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Medan, North Sumatra, Indonesia Abstract Background and Objective : Explosive power 

movement in a 200 m race will potentially yield free radicals.  

 

The energy source of a 200 m runner, based on his movement, comes from anaerobic 

predominant metabolism, which also potentially yield high lactic acid. The increase in 

lactic acid causes the decrease in pH which tends to suffer from acidosis so that the 

establishment of ATP is hampered and cause pain in muscles. This condition can 

influence the performance of the 200 m runners.  

 

The objective of the resea rch was to find out the influence of combination of weight 

training with sport massage, on the change in glutathione peroxides (GPX) and lactic 

acid elimination in the 200 m runners. Materials and Methods : The research used 

experimental method with pre and post test design. The research subjects were 20 

students of Faculty of Sports Science, Medan State University, who had not been trained 

as 200 m runners and had fulfilled the inclusive and exclusive criteria, taken by using 

random sampling technique.  

 

Stud ents were divided into two groups: WT+SM (Combination of weight training with 

sport massage) group and WT - SM (weight training without sport massage). The 



treatment was performed in 8 weeks with the frequency of exercise 3 times a week. 

Results: The researc h showed that there was significant influence of the treatment 

(p<0.05) in the pre and post treatment in the WT+SM group and in the WT - SM group 

on the mean value of increase in glutathione peroxides content and the mean value of 

decrease in lactic acid con tent in 200 m runners. There was no significant difference 

(p>0.05) of the increase in glutathione peroxides in 200 m runners in the post treatment 

done by WT+SM group and by WT - SM group. There was significant difference (p<0.5) 

in the mean value of decrea se in lactic acid content in the 200 m runners in the post 

treatment done by WT+SM group and by WT - SM group.  

 

Conclusion : Combination weight training with sport massage was better in increasing 

glutathione peroxides content and decreasing lactic acid conten t in the 200 m runners 

than that of only weight training. INTRODUCTION Weight training is a kind of exercise 

which is known as resistance exercise. The positive effects of this kind of exercise include 

improvement in physical condition, fitness and perfo rmance, therefore, it is usually 

recommended because it can decrease the risk for injury and it functions as prophylaxis, 

compared with the other exercises 1,2 .  

 

Every physical exercise like weight training has the potency for the incidence of free 

radicals which can bring about the incidence of oxidative stress. Humans body has a 

number of limited antioxidants, while the activity of free radicals can reach 20% during 

the training. Therefore, the body have its own defense to protect from the attack of free 

ra dicals by performing regular exercises.  

 

The activity of antioxidant depends upon the intensity and the duration of exercises 3,4 . 

Even though exercise can increase antioxidant defense system, a long period and heavy 

weight training can cause imbalance betwe en free radical production and antioxidants 

which is called oxidative stress 5 .  

 

2 T he mechanism of the establishment of free radicals in 200 m runners begins from 

muscle contraction during exclusive power movement. In the incidence of explosive 

power, ischemi a will occur in muscles and be followed by muscle relaxation alternately. 

This muscle movement will cause blood flow to be hampered because of muscle 

contraction and when the muscles are relaxed, blood will flow rapidly.  

 

Ischemic reperfusion can cause the release of one electron of respiration chains so that 

free radicals are established 6 - 8 . The establishment of free radicals in 200 m runners 

can disturb mitochondria and can even damage mitochondria. The disturbance of 

mitochondrion function which will caus e the establishment of ATP, needed by 200 m 

runners, is not fulfilled so that it causes fatigue easily.  



 

Therefore, the body has to have its own defense system, namely, antioxidants in order to 

protect from the attack of free radicals 5 . Regular and rated standardized exercises like 

weight training should be done in order to decrease the negative impact of oxidative 

stress because of the increase in free radical production. Weight training is intended to 

increase physical condition of the 200 m runners.  

 

The measurement of antioxidant enzyme content like glutathione peroxides (GPx) 

should also be done in order to find out whether there is the increase in oxidative stress 

or not. In the use of energy in the 200 m runners during the explosive power movement, 

most of the predominant source of energy is anaerobic latticed which potentially yields 

high lactic acid 9 . Physiologically, the increase in lactic acid content will decrease pH in 

body fluid.  

 

The decrease in pH can cause disturbance in the activity of oxidative enzyme in muscle 

cells so that the capacity of metabolism to produce ATP which is needed during muscle 

contraction is disturbed 9,10 . Recovery should be done immediately after doing the 

exercises in order to eliminate lactic acid in muscles by conducting sport massage.  

 

Immediate recovery after doing exercise is the most crucial factor in increasing an 

athlete’s performance 11,12 . Researches on the effect of sport massage therapy are 

relatively limited and even some of them have differe nt results about the influence of 

sport massage. For example, in the research conducted by Hemming et al.  

 

13 on 8 amateur boxers, the treatment group was provided by sport massage within 20 

min by using effleurage and petrissage techniques on the whole body , while the other 

group was provided with passive - relaxing treatment. The result showed that there was 

no significant difference in lactic acid content and the performance of the boxers who 

were given sport massage treatment from those who were given passi ve - relaxing 

treatment 13 . Another controversial research result was conducted by Wiltshire et al.  

