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This study was carried out to determine the influence of a 6-week pre- season exercise programme
including aerobic and anaerobic loads on xanthine oxidase and uric acid levels of male athletes. Fifty
voluntary subjects ( the average age is 23 + 5) participated in this study as study a group. The control
group included 30 healthy resting male volunteers with the average age of 23 + 6. For 6 weeks, the
athletes participated in pre-season training programme private to their sports branches 5 times a week.
The programme included both aerobic and anaerobic loads. The venous blood samples were taken
from all athletes before and after a six-week program and xanthine oxidase and uric acid levels were
measured. The paired and independent t tests were used for comparisons. The mean xanthine oxidase
and uric acid levels of the control group were 2.86 = 0.45 U/grHb and 4.85 + 0.43 mg/dL, respectively.
For the exercise group, the mean XO and UA levels were 3.01 £ 0.39 U/grHb and 5.33 + 0.69 mg/dL as
pre-test, and 4.38 + 0.77 U/grHb and 8.39 + 0.33 mg/dL as post-test, respectively. There were statistically
significant differences between the groups (p < 0.05, p < 0.001) and within the study group (p < 0.01).
There was a significant difference in the xanthine oxidase and uric acid levels of the athletes in the
exercise group before and after training programme consisting of aerobic and anaerobic loads.
Moreover, similar difference was seen between exercise and control groups. Thus it can be concluded
that exercise has an effect on xantine oxidase and uric acid levels.
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INTRODUCTION

It is well known that there can be some changes in blood
parameters depending on exercise (Sonmez, 2002). The
increased metabolic activity during exercise increases the
expenditure of ATP and induces in serum lipids, electro-
lytes and some enyzmes (Cannon et al., 1990). Xanthine
oxidase (XO) is an important enzyme in this process
(Herken et al., 2001; Vina et al, 2000).

With intensive exercise, certain regions of the body can
face temporary periods of hypoxia and ischemia-like
conditions. In this state, xanthine dehydrogenase (an
enzyme that functions by reducing NAD+) can be
converted to XO, which functions by reducing molecular
oxygen. ATP catabolism results in production of hypoxan-
thine, thereby producing substrate for xanthine oxidase.
When oxygen is reintroduced (reperfusion) XO produces
superoxide and hydrogen peroxide as by-products,
contributing to overall oxidant and free radical formation
(Sachdev and Davies, 2008).

Sufficient oxygen supply ensures that ATP is replenished
primarily via mitochondrial oxidative phosphorylation and
xanthine are converted to uric acid (UA) by XO (Sahlin et
al., 1991). This situation may apply theoretically to
ischemic muscle contraction, isometric exercise,
sprinting, exercising in a hypoxic environment. Exercise
may produce a cellular environment in favor of activating
the XO pathway (Hellsten, 1994). Hypoxan-thine was
reported to accumulate after exercise, and UA
concentration was shown to increase in both contracting
muscle and in the plasma, suggesting that XO was
activated (Norman et al., 1987; Hellsten-Westing,1993).

Blood hypoxanthine and xanthine concentrations
increased dramatically in human subjects after exercise
(Sahlin et al., 1991; Hellsten et al., 2003) . Furthermore,
XO activity was increased in the plasma of rats (Radak et
al., 1995) and horses (Rasanen et al., 1996) after running
to exhaustion. In Rasanen’s study UA concentration



increased exponentially with workload indicating a rapid
degradation of purine products.

Heunks et al. (1999) concluded that strenuous exercise
results in blood glutathione oxidation and lipid
peroxidation. This can be inhibited by treatment with allo-
purinol, indicating that XO is an important source for free
radical generation during exercise. In a study, the level of
XO has been found elevated in injured human skeletal
muscle, after five bouts of strenuous one- legged
eccentric exercise. The number of XO structures in the
exercised muscle was up to eightfold higher than control
from day 1 to 4 after exercise. The increase was attri-
buted to an enhanced expression of XO in microvascular
endothelial cells and an invasion of leucocytes containing
xanthine oxidase (Hellsten et al., 1997).

