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been also postulated that uridine takes part in blood pressure
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regulation. Since physical exercise is an effective tool in
treatment and prevention of cardio-vascular diseases that are

Introduction

often accompanied by hyperuricemia and hypertension, it
seemed advisable to attempt to evaluate the relationship
between oxypurine concentrations (Hyp, Xan and UA) and that of
Urd and BP after physical exercise in healthy subjects. Sixty
healthy men (17.2±1.71 years, BMI 23.2±2.31 kg m−2, VO2max
54.7±6.48 ml kg−1 min−1) took part in the study. The subjects
performed a single maximal physical exercise on a bicycle
ergometer. Blood for analyses was sampled three times:
immediately before exercise, immediately after exercise, and in
the 30th min of rest. Concentrations of uridine and hypoxanthine,
xanthine and uric acid were determined in whole blood using
high-performance liquid chromatography. We have shown in this
study that the maximal exercise-induced increase of uridine
concentration correlates with the post-exercise increase of uric
acid concentration and systolic blood pressure. The results of our
study show a relationship between uridine concentration in blood
and uric acid concentration and blood pressure. We have been
the first to demonstrate that a maximal exercise-induced increase
in uridine concentration is correlated with the post-exercise and
recovery-continued increase of uric acid concentration in healthy
subjects. Thus, it appears that uridine may be an indicator of
post-exercise hyperuricemia and blood pressure.
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Uridine (Urd) is a pyrimidine nucleoside. On the
one hand, it is a product of pyrimidine nucleotide
degradation (UTP→UDP→UMP→Urd) but, on the other
hand, it is an important precursor in their biosynthesis.
Through the uridine salvage pathway, Urd can be
converted to UMP and then to other pyrimidine
nucleotides (Urd→UMP→UDP→UTP). Hence, the
bioavailability of Urd as a substrate in the synthesis of
RNA, bio-membranes (via the formation of pyrimidinelipid conjugates) and glutathione (via the formation of
pyrimidine-sugar conjugates) is important for proper
functioning of cells. Another role of uridine can be seen
in the nervous system. Not only does it demonstrate the
ability to maintain brain metabolism during severe
hypoglycemia and ischemia, but also it acts as a
physiological sleep regulator. In the clinical setting it can
be used in the treatment of autism with seizures and
pyrimidine-deficient genetic diseases like orotic aciduria
too. It was also proven that administration of uridine
improves cognitive deficits in people and spontaneously
hypertensive rats (Löffler et al. 2005, De Bruin et al.
2003, Silei et al. 2000).
Many factors regulating intra- and extracellular
Urd concentrations have been identified. The mechanism
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of its action has also been established both under
physiological and pathological conditions (Connolly and
Duley 1999, Löffler et al. 2005, Yamamoto et al. 2011).
Evidence for the fact that changes in the Urd
concentration in blood may influence the biological effect
of its action has been provided, too (Yamamoto et al.
2011).
In our previous study, we have demonstrated
that high-intensity physical exercise leads to an increase
in the Urd concentration in blood (Dudzinska et al. 2010).
Its post-exercise increase correlated with an increase in
the concentration of hypoxanthine (Hyp) allowed
statement that physical exercise stimulates not only the
catabolism of purine nucleotides but also that of
pyrimidines. Similarly, Yamamoto et al. (1997a) have
shown a significant increase in the Urd concentration
after physical exercise of much lower intensity.
Therefore, physical exercise is a factor leading to a postexercise and recovery-continued increase in the Urd and
Hyp concentrations (Yamamoto et al. 1997a, Dudzinska
et al. 2010). The elevations in plasma Hyp after intense
exercise have a direct implication on plasma uric acid