 

11 on untrained individuals, it revealed that sport massage performed during the 

recovery in decreasing lactic acid content in blood was better than that with p assive - 

relaxing treatment after 200 m running activity 14 . The above two researches indicate 

two different results about the influence of sport massage on athletes’ physical 

condition.  

 

Therefore, this research was conducted because up to the present, there has been no 

research which is concerned with the influence of sport massage on the performance of 

200 m runners that is measured with the duration of 200 m race. 3 MATERIALS AND 



METHODS Subjects : This study was not commercial research but part of doctoral 

dissertation.  

 

This research project was conducted from July - November, 2016 in Pharmacology 

Laboratory, Faculty of Medicine, North Sumatera University and Sport Science 

Laboratory of Medan State University. The research subjects were 20 students of Sports 

Science Study Program, UNIMED, with the criteria of males, 18 - 19 years old, untrained 

as 200 m runners, physically healthy, willing to be the research subjects and active in 

participating in the whole series of research procedure.  

 

Students were divided ran domly into two groups with 10 participants in the 

combination of weight training with sport massage (WT+SM) group and 10 participants 

in weight training without sport massage (WT - SM) group. Study design : The research 

used experimental study method with ex perimental randomized pre and post test 

group design.  

 

Materials and device: Materials used in this research were vena cava blood to analyze 

GPx content and lactic acid content. The device used in the research was GPx kit to 

measure antioxidant glutathione peroxides content and Accutrend Plus to measure 

lactic acid content. Research preparation : This research had been approved by the 

Research Ethics Committee of the Faculty of Medicine, USU, in its Letter No.  

 

270/KOMET/FKUSU/2016 after the research subject s had understood the objective of 

the research and its benefit. They were then willing to fill out their personal data and 

informed consent forms and to sign them. The measurement of physiological 

characteristics included body weight, body height, IMT, pul se while in rest and blood 

pressure.  

 

Schedule for exercises was determined to be in 8 weeks with the frequency of exercises 

3 times a week. Exercise was performed in the afternoon, starting from 4:00 pm until 

5:00 pm. The research procedure was done by pro fessionals according to their fields. 

The subjects’ blood and lactic acid content were taken by 3 medical analysts.  

 

Weight training program was trained by certified trainers who were competent as 

athletic trainers, while sport massage was done by 12 certif ied masseurs. During the 

process of the research, the subjects were not allowed to consume antioxidant 

substances like vitamin C and vitamin E or other supplements. Subjects were also 

disallowed to do other physical activities except training program in th e scope of the 

research.  

 



There would be no physical exercise for them and had to take enough rest. Weight 

training procedure : The schedule for training was held in 8 weeks with frequency of 

exercise 3 times a week in the afternoon. Physical exercise was i n the form of weight 

training plus technical training and sprint running tactics.  

 

The weight training was as follows: Leg press: 8 - 12 RM, 3 sets, squat jump: 12 - 15 RM, 

3 sets, leg curl: 15 - 25 RM, 3 sets, sit ups: 15 - 25 RM, sets and Proprioceptive 

Neuromusc ular Facilitation (PNF) exercise was done 3 times a week. Sport massage 

treatment procedure : Each time the exercise was done, WT+SM group was given 

specific sport massage to the 200 m runners, it was partial massage in the lower legs by 

using effleurage t echnique.  

 

The method was by doing rubbing movement in the body, using the whole palms and 

fingers stuck on the lower leg areas, the movement was from the lower parts toward the 

upper ones. The duration of sport massage was 12 min (6 min from the right low er part 

of the legs and the other 6 min from the left lower part of the legs). 4 Measuring 

glutathione peroxides and lactic acid Pre - exercise program : Two days before 

measuring the glutathione peroxides and lactic acid, the research subjects were 

suggested not to consume any drugs or other supplements, not allowed to do any 

physical exercise and had to take enough rest.  

 

Subjects began to do warming - up in 15 min. After that, subjects did 200 m race by 

recording their travel time. After they got to the finish line, 10 min later, their blood was 

taken from vena mediana cubiti for assaying their glutathione peroxides and lactic acid 

content. The assaying of glutathione peroxides content was based on ELISA method 

with GPx Qayee - Bio Kit, stated in ng mLG 1 unit and spectrophotometer UV gauge 

with wavelength of 450 nm. The assaying of lactic acid content was done by using 

Accutrend Plus device with milimoles per liter (mmol LG 1 ) unit.  

 

By the end of the training program, the measurement of glutathione peroxides and lac 

tic acid was the same as what had been done in sport massage (WT - SM). Statistical 

analysis : All data were statistically analyzed with SPSS software (version 16). One - way 

analysis of variance (ANOVA) was used to study significant difference between means 

and significance level at p = 0.05.  

 

RESULTS AND DISCUSSION The researc h subjects in the two groups, based on age 

were 18.65 years old, based on body weight were 61.65, based on height were 167.8, 

based on IMT were 22 based on systole blood pressure were 119.5, based on diastole 

blood pressure were 78. and based on pulse whil e in rest were 64.8. All in all, they 

showed no significant disparity (p>0.05), therefore, all of them were homogeneous, had 



the same characteristics, either physically or physiologically.  

