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Abstract: Reactive oxygen species (ROS) and oxidative stress (OS) have important role in prevention, initiation and
progression of chronic diseases from early childhood, but OS status in healthy young subjects and appropriate methods for its
measurement have been remained unclear. Evaluation of urinary biomarker set for OS has not been well documented in Iran. In
this study, evaluation of OS from urinary biomarker in healthy adolescents and its relevance to anthropometric index were
investigated. Forty- hundred students aged 13 and 19 years old participated in this study. 8-hydroxy-2'-deoxyguanosine (8-
OHAQG) as marker of oxidative DNA damage was measured in adolescents and also its relation with age, sex and body mass
index was studied. Subjects were sampled by multistage cluster sampling. The average ratio of 8-OHdG to creatinine was
4.7+4.1.No significant difference of 8-OHdG was observed between boys and girls in this study.
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including lipids, proteins, nucleic acids and carbohydrates
[7,8]. The direct measurement of ROS is difficult because of
its short half-life; Therefore OS biomarkers are measured as
oxidative process result. Assessment of OS biomarkers is
various. One of OS biomarkers is 8-hydroxy-2'-
deoxyguanosine (8-OHdG) -base guanine oxidation- is
secreted to urine [9, 11]. It is considered as one of the most
sensitive indicators of oxidative cell damage because of its
non-invasiveness and high sensitivity. This index is a useful
maker for evaluation of cardiovascular disease (CVD;) and
inflammatory status in patients with high blood pressure. In
addition, it helps to identify individuals at risk of cancer and
early prediction of risks associated with lifestyle-related
diseases. [13, 14,15]. Recent observations have shown that
OS is related with childhood diseases and conditions that
disease has not been appeared yet. Oxidative injuries in
pathological conditions have more serious consequences in
children than in adults, due to tissue growth and adaptation to

1. Introduction

Reactive oxygen species (ROS) are cell metabolites
specially mitochondria. Only little amount of ROS is
engaged in cell signaling and defending against pathogen
parameters invasion, whereas they are more considered for
damaging organs. Cells have antioxidant system for
inhabitation and removal of these materials and there is
equilibrium between production and neutralization of ROS in
normal physiological status. Oxidative stress (OS) is
occurred when production process of ROS is accelerated or
when the mechanisms involved in keeping cell environment
are disordered [1, 2]. OS is more likely along with
pathological phenomena such as aging, arteriosclerosis, high
blood pressure, renal disorders, changes in the immune
system, damage to revascularization cycle, nerve damage,
cancers and destruction and inflammation conditions [3, 4,
5,6]. OS can simultaneously result damage in biomolecules
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physical growth and survival [16, 17, 18]. Thus preventing
from oxidative damage, especially in young people is more
considered today [19]. Nonetheless, the level of oxidative
stress in healthy children and adolescents has not been
known comprehensively yet. Discharge measurement of8-
OHAG in urine may reflect systemic oxidative stress [12] and
also this index has unique ability to assess DNA damage in
pathophysiology of metabolic risk factors and atherosclerosis
[10, 20].However, the functional significance of a method is
its convenience and reliability. Recently, 8-OhdG is much
used as an indicator of oxidative stress [21]. Despite this, few
studies have been conducted on the 8-OHdG in healthy
adolescents [22]. As the evaluation of OS biomarker by
urinary sampling has not been done in apparently healthy
adolescents in Iran and according to convenience and
reliability of urine sampling, we therefore conducted this
study to evaluate 8-OHdG and its relation to age, sex and
body mass in healthy adolescences.

2. Materials and Methods

Methods are presented as blow:
2.1. Study Population

This trial was a cross- sectional study. Researchers entered
to high schools after obtaining necessary permits from
Education of Alborz in Iran. This trial was done between April
and May 2013. The protocol of this study was approved by
Ethics Committee of Tabriz University of Medical Sciences.
All of the sampling was performed between 10-12 AM. Forty-
hundred healthy adolescents were participated in 5 areas of
Alborz Province by multistage cluster sampling. Participants
aged 13-19 and were apparently healthy. They included 78
boys and 62 girls. No significant difference in age was found
between boys and girls. The subjects with renal or hepatic
disorders, diabetes, cancer, CVDs, hypertension and
hypothyroid were excluded from the study. Students were
provided with written informed consent from their parents.
None of the participants used any drugs or antioxidants during
the last few days. Students who have used some supplements
during the last 6 months were excluded from the study.

