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ABSTRACT:

Background: strenuous training-induced reactive oxygen species is associated with several
chronic diseases by damaging cell proteins and membrane lipids; it seems uric acid as a major
intracellular antioxidant could lower membranous lipid peroxidation and muscle damage. The
aim of this study was to examine the effect of six weeks of high-intensity interval training with
and without zinc on serum Creatine Kinase and uric acid in female futsal players.

Methods: Thirty-two female futsal players were randomly divided into four groups: placebo,
Zinc, HIT and Zinc+HIT. All subjects had to attend futsal-specific training three sessions per
week. Zinc and Placebo groups took 30 mg day−1 of zinc gluconate or dextrose, respectively;
HIT groups accomplished high-intensity interval training contained 6 to 10 repetitions of a 30-
second running at 100% of VO2peak with a 4-minutes rest between efforts, during six weeks.

Results: After six weeks, Creatine Kinase levels augmented insignificantly from 83.98 to 120.19
(P=0.101) in placebo, from 99.58 to 150.1(P=0.167) in HIT and from 81.07 to 107.90 (P=0.152)
in HIT+Zinc group; while Creatine Kinase levels increased significantly from 66.86 to
124.81(P=0.004) only in Zinc group. Uric acid levels increased in all groups (Placebo (P=1),
Zinc (P=0.317), HIT (P=0.157), Zinc+HIT (P=1)) insignificantly.

Conclusions: The findings indicated that after six weeks, serum Creatine Kinase and uric acid
levels increased insignificantly in all groups; Creatine Kinase levels augmented significantly,
only in Zinc group. Zinc as an antioxidant supplement could not decrease the muscle damage,



HIT AND ZINC ON CREATINE KINASE AND URIC ACID VOL. 5 (4)

20
International Journal of Applied Exercise Physiology    www.ijaep.com

and even increased the serum Creatine Kinase as a marker of muscle damage, significantly.

KEY WORDS: High intensity interval training, Zinc supplementation, Creatine Kinase, Uric
acid, Futsal players.

INTRODUCTION
Oxidative stress is a condition, in which the
cellular productions of pro-oxidants go beyond
the body’s physiological capacity to remove (1).
Damaging cell proteins, DNA and cellular
membrane lipids (2); oxidative stress is
associated with several chronic diseases such as
atherosclerosis, related cardiovascular
disorders, mutagenesis, cancer,
neurodegenerative disorders and type 2 diabetes
mellitus (3).
Reactive oxygen and nitrogen species (RONS)
production, during or after High-intensity
interval training (HIT) may be because of both
the high oxygen consumption, as well as the
high anaerobic metabolism (2). Free radicals-
induced cell membrane damage leads to an
increase in levels of plasma Creatine Kinase
(CK) that is a marker of cell damage and
inflammatory conditions (4-6). In addition, the
mechanical stress during physical activity
causes some slight tears in the muscle fibers;
thus concentrations of CK and LDH enzymes
increase in bloodstream (5-7). Oxidative stress
may enhance the primary muscle damage and
make the recovery period longer (6). In this
regard, acute and long-term impact of three
types of training including endurance, sprint
and combined training (endurance-sprint) were
examined on the rats in a study. CK levels in
the long-term training were observed higher
compared to acute one; more, CK levels
augmented in the combination group rather
than the other groups (8). Furthermore,
Deminice et al (2011) indicated an increase in
serum CK (67%) and uric acid (25%) levels
after a bout of hypertrophy resistance
traditional interval training; while after a bout
of resistance circuit training, it was observed an
increase in CK (33%) without any change in
the oxidative stress biomarker (1). In contrast,

Gharahdaghi et al (2013) reported that four
weeks of high intensity aerobic interval
training, reduced the markers of muscle damage
in soccer players at rest and exhaustion time
(9).
.It is thought that membranous lipid
peroxidation due to free radicals, can be
reduced by increasing the body’s antioxidant
capacity; in this way, the release of intracellular
enzymes such as CK to the extracellular space,
may be reduced and ultimately the muscle
damage decreases (4, 7).
It is worth noting that the antioxidant system
containing antioxidant enzymes such as
superoxide dismutase, catalase, glutathione
peroxidase and a set of small molecules like
uric acid and bilirubin, protects the body
against the RONS (10,11). Low-molecular-
weight compounds as uric acid can either
prevent ROS formation or scavenge the radical
species and convert them into a less active
molecule. Plus, they avoid the transformation
of less active ROS like O2