 

Glutathione peroxides of the 200 m runners increased significantly (p<0.05) in the two 

groups in the pre - exercise, compared with that in the post - exercise, in the WT±SM 

group and in the WT - SM group (Table 1). The increase in glutathione peroxides in the 

200 m runners in the post - exercise in WT±SM group was higher than th at WT - SM 

group.  

 

The percentage of the increase in glutathione peroxides content of the 200 m runners. 

However, there was no significant difference (p>0.05) in the increase in glutathione 

peroxides content in the 200 m runners in the post - exercise between WT+SM group 

and WT - SM group (Table 1). Table 1. Mean Value of glutathione peroxides and lactic 

acid content in the 200 m runners Variable Mÿeaÿnÿ±ÿSÿD p - value WÿTÿ+ÿSM WT - 

SM Glutathione peroxides Pre - exercise ? Post - exercise ? t - depend Lactic acid ? Pre - 

exercise ? Post - exercise ? t - dependent ent ? 218.35 ± 10.31 248.57 ± 16.59 0.000* 

8.23 ± 0.27 6.34 ± 0.31 0.000* 220.17 ± 12.66 232.82 ± 23.38 0.01* 8.23 ± 0.46 7.82 ± 

0.21 0.02* 0.155 0.000* *ÿ =ÿ signÿificaÿnÿce ( p = 0ÿ,0ÿ5ÿ), SÿDÿ : staÿnÿdÿaÿrdÿ 

dÿeviaÿtioÿnÿ.  

 

5 Lactic acid content in the 200 m runners decreased significantly (p<0.05) in the two 

groups in pre - exercise, compared with that in the post - exercise (Table 1). The 

decrease in lactic acid content in the 200 m runners in the post - exercise in the WT+SM 

group was higher than that in the WT - SM group at the percentage of the decrease in 

the lactic acid content in the 200 m runners. There was significant difference (p<0.05) in 

the decrease of lactic acid content in the 200 m runners between the WT+SM group and 

th e WT - SM group (Table 1).  

 

Disparity in glutathione peroxides content in the 200 m runners: Weight training is a 

type of sport which is intended to develop strength which uses gravitation against the 

gravity which is yielded by muscles through concentric or eccentric contraction. In this 

exercise, body muscles undergo contraction by using body weight or other devices to 

stimulate muscle growth/work strength and resistance and by targeting certain muscle 

groups and types of movement.  

 

The exercise program can give benefit as maximal as possible and the risk as minimal as 

possible if it fulfills the training formulation which is called FITT (Frequency of Training, 

Intensity of Training, Time Spent, Type of Exercise) 15 . Standardized exercise which is 

measured, g uided and programmed well can increase the physical condition of the 200 

m runners so that free radicals which exist as the result of the high intensity of physical 

exercise can be eliminated by the runners who have good physical condition.  



 

If subjects hav e good physical condition, their capability of producing endogenous 

antioxidants like glutathione peroxides will be better than the 200 m runners who do 

not have good physical condition 4 . Weight training program is more focused on 

anaerobic exercise so th at it will potentially yield relatively more lactic acid and can 

cause purine catabolism to become xanthenes and veins. This indicates the transition 

and acute vein deoxygenating which has the same problem with ischemic reperfusion.  

 

Purine catabolism and i schemic reperfusion will activate xanthenes oxides system 

which, in turn, establishes free radicals (O 2 ) 4,16 - 18 . The research which was done by 

Best et al. 19 on 100 m swimmers revealed that there was the increase in oxidative stress 

biomarker like Thiobarb ituric Acid Reactive Substances (TBARS) (4.1±0.7 versus 

4.9±1.1), creatinine kinase (206±170.7 versus 244±176.9) and glutathione peroxides 

(0.52±0.06 versus 0.62±0.05).  

 

This research concluded that anaerobatic exercise could cause oxidative stress, this in 

crease in oxidative stress could hamper the establishment of glutathione peroxides and 

increased the use of endogenous antioxidants like glutathione peroxides 19 . The result 

of this research was in accordance with the research done by Groussard et al.  

 

20 , i t was aimed to determine the effect of implementing the combination of exercise 

with massage regularly on oxidant and antioxidant content. In its research, the research 

subjects were 25 people who did not do their sport regularly and did not receive any sp 

ort massage. Subject were randomly divided into three groups: Control group (CG, n = 

9), exercise group (EG, n = 8) and massage and exercise group (MEG, n = 8).  

 

The result of the research showed that there was significant decrease (p<0.05) in 

malondialdehy de (MDA) content in the EG and MEG groups. It was also found that 

there was significant increase (p<0.05) in glutathione peroxides in the EG and MEG 

groups and there was significant increase (p<0.05) in Superoxide Dismutase (SOD) 

content in the EG and MEG groups, compared with that in CG group.  

 

This indicated that physical activity which is done regularly and combined with massage 

can cause positive effect on the increase in antioxidants and endogen - GPx and SOD 20 

. The result of this research was also in accordance with another research done by 

Azizbeigi et al. 14 , it was aimed to find out the influence of progressive resistance 

exercise on oxidative weight and the activity of enzymatic antioxidant in erythrocyte 14 .  

