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Abstract: Tissue damage resulting from oxidative stress induced by a pathological condition might have more serions conse-
auences in children than in adults. Researchers have ot yet identified particular markers — alone or in combination with
. or their role in p ‘The aim of this study was 1o identify gender-based biomarkers for
measuring oxidative stress. Oxidative biomarkers were studied in 138 healthy Spanish children (85 boys, 53 girls) 7 to 12 years of
age, at the prepubertal (Tanner I) stage, independent of body mass index (BMI), age, fitness (measured by 20-m shuttle run test),
and physical activity (measured by participation in an afler-school exercise program). The oxidative biomarkers measured were
lipid peroxidation products, total nitrites, protein carbonyls and oxidized (GSSG). The
measured were total (TG), reduced dismutase activity (SOD), and glutathione perox-
idase activity. In the stady population, height, weight, waist circumference, and BMI were lower in girs than in boys. For
oxidative biomarkers, boys had higher levels of protein carbonyl than girls (p < 0.001). In spite of this, girls had higher levels of
GSSG (p < 0.001) and TG (p = 0.001), and a lower GSH/GSSG ratio (p < 0.001) than boys. For the antioxidant response, girls had

higher levels of SOD (p =
rls had higher
physical activity.

002) than boys. All analyses were adjusted for BMI, age, fitness, and physical activity. In conclusion,
than boys, in addition to higher levels of SOD, independent of age. BMI. fitness, and

Key words: paediatric, healthy, oxidative stress, gender, fitness, physical activity.
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Introduction

An overproduction of free radicals can alter the endogenous
antioxidant defense system, which has been associated with an
increase in oxidative stress (OS). OS biomarkers determine the
extent of oxidative injury (Jakus and Rietbrock 2004; Noiri and
Tsukahara 2005); this occurs in many pathological processes and

de T'age, de ITMC, de |

physique et de la pr'lnque de Tactivité physique. Traduit

+ pédiatrie, santé, stress oxydatif, sexe, condition physique, activité physique.

significantly contributes to disease mechanisms (Heitzer et al.
2001). The effects of oxidation can be predicted with OS biomark-
ers, which can be used to design appropriate interventions to
prevent or alleviate oxidative damage (Fisher-Wellman and
Bloomer 2009). The detection of more than 1 OS biomarker is
crucial, because a single biomarker might yield misleading results
(Tsukahara 2007).
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Protein carbonyls
Plasma protein carbonyl concentrations were measured in ac-
cordance with the method described by Levine et al. (1990). Sam-
ples were incubated with 2,4-dinitrophenylhydrazine in HCI for
60 min. Proteins were then precipitated from the solution, using
500 L of trichloroacetic acid (20%). Subsequently, proteins were
washed with a solution of ethanol and ethyl acetate (1:1 v/v), and
dissolved in 1 mL of guanidine hydrochloride (6 mol-L-) at 37 °C.
Carbonyls were evaluated in a spectrophotometer (UV-1630;
Shimadzu) at a wavelength of 360 nm (Luo and Levine 2009).

Total mitrites (nitrites and nitrates)

Total nitrite and nitrate concentrations were used as markers of
nitric oxide levels, and were assayed in plasma in accordance the
Griess method (Ricart-Jané et al. 2002). This assay uses the deter-
mination of nitrite as an indicator of nitric oxide production in
biological samples. Nitric oxide is transformed into nitrate and
nitrite. It is common practice to use either enzymatic or chemical
reduction to convert all nitrates in a sample into nitrite, and to
measure total nitrite as an indicator of nitric oxide production.
When nitrate reduction was completed, total nitrite was spectro-
photometrically derermmed using the Griess reaction. Reaction

the Statistical Package for Social Science software (PASW Statistics
18, SPSS Inc., Chicago, IIL, USA).

Results

Anthropometric differences were found between girls and boys.
Prepubertal girls were younger than prepubertal boys, and
height, weight, waist circumference, and BMI were lower in girls
than in boys. Blood pressure was also lower in girls (Table 1).

Differences in oxidative and antioxidant biomarkers were ob-
served between sexes before adjustment for age, BMI, fitness, and
PA (Table 2). For oxidant biomarkers, after adjustment, levels
of protein carbonyl were higher in boys than in girls (5.27 vs.
174 nmol-L%; p < 0.001), but there were no differences between
boys and girls in lipid peroxidation products (0.22 vs. 0.21 pmol-L%;
p = 0.632) or total nitrite and nitrate concentration (14.63 vs.
14.67 pmol-L; p = 0.975).

For the antioxidant response, levels of TG (p = 0.001) (Fig. 1) and
SOD were lower in boys than in girls (Fig. 2).

