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In this study, we investigated whether a relationship 
exists between the levels of urate in vivo and lipid per- 
oxidation during exercise. Seven healthy male subjects 
performed exhaustive cycling exercise under the fol- 
lowing three conditions. The levels of urate, thiobarbi- 
turic acid reactive substances (TBARS) and allantoin in 
plasma and urine were examined before exercise and 
during a 3 h recovery period. (1) Benzbromarone ad- 
ministration experiment: benzbromarone (an uricosu- 
ric agent) was administered orally the day before 
exercise. (2) IMP administration experiment: inosine 
5'-monophosphate disodium salt (a precursor of urate) 
was administered orally the day before exercise. 
(3) Control experiment: no test substance was admin- 
istered. The main results obtained were as follows. 
Plasma urate levels and total peroxyl radical-trapping 
antioxidant parameter (TRAP) for deproteinized 
plasma in the resting period significantly decreased 
depending on the treatment, in the order of IMP > 
control > benzbromarone. A significant positive corre- 
lation was evident between plasma urate levels and 
TRAP values for deproteinized plasma. The increase 
in plasma levels of allantoin was observed only in 
the case of IMP treatment. A significant negative cor- 

relation between plasma levels of urate in the resting 
period and the amounts of urinary TBARS excreted 
during the recovery period was recognized. These 
results suggest that the urate level in vivo before exercise 
is a factor influencing lipid peroxidation during ex- 
haustive exercise. Furthermore, these findings support 
the view that urate may serve as an important free- 
radical scavenger in vivo. 

Keywords: Oxidative stress, exercise, urate, TBARS, 
TRAP, allantoin 

I N T R O D U C T I O N  

Urate has been identified as one of the major anti- 

oxidants present in plasma. Ames et al. [1~ found 

that urate was as effective an antioxidant in vitro 

as ascorbate. Then, several in vitro experiments 

have demonst ra ted  that urate inhibited some 
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32 TOSHIO MIKAMI et ,7/. 

forms of oxygen free-radical-induced DNA dam- 
age, I21 lipid peroxidation, I3'41 and the oxidation 

of hemoglobin by nitrite. I51 Two mechanisms 
contributing to the antioxidant capacity of urate 
are thought to be as follows: (1) urate directly 
reacts with free radicals and is oxidized to allan- 
toin, oxonic acid and parabanic acid; [6-8~ (2) urate 
forms urate-Fe 3+ complexes which serve to in- 
hibit Feg+-catalyzed ascorbate oxidation with- 
out urate being oxidized. I9"1°1 However, no study 
has proved that urate is an effective antioxidant 
in vivo. 

A number of reports indicate that exhaustive 
exercise leads to an increase in free-radical gen- 
eration and lipid peroxidation in vivo. Davies 
et a/. [nl detected the free radicals generated in 
muscle and liver during exercise using electron 
spin resonance. Lovlin et al. 1121 found that a 26% 
increase in plasma thiobarbituric acid reactive 
substances (TBARS) was induced by maximal 
exercise at 100% of 02 uptake (100% VO2max). 
Sumida et a/. 1131 also found that acute exhaustive 

exercise resulted in a slight, but significant in- 
crease in serum TBARS concentration. Expired 
pentane and serum TBARS levels have been 
found to increase as a result of treadmill exercise 
at 90% VO2max. [141 The intensity of exercise re- 
quired to elicit an increase in lipid peroxidation 
during exercise is nearly 100% VO2max and sub- 
maximal exercise (< 70% VO2max) does not. I121 
It has been reported that vitamin E deficiency 
increases lipid peroxidation, llsq71 whereas ad- 
ministration of a vitamin E supplement inhibits 
lipid peroxidation) ~41 so that the amounts of anti- 
oxidants (vitamin E, vitamin C, etc.) in vivo may 
affect the amount of lipid peroxidation that oc- 
curs during exercise. 