(UA) levels as the liver oxidizes Hyp to UA and releases
it into the blood at a rate proportional to the increase in
plasma Hyp (Hellsten-Westing et al. 1989). Although UA
is the end product of purine nucleotide metabolism, an
exercise-induced increase in the concentration of Urd
(a product of pyrimidine nucleotide catabolism) may be
related to a post-exercise increase in the concentration of
UA (end product of purine nucleotide catabolism). There
are on information in the available literature on the
evaluation of post-exercise changes in the Urd
concentration in relation to post-exercise hyperuricemia
in healthy subjects. The only information indicating a
relationship of Urd to UA is from the study by
Yamamoto et al. (1997b) who have shown an increase in
the concentration of that nucleoside in blood in patients
with gout of the overexcretion (overproduction) type
versus the underexcretion type. Moreover, they have
shown a significant correlation between plasma Urd
concentration and 24-h urinary excretion of UA. In the
opinion of Yamamoto’s team (1997b), plasma Urd
concentration may be a marker of UA production and can
be used to separate hyperuricemia into the overexcretion
(overproduction) and underexcretion types. Furthermore,
it has been demonstrated that high plasma uric acid levels
are positively associated with increased incidences of
hypertension in adults (Chu et al. 2000). More
specifically, plasma uric acid levels significantly predict
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diastolic hypertension, but not systolic hypertension
(Leite 2011). A relationship between elevated UA
concentration in plasma and the occurrence of
hypertension has been very well documented in many
clinical and epidemiological studies (Messerli et al. 1980,
Nagahama et al. 2004, Alper et al. 2005, Sundstrom et al.
2005). It has been shown that uric acid production in mild
hypertension is not intensified, whereas its renal
excretion is significantly decreased (Tykarski et al.
2004). By contrast, in severe hypertension which leads to
progressive ischemia of tissues and, in consequence, to
hypoxia, increased ATP degradation and intensified
formation of the end products of purine degradation
(Hyp, Xan and UA) are not excluded from the causes for
an increase in the UA concentration (Fiaschi et al. 1997,
Ohtahara et al. 2001, Tykarski et al. 2004). Ohtahara et
al. (2001), using the semi-ischemic forearm test to
examine the release of Hyp from skeletal muscles in
essential hypertensive patients have shown an increase in
its release when compared to normotensive subjects,
which points to the fact that skeletal muscles may be an
important source of UA in hypertension. By contrast,
Fiaschi et al. (1977) have observed that intravenous
fructose infusion causes an increase in the UA
concentration in the plasma of patients with hypertension
to a greater degree than in normotensive subjects. It is
also known that fructose, the metabolism of which leads
to quick ATP depletion (fructose phosphorylation is
closely associated with ATP degradation), also results in
an increase in the Urd concentration in blood (Yamamoto
et al. 1997c). By contrast, Tykarski et al. (2004) have
shown an increase both in the UA concentration and the
AMP-deaminase activity in red blood cells in severe
hypertension when compared to the mild one, which
gives the basis to assume that purine nucleotide
degradation and oxypurine conversion to uric acid is
more intensified in severe hypertension when compared
to the mild one. Therefore, a cause for hyperuricemia in
hypertension, apart from impaired excretion, may be
increased UA production. It has also been demonstrated
that myogenic purine degradation caused by exerciseinduced hypoxia (ATP→ADP→AMP→hypoxanthine) is
augmented in subjects with hypertension (Otahara et al.
2001, Hamada et al. 2007). On the other hand,
Macdonald et al. (1984) have provided evidence for the
fact that Urd, UMP and UDP increased blood pressure
(BP) when infused into intact anaesthetized rats and had
similar effects on the perfusion pressure in the rat isolated
perfused kidney. It has also been proven that Up4A-