•- into more potent
forms as HO• and enhance the resistance of
sensitive biological targets to ROS attack and
contribute to the repair of radical-induced
damage. The location of uric acid is in
Ubiquitary and its particular function is
scavenge of HO radicals; uric acid traps
peroxyl radicals in aqueous phases and
therefore contribute to the plasma antioxidant
defence (12).
It is expressed that elevation of serum uric acid
concentration, occurs as a physiologic response
to increased oxidative stress for example,
during acute exercise; providing a counter-
regulatory increase in antioxidant defenses
(13). Plus, Uric acid (UA) as a major
intracellular antioxidant (14) can lower the rate
of lipid peroxidation but cannot prevent its
initiation (2). In this regard, researchers
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observed that after 20 minutes of intense
aerobic exercise, an increase in uric acid levels,
improved serum antioxidant capacity and
suppressed increased oxidative stress factor (8-
iso-PGF 2) (15).On the contrary, Bergholm et
al (1999) reported that high-intensity training
(running at 70% to 80% VO2max) during 3
months caused a reduction in soluble
antioxidants like uric acid (16).
Molshatzki et al (2015) expressed that it is
thought high serum uric acid levels are
associated with numerous vascular risk factors,
but UA is also a major natural antioxidant and
higher levels of it, have been linked to slower
progression of several neurodegenerative
disease through mechanisms involving
chelating Fenton reaction transitional metals
and increasing antioxidant enzyme activity like
Superoxide dismutase; the researchers indicated
that low UA levels in patients with preexisting
cardiovascular disease, are associated with
poorer cognitive function (17,18). More,
Amaro et al (2016) reported a beneficial effect
of UA therapy on ischemic stroke progression
in patients treated with alteplase, by receiving
1000 mg of UA before the end of alteplase
infusion (19).
Also, studies showed that use of antioxidant
supplement alleviates cell damage (20,21). In
this respect, zinc (required for the activity of
more than 300 enzymes) as an antioxidant,
plays an essential role in preventing free
radicals-induced damage during inflammatory
processes by stabilizing the cell membrane (3,
22). The lucrative effects of zinc
supplementation on various diseases like acute
diarrhea in infants, cold, and so on have been
reported in different investigations (22,23);
however, our data on the effect of zinc
supplementation on muscle damage are quite
limited.
Cavas et al (2004) stated that vitamin-mineral
supplementation along with swim training,
attenuated the oxidative stress as well as CK,
LDH, AST levels while antioxidant levels
increased (20). By contrast, Padervand et al
(2014) noticed that 6 weeks of ginger
supplementation had no significant effect on

CK levels and the antioxidant supplement
failed to prevent or decrease the lipid
peroxidation, inflammation and muscle damage
(24).
We encountered some inconsistent and
insufficient findings on the effects of exercise
and use of antioxidant supplements on cell
damage markers and uric acid levels. More,
neither the impact of HIT nor the effect of HIT
with zinc supplementation on cell damage and
UA levels, have yet been studied؛so in this
study, we examined the effect of six weeks of
HIT with and without zinc supplementation on
serum uric acid and CK levels in female futsal
players to find out the relationship between the
exercise-induced muscle damage and blood uric
acid levels.