 

The research subjects were 6 20 men who were divided into two groups: Progressive 

resistance exercise group with moderate intensity (50%) within 8 weeks and control 



group. The result of the research showed that progressive resistance exercise with 

moderate intensity significantly increased the activity of SOD erythrocyte (p = 0.014), 

decreased MDA concentration (p = 0.030) and GPx content tended to increase.  

 

The role of sport massage in the WT+SM group could give positive effect on the 

increase in Gpx cont ent even though statistically, there was no significant disparity from 

WT - SM group but there was the difference in the increase in WT+SM group. Disparity 

in lactic acid content in the 200 m runners: Exercise in WT+SM group was more 

significant in decreasi ng lactic acid in the 200 m runners than that in the WT - SM 

group. This indicated that LPK and sport massage had significant influence on the 

decrease in lactic acid content in the 200 m runners.  

 

The increase in lactic acid content is more significant in th e WT+SM because weight 

training with standardized exercise which is measured, regular and programmed well 

can increase tolerance against lactic acid and increase the capacity of bicarbonate buffer 

and phosphate in muscles. Besides that, sport massage can b e efficient to eliminate 

lactic acid in the 200 m runners 21 .  

 

The 200 m race athletics is the category of sprint and most of its predominant energy 

source is anaerobic lactacyd® which will yield relatively high lactic acid. The result of 

measuring lactic a cid in the pre - exercise program in all treatment groups indicated the 

average increase of 8.23 mmol LG 1 measured 10 min in the post 200 m race.  

 

The increase in lactic acid was caused by the incidence of hypoxia in muscle tissues so 

that anaerobic metabolis m which yields lactic acid occurs. The increase in lactic acid is 

in accordance with the result of the research done by Kawczynski et al. 22 , which found 

that there was the increase in lactic acid content in the 100 m runners at the mean value 

of 9.51 mmol LG 1 which was measured in the 10th min in the post 100 m race. The 

higher the physical activity, the more increasing the need for oxygen.  

 

The need for oxygen can be increased by increasing the function of heart and lungs. 

When physical activity is high whi le oxygen intake from heart and lungs is not optimal, 

anaerobic metabolism exist to fulfil the need for energy. This condition increases lactic 

acid content in blood and muscles.  

 

The increase in lactic acid can change reactive oxygen compound to be more re active 

so that the physical condition of the 200 m runners will noot maximal 19 . 

Physiologically, the increase in lactic acid content will decrease pH in the body liquid. 

The decrease in pH will affect the establishment of ATP which is needed during muscle 

contraction.  



 

Muscle contraction occurs because nervous impulse will reach axon terminal, followed 

by the release of acetylcholine (Ach) which immediately potentially stimulates muscle 

action in the membrane of muscles sarcolemma. Potential action in muscl es spreads 

through tubules T and causes reticulum sarcoplasm to release calcium ion to 

sarcoplasm.  

 

When there was the increase in lactic acid, the releasing process of acetylcholine and 

calcium ion from reticulum sarcoplasm will be disturbed. In consequen ce, there is no 

calcium bond with troponin. This bond will open tropomyosin which covers cross - 

bridge receptor. The opening of cross - bridge receptor from tropomyosin bond causes 

the actin to shift and the caput myosin to be stuck, in this process, ATP is n eeded 23 .  

 

The increase in lactic acid will disturb the ATP splitting metabolism to be the energy. 

Calcium ion low content in cytosol will decrease the muscle contraction power (leg 

muscle strength, abdominal and leg muscle resistance, leg muscle explosive power, 

running speed and reaction speed).  

 

During the resting period, calcium ion enters again into reticulum sarcoplasm and 

tropomyosin will close cross - bridge receptor again so the bond of actins and myosin is 

released and contraction will not occur. Phys ical activity will cause the bond of actins 

and 7 myosin to become smooth so that muscle contraction highly depends on the 

higher or lower content of lactic acid in the 3200 m runners 23 . Sport massage given in 

the pre - exercise to the WT+SM group in the 200 m runners was an active recovery.  

 

It can cause muscles to be relaxed and regain the condition of blood vessel which used 

to be pinched by muscle contraction. Optimal relaxation can increase the backflow of 

vena blood in the lower muscle part of legs in bri nging optimally lactic acid to the 

hearts of the 200 m runners, therefore, it could increase the oxygen of muscle tissues 

and expedite the elimination of lactic acid 24 .The increase in tissue oxygenation will 

increase the conversion of lactic acid in heart through the Cori cycle to pyruvate acid 

which, in turn, will be changed to glucose so that it will expedite the supply for energy 

and expedite recovery 9 .  

 

Physiologically, massage is proved to be able to decrease heartbeat, to increase blood 

pressure, to i ncrease blood circulation and lymph, to decrease muscle tension, to 

increase the range of joint movement and to decrease pain. Physiology is widely used 

by athletes, either for their physical performance or for prevention, therapy and 

rehabilitation for in juries and the side effect of sport 25 .  

 



Sport massage on the body will give physiological effect such as increasing blood flow 

and lymphatic flow, stimulating nervous system and increasing vena blood backflow. 

The increase in this vena blood backflow will e fficiently return blood to the heart and 

drain off lactic acid which is deposited in muscles and expedite the elimination of lactic 

acid in blood and muscles.  