2015
induced contraction is enhanced in renal arteries from
DOCA-salt rats. Enhanced P2Y receptor signaling and
activation of the extracellular signal-regulated kinases
(ERK) pathway together represent a likely mechanism
mediating the enhanced Up4A-induced contraction. Up4A
might be of relevance in the pathophysiology of vascular
tone regulation and renal dysfunction in arterial
hypertension (Matsumoto et al. 2011).
As mentioned above, studies succeeded to
establish an association between the Urd concentration
and hyperuricemia and BP in the group of patients with
gout and hypertension. Therefore, in our opinion, there is
a rationale behind it to evaluate the relationship between
the concentration of oxypurines (Hyp, Xan and UA) and
that of Urd and BP after physical exercise, all the more
that physical exercise is regarded to be an effective, nonpharmacological tool in the treatment of diseases
connected with hyperuricemia and hypertension (Blair et
al. 2001). According to our knowledge, there are no
information in the available literature on that subject.

Methods
Subjects
The study population consisted of 60 healthy
men, volunteers, aged 17.2±1.71 years, with normal body
weight and blood pressure (systolic blood pressure [SBP]
<140 mm Hg, diastolic blood pressure [DBP] <90 mm Hg).
Participants’ anthropometrical and clinical characteristics
are shown in Table 1. They had no history of any
metabolic and cardiovascular diseases. Participants were
nonsmokers and refrained from taking any medications or
supplements known to affect metabolism.
The subjects were fully informed of any risks
and discomfort associated with the experimental
procedures before giving their consent to participate. The
study was approved by the local ethics committee in
accordance with the Helsinki Declaration.
Exercise test was performed at the laboratory of
the Department of Physiology, Faculty of Biology,
University of Szczecin in the early-morning hours. The
subjects reported to the laboratory a few hours after
having a light breakfast (without tea and coffee).
Anthropometric and clinical measurements
Body height (cm) was measured to the nearest
centimetre using a rigid stadiometer.
Body mass (kg) was measured in underwear to
the nearest 0.1 kg using an electronic scale.
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Body mass index (BMI) was calculated by
dividing weight in kilograms by height in square meters
(kg/m2).
Blood pressure (BP) while resting and after
maximal exercise were measured 3 times in the seated
position using a calibrated sphygmomanometer. The
average of the 3 readings was used for the representative
examination value. The measurement was performed
under controlled conditions in a quiet room. The cuff of
the blood pressure monitor was placed around the upper
right arm.
The mean arterial pressure (MAP) was
calculated as: MAP = DBP + 1/3 × pulse pressure, where
pulse pressure = SBP − DBP.
Table 1. Characteristics of the subjects.

Parameters

Mean ± SD

Age (years)
Body height (cm)
Body mass (kg)
BMI (kg m−2)
HR rest (bpm)
SBP (mm Hg)
DBP (mm Hg)
MAP (mm Hg)
VO2max (ml kg−1 min−1)

17.2 ± 1.71
184.2 ± 5.89
78.6 ± 10.06
23.2 ± 2.31
68.4 ± 7.34
125.9 ± 7.75
68.1 ± 7.64
87.2 ± 5.64
54.7 ± 6.48

n=60; BMI – body mass index; HR – heart rate; SBP – systolic
blood pressure; DBP – diastolic blood pressure; MAP – mean
arterial pressure; VO2max – maximum of oxygen uptake

Exercise protocol
The participants were subjected to a progressive
ergocycle test with incremental intensity until exhaustion,
establishing their maximal oxygen uptake (VO2max) to
assess aerobic capacities. The exercise was preceded by a
5 min warm-up (25 W). The test was performed on a
bicycle ergometer (Kettler X-7, Germany), beginning
with a work load of 1 W per kg of fat free mass
(1 W kg−1FFM) that was increased by half of this value
(0.5 W kg−1FFM) every 3 min until volitional exhaustion.
The criterion of the VO2max was the achievement of the
expected maximal heart rate (HRmax) and a lack of
increase in oxygen uptake (VO2) despite the increasing
work load.
During the exercise, the following variables
were measured continuously: oxygen uptake (VO2),
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expired carbon dioxide (VCO2), minute ventilation (VE),
tidal volume (TV), respiration frequency (RF), ventilator
equivalent ratio for oxygen (VEVO2−1), ventilatory
equivalent ratio for carbon dioxide (VEVCO2−1) and heart
rate (HR). During the exercise, oxygen uptake (VO2) was
measured continuously using an Oxycon gas analyzer
(Jaeger, Germany). Using a Polar S610 heart rate monitor
(Polar, Finland), we registered resting heart rate and its
change during effort, up to HRmax.
Blood analysis
Blood samples were obtained from the
antecubital forearm vein immediately before exercise,
immediately after exercise, and 30 min after exercise
testing.
Concentrations of uridine and oxypurines were
determined in whole blood using high-performance liquid
chromatography. The samples (500 μl) of heparinized
blood were deproteinized with an equal volume of 1.3 M
HClO4, mixed, and then centrifuged at 20,000 G for
5 min at 4 °C. The supernatant (400 μl) was neutralized
with 130-160 μl of 1 M K3PO4 (to pH 5-7). The
neutralized extract was again centrifuged as above, and
the supernatant was stored at −80 °C until analysis.
Chromatographic analysis was performed using
a Hewlett-Packard series 1100 chromatograph according
to the method used by Smolenski et al. (1990).
Aliquots of 100 μl of the obtained samples were
injected into the sample loop and uridine, hypoxanthine,
xanthine and uric acid were separated using a gradient
elution system (buffer A – 150 mM KH2PO4/K2HPO4,
150 mM KCl pH 6.0; buffer B – 15 % solution of
acetonitrile in buffer A) at a flow rate of 1 ml/min. Peaks
were detected by absorbance at 254 nm. The analytical
column was maintained at a constant temperature of
25.5 °C.
Concentrations of hypoxanthine, xanthine, uric
acid and uridine are given to the whole blood because
these compounds are in equilibrium between erythrocytes
and plasma thanks to nucleoside transporters.
Statistical analysis
All values are reported as mean ± SD. ANOVA
with repeated measurements was used to compare data
over time. When the ANOVA was significant, (RIR)
Tukey's post hoc tests were used to localize the
difference. Evaluation of the correlations between the
examined variables was made using Pearson’s linear
correlation coefficient and simple and multiple regression