METHODS
This semi-experimental study is one of applied
researches, containing pre-test and post-test
phases with four groups. First, the study subject
was declared throughout female futsal clubs in
Mashhad city; then, out of 50 volunteers, 32
female futsal players (mean age 23.31 ± 3.89
years, height 162.25 ± 5.85 cm, weight 55.21 ±
6.29 kg, BMI 20.93 ± 1.74 kg/m2) with at least
four years of sports background attended this
study. During two months before intervention,
all athletes had regularly taken part in futsal
team trainings only two sessions per week.
Present study was approved by the ethics
committee of Ferdowsi University of Mashhad
by code 61681.
The nature of the study was orally announced
in all female futsal clubs around Mashhad city
by the researcher; next, personal and contact
information of futsal players who were
interested in the cooperation was recorded, and
then 32 individuals were purposefully selected
from 50 volunteers. The objectives, the
research process and researcher’s expectations
from the athletes were described in detail in a
meeting; afterwards, a consent form, a
demographic questionnaire, medical
questionnaire and Kaiser Physical Activity
questionnaire were filled out by all participants.
The height and weight were measured by Seca
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220 Stadiometer (Germany) with a sensitivity
of 5 mm and 100 g, respectively as well as their
BMI was evaluated by body composition
analyzer, Inbody 720 (South Korea).
In pre-test phase and Twenty-four hours before
intervention, blood samples were collected. The
subjects were randomly divided into four
groups: placebo (n=8), Zinc (n=8), HIT (n=8)
and Zinc+HIT (n=8); then, they were
influenced by the interventions for six weeks.
Lastly, in post-test phase and 24 hours after the
last training session, blood samples were
collected again.
Plus, the exact time of both blood sampling was
announced to the players, and blood samples
were taken at least three hours after their last
meal, so that their bladder, stomach and
intestines were not full. The subjects were also
asked to register their diet over three days
before the primary blood sampling in a recall
questionnaire and follow the same diet in the
secondary blood sampling. It should be noted
that none of the participants were in their
menstrual period at the moment of primary and
secondary blood sampling.
Blood samples (7 cc) were collected in a sport
salon of Ferdowsi University of Mashhad
before futsal training at 17:00 to 18:00. The
blood samples were centrifuged for five
minutes at 3000 rpm to detach the serum. Next,
they were frozen at -20°C. Finally,
concentration of serum uric acid and CK were
measured by Autoanalyzer Biochemistry device
(Mindray BS800) made in China as well as
Pars Azmoon kit made in Iran, respectively.
It should be noticed that the subjects were
supposed to attend futsal league competitions
two months later; in other words, the beginning
of our project and their preparation phase, were
at the same time. More, the participants were
eliminated from our survey, if they were absent
from training more than two sessions.
Training Protocol
All subjects had to attend futsal-specific
training three sessions a week with the start of
the study. In addition to futsal training in every
session, HIT and HIT+Zinc groups had to
perform HIT protocol as below (Fig 1), after

their warm-up and before futsal-specific
training. HIT contained 6 to 10 repetitions of
30-second running at 100% of VO2peak with a 4-
minutes rest between efforts (25). The training
intensity was estimated by formula “Heart Rate
Maximum (HRM) = 220 - age” and it was
controlled by Heart Rate Monitors (Polar).

Fig 1. HIT Protocol

Supplementation Protocol
Our subjects in Zinc and Zinc+HIT groups took
Zinc (30 mg  of zinc gluconate (26) distributed
by Nature Made Nutritional Products made in
U.S.A), and the subjects in placebo group
consumed dextrose (27), two hours after dinner,
every day. The subjects had no history of using
supplements at least two months prior to our
project; more, they were asked to avoid using
any other supplement during the study period.

STATISTICAL RESULTS
Using SPSS version 16, the mean and SD of
data were calculated by Descriptive Statistics.
Data distribution normality and homogeneity of
variance were respectively analyzed by
Shapiro-Wilk and Levene’s test. The paired-
sample t-test and Tukey ’s post hoc analysis
were also utilized to compare the differences
within groups and between ones, respectively.
Then, Wilcoxon and Mann-Whitney U tests
were respectively used for comparing the
differences within groups and between groups
in variable with the distribution other than
normal. More, statistical significance was
considered at P values ≤0.05.

RESULTS
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After six weeks, CK levels augmented
insignificantly from 83.98 to 120.19 (P=0.101)
in placebo group, from 99.58 to 150.1(P=0.167)
in HIT group and from 81.07 to 107.90
(P=0.152) in HIT+ Zinc group; while CK levels
increased significantly from 66.86 to

124.81(P=0.004) only in Zinc group (Table. 1
& Fig. 2(a)). In addition, we observed an
increase in uric acid levels in all groups which
were not significant (Table. 2 & Fig. 2(b)).

Fig 2(a). CK levels before and after the interventions.                             Fig 2(b). Uric acid levels before and after the interventions.
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DISCUSSION

This study revealed that CK and uric acid levels
increased in female futsal players after six
weeks of intervention (Placebo, Zinc, HIT,
HIT+Zinc); but there was a significant increase
in CK levels only in Zinc group.
We confronted a lack of investigations on the
effect of HIT and zinc supplement on uric acid
and CK levels. Our findings were not
confirmed in some studies: Bogdanis et al
(2013) notified that three weeks of HIT could
attenuate CK levels and improved antioxidant
status in healthy humans(2). Azizi et al (2012)
expressed that use of vitamin-mineral
supplement along with vigorous swimming
training during 4 weeks could lower CK levels
and improve inflammatory indices in elite
female swimmers (21). Cumming et al (2014)
revealed that use of antioxidant
supplementation (E+C vitamin) during 11
weeks, declined the uric acid levels (28). These
contradictions possibly rooted in the different
training programs (various intensity, duration,
volume and rest periods of the training),
various supplementation way (type of
supplement, consumption dose, time of
consumption) and also diverse individual
characteristics like fitness level, gender and
genetic variation or heredity (4, 24).

