample

ratio and insignificant decrease was also seen in VLDL-C

catalyses the reduction of Pyruvate by NADH. The rate

and triglyceride levels after training. Significant decrease

of decrease in concentration of NADH, measured

was observed in LDH levels with insignificant increase

photometrically at 340nm is proportional to the catalytic

in CPK levels after the training. Insignificant improvement

concentration of LDH present in the sample and is

was observed in serum iron, TIBC and Transferrin

expressed in U/L.

saturation after the training.

Complete Blood Picture (CBP)

of haematological parameters both before and after training

The Mean, SD values and paired sample t-test results
were shown in Table 3 & 5 respectively. Significant
Haematological parameters namely hemoglobin (Hb),

increase of Hct and MCV values were observed after the

red blood cells (RBC), white blood cells (WBC),

training with no significant changes in hemoglobin levels.

jematocrit (Hct), platelet count, mean corpuscular

However significant reduction of MCHC was observed

volume (MCV), mean corpuscular hemoglobin (MCH),

after the training. No changes were observed in Leukocyte,

mean corpuscular hemoglobin concentration (MCHC),

reticulocyte and platelet counts after the training. However

absolute neutrophil count, absolute lymphocyte count,

insignificant reduction was observed in observed in

mixed cell count, neutrophil % and lymphocyte %, red

Neutrophil/Lymphocyte Ratio.

cell distribution width (RDW-CV) were assessed in

Figure 1 depict the results of hematocrit (Hct), mean

Sysmex –PocH100iTM automated haematology analyzer

corpuscular volume (MCV) and mean corpuscular

(Japan).

hemoglobin concentration (MCHC) before and after

Statistics

training. Figure 2 illustrate the lipid profile of players
before and after training.

IBM SPSS statistics (version 23.0) was used for
analysis. Data were expressed as Mean ± standard

Table 1. Basic details of Taekwondo practitioners

deviation. Shapiro-Wilk test was used to check Normal
distribution. The paired-t test was used to determine

Variable

Pre training

Post training

differences between two independent means, statistical

Age (years)

16.9 ± 1.4

17.2 ± 1.4

significance was set at P = 0.05. Hedge’s g (unbiased)

Height (cm)

173.53 ± 8.14

175.9 ± 7.3

Weight (kg)

60.92 ± 11.79

62.66 ± 11.4

BMI (Kg/m )

20.04 ± 2.44

20.09 ± 2.5

Training Experience (years)

3.3 ± 2.8

3.6 ± 2.8

effect size also calculated between pre and post tests to
measure the magnitude of the training effect.

2
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Table 2. Biochemical parameters before and after the
Taekwondo training

Table 3. Haematological parameters before and after the
Taekwondo training

Parameter

Parameter

Pre Training
-1

Serum Iron (µg.dl )

86 ± 28.6

-1

TIBC (µg.dl )

388.8 ± 54

Post Training
109.4 ± 23

417.3 ± 60

Transferrin Sa turation (%)

22.8 ± 8.7

26.4 ± 5.3

Urea (mg.dl-1)

21.7 ± 5.5

20.8 ± 4.1

Uric Acid (mg.dl-1)

4.6 ± 0.81

4.7 ± 0.95

Triglycerides (mg.dl-1)

77.4 ± 25

69.2 ± 17

-1

Total cholesterol (mg.dl )
-1

144.3 ± 25.7

Pre Training

Post Training

Hemoglobin (g.dl )

15.1 ± 0.8

15.3 ± 0.9

9

WBC (10 cells/L)

7.08 ± 1.56

7.09 ± 1.62

RBC (1012 cells/L)

5.76 ± 0.32

5.85 ± 0.34

Hematocrit (Hct) (%)

47.2 ± 2.27

48.6 ± 1.96**

Mean corpuscular volume
(MCV) (fL)

81.9 ± 4.1

83.1 ± 3.5**

Mean Corpuscular
Hemoglobin (MCH) (pg)