analysis.
In order to determine the independent
participation of oxypurines (Hyp, Xan, UA) in the
variance of Urd concentration in blood, a multiple
regression analysis was performed.
Simple
regression
analysis
included
anthropometric parameters, systolic blood pressure value,
diastolic blood pressure value, mean blood pressure
value, concentration of oxypurines (Hyp, Xa, UA) and
that of Urd. The independent variables which correlated
with the Urd concentration in simple regression analysis
were taken into account in the model of multiple
regression analysis. The value p<0.05 was considered
statistically significant.

Results
The characteristics of some of anthropometrical
and physiological parameters were presented in Table 1.
There were 60 healthy young males enrolled into the
study, aged 17.2±1.71 years, with normal body weigh
being evaluated based on BMI (World Health
Organization 1998). In the group of male subjects being
examined, the time of exercise test was 23.0±3.47 min,
while oxygen consumption at maximum load was
54.7±6.48 ml/min/kg, which indicates that the subjects
were characterized by a good aerobic endurance for this
age group (Astrand and Rodahl 1986) when compared to
reference data (Table 1).
According to the European Society of
Hypertension (Guidelines Committee 2003) all subjects
were normotensive. The mean resting systolic pressure
was 125.9±7.75 mm Hg, diastolic pressure 68.1±7.64
mm Hg and heart rate 68.4±7.34/min (Table 2). Physical
effort performed on a cycle ergometer caused a
significant increase in SBP (by 57 mm Hg on average)
and a considerable decrease in DBP (by about 13 mm Hg
on average) with no change in MAP. In the 30th min of
rest, a return of SBP and DBP values to the rest ones was
observed (Table 2).
Physical exercise contributed to almost eightfold increase in the Hyp concentration in blood in relation
to the rest values. A significant increase (P<0.00001) in
the Hyp concentration was still observed in the 30th min
of rest, which is an indication of the fact that maximal
physical exercise induces not only the post-exercise
increase of the Hyp concentration but also the continued
one (Table 3).
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Table 2. Effect of physical exercise on SBP, DBP and MAP.

SBP (mm Hg)
DBP (mm Hg)
MAP (mm Hg)

Pre-exercise

Post-exercise

Rest 30 min

125 ± 7.75
68.1 ± 7.64
87.2 ± 5.64

178 ± 18.21* (vs. Pre and Rest)
55.6 ± 9.47 # (vs. Pre and Rest)
89.9 ± 10.98

125 ± 7.13
67.6 ± 6.21
86.7 ± 4.62

Values are given as means ± SD; n=60; * P<0.00001; # P<0.05; SBP – systolic blood pressure; DBP – diastolic blood pressure; MAP –
mean arterial pressure.
Table 3. Effect of physical exercise on the concentration of oxypurines (hypoxanthine, xanthine, uric acid) and uridine in blood.

