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Abstract

Background: The enzyme HGPRT 5-phosphoribosyl converts to hypoxanthine or guanine to build up IMP or GMP as an ATP and GTP
precursor in the purine nucleotides salvage pathway. This enzyme is most active in the liver, blood cells, nervous system, and skeletal
muscles. In fact, the normal activity of this enzyme is involved in the salvage of 90% of free nucleotides and thereby contributes to
the economy of purine in cells. Minor decrease or defect of this enzyme results in the increased xanthine, uric acid, and oxygen free
radicals. Reports suggest the relationship between this enzyme and the level of physical preparation, antioxidant capacity, and low
blood uric acid levels in active individuals. However, the effect of different types of exercise, especially high-intensity intermittent
exercise on this enzyme is not clear.
Objectives: The present study aimed to investigate the possible compatibility of this enzyme and some purine nucleotide cycle
variables in a short-term high-intensity interval training.
Methods: 18 healthy, untrained, male, eligible volunteers (based on their age, height, and weight) were randomly divided into con-
trol and training groups. The training group rode the bicycle ergometer with maximum intensity for 2 weeks (3 sessions per week)
with 45-second repetitions and a 4-minute rest between the sets. Blood samples were collected for measuring HGPRT, hypoxanthine,
xanthine, and uric acid before and 48 hours after the last training session, and data were analyzed using analysis of covariance at
alpha level of 0.05.
Results: A significant increase was found in the levels of hypoxanthine (P = 0.001) and xanthine (P = 0.001) while a statistically
significant reduction was found in the level of uric acid (P = 0.02). However, after training, the HGPRT serum level did not increase
significantly (P = 0.386).
Conclusions: The results suggest that this short-term program was able to improve the variables involved in the purine nucleotide
recycling pathway, and probably led to maintaining the balance of total nucleotide pool.
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1. Background

Adenosine triphosphate (ATP) and guanine triphos-
phate (GTP) are two high-energy phosphate compounds,
which play different roles in the cell biological processes.
Of course, this is ATP that is known as the unique energetic
cell that, compared to other high-energy bonds, is the only
and the best option for contraction, power generation, and
muscle mechanical work (1-3). However, limited capacity
of tissues to store cellular ATP and dependence of changes
in metabolism on cellular energy charge have made the
necessity of enriching this valuable resource life from var-
ious metabolic pathways and non-phosphate sources in-
evitable (4, 5). Purine nucleotides including ATP are biosyn-
thesized in different ways. Denovo pathway (reproduc-

tion) and salvage pathway (rescue) are two methods of
nucleotide synthesis. In the Denovo pathway, nucleotide
bases are made from a combination of simpler materials
such as CO2, glutamine, aspartate, and glycine (3). In an-
other procedure, known as salvage reaction, the loss of
purine bases is prevented and purine derivatives return
to purine cycle nucleotides to maintain energy charge at
a normal level. Hypoxanthine is the final product in the
adenine purine nucleotides’ salvage pathway, so that if it
changes to xanthine by xanthine oxidase in the course of
oxidation, purine will be lost and thereby excretes from
the body in the form of uric acid (6). Hypoxanthine’s re-
turn to the cycle through Hypoxanthine-guanine phospho-
ribosyl transferase (HGPRT) enzyme and the activity of this
enzyme can have an important role in maintaining ATP
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and cellular energy charge. Moreover, the activity of this
enzyme can prevent the formation of free radicals that
are generated after the demolition of hypoxanthine (6, 7).
HGPRT activity in the adenine pathway converts hypoxan-
thine into IMP, and similarly results in the conversion of
guanine to guanine monophosphate (GMP) in the guanine
pathway (7).