Long duration and exhaustive exercise can overcome
our capacity for detoxifying reactive oxygen species and
free radicals and cause damage (Ashton et al., 1998;
Bailey et al., 2007). In many studies, it has been stated
that exercise of sufficient intensity and duration increases
the level of XO and UA. These studies have used a type
of exercise with either aerobic or anaerobic load.
(Bloomer and Goldfarb, 2004; Finaud et al., 2006;
Vollaard et al., 2005). Several studies have investigated
both aerobic and anaerobic exercise bouts (Bloomer et
al., 2005; Magalhaes et al., 2007; Vincent et al., 2004
Bloomer and Smith, 2009) and that means still little is
known.

Thus the purpose of this study was to determine the
influence of a 6 week pre-season exercise programme
including aerobic and anaerobic loads on xanthine
oxidase and uric acid levels of male athletes.

METHODS
Subjects and study design

Active sportsmen were the subjects and they were informed of the
purpose of the study. 50 voluntary male (18 soccer players, 12
basketball players, 12 runners, 8 wrestlers) aged between 18 — 29
participated in the study. The average age was 23 + 5. Their sports
age were between 2 — 10 years. The control group included 30
healthy sedentary male volunteers with the average age of 23 + 6.
The subjects had no major medical illnesses. No subject reported
tobacco use within the 6 months prior to the study and none was
taking antioxidant compounds, including vitamins and medications
(anti -inflammatory agents). The study protocol was in accordance
with the declaration of Helsinki and was approved by the local
ethics committee. All the subjects gave their written consent prior to
participating in the study after they had been informed about the
design and the risks.

Exercise training

For 6 weeks, the athletes in the exercise group participated in a
pre-season training programme (PTP) private to their sports
branches 5 times a week. Two days a week were “sedentary” days
so subjects in the exercise group were asked to avoid all physical
activity. PTP included both aerobic and anaerobic exercises devoted
to strength, velocity, aerobic endurance, flexibility, coordination but

not technical and tactical drills.

Taking blood samples

10 ml venous blood samples were taken from all athletes in both the
study and control groups, in the beginning of the study. After a six-
month training program, 10 ml venous blood samples were once again
taken from the subjects and put into vacutainer tubes without Ks EDTA
and anticoagulants. The blood samples were centrifugated at 3000 rpm
for 10 min and insulated into plasma and sera.

XO enzyme activities were defined at hemolysis. It was frozen at
-80°C for uric acid analysis in the sample sera which were
insulated. Erytrocytes remaining in the tubes after insulation of the
plasma were washed twice through NaCl solutions in order to
obtain an erytrocyte pack. 0.2 ml was taken and combined with 1.8
ml distiled water to formulate hemolysis to analyze antioxidant en-
zymes and were preserved at -8°C until the analysis time. The uric
acid concentration was analyzed at Olympus 2600 autoanalyzer by
using a commercial kit.

Measurement of xantine oxidase activity

XO activity was determined according to that xantine added to
medium as substrate was converted into XO enzyme and uric acid
within the sample and that change in absorbance was recorded
spectrophotometrically at 293 nm (Hashimato, 1974).

The reactives used are xantine (4 mM), uric acid standard (10
mM, 50 p), phosphate buffer (50 mM, pH 7.5) and TCA (100%).

The samples were defrosted from -80°C. Reactives were
transferred into tubes to carry out the experiment. After the TCA
addition, tubes were blended thoroughly and centrifugated at 4500
rpm for 15 - 20 min. 1 ml of the clear supernatant was taken into the
tube and its absorbances were read at 293 nm.

Calculation was made by using the concentration and
absorbance value of the uric acid standard used.