µmol/l whole blood

Pre-exercise

Post-exercise

Rest 30 min

Hyp
Xan
UA
UA/Hyp+Xa
Urd

1.8 ± 1.30
0.2 ± 0.09
211 ± 37.8
131 ± 33.79
3.3 ± 1.08

16.6 ± 7.96* (vs. Pre)
0.5 ± 0.45* (vs. Pre and Rest)
238 ± 42.2
16.4 ± 17.02** (vs. Pre)
4.2 ± 1.21* (vs. Pre)

19.3 ± 9.40* (vs. Pre)
0.7 ± 0.29* (vs. Pre and Post)
267 ± 48.5* (vs. Pre)
15.3 ± 7.47** (vs. Pre)
4.3 ± 1.13* (vs. Pre)

Values are given as means ± SD; n=60; Hyp – hypoxanthine; Xan – xanthine; UA – uric acid; Urd – uridine; * P<0.00001;
** P<0.000001

Fig. 1. Correlation between uridine
(Urd) concentration and post-exercise
and
recovery
uric
acid
(UA)
concentrations.

The Xan concentration in blood immediately
after exercise test reached a value of 0.5±0.45 μmol/l and
differed significantly (P<0.00001) from the value being
measured before exercise test (0.2±0.09 μmol/l). An
increase in the Xan concentration still continued in the
30th min of rest also in relation to the rest value
(P<0.00001) (Table 3).
The presented data show that the UA
concentration measured 30 min after the physical exercise
being applied reached a value of 267±48.5 μmol/l and

was significantly higher (P<0.0001) both in relation to
the rest values (211±37.8 μmol/l) and those being
observed immediately after physical exercise (238±42.2
μmol/l; P<0.0001). No significant differences in the UA
concentration were observed immediately after physical
exercise when compared to the rest values.
The ratio of UA concentration to that of Hyp and
Xan was significantly lower immediately after physical
exercise, as well as in the 30th min of rest (P<0.000001)
(Table 3).
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The plasma concentration of Urd in humans
ranges from 2 to 8 µM (Connolly and Duley 1999,
Yamamoto et al. 2011). Consequently, the rest value of
Urd concentration in the group of male subjects being
examined was within the range of values given by other
authors. Maximal physical exercise led to a significant
increase (P<0.00001) in the Urd concentration in relation

to the values being observed before exercise test. A
significant increase (P<0.00001) in the Urd concentration
was still observed in the 30th min of rest, which is an
indication of the fact that maximal physical exercise
induces not only the post-exercise increase of the Urd
concentration but also the continued one (Table 3).

Fig. 2. Correlation between postexercise uridine (Urd) concentration
and systolic blood pressure (SBP).

Table 4. Multiple regression analysis for blood uridine after exercise.

Predictor

Coefficient

SE

β

T value

P value

Hyp
Xan
UA
SBP

0.015
0.009
1.188
0.017

0.015
0.003
0.271
0.006

0.120
0.328
0.457
0.300

0.985
3.206
4.379
2.682

NS
<0.002
<0.00005
<0.009

NS – not significant; Hyp – hypoxanthine; Xan – xanthine; UA – uric acid; β – standard coefficient
Table 5. Multiple regression analysis for blood uridine after 30-min recovery.

Predictor

Coefficient

SE

β

T value

P value

Hyp
Xan
UA

−0.008
0.008
1.681

0.006
0.003
0.457

−0.005
0.284
0.433

−0.544
2.411
3.670

NS
<0.0005
<0.01

NS – not significant; Hyp – hypoxanthine; Xan – xanthine; UA – uric acid; β – standard coefficient