2.2. Anthropometric and Biochemical Measurements

Anthropometric measurements including weight, height
and waist circumference were measured upon arrival. Weight
was measured with a scale (Seca, Hamburg, Germany) while

the subjects were minimally clothed and without shoes.
Height was measured by Seca tape meter with 0.5-cm
accuracy, in standing position without shoes. Body mass
index (BMI) was calculated as follow: weight /square of
height (Kg/m?). Metabolic Equivalents (MET) questionnaire
was used and physical activity level was into 9 rows, based
on their intensity. Rows included 0.9, 1, 1.5, 2, 3, 4, 5,6 and
upper than 6 respectively [23]. The time spends for each
physical activity has multiplied by the METs value of that
activity [23]. Then, all obtained data (MET.H) were added
(day/MET.H). Urine samples were taken randomly and the
clear supernatant was removed after 10 minutes of centrifuge.
Density of 8-OHdG (ng/ml) in urine samples was measured
by a competitive kit (Cusabio Biotech, kn: CSB-E10140h,
Japan) [8]. The examiners were blinded to the clinical and
laboratory results. Urinary creatinine was used for correction
of urinary 8-OHdG concentration. Fixed correlation has been
reported between the random level of urine and 8-OHdG
discharge in 24 hours [24].

2.3. Statistical Analysis

The experimental data was analyzed by statistical package
for the social sciences (SPSS software, versionl6; SPSS Inc.,
Chicago, IL, USA).Quantitative data was presented as mean
+ SD and qualitative data as frequencies and percentages.
Two groups (boys and girls) were compared by independent
t-test. Partial correlation was used by adjustment of
confounders including physical activity and exposure to
cigarette. Also, p- value <0.05 was considered significant.

3. Results

Subjects’ demographics are shown in Table 1. The average
height of boys was significantly higher than girls. Age,
weight, BMI (body mass index) and physical activity of
subjects had not significant difference. In order to avoid the
variety of 8-OHdGindexes and changes of water in use, it is
recommended to use urine creatinine [24], therefor the result
was reported in 2 forms including ng/mg urine and ng/mL
density of urine creatinine in both samples of boys and girls
(Table 2). There was no significant difference of8-OHdG
(ng/ml) between boys and girls. No significant relation was
observed between 8-OHdG index (ng/ml), age, weight, BMI
and physical activity (Table 3). Furthermore, in this study
participants were divided in four age categories for reporting
the effect of age on the index (8-OHdG) (Table 4).

Table 1. Subjects’ characteristic participated in study.

P Boys (n=78) Girls (n=62) All (n=140) Variables

0.5 15.9£1.9 15.5+1.3 15.7+1.7 Age(year)

0.07 50.2+10.7 46.1£16.5 48.4+13.7 MET( MET-h/day)
0.06 59.9+14.3 55.6£13.2 58.00 Weight(Kg)

<0.01 159+19 155+13 164.4+10.2 Height(cm)

0.3 2143.6 21.3+4.3 21.3£3.9 BMiI(kg/m?)

0.7 37.2% 40.3% 61.6% Exposure to cigarette

Data are mean + SD unless stated otherwise. MET, metabolic equivalents; BMI, body mass index ;

Calculated by using independent t-test
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Table 2. Urinary levels of 8-OHdG in healthy young peoples".

Variables All (140) Girls (n=62) Boys (n=78) P*
8-OHdG(ng/mL) 60.1+4.9 5.3+4.5 6.6+5.2 0.1
8-OHdG(ng/mgcr) 4.74+4.1 4.5+3.9 '4.9+4.1 0.5

8-OHdG, 8-hydroxy-2'-deoxyguanosine;
Data are mean + SD;
Calculated by using independent t-test

Table 3. Correlations between urinary 8-OHdG and all the measured variables.