Data and statistical analyses

The results were presented as means and standard deviations (x +
SD) . For comparisons within the same group (pre and post tests)
and between the groups paired samples t test and independent
samples t test were used respectively. The significance level was p
<0.05.

RESULTS

The mean xanthine oxidase level of the control group was
2.86 + 0.45 U/grHb. For the exercise group the mean pre-
test XO level was 3.01 + 0.39 U/grHb. It refers to a
statistically significant difference between groups for pre-
test results at 0.05 level (p < 0.05). For the exercise
group the mean post-test XO level was 4.38 = 0.77
U/grHb. It refers to a significant difference between the
experiment (post- test results) and control groups at
0.001 level (p < 0.001). There was also a statistically
significant difference between pre and post-test XO
results of the exercise group (p < 0.05) (Table 1).

The mean uric acid level of the control group was 4.85
+ 0.43 mg/dL. For exercise group, the mean pre-test UA
level was 5.33 £ 0.69 mg/dL. It refers to a statistically sig-
nificant difference between groups for pre-test results at



Table 1. Mean xanthine oxidase (XO) and uric acid (UA) scores of the study (pre and post-test) and control groups; relationship
between the groups (study and control) and within the study group (pre and post test).

CG (Mean = SD) EG (Pre-test mean = SD) EG (Post-test mean * SD) p value
XO (U/grHb) 2.86 + 0.45 3.01+0.39 - %<0.05
XO (U/grHb) 2.86 £ 0.45 - 4.38+0.77 % <0.001
XO (U/grHb) - 3.01+0.39 4.38+0.77 °<0.01
UA (mg/dL) 4.85+0.43 5.33 £ 0.69 - 4<0.05
UA (mg/dL) 4.85+0.43 - 8.39£0.33 % <0.001
UA (mg/dL) - 5.33 + 0.69 8.39 £ 0.33 °< 0.01

SD, Standard deviation; EG, exercise group; CG, control group. @ Independent samples t test, b Paired samples t test.

0.05 level (p < 0.05). For exercise group the mean post-
test UA level was 8.39 £+ 0.33 mg/dL. It means there is a
significant difference between the experiment (post test
results) and control groups at 0.05 level (p < 0.001).
There was also a statistically significant difference
between pre- and post-test UA results of the exercise
group (p < 0.05) (Table 1).

DISCUSSION

This study was conducted to describe the effects of six-
week pre-season training program in which male athletes
attended aerobic and anaerobic exercises on XO and UA
levels. Significant differences were found in the
comparisons of the control grup level and pre and post
test levels of the exrcise group. There was also significant
differences between pre and post-test XO and UA levels
of the exercise group. It is noteworthy that the XO and UA
levels of the experiment group were significantly different
from those of the control group even before the start of
training. This difference may be creditted to the fact that
the experiment group consists of active athletes regularly
working out and that the XO and UA levels of the group
were higher due to the exercise effect. The difference
between two groups also remained after the
measurements following the training. Moreover, this
significant difference was also observed in the pre and
post-test comparison of the experiment group. The
significant increase in the XO and UA levels of the
experiment group before and after the training program
consisting of aerobic and anaerobic exercises has heavily
proven that exercise has an effect on XO and UA levels.
The present results were consistent with the previous
reports.

XO is a relevant source of free radicals during aerobic
exercise (Gomez-Cabrera, 2006). Many studies have
indicated that XO is responsible for exhaustive exercise-
induced oxidative stress in several tissues including
muscle, liver and heart. During exercise, as Vina et al.
(2000) stated that XO activity was significantly increased
in the circulation and tissues. In the study of Hellsten et
al. (2003), the effect of 7 days of strenuous exercise on
the quantity of xanthine oxidase in muscle was

investigated. After the week, the number of xanthine
oxidase immunoreactive cells were higher in the muscle.
Tidball (2005) showed that neutrophils rapidly promoted
muscle damage after exercise. Radak et al. (1995) found
that XO has been implicated also in free radical
production during anaerobic exercise. Gomez-Cabrera et
al. (2006) found that XO was also involved in free radical
generation during resistance exercise in weightlifters.
Moreover, similar findings were provided in runners
(Robertsen et al., 1991), sprinters (Tauler et al., 1999),
professional cyclists (Mena et al., 1991; Gomez-Cabrera
et al., 2006), marathon runners (Gomez- Cabrera et al.,
2006), and ultra marathon runners (Padak et al., 2000).