In the simple regression analysis, the postexercise increase of Urd concentration correlated with a
post-exercise increase in the concentration of Hyp (r=0.30,

p<0.0001, R2=0.10), Xan (r=0.37, p<0.003, R2=0.14) and
UA (r=0.53, p<0.00001, R2=0.27), respectively (Fig. 1),
and SBP (r=0.35, p<0.002, R2=0.13; Fig. 2).
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In the multiple regression analysis, the postexercise Urd concentration was independently related to
the Xan and UA concentrations and SBP (Table 4). In
this regard, these variables explained more than 50 % of
the post-exercise variance of Urd concentration
(R2=0.53). The most powerful predictor of post-exercise
Urd concentration was UA (Table 4; Fig. 1).
As regards the concentration values being
measured in the 30th minute of rest, the multiple
regression analysis showed a correlation between the Urd
concentration and that of Hyp (r=0.33, p<0.0002,
R2=0.11), Xan (r=0.35, p<0.009, R2=0.13) and UA
(r=0.48, p<0.0002, R2=0.23; Fig. 1) but not with SBP.
Assuming the Urd concentration in the 30th min of rest to
be a dependent variable and the concentration of Hyp,
Xan and UA to be independent variables, a multiple
regression analysis was applied. It was shown that the
Urd concentration was correlated with that of Xan and
UA but not with the Hyp concentration (Table 5). Xan
and UA explained more than 40 % of the post-exercise
variance of Urd concentration (R2=0.37). UA proved
again to be the most powerful predictor of post-exercise
Urd concentration (Table 5, Fig. 1).