26.2 ± 1.6

26.1 ± 1.7

-1

*

*

156.9 ± 18.9
**

Mean Corpuscular Hemoglobin
Concentration (MCHC) (g/dL) 32.0 ± 0.75

31.4 ± 0.94**

Platelets(109 cells/L)

294.9 ± 45.9

289.8 ± 55.1

HDL- cholesterol (mg.dl )

42.4 ± 7.5

53.7 ± 7.6

LDL -cholesterol (mg.dl-1)

86.4 ± 23.5

89.3 ± 16.7

15.4 ± 5

13.8 ± 3.4

Absolute Lymphocytes
(109 cells/L)

2.7 ± 0.84

2.7 ± 0.76

3.4 ± 0.57

2.9 ± 0.44**

Absolute Neutrophils
(109 cells/L)

3.46 ± 1.1

3.48 ± 1.1

Red cell distribution width
(RDW-CV)(%)

13.9 ± 1.2

13.7 ± 0.81

Neutrophil/Lymphocyte Ratio

1.41 ± 0.87

1.36 ± 0.63

VLDL- cholesterol (mg.dl-1)
Total cholesterol/
HDL-cholesterol Ratio
Creatine phosphokinase (U/L)
Lactate dehydrogenase (U/L)

244.5 ± 145.6 291.8 ± 100.5
475 ± 79

**

394 ± 90

Data presented as Mean ± SD, n=15.
*
= significant (P<0.05) when compared to baseline data.
**
= highly significant (P <0.01) when compared to baseline
data.

Data presented as Mean ± SD, n=15.
*
= ignificant (P<0.05) when compared to baseline data.
**
= highly significant (p <0.01) when compared to baseline
data.

Table 4. Paired Samples t-Test of Biochemical Parameters
95% Confidence Interval of
the Difference
Lower
Upper

Parameter
Hemoglobin (g.dl-1)

-.45214

-1

.07881

T

df

Sig
( 2-tailed )

Effect size

-1.508

14

.154

0.22

*

Serum Iron(µg.dl )
TIBC(µg.dl-1)

-43.61414
-61.01723

-3.23386
3.99456

-2.488
-1.881

14
14

.026
.081

0.87
0.48

Transferrin saturation (%)

-8.90602

1.73896

-1.444

14

.171

0.47

-3.13046
-.66674

4.87046
.37474

.466
-.601

14
14

.648
.557

0.17
0.19

-8.68586

24.98186

1.038

14

.317

0.37

-2.893
-4.289

14
14

*

.012
.001**

0.54
1.44

-1

Blood Urea (mg. dl )
Uric_acid (mg. dl-1)
Triglycerides (mg. dl-1)
-1

Total cholesterol (mg. dl )
HDL -cholesterol (mg. dl-1)

-21.89489
-16.90239

-3.25177
-5.63361

LDL -cholesterol (mg. dl-1)

-11.23677

5.36690

-.758

14

.461

0.14

VLDL -cholesterol (mg. dl-1)
Total cholesterol/HDL-cholesterol Ratio

-1.73717
.16194

4.99637
.82820

1.038
3.187

14
14

.317
.007**

0.37
0.95

CPK (U/L)

-128.073

33.50297

-1.255

14

.230

0.36

LDH (U/L)

24.84032

138.07968

3.086

14

.008**

0.93

n = 15.
* = significant (P<0.05) when compared to baseline data.
** = highly significant (P<0.01) when compared to baseline data
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Table 5. Paired Samples t-Test of Haematological parameters
95% Confidence Interval of
the Difference

Parameter
WBC (109 cells/L)
RBC (1012 cells/L)

T

df

Sig
( 2-tailed )

Effect size

.970
.072

0.00
0.26

Lower

Upper

-.75005
-.19189

.72339
.00922

-.039
-1.948

14
14

Hemoglobin (g.dl-1)

-.45214

.07881

-1.508

14

.154

0.22

Hematocrit (%)
MCV (fL)

-2.12971
-2.08572

-.75029
-.36761

-4.478
-3.063

14
14

.001**
.008**

0.66
0.30

MCH (pg)

-.13057

.34390

.964

14

.351

0.05

MCHC (g/dL)
Platelet (109 cells/L)