The deficiency of this enzyme can produce too much
uric acid and thereby results in diseases such as pre-mature
gout or kidney stones; the complete deficiency of this en-
zyme may also lead to the Lesch-Nyhan syndrome (7, 8).
Uric acid is the final product of purine in human, known as
an endogenous scavenger, which is responsible for much
of the body antioxidant capacity against free radicals and
radical damages (7). Several factors such as exercise and
physical activity affect the levels of uric acid and other vari-
ables of purine nucleotides so that, through compatibil-
ity with exercise, the HGPRT enzyme activity increases, and
ultimately lower levels of uric acid, plasma xanthine, and
hypoxanthine plasma are seen in individuals, particularly
among trained individuals who are most compatible with
exercise compared to less trained individuals (9).

Today, with the mechanization of human life and the
lack of physical activity, the importance of exercise and
physical activity for a healthy life is emphasized. On the
other hand, today, lack of time and busy schedule is one
of the most important human concerns. As a result, there
is a need for some forms of trainings that can lead to more
metabolic and cardiovascular changes in short time. These
activities are referred to as high-intensity interval training
(HIIT) that has attracted the attention of sports scientists
(10). Recent evidence suggests that this form of exercise
is more enjoyable than regular exercise with moderate in-
tensity (11). HIIT brings about higher intake of energy for
the body compared to uniform low-intensity training. Al-
though higher intensity training increases carbohydrate
intake, evidence suggests that muscle adaptation caused
by HIIT leads to more fat oxidation in people adopted to
this type of training (12, 13).

With the above-mentioned benefits, on the one hand,
and due to the lack of a study conducted exclusively to in-
vestigate the salvage pathway of purine nucleotides cycle
in a short-term HIIT, on the other hand, as well as the lack of
a study addressing this form of training with different du-
rations, except the traditional 30-second Wingate Test, and
more importantly, due to studies conducted on purine nu-
cleotides cycle that seems mostly focused on non-intensive
and endurance sport activities, lack of investigation on the
purine nucleotides cycle is evident. Therefore, this study
aimed to investigate the effect of 45-second high-intensity
interval training with bicycle ergometer on variables of
high-purine nucleotide cycle.

2. Methods

2.1. Sample and Population

18 healty male students selected from Mazandaran Uni-
versity (non-addiction to drugs and alcohol, no history of
renal, hepatic, cardiovascular diseases, diabetes, and no in-
jury or physical problem) were randomly divided into two
groups: control (n = 9) and experimental (n = 9) (Table 1).

All the participants received a 2-week nutrition record.
Also, before the start of the experiment, the participants
were reminded not to change their diet and merely use
the Mazandaran University food service and not to change
their daily activity during the experiment. They were also
informed about the necessity and importance of the re-
search.

2.2. Training Protocol

The training protocol was adopted from Burgomaster
(2005) (14) with a little change in time so that 45-second
periods of high intensity activity were applied instead of
30-second periods (for each bout) on a bicycle ergometer
(Lode, Holland) for two weeks, three sessions per week. The
training group performed their activities in the 1st session
in 4 intervals, which included 45 seconds of maximum in-
tensity pedaling (6% of body weight resistance) with 4 min-
utes of rest at each interval. The 2nd session had 5 intervals
which included 45 seconds of maximum pedaling and 4
minutes of rest at each interval. In the 3rd and 4th sessions,
the training included 6 intervals with 45 seconds of maxi-
mum intensity pedaling with 4 minutes of rest at each in-
terval. The 5th session included 7 intervals with 45 seconds.
The 6th session was performed in 4 intervals with 45 sec-
onds of maximum intensity pedaling with 4 minutes of
rest at each interval. The duration of rest between the in-
tervals and 6% of body weight resistance on the bicycle was
fixed in all the training stages. The control group did not
perform any physical activity and only followed their own
daily activities.