 

It has been proved that effleurage technique is more effective in decreasing lactic acid 

deposit in muscle cells than that with moderate intensity sport 24,26 . This glucose can 

be reused as metabolism in active muscles or kept in muscles through the process of 

gluconeogenesis to become glycogen and can be used as an energy source.  

 

Pyruvate acid will enter mitochondria when the exercise is done below the lactate 

threshold (LT) and the establishment of energy is processed anaerobically, while in the 

exercise which is done over the lactate threshold (LT) like conventional exercise (heavy 

intensity exerci se), pyruvate acid will be changed to lactic acid because the supply of 

oxygen is not enough to enter mitochondria 27 . In a research done by Groussard et al.  

 

20 by using Wingate test, the research subjects pedaled bicycles within 30 seconds. 

Wingate test wou ld stimulate anaerobic glycolysis metabolism by activating purine 

catabolism and lactic acid production. The data showed that anaerobic exercise by using 

Wingate test is the potential factor which causes oxidative stress.  

 

It is relatively the same as its m ovement pattern increase anaerobic glycolysis in the 200 

m runners 20,27 . According to Best et al. 19 , an athlete can carry on his exercise in 

relatively high intensity in the condition of lactic acid of 6 - 7 mmol LG 1 . Therefore, the 

research with the mean v alue of lactic acid content in the 200 m runners in the LPK+SM 

of 6.34 mmol LG 1 showed that the level of fatigue was still low so the performance in 

the WT+SM group was better than that in the WT - SM group.  

 

The research done by Weerapong et al. 25 on individ uals who were not trained found 

that sport massage during the recovery period could decrease lactic acid content in 

blood more than passive rest after the activity in 200 m race 25,28 .  

 

The research done by Monedero and Donne 28 also found that sport massage could 

increase the elimination of lactic acid during the recovery period after doing high 

intensity exercise 28 . Pyne et al. 27 pointed out that sport massage done within 20 min 

could cause the decrease in lactic acid content in blood of 36.21% and sport ma ssage 

done within 45 min could decrease lactic acid in blood of 72.4% 27 . The research done 

by Hanon et al.  

 



29 was aimed to evaluate the influence of three methods for recovery - massage, active 

and passive recovery on the change in 8 lactic acid concentration i n blood and the time 

of performance in swimming athletes 29 . The research subjects were 17 swimming 

athletes. The result of the research showed that there was no difference between active 

recovery and massage and massage was more effective that passive reco very to 

eliminate lactic acid in blood. The research result was also in accordance with the 

research done by Devlin, et al.  

 

30 , stated that active recovery after heavy exercise would eliminate more quickly the 

accumulation of lactic acid in blood than passi ve recovery. The explanation above 

indicates that in regular physical exercise and measured standardized exercise the body 

will be adjusted so that the capacity to work in higher intensity will be able to use lactic 

acid during the exercise 31,32 .  

 

This wi ll cause more lactic acid to enter mitochondria and to be used for aerobic 

metabolism so that it can decrease the amount of lactic acid released to the blood flow. 

The combination with sport massage can increase the elimination of lactic acid more 

quickly than that of passive recovery, exercise without sport massage. CONCLUSION 

Combination of weight training with sport massage was better in increasing glutathione 

peroxides and decreasing lactic acid content in the 200 m runners than weight training 

only.  

 

SIGNIFICANCE STATEMENT This research showed that there is significant impact of 

combination of weight training with sport massage can increase the elimination of lactic 

acid more quickly than that of passive recovery, exercise without sport massage. This 

research provide scientific proof of the features of the combination of weight training 

with sport massage to improve the 200m runner's performance.  

 

Future research that needs to be done is to know the most effective type of weight 

training and type of sp ort massage to eliminate lactic acid and increase glutathione 

peroxide for a successful 200m runner achievement. ACKNOWLEDGMENTS The authors 

would like to thank Ministry of research and higher education Republic Indonesia for 

providing Research Grants (D octoral Research Grant, grant no. 038A/UN33.8/LL/2017).  

 

The authors would also like to thank Medan State University (Universitas Negeri Medan) 

and Faculty of Medicine, North Sumatra University for providing the necessary facilities. 

REFERENCES 1. Westco tt, W., 2009. ACSM strength training guidelines: Role in body 

composition and health enhancement. ACSM's Health Fitness J., 13: 14 - 22. ? 2. 

Novatchkov, H. and A. Baca, 2013. Artificial intelligence in sports on the example of 

weight training. J. Sports Sc i. Med., 12: 27 - 37. ? 3.  



 

Gomez - Cabrera, M.C., E. Domenech and J. Vina, 2008. Moderate exercise is an 

antioxidant: Upregulation of antioxidant genes by training. Free Radical Biol. Med., 44: 

126 - 131. ? 4. El Abed, K., H. Rebai, R.J. Bloomer, K. Trabelsi and L. Masmoudi et al., 

2011. Antioxidant status and oxidative stress at rest and in response to acute exercise in 

judokas and sedentary men. J. Strength Condition. Res., 25: 2400 - 2409. ? 5.  

 

Escribano, B.M. , I. Tunez, F. Requena, M.D. Rubio and R. De Miguel et al., 2010. Effects of 

an aerobic training program on oxidative stress biomarkers in bulls. Vet. Med., 55: 422 - 

428. ? 9 6. Kostaropoulos, I.A., M.G. Nikolaidis, A.Z. Jamurtas, G.V. Ikonomou, V. 