In the present study, to investigate whether the 
amount of urate in vivo influences lipid peroxi- 
dation under conditions of oxidative stress, we 
made human subjects perform exhaustive exer- 
cise as oxidative stress after administration of a 
uricosuric agent or a urate precursor in order to 
alter the amount of urate in vivo. 

MATERIALS AND METHODS 

Subjects 

Seven healthy male subjects with mean age 28.7 ± 
5.5 years, participated in this experiment. Their 
physical characteristics were as follows: body 
height 174.3 :k 6.0 cm, body weight 67.7 ± 9.1 kg, 
body fat percentage 17.4±3.6%. The maximal 
oxygen uptake per kg body weight of the sub- 
jects was 61.6+7.1ml/min. The subjects were 
fully informed of the potential risks and discom- 
fort associated with the experiment before giving 
informed consent to participate. The study was 
approved by the Ethics Committee of Nippon 
Medical School. 

Experimental Protocol 

The subjects performed exercise to exhaustion on 
a cycle ergometer at one week intervals under the 
following three experimental conditions. (1) benz- 
bromarone administration experiment (benzbro- 
marone experiment): 100mg of benzbromarone 
was orally administered at supper time on the day 
before exercise and at breakfast on the day of 
the exercise. Benzbromarone, an agent for treat- 
ment of gout and hyperuricemia, facilitates the 
urinary excretion of urate by inhibiting urate re- 
absorption in the tubules of the kidney, which 
leads to a decrease in the urate pool in the body. Ilsl 
(2) IMP administration experiment (IMP experi- 
rnent): 10g of inosine 5'-monophosphate di- 
sodium salt (IMP) was orally administered at 
supper time on the day before exercise and at 
breakfast on the day of the exercise. IMP, a pre- 
cursor of uric acid, administered orally is rapidly 
absorbed in the intestine, taken into the liver 
and metabolized to uric acid there, which leads 
to an increase in the urate pool in the body. [191 
(3) control experiment: neither benzbromarone 
nor IMP was administered. 

The subjects were instructed not to perform 
severe exercise on the day before the experiment, 
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URATE OXIDATION IN EXERCISE 33 

and food was provided for supper on the day 
before exercise and breakfast on the day of the 
exercise. On the day of the experiment, the sub- 
jects did a complete bladder emptying and were 
required to drink 200 ml of distilled water 2 h 
before the exercise. Urine was collected I h before 
the exercise and the subjects were required to 
drink 200 ml of distilled water again. Just before 
the exercise, blood and urine were collected and 
the subjects performed exercise to exhaustion on 
a cycle ergometer by an incremental workload 
method. Immediately after the exercise, blood 
and urine were collected and the subjects were 
required to drink 200 ml of distilled water again. 
Thereafter, the subjects remained at rest for a 3 h 
recovery period. In the course of recovery from 
the exercise, blood and urine were collected at 
30, 60, 120 and 180min after exercise. The blood 
samples were immediately centrifuged, and the 
plasma and urine was stored at -80°C until 
analysis. 

Analysis 

Blood lactate levels were determined using a YSI 
1500 Lactate Analyzer (Nitsukaki Bios, Tokyo). 
Urate levels in plasma and urine were determined 
using Uric Acid B-Test Wako (Wako Pure Chemi- 
cal, Tokyo). The levels of lipid peroxidation prod- 
ucts in plasma and urine were determined by 
spectrofluorometry according to the method of 
Yagi [2°1 and high performance liquid chromatog- 
raphy (HPLC) according to the method of Kosugi 
et al., I211 respectively. In both methods, TBARS 
derived from the sample by heating the sample 
with thiobarbituric acid (TBA) under acidic con- 
ditions were quantitatively determined as lipid 
peroxidation products, so the level of lipid per- 
oxidation products in plasma and urine were 
expressed as the amount of TBARS. Plasma allan- 
toin levels were determined by HPLC accord- 
ing to the methods of Grootveld et al. E221 and 
Lagendijk et al. f231 Plasma c~-tocopherol and 