2.3. Blood Sampling

Blood samples were taken from brachial veins of the
participants in the early morning after 12 hours of fast-
ing in two stages: 48 hours before the training and 48
hours after the last training session, and were poured in
test tubes. Then, blood samples were centrifuged at 3000
rpm for 10 minutes and after that, sera were isolated and
used for analysis. Serum hypoxanthine and xanthine were
measured using ELISA method by the Quantitative Diag-
nostic Kit of SIGMA-Corporation, America. HGPRT was mea-
sured between the samples by ELISA method using the
Quantitative Diagnostic Kit of CUSABIO company (China)
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Table 1. Individual Characteristics of the Experimental and Control Groupsa

Variable Group Age Height Weight BMI

Control 21.91 ± 2.34 178.18 ± 4.75 69.91 ± 9.40 22.00 ± 2.96

HIIT 21.75 ± 1.96 175.92 ± 5.31 67.42 ± 8.46 21.75 ± 1.96

aValues are expressed as mean ± SD.

Figure 1. Overview of the Experimental Protocol

4 5 6 6 7 4

:1-2 Day Rest

PRE 2-wk: HIIT Post

PRE, Pre Exercise; POST, Post Exercise; HIIT, High Intensity Interval Training; numbers
in boxes denote number of Wingate tests completed during each of 6 training ses-
sions over a 2-week period.

with sensitivity of 0.039 mg/mL. The serum uric acid was
also measured between the samples using the biochem-
istry method of Bionik company (Iran) with sensitivity of
0.0347 mg/dL.

2.4. Statistical Procedures

All data were analyzed using SPSS version 20 soft-
ware. To determine whether the data are normal, the Kol-
mogorov Smirnov test was used. After ensuring about the
normality of data, analysis of covariance (ANCOVA) was
performed to compare the changes between the groups,
and dependent-samples t-test was run to investigate the
intra-group changes. Alpha level was set at 0.05.

3. Results

The Kolmogorov-Smirnov test showed that the data
have a normal distribution (P > 0.05). The Levene’s test
showed that the variances are homogenous (P > 0.05).

Statistical analysis did not show any significant inter-
group changes in HGPRT serum levels (P = 0.386). Analysis

of intra-group changes also indicated no significant differ-
ences between the pre-test and post-test values (P > 0.05)
(Figure 2).
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Figure 2. Mean and SD of HGPRT Levels in the TG and CG

Statistical analysis showed significant inter-group
changes in hypoxanthine serum levels (P = 0.001). In-
vestigation of intra-group changes indicated significant
differences in hypoxanthine levels in the pretest-posttest
(P = 0.002) (Figure 3).

Statistical analysis showed significant inter-group
changes in xanthine serum levels (P = .001). Investigation
of intra-group changes indicated significant differences in
xanthine values in the pretest-posttest (P = 0.002) (Figure
4).

Statistical analysis indicated significant differences in
serum uric acid levels between the two groups (P = 0.02).
The intra-group analysis showed that there is a significant
difference in uric acid in the training group between the
pretest and posttest (P = 0.022) (Figure 5).

4. Discussion

It has been reported that high hypoxanthine is the re-
sult of overtraining (15) and its concentration depends on
the intensity of sport (16). In extreme speed sport, hypox-
anthine can be 40 times higher than its resting values (17).
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Figure 3. Mean and SD of Hypoxanthine Levels in the TG and CG
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Figure 4. Mean and SD of Xanthine Levels in the TG and CG
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On the other hand, since hypoxanthine indicates ATP en-
ergy discharge, it can be considered as an indicator for en-
ergy discharge and cellular metabolic stress (18). In this
study that showed the significant increase of xanthine and
hypoxanthine concentrations, this increase represents the
high decomposition of ATP in high-intensity interval activ-
ities, and this study is thus consistent with Gerber et al.
(2014) and Degoutte et al. (2003) studies (19, 20). Simi-
larly, Zielinski et al. in their research studies reported an
increase in xanthine and hypoxanthine levels after the ac-
tivity of these variables.