UA is an end product of purine metabolism and has
been suggested to function as the most important anti-
oxidant molecule (Halliwell and Gutteridge, 1989; Battino
et al., 2002; Palmer et al., 2003; Sureda et al., 2007). In
this study, UA increased in response to exercise and it is
consistent with the findings of others (Liu et al., 1999;
Hellsten, 2000; Gonzales et al., 2008). In others, during
intensive exercises such as shortdistance running
(Westing,1989) ultramarathon race (Mastaloudis et al.,
2001) and mountain cycling (Aguilo et al., 2005) UA level
increased as well. The exercise-induced increase in UA
maybe due to enhanced purine oxidation and subsequent
formation of uric acid (Hellsten et al.,, 1997; Hellsten,
2000).

Gomez-Cabrera et al. (2006) described and
summarized physical exercise as a double-edged sword:
when practiced strenuously it causes oxidative stress and
cell damage; in this case antioxidants should be given.
But when practiced in moderation, it increases the
expression of antioxidant enzymes and thus should be
considered an antioxidant.

Conclusion

Significant differences were found in this study between
the control and experiment group. Although this study
indicated that the XO and UA levels increased
significantly after a 6-week PTP, the results should not be
generalized. The lack of female athletes was a limitation
for this study and there was no chance to compare the



athletes considering sex. Moreover, the type of exercise
used in PTP was both aerobic and anaerobic. Because of
this reason, it is unable to say which exercise XO and UA
levels change was not possible. Yet, this study may give
an idea for future research which will be carried on the
same subject. Further research is needed.

REFERENCES

Aguilo A, Taulera P, Fuentespinab E, Tura JA, Co’rdovac A, Ponsa A
(2005). Antioxidant response to oxidative stress induced by
exhaustive exercise. Physiol. Behav 84: 1-7.

Ashton T, Rowlands CC, Jones E, Young IS, Jackson SK, Davies B,
Peters JR (1998). Electron spin resonance spectroscopic detection of
oxygen-centered radicals in human serum following exhaustive
exercise. Eur. J. Appl. Physiol. 77: 498-502.

Battino M, Ferreiro MS, Gallardo |, Newman HN, Bullon P (2002). The
antioxidant capacity of saliva. J. Clin. Periodontol. 29: 189-194.

Bailey DM, Lawrenson L, McEneny J, Young IS, James PE, Jackson
SK, Henry RR, Mathieu-Costello O, McCord JM, Richardson R
(2007). Electron paramagnetic spectroscopic evidence of exercise-
induced free radical accumulation in human skeletal muscle. Free
Rad. Res. 41: 182-190.

Bloomer RJ, Webb A (2009). Smith Oxidative Stress in Response to
Aerobic and Anaerobic Power Testing: Influence of Exercise Training
and Carnitine Supplementation. Res. Sports Med. 17: 1-16

Bloomer RJ, Goldfarb AH (2004). Anaerobic exercise and oxidative
stress: A review. Can. J. Appl. Physiol. 29: 245-263.

Bloomer RJ, Goldfarb AH, Wideman L, McKenzie MJ, Consitt LA
(2005). Effects of acute aerobic and anaerobic exercise on blood
markers of oxidative stress. J. Strength Cond. Res. 9: 276-285.