.19451
-7.51193

.96549
17.77860

3.227
.871

14
14

.006**
.399

0.66
0.09

-.20030

.28030

.357

14

.726

0.04

Absolute Neutrophils (10 cells/L)
RDW-CV (%)

-.75145
-.27771

.71145
.66438

-.059
.880

14
14

.954
.394

0.01
0.18

NLR

-.75145

.71145

-.059

14

.954

0.06

AbsoluteLymphocytes (109 cells/L)
9

n=15.
* = significant (P<0.05) when compared to baseline data.
** = highly significant (P<0.01) when compared to baseline data

Figure 1. Changes in Hematocrit and RBC indices during

Figure 2. Changes in Lipid profile during the investigation

the investigation

researchers have revealed that the reference ranges of some

Discussion

parameters are different in athletes from normal population
(Aliye menasve. 2011) and the levels of many routine

Biochemical and haematological parameters are useful

biochemical and haematological parameters are greatly

to assess the health and fitness of the athletes. Many

influenced by age, sex, (Nikolaidis, M.G. et al. 2003) and
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the level of physical activity. Taekwondo is a Korean

concluded that physical training above the anaerobic thre-

marshal art characterised by fast, high, and spinning kicks.

shold has no or even negative effects on blood lipoprotein

Taekwondo practice has been proposed to have beneficial

profiles. Subsequently, in order to attain favourable adapta-

effects on improving anaerobic power and capacity

tions in lipoprotein profile, the training should be performed

(Melhim, A.F. 2001). Very limited information is available

below the anaerobic threshold whereas very limited infor-

about the biochemical and haematological parameters of

mation is documented about the effect of mixed (aerobic

male Taekwondo players and how these values vary during

and anaerobic) training on lipid profiles in athletes. In our

competitive phase specific Taekwondo training. The main

study, we have observed a remarkable improvement in the

aim of this study was to find out the effects of 12 weeks

lipid profile this might be training induced or it can be

of competitive phase specific Taekwondo training on basal

due to the hormonal influence.

level of selected biochemical and haematological variables
in male Taekwondo players. Results of the present study

Hormonal influence on lipid profile

have shown a significant increase in total cholesterol (TC),

Nan Zhang et al in 2014, conducted a study to know

HDL-cholesterol as well the significant reduction in

the relationship between endogenous testosterone and

TC/HDL-C ratio and LDH levels after the exercise training.

lipid profile in middle-aged and elderly Chinese men. That

Amongst the haematological parameters, hematocrit (Hct)

study included 4114 participants whose mean age was

and mean corpuscular volume (MCV) values were signifi-

56.04 ± 8.75 years. Bivariate and partial correlation analysis,

cantly increased after the training but a significant reduction

multiple linear regression analysis, and a general linear

was observed in MCHC. However no significant changes

model were used to assess the influence of TT on the

were observed in basal levels of urea, uric acid, CPK,

lipid profile. Additionally, the odds ratios (ORs) (95%

hemoglobin and WBC cell types.

CIs) for hypertriglyceridemia and low HDL-C in relation

Lipid Profile

to TT categories were calculated using logistic regression
analysis. They found that serum TT was negatively correlated with the levels of TC, TG, and LDL-C and

A significant increase (P < 0.05) of total cholesterol &
HDL- cholesterol levels and a significant decline (P < 0.05)
of TC/HDL-C Ratio (from 3.4 ± 0.57 to 2.9 ± 0.44) were
observed after the 12 weeks of training besides this an
insignificant decrease of triglycerides and VLDLcholesterol was also observed.

positively correlated with the level of HDL-C in middleaged and older Chinese participants. Furthermore, the
prevalence of hypercholesterolemia (high LDL-C, and low
HDL-C) especially hypertriglyceridemia, decreased with
increased serum TT. The results of our study have shown
insignificant reduction of triglyceride and VLDL levels.
Although there was a significant raise in both total