Of course, important factors such as blood sampling
time, type of activity, elite level, and intensity of the activ-
ity should be considered. Hypoxanthine slightly increases
immediately after the exercise; then, it reaches to its high-
est value between 30 and 60 minutes after the exercise,

Figure 5. Mean and SD of Uric Acid Levels in the TG and CG

Pre Test

Post Test

CG TG

8

6

4

2

0

Se
ru

m
 U

ri
c 

A
ci

d
, m

g/
d

l

$ *

$ denotes a significant difference from the control group (between-group differ-
ence). * denotes a significant difference compared to the pretest.

and finally decreases to its resting values at other times
(21). The study showed that resting ATP did not reach to
its resting values even 72 hours after the last training ses-
sion, and it is the reason for the imbalanced demolition
and reconstruction of ATP as well as the acute effects of pre-
vious exercise (22). Therefore, in this study that reported
high levels of hypoxanthine, it can be concluded that ATP
levels have not been renovated yet. Zielinski (2013), com-
paring groups of elite athletes and recreational amateurs,
showed that elite athletes had a lower increase at hypox-
anthine and xanthine rates and amateur and recreational
athletes had more purine nucleotides excretion (9). Thus,
in the case of the present study in which the participants
had not been trained, it is likely that they were not able to
recover appropriately during demolition and reconstruc-
tion of ATP in the training and recycling period (9).

In the present study, a significant reduction in serum
uric acid was reported and this finding is consistent with
those of Bizheh and Jaafari (1391) because they also re-
ported reduced plasma uric acid after three months of aer-
obic exercise (23). However, the findings are in contradic-
tion with the investigation of Degoutte et al. (2003) which
indicated an increase in uric acid after a training period
(20, 23). The reduction of uric acid in the training group
may be due to the increased antioxidant enzymes and in-
creased gene expression and their lower reliance on uric
acid as an antioxidant (24).

In this study, an increase in the amount of HGPRT en-
zyme was observed and although the rate was not statis-
tically significant, the approximate 18% increase in such a
short-term two-week time training is remarkable and can
be important in the function of purine nucleotides salvage
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pathway. In fact, it can be noted that higher HGPRT activ-
ity after high intensity training in which the dominant en-
ergy is anaerobic is an indicator of a better salvage pathway
for reconstruction of adenine purine nucleotides (6). An
increase in HGPRT after training has also been previously
reported (9, 15, 25). It has also been indicated that in 4 sea-
sons of the annual training cycle (adopted from Bompa,
1999), the match season in which the training moved to-
wards anaerobic, the relaxing activity of this enzyme was
high, and this is consistent with the findings of the present
study because HIIT activities in which the major energy sys-
tem is anaerobic can increase this enzyme and as a result,
improve the salvage pathway purine nucleotides (26).

One of the considerable findings of the present study is
the significant increase in hypoxanthine, which indicates
breakdown of ATP, and also lower serum uric acid, which is
an indicator of inflammation and injury, suggesting that
although uric acid is the final product of purine in hu-
mans, in this study it not only did not increase, but also
decreased (27). An overall look at the research may suggest
that exercise stress caused excretion of purine nucleotide
and high energy metabolism. Also, the purine nucleotides
salvage pathway was strengthened by the increased HGPRT
enzyme, and on the other hand, reduced uric acid led to
the less inflammation and damage and overall improved
antioxidant capacity in adaptation to HIIT in the short pe-
riod of this study. Nevertheless, all the aforementioned
findings require further research and investigation of xan-
thine oxidase enzyme and xanthine dehydrogenase in this
type of training.

4.1. Conclusion

In general, the type of HIIT on bicycle ergometer in-
creased hypoxanthine, xanthine, and serum HGPRT in two
weeks, and decreased uric acid. Thus, it can be concluded
that probably 6 sessions of high-intensity interval training
for 15 minutes a day can lead to the increased excretion of
purine nucleotides, improved recycling, and reduced in-
flammation and injury in untrained individuals.
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