In contrast, Sahebozamani et al (2015)
observed that the repeated bouts of eccentric
exercise did not show any effects on Creatine
kinase values in male college students (29).
Mirzaei et al (2013) reported that a single bout
of resistance exercise had no effect on levels of
uric acid and total antioxidant capacity in male
athletes and non-athletes (10). Green et al
(1998) examined the effect of different exercise
intensity on serum uric acid concentration.
They declared that uric acid concentration
progressively increased in cycling at 120%
VO2max while prolonged sub-maximal exercise
was not capable of an increase in uric acid
concentration (30).
Reactive oxygen species cause the oxidative
stress and lipid peroxidation of the cell
membrane; they play an important role in the
initiation and expansion of muscle fiber
damage after primary mechanical damage
through exercise (6). Muscle damage is
accompanied with the destruction of
myofibrillar structures and especially the Z
lines (31). Instability of cell membrane and
secretion of intracellular proteins to
extracellular space, increases blood CK levels
(7).
The antioxidant system protects the body
against these free radicals. Blood uric acid
concentration is significantly associated with
total antioxidant capacity (2, 4). Uric acid is
considered as a major intracellular antioxidant
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(one third of total antioxidant capacity
concentration) (2, 14); thus, an increase in uric
acid levels probably lessens free radicals-
induced damage and especially muscle damage.
Although, this hypothesis was not confirmed in
our study but we witnessed insignificant
increase in uric acid levels. It seems that the
formation of uric acid is due to the fast-twitch
fibers activities during conditions of high
energy utilization or high intensity exercise
such as HIT; thus, HIT is lonely able to
increase antioxidant capacity through
increasing the concentration of uric acid (30).
More, produce of the free radicals probably
occurs in the anaerobic activities due to
ischemic and reperfusion. In ischemic situation,
xanthine is formed through anaerobic
metabolism; then xanthine dehydrogenase is
converted to xanthine oxidase and in
reperfusion, hypoxanthine is oxidized to uric
acid by xanthine oxidase (catalytic enzyme)
(10)
It was suggested that increased cortisol levels
during exercise contributing to muscle damage,
released endogenous purines from the muscle
tissue (protein degradation); also, the exercise
caused an increase in serum uric acid due to
renal clearance decrease which were declared
as possible mechanisms of increased uric acid
levels in this study (31).
Itahana et al (2014) reported that although high
uric acid causes gout, it has been linked with
human longevity because of its hypothetical
antioxidant function. Recent studies reveal that
p53 which has significant roles in cellular
metabolism, contributes to tumor suppression
by its antioxidant function, while there is a
beneficial link between p53 and uric acid; UA
transporter SLC2A9 (also known asGLUT9) is
a direct p53 target gene and a key downstream
effector in the reduction of reactive oxygen
species (ROS) through transporting UA as a
source of antioxidant (32).
Teixeira et al (2009) investigated the effect of
four weeks of antioxidant supplement use
(alpha-tocopherol, vitamin C, zinc, and
magnesium) on muscle damage, inflammation
and lipid peroxidation in kayakers being

affected by exercise. After exercise, IL-6 and
CK levels augmented in both groups (placebo
and supplement group) (33). This result is
consistent with our finding as zinc consumption
failed to decline exercise-induced muscle
damage. Its mechanism is unknown yet.
In response to exercise, the antioxidants release
into the bloodstream from its reserves in muscle
tissue; it is thought that taking the antioxidants
as a supplementation may increase the
antioxidant reserves in the muscle tissues and
thus increases the antioxidants release into the
bloodstream (4, 6). In the cell membrane, zinc
has a crucial role in maintaining the membrane
integrity; it binds to thiol groups of
biomolecules and protects them from oxidation.
It also enhances the activities of antioxidant
proteins, enzymes and molecules and reduces
the activities of oxidant-promoting enzymes as
inducible nitric oxide synthase (iNOS) and
NADPH oxidase; this way, zinc prohibits from
the generation of lipid peroxidation products.
More, zinc stimulates the expression of heavy
metal-binding protein metallothionein as an
excellent scavenger of HO (34-36), however,
beneficial effect of zinc on the cell membrane
integrity was not proved in our study and serum
CK levels augmented, significantly. Its
mechanism has not been understood yet. Lastly,
we encountered the conflicting results and the
lack of studies on the impact of antioxidant
supplements, especially zinc on the muscle
damage and also uric acid levels; we need more
investigations to evaluate and compare the
results, in order to understand possible
correlation between uric acid and muscle
damage.
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