ascorbate levels were determined by the method 
of Milne et al. [241 and Otsuka et al., [25] respectively. 
The total peroxyl radical-trapping antioxidant 
parameter (TRAP) of deproteinized plasma in 
the resting period was determined according to 
the method of Alanko et a/. [26] Briefly, 0.45 ml of 
0.1 M phosphate-buffered saline (pH 7.4), 0.05 ml 
of 0.5mg/ml luminol, and 0.02ml of 120raM 
linoleic acid were mixed in a cuvette. The cuvette 
was placed in a temperature-controlled sample 
carousel of a Lumi Counter-2500 (Microtec Nition 
Co., Tokyo) and incubated at 37°C for 5 rain. The 
assay was initiated by adding 0.05 ml of 83 mg/ml  
2,2 %zobis(2-amidinopropane)dihydrochloride 
(ABAP) and chemiluminescence in the cuvette at 
37°C was monitored until the values become 
stable. Then, 0.02 ml of the deproteinized plasma 
or standard was directly injected into the cuvette, 
which extinguished the chemiluminescence. The 
duration of its extinction was measured and the 
peroxyl radical-trapping capacity was defined by 
the duration of extinction. The filtrates obtained 
by passing the plasma through an Amicon 
Microcon-3 filter (molecular weight cut-off 3000) 
were used as the samples of deproteinized 
plasma. A water-soluble tocopherol, Trolox 
(Aldrich, Tokyo), which is known to trap two 
radicals per molecule, was used as a standard. 
The hematocrit (Hct) was measured by a micro- 
capillary method. Changes in plasma volume 
during exercise were calculated from the hema- 
tocrit levels using the formula described by Van 
Beaumont et al. [27] All plasma parameters were 
subsequently corrected for changes in plasma 
volume during exercise. 

Statistical Analysis 

All values are shown as mean ± SEM. The sta- 
tistical significance of changes in parameter val- 
ues during exercise and recovery was tested by 
analysis of variance (ANOVA) with repeated 
measure design. Statistical significance was ac- 
cepted if p < 0.05. 
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34 TOSHIO MIKAMI et al. 

RESULTS 

Urate, allantoin, TBARS, ascorbate, and c~-toco- 
pherol levels in plasma and TRAP values for 
deproteinized plasma are presented in Table I. 
Plasma urate levels and TRAP values for depro- 
teinized plasma in the resting period decreased 
depending on the treatment, in the order of IMP 
experiment > control experiment > benzbromar- 
one experiment, and significant differences were 
seen among the three treatments (p < 0.01). How- 
ever, comparing the plasma levels of allantoin, 
TBARS, ascorbate and c~-tocopherol in the three 
experiments, no significant differences were 
observed. A significant positive correlation was 
evident between plasma urate levels and TRAP 
values for deproteinized plasma (r= 0.988, p < 
0.01) (Figure 1). 

The mean exercise time was 29.9 i 0.8 min in 
the control experiment, 31.6 i 1.0 min in the benz- 
bromarone experiment, and 31.1 ± 1.2 min in the 
IMP experiment. The mean maximal heart rate 
was 194.0 i 5.9beats/min in the control experi- 
ment, 191.0 ± 5.4beats/min in the benzbromar- 
one experiment, and 183.3 ± 4.4 beats/rain in the 
IMP experiment. There was no significant differ- 
ence among the three experiments. 

In all experiments, blood lactate levels in- 
creased significantly immediately after exercise 
compared with the resting level, however, there 
was no significant difference in the levels of 
blood lactate immediately after exercise (control 
experiment: rest, 0.9 i 0.2 mmol/1, postexercise, 

8.3 ± 0.5 mmol/1; benzbromarone experiment: rest, 
1.0 + 0.2 mmol/1, postexercise, 8.2 ± 0.4 retool/l; 
IMP experiment: rest, 0.7 ± 0.1 mmol/1, postexer- 
cise, 7.6 ± 0.3mmol/1). Furthermore, no signifi- 
cant difference in blood lactate levels among the 
three experiments was observed throughout the 
recovery period. 