Training induced changes in lipid profile

cholesterol and HDL-cholesterol (P < 0.01) levels, the TC/

Aellen et al (1993) studied the effects of anaerobic and

HDL-C Ratio was reduced significantly. This illustrates

aerobic training on lipoprotein concentrations of sedentary

that there is more increase in HDL-C levels compared

men. Nine weeks bicycle ergo meter training was given

to total cholesterol. As all the participants of our study

to thirty three participants, four times per week. Sixteen

are in adolescent age testosterone might be one of the

were trained with high intensity, above the anaerobic

influencing factors.

threshold and seventeen exercised with low intensity,
below the anaerobic threshold. The results had shown the

Serum Enzymes

changes in the lipid and lipoprotein profiles, only after
training below the anaerobic threshold. The authors

Serum levels of skeletal muscle enzymes are markers

Biochemical evaluation of Taekwondo players
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of the functional status of muscle tissue and fluctuate

compared to the LDH (tetramer with mass of 150,000

widely in both pathological and physiological conditions

Da), consequently CPK can penetrate easily through

(Brancaccio et al., 2007). Serum creatine phosphokinase

muscle cell membrane disrupted by exercise (S. Poprzęcki

(CPK) and lactate dehydrogenase (LDH) give an indication

et al, 2004).

of the degree of metabolic adaptation to physical training

Iron Profile

of skeletal muscles. The enzyme creatine kinase uses
phosphocreatine (PCr) as its substrate and transfers a

Serum Iron levels were significantly increased (P <

phosphate group to ADP, thus making the products ATP

0.05) from pre training to post training, without any inter-

and creatine (Cr). This reaction is highly active within

vention of iron supplements. This change might be due

the first 10 seconds of maximal exercise; provide a rapid

to the adoption of good dietary habits or due to the training

source of ATP production to fuel muscle contraction

induced changes in hepcidin levels through altering basal

(Parolin et al., 1999). LDH is an oxidoreductase enzyme

interleukin -6 (IL-6) levels. A study by Kaya 2016 had

that catalyses the inter conversion of pyruvate and lactate.

shown that the serum IL-6 levels have been significantly

Both enzymes are involved in muscle metabolism, and

reduced after 4 weeks of Taekwondo training in 10 elite

their serum concentration is normally very low. As a result

male Taekwondo players and different research groups

of physiological wear and tear of the cells, their levels

discovered that IL-6 is involved in regulation of hepcidin

increase considerably after intensive exercise and in

levels in response to inflammatory stimuli, through the

muscle pathology (Garry JP et al 2000). CPK and LDH

Jak/STAT-3 signalling pathway (Wrighting DM et al 2006;

enzymes are widely used in sports medicine to monitor

Verga Flazacappa MV et al 2007). Iron is an essential

acute or chronic muscle tissue damages and to understand

trace element in the human body. It is very important

the biochemical adaptation to physical load. The increase

for the synthesis of hemoglobin, myoglobin and plays an

in CPK and LDH activities in plasma after exercise is

important role in the electron transport chain (ETC) and

connected with changes of cell membrane integrity and

production of energy in mitochondria. Iron content in the

mechanical damage of muscle fibres. Many studies have

body is largely controlled through absorption rather than

shown a significant increase in serum LDH levels after

excretion (Mccance, R. et al 1937). Hepcidin is the principle

exhaustive exercise (Anugweje et al., 2014, Brancaccio

iron regulatory hormone, responsible for the maintenance

et al., 2007). In our study, no significant change is

of iron homeostasis (Ganz, T. 2011). Hepcidin levels that

observed in basal CPK levels after the training, but there

are inappropriately low or high result in iron overload

is a significant decrease in basal LDH level. This might

or iron deficiency, respectively. Hepcidin by acting on

be due to muscular membrane adaptations after the

ferroportin, the iron exporter located on the basolateral

training. Phospholipids are the major structural lipids of

membrane and on macrophages controls the main inflows

membranes and the functional properties of the membranes

of iron into plasma. When hepcidin concentration is high

such as fluidity, permeability and anchoring of membrane

ferroportin is internalized and iron is trapped in enterocytes,

proteins depend considerably on membrane phospholipid

macrophages and lymphocytes. Hepcidin synthesis was

fatty acid composition (Stubbs CD et al., 1984, Hagve

markedly induced by infection and inflammation. IL-6 the

TA., 1988). Helge JW et al.(1985) have shown a significant

major cytokine produced in response to a bout of exercise,

effect of regular exercise training on the composition of

itself is sufficient to induce hepcidin expression during

the membrane phospholipid fatty acids. Another cause for

inflammation. Studies by Peeling et al (2009) have shown

different CPK and LDH responses in blood after training

that the production of IL-6 in contracting skeletal muscles

might be the disparity of enzymatic protein particles size.