Discussion
We have shown in this study that an increase in
the Urd concentration in blood being induced by maximal
physical exercise correlates with a post-exercise increase
in the Xan and UA concentrations and SBP. To the best
of our knowledge, this is the first study to evaluate postexercise relationships between the Urd and UA
concentrations and BP in healthy subjects.
It is known that physical exercise, particularly
that of high intensity, leads to a decrease in the ATP level
in the exercising muscles, with the IMP accumulation
accompanying this process (Stathis et al. 1994, Hellsten
et al. 1999). Although most IMP is quickly resynthesized to ATP in the purine nucleotide cycle, part of
IMP is being however converted to inosine and
hypoxanthine after de-phosphorylation (Stathis et al.
1994). After leaving the muscles, they get into blood.
Therefore, a post-exercise value of the increase of Hyp
concentration, being mainly dependent on exercise
intensity (Hellsten-Westing et al. 1991, Sahlin et al.
1991), is an indicator of purine degradation intensity and
post-exercise tissue hypoxia. A direct effect of the
increase of Hyp concentration is the proportional rate of
increase in the concentration of UA in blood which is
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being formed as a product of the oxidation of oxypurines
(Hyp and Xan) in the reaction catalyzed by xanthine
oxidoreductase (EC 1.1.1.204). A significant increase in
the UA concentration in the 30th min of rest being shown
in our study confirms the findings of other authors who
have observed an increase in the concentration of that
metabolite in the 20th-30th min after intense physical
exercise (Hellsten-Westing et al. 1989, 1991, Yamanaka
et al. 1992). Thus, the post-exercise changes in the
concentration of purine nucleotide degradation products
(Hyp, Xan, UA) in blood being observed in our study
harmonizes with the studies on post-exercise metabolism
of purines and is not the matter under consideration in
this study.
We have already demonstrated in our previous
study that physical exercise with increasing intensity
leads to an increase in the Hyp and Urd concentrations in
blood. We found positive correlations between blood Urd
levels (indicators of myogenic pyrimidine degradation)
and Hyp (indicators of myogenic purine degradation),
suggesting that the blood Urd level is related to purine
metabolism in skeletal muscles (Dudzinska et al. 2010).
Because the increase of Hyp concentration in blood after
intense exercise has a direct implication on plasma UA
levels as the liver oxidizes Hyp to UA and releases it into
the bloodstream at a rate proportional to the increase in
plasma Hyp (Sjödin and Hellsten Westing 1990, Hellsten
et al. 1999), therefore we have decided in this study to
evaluate a relationship between the post-exercise increase
of Urd concentration and post-exercise changes in the
Xan and UA concentrations. Although the post-exercise
increase of Urd concentration in our study was correlated
with a post-exercise increase in the Hyp, Xan and UA
concentrations, the Urd concentration (dependent
variable) in the multiple regression analysis was
associated only with the Xan and UA concentrations,
both immediately after physical exercise and in the 30th
min of rest. Therefore, the results of this study confirm
our earlier information on the reason for a post-exercise
increase, and lasting in the 30th min, in the Urd
concentration which is an exercise-stimulated decrease in
the ATP concentration in the exercising muscles
(Dudzinska et al. 2010). Moreover, they provide new
evidence for the fact that the most powerful predictor for
the increase of Urd concentration is an increase in the UA
concentration. The higher post-exercise Xan and UA
concentrations in blood, the higher Urd concentration in
blood. The relationship being demonstrated becomes
particularly important in relation to the findings presented
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by Yamamoto et al. (1997b) who have shown an increase
in the Urd concentration in patients with gout of the
overexcretion type versus the underexcretion type.
Moreover, evidence has been provided in that study for
the fact that the Urd concentration may be an indicator
for increased UA production in patients with
hyperuricemia. This is because a positive relationship has
been demonstrated between the Urd concentration in
plasma and 24-hour urinary UA excretion. On the other
hand, no relationship has been shown between plasma
Urd concentration and that of UA, which suggests that
the Urd concentration does not reflect the changes in the
UA concentration in blood. Therefore, the results being
obtained in our study are in conflict with those presented
by Yamamoto et al. (1997b). Differences in the results
become more understandable after analysis of the
changes in the concentration of metabolites being
examined. Although Yamamoto et al. (1997b) have
shown an increase in the UA concentration in plasma
both in the group of patients with gout of the
overexcretion (overproduction) type and that with gout of
the underexcretion type, the Xan and Hyp concentrations
did not differ between these groups. It is not known,
either, whether an increase in the Xan and Hyp
concentrations in blood occurred because these results
were not confronted with the control group. Thus, it
seems that, on the one hand, the UA concentration in
plasma in patients with gout does not reflect its
production or excretion (the value of hyperuricemia was
the same in both groups) but, on the other hand, the Xan
and Hyp concentrations do not illustrate the value of
purine degradation in gout (concentrations of oxypurines
were the same in the two examined groups). From a
theoretical point of view, increased UA production leads
to an increase in the concentration of its direct precursors.
An increase in the Xan and Hyp concentrations would be
all the more higher than that in the UA concentration. It
has been found that the ratio of UA concentration to that
of Hyp and Xan decreases during increased UA
production (Sutton et al. 1980, Sjödin and Hellsten
Westing 1990). In our study, the ration of UA
concentration to that of Xan and Hyp is significantly
decreased, which means that the production of Xan and
Hyp, and the same that of UA, is intensified. Thus, it
seems that a post-exercise increase in the UA
concentration, which corresponds with a post-exercise
increase in the Hyp and Xan concentrations, and the