The changes in levels of plasma urate were ex- 
pressed as the extent of increase or decrease in 
plasma concentration based on the resting level 
(&values) because significant differences in the 
resting levels of plasma urate between the three 
experiments were shown due to administration of 
benzbromarone or IMP. &plasma urate values are 
shown in Figure 2. In all experiments, a significant 
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FIGURE 1 Compar i son  of TRAP for deproteinized p lasma 
in the resting period and  p lasma ura te  concentration in the 
resting period, n = 21, r = 0.988, p < 0.001. 

TABLE 1 Concentrat ion (~mol/1) of urate, allantoin, TBARS, ascorbate, ct-tocopherol in p lasma 
and  TRAP values  for deproteinized p lasma in the resting period before exercise 

Control Benzbromarone IMP 

Urate 268.4 ± 21.7 a'b 115.9 ± 24.7 a'c 673.4 ± 75.7 b'c 
Allantoin 12.6 + 0.8 11.6 + 1.2 12.7 ± 1.5 
TBARS 2.5 + 0.2 2.4 i 0.2 2.8 ± 0.1 
Ascorbate 55.6 ± 7.5 53.0 + 6.3 62.2 ± 8.2 
c~-tocopherol 30.4 ± 5.3 30.1 ± 9.3 27.9 ± 5.5 
TRAP in deproteinized p lasma 408.7 ± 32.6 a'b 95.2 ± 13.4 a'c 1079.5 ± 137.1 b'c 

Values were presented as m e a n  ± SEM (n = 7). a,b,Cp < 0.01 significant be tween the same  symbols.  
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FIGURE 2 Changes in &plasma urate levels during exer- 
cise and 3 h of recovery. Values were presented as mean + 
SEM (n = 7). a: p < 0.05 significantly different between con- 
trol and IMP. b: p < 0.05 significantly different between con- 
trol and benzbromarone, c: p <0.05 significantly different 
between benzbromarone and IMP. ~ Control, 
Benzbromarone, --G-- 1MP. 

increase was  observed 30 min  after exercise (p < 

0.01), and  the increase was  main ta ined  through-  

out the recovery  period.  A significant difference 

compa red  to the values  in the control exper iment  
was  observed  in the benzb romarone  exper iment  

and the IMP exper iment  only  3 h after exercise 
(p < 0.01). 

In each of the exper iments ,  no significant in- 

crease in p l a sma  TBARS values com pa red  with  

the rest ing levels was  observed  dur ing  the recov- 

ery per iod (Figure 3) and  no significant difference 
be tween  the three exper iments  was  observed dur-  

ing the recovery  period.  

P lasma allantoin values in the IMP exper iment  

was  significantly higher at 0, 30 and  60 min  dur-  

ing the recovery  per iod than that  in the control 

exper iment  and  the benzb romarone  exper iment  
(p < 0.05) (Figure 4). 

Ur inary  excretion of TBARS, expressed as the 

cumula t ive  amount ,  in the IMP exper iment  was 
significantly lower  than that in either the control 

exper iment  or the benzb romarone  exper iment  
after 3 h of recovery (p < 0.01) (Figure 5). H o w -  

ever, no significant difference was  observed  be- 
tween  the values  in the control exper iment  and  
in the benzb romarone  experiment .  

FIGURE 3 Changes in TBARS levels during exercise 
and 3 h of recovery. Values were presented as mean + SEM 
(n = 7). ~ Control, - -0 - -  Benzbromarone, ---G-- IMP. 
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FIGURE 4 Changes in plasma aUantoin levels during exer- 
cise and 3 h of recovery. Values were presented as mean q- 
SEM (n-  7). a: p < 0.05 significantly different between con- 
trol and IMP. b: p < 0.05 significantly different benzbromar- 
one and IMP. ---C)-- Control, ---0-- Benzbromarone, - -&- 
IMP. 