. All(n=140) boy(n=78) girl(n=62)
Variables r P value R P value R P value
Age(year) -0.08 0.3 -0.05 0.7 -0.2 0.1
BMiI(kg/m?) -0.03 0.7 0.03 0.8 -0.06 0.6
MET( MET-h/day ) 0.00 0.9 0.2 0.2 -0.2 0.1
r = partial correlation coefficient
Table 4. Age-related changes in urinary levels 8-OHdG (ng/mg creatinine)
13-15y 15-16 y 16-17y 17-19 y
N 37 34 39 30
Minimum 0.8 0.6 0.9 0.6
25 percentile 1.6 1.3 1.9 1.6
50 percentile 3.6 3.7 4.2 32
75 percentile 8.1 6.3 7.1 5.8
Maximum 26.6 16.7 15.4 16.5

Calculate data frequency.
Data are mean in age groups.

4. Discussion

OS caused by the difference between ROS production and
antioxidant activity. Imbalance between oxidant and
antioxidant status has been proposed as a leading health
concern in children and adolescents [25]. Meanwhile, no
study has measured 8-OHdG index in Iran. In some
published studies, it has been reported that oxidative stress
plays a key role in the development of biological defaults,
including CVDg, metabolic diseases, cancer, and aging
disorders [7]. Primary and secondary preventive actions
against oxidative damage, especially in young people are
important. Moreover, the use of antioxidants as a new
therapeutic approach for diseases associated with increased
oxidative stress has been proposed. Investigating the role of
OS in children needs information about the status of OS in
young people. Whereas, there are only a few reports about
the status of DNA OS in children and adolescents. In these
studies few numbers of people with low age range are
considered. In most studies blood samples were collected. In
most studies blood samples were collected and reduced /
oxidized glutathione, glutathione peroxidase and glutathione-
reductase activity, selenium, vitamins, antioxidants, reduced /
oxidized coenzyme Q10, thiobarbituric acid, superoxide and
catalase activities were analyzed [26, 27, 28]. In addition, in
most studies OS markers were evaluated in protein and fat
according to intervention method. The aim of most studies
was not to determine and evaluate the OS and the sample size
and age range were determined. According to researchers,
only two studies have been conducted to evaluate. Kauffman
et al measured F2 isoprostane of urine in 342 children under

7 years old [26]. Tamura et al released that there was inverse
relationship between age, 8-OHdG, nitrite / nitrate, and
pentosidine in 100 children [18]. In this study age rang was
1-21 and due to high physiological growth in this age range;
there was a logic correlation between age and 8-OHdG. The
average of 8-OHAG was 9.3 in Japanese adolescents,
However it was 4.76 in present study. This could be because
of differences in diet in the community [18]. Atabaket al
showed that radical proxy level (another marker of OS) was
higher in obese children compared with non-obese Tork
children [29]. Urine collection is a rapid, non-invasive and
functional method, and therefore particularly easy to perform
in children. Collection of random urine sample is better than
24 hours according to its ability to run. Due to variety of
water intake, random urine is standardized by correction of
creatinine. Therefore, it is assumed that the urinary levels
reflected fixed status in participant. It seems that one of
major aims of OS free radicals attack is nuclear DNA and
mitochondria. Among Purine and pyrimidine bases, Guanine
is more susceptible to oxidation. The hydroxyl radical can
attack to C-8 position guanine and generated an oxidation
product, 8-hydroxydeoxyguanosine (8-OHdG) [30, 4]. This
compound is released as a result of DNA repairing processes
and excreted without being metabolized in the urine.
Mutagenic property of 8-OHdG is well known. This
compound is an important biomarker of cellular OS and
considered as DNA repairing product. As 8-OHdG shows
dynamic equilibrium between DNA oxidative damage and
repairing speed of it, the measurement of this compound in
urine is important in the evaluation of DNA damage in whole
body [10, 31].
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5. Conclusion

In this study, results have showed that there are not
significant changes in 8-OHdG in 13-19 years old
participants, which is consistent with other studies. In studies
with infant participants, there were significant differences
between the age groups and 8-OHdG compared with upper
age group. As the subjects were healthy, there was seen
correlation between body mass index and 8-OHdG. In short,
we determine age-related changes of urinary marker of
oxidative stress in adolescences. In this study, a normal
amount was reported that may be useful to assess OS in
diseases of young people. This non-invasive indicator can be
efficient for future studies that will measure antioxidants on
OS-related diseases. The present study has a few limitations
because of the age range and food dietary.
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