Cannon JG, Orencole SF, Fielding RA, Meydani M, Fiatarone MA,
Blumger JB, Ewans WJ (1990). Acute phase response in exercise:
Interaction of age and vitamin eon neutrophilis and muscle enzyme
release. Am. J. Physiol. 259: 1214-1219.

Finaud J, Lac G, Filaire E (2006). Oxidative stress: Relationship with
exercise and training. Sports Med. 36: 327-358.

Gomez-Cabrera MC, Martinez A, Santangelo G, Pallardo FV, Sastre J,
Vina J (2006). Oxidative stress in marathon runners: interest of
antioxidant supplementation. Br J Nutr 96 (Suppl. 1): 31-33.

Gonzalez D, Marquina R, Rondon N, Rodriguez-Malaver AJ, Reyes R
(2008). Effects of Aerobic Exercise on Uric Acid, Total Antioxidant
Activity, Oxidative Stress, and Nitric Oxide in Human Saliva. Res.
Sports Med. 16: 128-137.

Halliwell B, Gutteridge JMC (1989). Free radicals in biology and
medicine 2nd, Clarendon Press, Oxford University Press, New York.
Hashimato S (1974). A new spectrophotometric assay method of
xanthine oxidase in crude tissue homogenate. Anal. Biochem., 48:

137-145.

Hellsten Y (1994). Xanthine dehydrogenase and purine metabolism in
man: With special reference to exercise. Acta Physiol. Scand 621: 1-
73.

Hellsten Y (2000). The role of xanthine oxidase in exercise. In: Sen C,
Parker O, Hanninen O, editors. Handbook of oxidants and
antioxidants in exercise. Amsterdam: Elsevier Sci., p. 153-76.

Hellsten Y, Frandsen U, Orthenblad N, Sjodin B, Richter EA (1997).
Xanthine oxidase in human skeletal muscle following eccentric
exercise: a role in inflammation. J. Physiol. 498: 239-248.

Hellsten Y, Hansson HA, Johnson L, Frandsen U, Sjodin B (2003).
Increased expression of xanthine oxidase and insulin-like growth
factor | (IGF-I) immunoreactivity in skeletal muscle after strenuous
exercise in humans. Acta Physiol. Scand 157: 191-197.

Hellsten Y, Tullson P, Richter E, Bangsbo J (1997). Oxidation of urate in
human skeletal muscle during exercise. Free Radic Biol. Med. 22:
169-174.

Hellsten-Westing Y (1993). Immunohistochemical localization of
xanthine oxidase in human cardiac and skeletal muscle. Histochemi
100: 215-222.

Herken H, Uz E, Ozyurt H, S6 (it S, Virit O, Akyo | © (2001). Evidence

that the activities of erythrocyte free radical scavenging enzymes and
increased in different forms of schizophrenia. Mol. Psychiatry. 6: 66-
73.

Heunks LMA, Vifia Jose, van Herwaarden CLA, Folgering HTM,
Gimeno A, Dekhuijzen PNR (1999). Xanthine oxidase is involved in
exercise-induced oxidative stress in chronic obstructive pulmonary
disease. Am. J. Physiol. Regul. Integr. Comp. Physiol. 277: 1697-
1704.

Liu M, Bergholm R, Makimmattila S, Lahdenpera S, Valkonen M, Hilden
H, Yki-Jarvinen H, Taskinen MA (1999). Marathon run increases the
susceptibility of LDL to oxidation in vitro and modifies plasma
antioxidants. Am. J. Physiol. 273: 1083-1091.

Magalhaes J, Ferreira R, Marques F, Olivera E, Soares J, Ascensao A
(2007). Indoor climbing elicits plasma oxidative stress. Med. Sci.
Sports Exer. 39: 955-963.

Mastaloidis A, Leonard SW, Traber MG (2001). Oxidative Stress in
Athletes During Extreme Endurance Exercise. Free Radic. Biol. Med.
31: 911-922.