Makrygiannis, G. Papadopoulos and D. Ouretas, 2006. Comparison of the blood redox 

status between long - distance and short - distance runners. Physiol. Res., 55: 611 - 616. 

? 7. Guzel, N.A., S. Hazar and D.  

 

Erbas, 2007. Effects of different resistance exercise protocols on nitric oxide, lipid 

peroxidation and creatine kinase activity in sedentary males. J. Sports Sci. Med., 6: 417 - 

422. 8. Sahlin, K., I.G. Shabalina, C.M. Mattsson, L. Bakkm an and M. Fernstrom et al., 

2010. Ultraendurance exercise increases the production of reactive oxygen species in 

isolated mitochondria from human skeletal muscle. J. Applied Physiol.,  

 

108: 780 - 787. ? 9. Astrand, P.O. and K. Rodahl, 2003. Textbook of Work Physiology, 

Physiological Base of Exercise. McGraw - Hill, New York. ? 10. Hall, J.E., 2015. Guyton and 

Hall Textbook of Medical Physiology e - Book. Elsevier Health Sciences, New York. ? 11. 

Wiltshire, E.V., V. Poitras, M. Pak, T. Hong, J. Rayner and ? M.E. Tschakovsky, 2010. 

Massage impairs postexercise muscle blood flow and "lactic acid" removal. Med. Sci. 

Sports Exerc., 42: 1062 - 1071. ? 12.  

 

Pinar, S., F. Kaya, B. Bicer, M.S. Erzeybek and H.B. Cotuk, 2012. Different recovery 

methods and muscle performance after exhausting exercise: Comparison of the effects 

of electrical muscle stimulation and massage. Biol. Sport, 29: 269 - 275. ? 13. Hemmings, 

B., M. Smith, J. Graydon and R. Dyson, 2000.  

 

Effects of massage on physiological restoration, perceived recovery a nd repeated sports 

performance. Br. J. Sports Med., 34: 109 - 114. 14. Azizbeigi, K., M.A. Azarbayjani, M. 

Peeri, H. Agha - Alinejad and S. Stannard, 2013. The effect of progressive resistance 

training on oxidative stress and antioxidant enzyme activity in erythrocytes in untrained 

men. Int. J. Sport Nutr. Exerc. Metab.,  

 

23: 230 - 238. ? 15. Loturco, I., C. Ugrinowitsch, H. Roschel, V. Tricoli and J.J. Gonzalez - 

Badillo, 2013. Training at the optimum power zone produces similar performance 



improvements to trad itional strength training. J. Sports Sci. Med., 12: 109 - 115. ? 16. 

Valado, A., L. Pereira, P.C. Tavares and C.F. Ribeiro, 2007.  

 

Effect of the intense anaerobic exercise on nitric oxide and malondialdehyde in studies 

of oxidative stress. Int. J. Biol. Biom ed. Eng., 1: 32 - 36. ? 17. Fisher - Wellman, K. and R.J. 

Bloomer, 2009. Acute exercise and oxidative stress: A 30 year history. Dyn. Med., Vol. 8, 

10.1186/ 1476 - 5918 - 8 - 1. ? 18. George, B.O. and O.I. Osharechiren, 2009. Oxidative 

stress and antioxidant statu s in sportsmen two hours after strenuous exercise and in 

sedentary control subjects.  

 

Afr. J. Biotechnol., 8: 480 - 483. ? 19. Best, T.M., R. Hunter, A. Wilcox and F. Haq, 2008. 

Effectiveness of sports massage for recovery of skeletal muscle from strenuous e xercise. 

Clin. J. Sport Med., 18: 446 - 460. ? 20. Groussard, C., F. Rannou - Bekono, G. Machefer, 

M. Chevanne and S. Vincent et al., 2003.  

 

Changes in blood lipid peroxidation markers and antioxidants after a single sprint 

anaerobic exercise. Eur. J. Applied Physiol., 89: 14 - 20. ? 21. Mika, A., P. Mika, B. Fernhall 

and V.B. Unnithan, 2007. Comparison of recovery strategies on muscle performance 

after fatiguing exercise. Am. J. Phys. Med. Rehabil., 86: 474 - 481. ? 22. Kawczynski, A., K. 

Kobialka, M. Dariusz, C . Pawel, M. Adam, Z. Adam and C. Jan, 2015. Blood lactate 

concentrations in elite Polish 100 m sprinters.  

 

Int. J. Perform. Anal. Sport, 15: 391 - 396. ? 23. McArdle, W.D., F.I. Katch and V.L. Katch, 

2010. Exercise Physiology: Nutrition, Energy and Human Per formance. Lippincott 

Williams and Wilkins, USA. ? 24. Cafarelli, E. and F. Flint, 1992. The role of massage in 

preparation for and recovery from exercise. Sports Med., 14: 1 - 9. ? 25. Weerapong, P., 

P.A. Hume and G.S. Kolt, 2005. The mechanisms of massage and effects on performance, 

muscle recovery and injury prevention.  