A significant negat ive correlation be tween  the 
p l a sma  urate  level in the resting per iod and  the 
cumula t ive  ur inary  TBARS excretion dur ing  3 h 

of recovery was  observed (Figure 6), however ,  no 
significant correlation be tween  the p l a sma  urate  

level in the resting per iod and  the p l a sma  TBARS 

level at any  t ime dur ing  the recovery per iod was 
observed  (data not shown).  
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FIGURE 5 Changes in accumulation of urinary TBARS ex- 
cretion during 3h  of recovery. Values were presented as 
m e a n + S E M  (n = 7). a: p < 0.05 significantly different be- 
tween control and IMP. b: p < 0.05 significantly different 
benzbromarone and IMP. []  Control, • Benzbromarone, [ ]  
IMP. 
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FIGURE 6 Comparison of cumulative urinary TBARS ex- 
cretion during 3 h of recovery and plasma urate concentra- 
tion in the resting period, n = 21, r = 0.351, p < 0.05. 

DISCUSSION 

Lovlin et al.  [121 have reported that the intensity of 
exercise may influence the process of lipid per- 
oxidation. Therefore, it was important in the pre- 
sent study that the subjects perform an equal 
intensity of exercise. No significant difference in 

the maximal heart rate during exercise, the mean 
exercise time to exhaustion, or the increase in 
blood lactate levels after exercise was observed 
among the three experiments, which suggests 
that the intensity of exercise for all subjects was 
approximately equal in the three experiments. 

A significant positive correlation between 
plasma urate levels and the TRAP of deprotein- 
ized plasma in the resting period was recog- 
nized (Figure 1). Vasankari et a/. [281 have 

reported that plasma TRAP values increase after 
4 weeks of antioxidant supplementation. On the 
contrary, Maxwell et al. [291 have reported that 
there is no significant increase in TRAP despite 
supplementation of the diet with antioxidant 
vitamins. However, plasma TRAP values have 
been shown to increase after exercise indepen- 
dent of supplementation of the diet with antiox- 
idant vitamins, [28-3°1 and this increase may be 
due to an increase in plasma levels of urate 12°1 or 
c~-tocopherol. [28'3°1 In the present study, the 
plasma c~-tocopherol and ascorbate levels was 
equal in the three experiments, whereas plasma 
urate levels differed significantly (Table I), so the 
difference in TRAP values may be due to the dif- 
ference in urate levels. It seems likely that the 
antioxidant capacity of the subjects prior to exer- 
cise may have differed substantially among the 
three experimental conditions. 

In most of the previous studies examining lipid 
peroxidation during exercise, serum or plasma 
TBARS levels were measured as an indicator of 
in vivo oxidation by free radicals. However, the 
substances which react with TBA are not unique 
to serum and plasma samples, so it is doubtful 
that TBARS values really reflect in vivo lipid 
peroxidation. [311 A number of studies in which 
TBARS were determined during exercise have 
been reported previously, but the results were 
inconsistent. Kanter et ai.[14] reported that expired 
pentane and serum TBARS increased as a result of 
treadmill exercise at 90% VO2max. Lovlin et al. [12] 
found a 26% increase in plasma TBARS induced 
by maximal exercise at 100% VO2max. Sumida 
et al. [13} also found that acute exhaustive exercise 
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URATE OXIDATION IN EXERCISE 37 

resulted in a slight, but significant increase in 
serum TBARS concentration. On the other hand, 
Viinikka et al. [32] have found that serum lipid 
peroxide levels did not change during a period of 
maximal bicycle ergometer exercise. Rokitzki 
eta/. [33] reported that the serum TBARS concen- 
tration decreased after a marathon. 