Mena P, Maynar M, Gutierrez JM, Maynar J, Timon J, Campillo JE
(1991). Erythrocyte free radical scavenger enzymes in bicycle
professional racers. Adaptation to training. Int. J. Sports Med. 12:
563-566.

Norman B, Sovelli A, Kaijser L, Jansson E (1987). ATP breakdown
products in human muscle during prolonged exercise to exhaustion.
Clin. Physiol. 7: 503-510.

Palmer FM, Nieman DC, Henson DA, McAnulty SR, McAnulty L, Swick
NS, Utter AC, Vinci DM, Morrow JD (2003). Influence of vitamin C
supplementation on oxidative and salivary IgA changes following an
ultramarathon. Eur. J. Appl. Physiol. 89: 100-107.

Radak Z, Asano K, Inoue M, Kizaki T, Oh-Ishi S, Suzuki K, Taniguchi N,
Ohno H (1995). Superoxide dismutase derivative reduces oxidative
damage in skeletal muscle of rats during exhaustive exercise. J. Appl.
Physiol. 79: 129-135.

Radak Z, Pucsuk J, Boros S, Josfai L, Taylor AW (2000). Changes in
urine 8-hydroxydeoxyguanosine levels of super-marathon runners
during a four-day race period. Life Sci. 66: 1763-1767.

Rasanen LA, Wiitanen PA, Lilius EM, Hyyppa S, Poso AR (1996).
Accumulation of uric acid in plasma after repeated bouts of exercise
in the horse. Comp. Biochem. Physiol. 114B: 139-144.

Robertson JD, Maughan RJ, Duthie GG, Morrice PC (1991). Increased
blood antioxidant systems of runners in response to training load.
Clin. Sci. 80: 611-618.

Sahlin K, Ekberg K, Cizinsky S (1991). Changes in plasma
hypoxanthine and free radical markers during exercise in man. Acta
Physiol. Scand 142: 273-281.

Sachdev S, Davies KJA (2008). Production, detection, and adaptive
responses to free radicals in exercise. Free Radic Biol Med 44: 215-
223.

Sonmez GT (2002). Exercise and sports physiology, Ata Publications,
Bolu, pp: 37, 57, 75.

Sureda A, Tauler P, Aguilé A, Fuentespina E, Corddva A, Tur JA, Pons
A (2006). Blood cell NO synthesis in response to exercise. Nitric
Oxide 15: 5-12.

Tauler P, Aguilé A, Gimeno |, Guix MP, Pons A (1999). Regulation of
erythrocyte antioxidant enzyme activities in athletes during
competition and short-term recovery. Pflugers Arch 438: 782-787.

Tidball JG (2005). Inflammatory processes in muscle injury and repair.
Am. J. Physiol. 288: R345-R353.

Vina J, Gimeno A, Sastre J, Desco C, Asensi M, Pallardo FV, Cuesta A,
Ferrero JA, Terada LS & Repine JE (2000). Mechanism of free radi-
cal production in exhaustive exercise in humans and rats; role of xan-
thine oxidase and protection by allopurinol. IUBMB Life 49: 539-544.

Vina J, Gomez-Cabrera MC, Lloret A, Marquez R, Mi "nana J, Pallard o
F, Sastre J (2000). Free Radicals in Exhaustive Physical Exercise:
Mechanism of Production, and Protection by Antioxidants. IUBMB
Life 50: 271-277.

Vincent HK, Morgan JW, Vincent KR (2004). Obesity exacerbates
oxidative stress levels after acute exercise. Med. Sci. Sports Exer 36:
772-779.

Vollaard NB, Shearman JP, Cooper CE (2005). Exercise-induced
oxidative stress: Myths, realities and physiological relevance. Sports
Med. 35: 1045-1062.



Westing YH, Ekblom B, Sjodin B (1989) The metabolic relation between
hypoxanthine and uric acid in man following maximal shortdistance
running. Acta Physiol. Scand 137: 341-345.