 

Sports Med., 35: 235 - 256. ? 26. Goats, G.C., 1994. Massage - The scientific basis of an 

ancient art: Part 2. Physiological and therapeutic effects. Br. J. Sports Med., 28: 153 - 156. 

? 27. P yne, D.B., H. Lee and K.M. Swanwick, 2001. Monitoring the lactate threshold in 

world - ranked swimmers. Med. Sci. Sports Exerc., 33: 291 - 297. ? 28. Monedero, J. and 

B. Donne, 2000. Effect of recovery interventions on lactate removal and subsequent 

performan ce. Int. J. Sports Med.,  

 

21: 593 - 597. ? 10 29. Hanon, C., P.M. Lepretre, D. Bishop and C. Thomas, 2010. Oxygen 

uptake and blood metabolic responses to a 400 - m run. Eur. J. Applied Physiol., 109: 

233 - 240. ? 30. Devlin, J., B. Paton, L. Poole, W. Sun and C. Ferguson, J. Wilson and O.J. 

Kemi, 2014. Blood lactate clearance after maximal exercise depends on active recovery 



intensity. J. Sports Med. Phys. Fitness, 54: 271 - 278. ? 31. Lepretre, P.M., P.  

 

Lopes, C. Thoma s and C. Hanon, 2012. Changes in cardiac tone regulation with fatigue 

after supra - maximal running exercise. Scient. World J., Vol. 2012. 10.1100/2012/281265. 

32. Ali, S.R., M.J. Koushkie, A. Asadmanesh and M. Salesi, 2012. Influence of massage, 

active a nd passive recovery on swimming performance and blood lactate. J. Sports 

Med. Phys. Fitness, 52: 122 - 127.  

 

 

 

INTERNET SOURCES: 

------------------------------------------------------------------------------------------- 

<1% - http://sphinxsai.com/2017/ch_vol10_no3/1/(38-48)V10N3CT.pdf 

<1% - http://icosop.usu.ac.id/kfz/pages/abstracts1.php 

<1% - 

http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0103-51502014000400675 

<1% - http://www.iiste.org/Journals/index.php/EJBM/article/viewFile/22476/23106 

<1% - 

https://www.researchgate.net/publication/311202634_AMELIORATIVE_EFFECT_OF_CARO

B_AQUEOUS_EXTRACT_ON_WATERPIPE_SMOKE_INDUCED-TOXICITY_IN_ADULT_MALE_

ALBINO_RATS 

<1% - 

https://www.researchgate.net/profile/Ramesh_Ray2/publication/265906601_Fermentatio

n_of_Sapota_Achras_Sapota_Linn_fruits_to_functional_wine/links/5433bafb0cf2dc341dad

9be3.pdf?inViewer=0&pdfJsDownload=0&origin=publication_detail 

<1% - https://en.wikipedia.org/wiki/Weight_training 

<1% - 

https://www.researchgate.net/publication/23769364_Differential_role_of_nitric_oxide_N

O_in_acute_and_chronic_stress_induced_neurobehavioral_modulation_and_oxidative_inju

ry_in_rats 

<1% - https://completehumanperformance.com/2013/01/16/exercise-oxidative-stress/ 

<1% - https://www.slideshare.net/duttamonasen/13-free-radicals-and-antioxidants 

<1% - 

http://losebellyfatdieti.com/how.much.water.do.i.drink.to.detox/how.to.completely.detox

.from.sugar=sr17981/ 

<1% - https://link.springer.com/article/10.1007/s00420-011-0676-x 

<1% - 

https://www.scribd.com/document/371433580/the-role-of-massage-in-sports-performa

nce-and-rehabilitation-cur 

<1% - 



http://www.academia.edu/12333353/Effects_of_manipulative_therapy_on_the_longissim

us_dorsi_in_the_equine_back 

<1% - 

https://opentextbc.ca/introductiontosociology/chapter/chapter12-gender-sex-and-sexu

ality/ 

<1% - http://www.tandfonline.com/doi/abs/10.1080/03054985.2012.731208 

<1% - https://bmcmedethics.biomedcentral.com/articles/10.1186/1472-6939-13-12 

<1% - https://www.genome.gov/10001752/protecting-human-research-subjects-guide/ 

<1% - https://www.jotform.com/form-templates/category/application-form 

<1% - 

https://www.runtastic.com/blog/en/how-often-should-you-exercise-per-week-to-lose-w

eight/ 

<1% - http://www.jbc.org/content/144/1/67.full.pdf 

<1% - https://niftybenefits.com/benefits-vitamin-c/ 

<1% - https://www.scribd.com/document/108839800/7606625-firstfileFILE 

<1% - https://kar.kent.ac.uk/47688/ 

<1% - https://www.nhlbi.nih.gov/health-topics/heart-attack 

<1% - https://en.wikipedia.org/wiki/ANOVA 

<1% - https://link.springer.com/article/10.1007%2Fs00394-015-0961-7 

<1% - https://www.theanalysisfactor.com/pre-post-data-repeated-measures/ 

<1% - http://journals.sbmu.ac.ir/afb/article/download/7209/Online%20publication 

<1% - https://en.wikipedia.org/wiki/Musculation 

<1% - http://duniabeban.blogspot.com/ 

<1% - http://europepmc.org/articles/PMC2799065/reload=0 

<1% - https://link.springer.com/chapter/10.1007/978-1-4939-0497-6_11 

<1% - http://inonu.academia.edu/tugbakiran 

<1% - 

http://medicaljournalofcairouniversity.net/Home/images/pdf/2013/September/05.pdf 

<1% - https://www.hindawi.com/journals/srt/2012/298375/ 

<1% - https://www.tandfonline.com/doi/full/10.1080/13813455.2016.1199574 

<1% - http://journals.tubitak.gov.tr/medical/issues/sag-08-38-5/sag-38-5-4-0712-20.pdf 