results in the exercise induced hepcidin increase. In

CK is a smaller protein (dimer with mass of 84,000 Da)

addition animals treated with cyclosporine-A, a calcineurin
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inhibitor to blunt plasma IL-6 during exercise showed

can be used to monitor the exercise recovery status of

lower hepcidin levels as compared to the exercised group

an individual following a bout of exercise (Bessa et al.,

without cyclosporine-A treatment (Banzet S et al 2012).

2016; Gleeson, 2002). Researchers have suggested that

So improvement in iron profile observed in our study

the NLR can provide a good measure of exercise stress

might be due to the training induced reduction of basal

and subsequent recovery (Nieman, 1998). The NLR usually

IL-6 and plasma hepcidin levels.

returns to normal within 6-9 hours after exercise, but

Haematological parameters

where the exercise has been particularly prolonged and

In the present study significant changes (p < 0.001)
were observed in hematocrit (Hct) and RBC indices namely
mean corpuscular volume (MCV) and mean corpuscular

stressful, the NLR may still be elevated at 24 hours
post-exercise.

Conclusion

hemoglobin concentration (MCHC) after 12 weeks exercise

Results suggested that the regular Taekwondo training

training and no significant change is observed in mean

is efficient to improve lipid profile and it can potentially

corpuscular hemoglobin (MCH). Hct and MCV values

mitigate the cardio vascular risk in male adolescents.

were significantly increased after the training but the

Serum iron, Hct and MCV levels were significantly

MCHC is significantly reduced. MCV (fL) is the average

improved in the study group, after the Taekwondo training

volume of a red blood cell and is calculated by dividing

but no significant changes were seen in hemoglobin levels

the haematocrit (%) by the red blood count (1012 cells/L).
MCHC (g.dl-1) is the average concentration of hemoglobin
per unit volume of red blood cells, calculated through
dividing the hemoglobin (g.dl-1) by the haematocrit (%)

and on the other hand MCHC levels are significantly
reduced after the training. This shows that the given
exercise training alone is effective to trigger the RBC
production, but failed to increase the hemoglobin concen-

values. Significant increase in Hct and insignificant rise in

tration. Consumption of iron rich diet/supplements during

RBC were observed in this study after the training however

the training might be helpful to meet the demands.

no significant changes were observed in Hemoglobin levels.

neutrophil lymphocyte ratio (NLR) is maintained during

This can be due to the exercise induced erythropoiesis or

training and no significant changes were seen in urea and

due to the release of young RBC from the bone marrow

uric acid levels, it shows that the training load given is

under the influence of stress hormones such as Catecholamines

well tolerable for the present study group. Since studies

and cortisol (Ghigo E et al, 2011). It is well documented

on Taekwondo players are limited in India, the data of

in the literature that exercise training can stimulate

the present study can be a handy tool and can act as a

erythropoiesis and increases red cell mass as well as plasma

frame of reference for monitoring the training related

volume, resulting in increased blood volume (Convertino

biochemical adaptations. Selected biochemical and

VA., 1991; Min Hu., Wentao Lin., 2012). Consistent

haematological variables were considered in the present

hemoglobin concentration with increased haematocrit

study however analysis of more parameters and cor-

resulted in the decreased mean corpuscular hemoglobin

relation with dietary intake and performance can give

concentration. With exercise training, significant increase in

immense information about the training responses.

serum iron, Hct and MCV were noted but no significant
improvement is observed in basal hemoglobin levels.
No significant changes were observed in total white
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