relationship between the post-exercise increase of Urd
concentration and the Xan and UA concentrations being
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showed support the fact that Urd is an indicator of the
Xan and UA production under conditions of excessive
purine catabolism being stimulated by physical exercise.
Under hyperuricemia conditions overproduction
of UA is mostly due to increased biosynthesis of purines
de novo (Jin et al. 2012). It is known, however, that the
UA overproduction is also associated with excessive ATP
consumption being caused either by physical exercise
(Sutton et al. 1980, Harkness 1988, Sjödin and Hellsten
Westing 1990), or by compounds that intensify the ATP
degradation (Jin et al. 2012). It is also known that
excessive ATP consumption is accompanied by an
increase in the Urd concentration (Dudzinska et al. 2010,
Yamamoto et al. 1997c, Burakowski et al. 2007). Thus,
the results of our present study confirm the coexistence of
purine and pyrimidine catabolism and provide evidence
for the fact that the product of pyrimidine degradation
(Urd) is an indicator of the changes in the Xan and UA
concentrations under conditions of bioenergy hypoxia
being stimulated by physical exercise. Thus, it seems that
Urd may be an indicator of hyperuricemia developing
both under conditions of the increase of purine synthesis
de novo (Yamamoto et al. 1997b) and under conditions
of the increase of ATP consumption, as shown in our
present study.
Consequently, the relationship between a postexercise increase in the Urd concentration and that of UA
and the Urd concentration and SBP being demonstrated
may indicate a potential participation of the Urd molecule
in the development of post-exercise hyperuricemia and
the increase of BP. Similar relationships have been found
by Hamada et al. (2007) in patients with hypertension.
The Urd concentration in that group of patients was
significantly higher and correlated with SBP (r=0.43;
P<0.01). Moreover, a significant relationship was also
demonstrated between the Urd concentration and that of
Hyp being released from the semi-ischemic exercising
muscles of the hypertensive patients.
Therefore, the relationship between the Urd
concentration and SBP being obtained in our study
indicates an association between the increase of Urd
concentration and that of SBP. Literature data referring to
the participation of Urd in blood pressure regulation show
that Urd, UMP and UDP increased blood pressure when
infused into intact anesthetized rats and had similar
effects on the perfusion pressure in the rat isolated
perfused kidney (Macdonald et al. 1984). Moreover, Urd
stimulates P2Y receptors, which has a positive inotropic
effects on both the heart and blood vessels via formation
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of UMP, UDP and UTP (Hamada et al. 2007). Also
Jankowski et al. (2005) investigated the effects of uridine
adenosine tetraphosphate (Up4A) on mean arterial
pressure of rats. Both noradrenaline and Up4A increased
mean arterial pressure when injected intra-aortically in
the anesthetized rat. Although noradrenaline evoked a
sharp, short-lasting increase in arterial blood pressure, the
same amount of Up4A showed a more prolonged effect
on arterial blood pressure (Jankowski et al. 2005).
Blood pressure during exercise is dependent on
cardiac output and peripheral resistance. Systolic blood
pressure increases with increasing dynamic work as a
result of increasing cardiac output, whereas diastolic
pressure usually remains about the same or moderately
lower. The changes in blood pressure being observed in
our study confirm therefore the reports of other authors
(O’Brien et al. 2003, Laukkanen and Kurl 2012).
Additionally, we have shown that a post-exercise increase
in SBP is correlated with the post-exercise increase of
Urd concentration, which indicates a potential
participation of the Urd molecule in the post-exercise
increase of SBP.
We are aware of the fact that reasoning on the
metabolism of purines and pyrimidines based on
measuring the concentrations of the examined variables
and searching for the relationships between them is not
free of approximations at least due to the complex
mechanism of their elimination: renal excretion,
reutilization to the nucleotide pool, and oxidation to UA.
Nevertheless, the results of our study indicate an
association between uridine concentration and postexercise
hyperuricemia
and
blood
pressure.
Consequently, it is possible that a continued increase in
plasma uridine concentration may play a role in the
pathogenesis of hyperuricemia and vascular diseases.
An integral part of the therapy of diseases
related to the increase of UA concentration and
hypertension is non-pharmacological treatment, including
physical exercise. Studies have confirmed the effect of
regular physical activity and exercises of moderate
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intensity on the reduction of risk factors for development
of atherosclerosis disease (hypertension, insulin
resistance, unfavorable lipid profile, obesity and
development of type 2 diabetes). Implementation of more
intense exercises (>75 % VO2max) may however lead to a
transient impairment of purine metabolism, rapid heart
rate, and increased blood pressure. The increase of Urd
concentration after application of maximal physical
exercise confirm our present and previous observations
(Dudzinska et al. 2010). Also Yamamoto et al. (1997a)
have shown that physical exercise of lower intensity
(65 % VO2max) is connected with a significant increase in
the post-exercise Urd concentration. What is interesting,
we have shown that a post-exercise increase in the Urd
concentration still continue in the 30th min of rest, i.e.
after normalization of blood pressure but not that of UA
concentration. Therefore, physical exercise stimulates a
continued increase in uridine concentration and the same
creates perhaps favorable conditions for hyperuricemia
induction through the mechanisms being discussed
above.
Summing up, the results of our study show an
association between the Urd concentration in blood and
that of UA and SBP. We have been the first to
demonstrate that a maximal exercise-induced increase in
uridine concentration is correlated with the post-exercise
increase of UA concentration and SBP. Thus, it appears
that Urd may be an indicator of post-exercise
hyperuricemia and blood pressure.
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