<1% - https://en.wikibooks.org/wiki/Human_Physiology/Print_Version 

<1% - http://aem.asm.org/content/66/9/3835.full.pdf 

<1% - https://www.sciencedirect.com/science/article/pii/S1389172317305510 

<1% - https://www.sciencedirect.com/science/article/pii/S0740002017302617 

<1% - https://study.com/academy/lesson/factors-affecting-anaerobic-respiration.html 

<1% - https://www.scribd.com/document/258484452/ch09 

<1% - 

http://www.answers.com/Q/What_causes_the_release_of_calcium_ions_from_the_sarcopl

asmic_reticulum 



<1% - https://quizlet.com/99610097/chapter-10-muscle-physiology-flash-cards/ 

<1% - https://quizlet.com/159159339/metabolism-flash-cards/ 

<1% - https://quizlet.com/28930707/the-muscular-system-flash-cards/ 

<1% - https://connectusfund.org/8-best-novena-prayers-for-money 

<1% - https://www.scribd.com/document/128306267/Cardiovascular 

<1% - https://healthhearty.com/lactic-acidosis-symptoms-causes-treatment 

<1% - https://biology.stackexchange.com/q/61385 

<1% - https://pubchem.ncbi.nlm.nih.gov/compound/oxygen 

<1% - https://link.springer.com/article/10.1007%2Fs00421-002-0767-1 

<1% - 

http://intranet.tdmu.edu.ua/data/kafedra/internal/sport_medic/classes_stud/en/med/lik/

ptn/Medical%20rehabilitation/6/02.%20Medical%20rehabilitation%20at%20diseases%20

of%20cardial-vascular%20system.htm 

<1% - https://www.sciencedirect.com/science/article/pii/S0306456516300146 

<1% - https://www.sciencedirect.com/science/article/pii/S1010660X15001019 

<1% - http://www.begin2dig.com/2009/09/doms-part-1-what-is-delayed-onset.html 

<1% - https://wagwalking.com/condition/acid-reflux 

<1% - http://stroke.ahajournals.org/content/32/9/2036 

<1% - https://www.scribd.com/document/360067341/MASSAGE-2 

<1% - https://www.scribd.com/document/36653130/IJE-V3-I1 

<1% - 

https://www.scribd.com/document/254420957/Chong-Wu-Ling-Democratisation-and-Et

hnic-Minorities 

<1% - 

https://academic.oup.com/comjnl/advance-article/doi/10.1093/comjnl/bxy022/4959079 

<1% - https://prezi.com/p3cai6rij15x/oksidatif-stres/ 

<1% - 

http://www.academia.edu/12650031/Changes_in_Oxidative_Stress_Markers_and_Biologic

al_Markers_of_Muscle_Injury_with_Aging_at_Rest_and_in_Response_to_an_Exhaustive_Ex

ercise 

<1% - https://www.sciencedirect.com/science/article/pii/S0034528813001185 

<1% - https://link.springer.com/article/10.1007/s11332-018-0468-8 

<1% - https://link.springer.com/article/10.1007%2Fs00421-011-2287-3 

<1% - http://www.haloresearch.ca/dr-veronica-poitras/ 

<1% - http://europepmc.org/articles/PMC4033060/ 

<1% - http://www.tandfonline.com/doi/full/10.1080/02640414.2015.1081264 

<1% - https://link.springer.com/article/10.1007%2Fs40279-012-0002-0 

<1% - https://www.sciencedirect.com/science/article/pii/S053155651400045X 

<1% - https://www.sciencedirect.com/science/article/pii/B9780128053768000265 

<1% - https://www.sciencedirect.com/science/article/pii/S1440244016301542 



<1% - https://jissn.biomedcentral.com/articles/10.1186/1550-2783-9-1 

<1% - https://www.scribd.com/doc/122921141/Vol-02-No-01-Maret-2011 

<1% - https://www.sciencedirect.com/science/article/pii/S0765159712000688 

<1% - http://www.nrcresearchpress.com/doi/full/10.1139/apnm-2013-0185 

<1% - https://www.researchgate.net/publication/229476708_Massage_in_Sport 

<1% - https://www.scribd.com/document/90397006/Journal-New-Zeland-PHT 

<1% - 

http://www.academia.edu/5126666/Effects_of_Massage_on_Limb_and_Skin_Blood_Flow_

after_Quadriceps_Exercise 

<1% - http://polar.co.kr/article/research-index/5/6/ 

<1% - https://link.springer.com/chapter/10.1007%2F978-3-319-05633-3_12 

<1% - https://www.sciencedirect.com/science/article/pii/S0278591907000890 

<1% - http://journals.sagepub.com/doi/10.1177/1941738111410285 

 