Urinary TBARS has been also used as an in- 
dicator of in vivo oxidative stress by free rad- 
icals. The TBA reaction of human urine produces 
the TBARS other than malonaldehyde deriva- 
tives, [21"34] so HPLC separation of TBARS is 
necessary for accurate quantitation of urinary 
TBARS that appears to reflect lipid peroxidation 
products in vivo. [21] Urinary TBARS measured 
by the HPLC method used in the present study 
was mainly due to malonaldehyde derivatives I211 
because aldehydes other than malonaldehyde de- 
rivatives in the reaction solution are separated by 
HPLC, so the specificity of the values obtained by 
the HPLC method is greater in the case of urine 
than that in the case of serum or plasma.I211 On the 
other hand, malonaldehyde is derived from not 
only lipid peroxidation products but also 2- 
deoxyribose, I34'351 so TBARS does not always 
reflect lipid peroxidation products. However, sev- 
eral previous studies have suggested that fast- 
ing, I171 feeding a vitamin E deficient diet, [15-17] 

streptozotocin-induced diabetes ~36I and exposure 
to diesel engine exhaust f371 resulted in an increase 
in the urinary excretion of TBARS. Also, Jenkins 
et al. [381 reported that urinary TBARS excretion 
increased to 160% after a 2 h of exhaustive tread- 
mill run. These previous observations suggest 
that induction of oxidative stress in vivo may lead 
to an increase in urinary TBARS excretion and 
that urinary TBARS excretion may be an indica- 
tor which reflects in vivo lipid peroxidation to a 
certain extent. 

Lower urinary TBARS excretion in the IMP ex- 
periment (Figure 5) and a significant negative 
correlation between the plasma urate level in the 
resting period and the cumulative urinary TBARS 
excretion during 3 h of recovery (Figure 6) sug- 
gest that lipid peroxidation during exercise might 

be inhibited by the urate that increased upon ad- 
ministration of IMP. Thus, urate may play an im- 
portant role in vivo as a radical scavenger. 

When urate is oxidized in vitro by free radicals, 
several oxidation products are formed. Among 
these products, allantoin is the major product. I71 
Humans lack uricase, which converts urate to 
allantoin, but allantoin is found in human body 
fluids. Grootveld et a/. [22] reported that the serum 
urate concentration in rheumatoid patients does 
not significantly differ from that in healthy per- 
sons, whereas the serum allantoin concentration 
is higher than normal. Ogihara et al. [391 also re- 
ported that the plasma allantoin concentration is 
markedly elevated in patients with Wilson's dis- 
ease. These authors suggest that urate may be 
non-enzymatically oxidized in vivo to allantoin 
by free radicals and that allantoin may be a use- 
ful marker of free-radical reactions taking place 
in vivo. [22"391 Furthermore, exhaustive cycling 

exercise has been shown to result in a signifi- 
cant increase in allantoin levels in muscle and 
plasma.f4°1 In the present study, the resting level of 
plasma allantoin did not differ among the three 
experiments in spite of the significant difference 
in plasma urate levels, and the plasma allantoin 
levels increased only in the IMP experiment after 
exercise (Figure 4). Considering that the urate 
levels increased upon administration of IMP, it 
seems likely that there may have been more urate 
available to react with free radicals produced 
during exercise. That might result in scavenging 
of more radicals by urate in the IMP experiment, 
the inhibition of the lipid peroxidation and the 
decrease in urinary TBARS excretion. 

A significant difference in TRAP levels for de- 
proteinized plasma was observed comparing the 
benzbromarone experiment and the control ex- 
periment, but the plasma allantoin levels and 
urinary TBARS excretion after exercise were not 
different between these experiments. These find- 
ings suggest that the in vitro antioxidant capacity 
of urate was not reflected precisely in vivo. The 
reason seems to be that the antioxidant capac- 
ity in vitro was measured as the capacity for 
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scavenging a particular radical in the reaction 
solution whereas the in vivo values reflect the total 
results for antioxidant reactions in cells or tissues 
involving several types of radicals. Therefore, 
further investigation of the relationship between 
urate levels, antioxidant capacity, and oxidation 
products in cells or tissue may be necessary. 

In summary, the present study provides for the 
first time evidence indicating that increased urate 
levels in vivo are associated with a decrease in the 
levels of oxidation products during exhaustive 
exercise. These findings support the view that 
urate may serve as an important scavenger in vivo. 
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