In contrast, GSSG levels were higher in girls than in boys, and
the GSH/GSSG ratio was lower in girls (Fig. 1). No differences were
found in GPx (Fig. 2).

o

was mL™) 1l d in
a speclropholomelel mv /1603, Shimadzu).

6, GSSG, and GSIT

TG and GSH levels were evaluated in red blood cells, using
the Bioxytech GSH-420 and GSH-400 kits, respectively, from
BIOXYTECH a0p-490 (Oxis International, Portland, Ore., USA). The
combined action of the antioxidants in the sample leads to the
reduction of Cu?* to Cu*. Thus, the chromogenic reagent results in
a Cu* complex with absorbance at 490 nm (Price et al. 2006). The
determination of TG levels was based on the formation of a chro-
mophoric thione with absorbance at 420 nm. The GSH concentra-
tion is based on a reaction that leads to the formation of a
chromophore with absorbance at 400 nm (Rahman et al. 2006).
GSSG levels were calculated by subtracting GSH from TG.

SOD and GPx

SOD activity in erythrocytes was determined using a colorimet-
ric assay kit from BioVision Research Products (Mountain View,
Calif., USA). SOD catalyzes the of the ide an-

‘The main results of this study suggest that there is an indepen-
dent effect of gender on OS, even at a prepubertal age. Girls had
higher levels of TG, GSSG, and SOD than boys, and a lower GSH/
GSSG ratio.

Research on prepubertal subjects or newborns is scarce (Casado
et al. 2007; Lavoie and Chessex 1997); most studies are focused on
the adult population and are not gender-based (Picot et al. 1992).
Our study comprises a larger sample of children than previous
studies.

Although we found anthropometric differences between the
sexes, these probably do not have an influence on OS. In fact, our
analysis was adjusted for age and BMI to eliminate such effects. In
addition, to eliminate the effect of puberty on OS (Pérez-Navero
etal. 2009), we focused on prepubertal-stage children (7 to 12 years
of age) rather than on age-matched groups; previous studies did
not consider the physical development of infants (Erden-Inal et al
2002).

It has been pmposed that good ﬁlness (Santos-Silva et al. 2001)

fon into hydrogen peroxide and molecular oxygen. The relation
between the superoxide anion reduction rate and xanthine ox-
idase activity is linear and is inhibited by SOD. Therefore, the
inhibitory activity of SOD is determined using a colorimetric
method

GPxactivity in red blood cells was evaluated in accordance with
the method of Flohé and Giinzler (1984), using the glutathione
peroxidase assay it (Cayman Chemical). This assay is based on the
oxidation of NADPH to NADP*, which is catalyzed by a limited
concentration of GSH reductase, with maximum absorbance at
340 nm. Activity was measured on the basis of the formation of
GSSG from the GPx-catalysed oxidation of GSH by H,0,, coupled
with NADPH in the presence added
GSH reductase, with maximum absorbance at 340 nm.

Statistical analysis
Data are expressed as means + SD. Normal data distribution was
assessed with the Shapiro-Wilk test. Homogeneity of variances
was estimated using Levene's test. The group means for continu-
ous variables with normal distribution were compared using Stu-
dent’s t test in unpaired samples; variables with asymmetric
distribution were compared using the Mann-Whitney [ test
Finally, differences between boys and girls were determined
using analysis of covariance (ANCOVA) after adjustment for age,
BMI, fitness, and PA. All statistical analyses were performed using

and ise have an effect (Gomez-Cabrera
et al 2008; LlorenteCantarero ot o, 2012). Some authors have
found that boys and girls do not differ in the redox response to
training (Cavas and Tarhan 2004; Kabasakalis et al. 2009) or acute
exercise (Nikolaidis et al. 2007). Similarly, we found no differences
in OS biomarkers between boys and girls in relation to cardiore-
spiratory fitness and PA levels.

TG is a low-molecular-mass, thiolcontaining tripeptide (glu-
tamic acid, cysteine, glycine). It plays a major role in the detoxifi-
cation of a wide range of chemicals. It acts as a cofactor for the
enzyme peroxidase, serving as an indirect antioxidant that do-
nates electrons. It also exhibits nonselenium-dependent GPx ac-
tivity against organic hydroperoxides (Guemouri et al. 1991). High
TG activity has been observed during the first year of life; it de-
creases and remains constant in childhood, adulthood, and old
age (Picot et al. 1992). The results of our study are in agreement
with those obtained by Habif et al. (2001), who found that females
had higher levels of TG than males

GSH is converted to GSSG by seleno<lependent GPx. GSSG is
subsequently reduced back to GSH by GHS reductase. These 2
GSH-dependent coupled enzymes (GPx and GSH reductase) main-
tain the GSH/GSSG ratio within the cell, and an imbalance in this
ratio generates OS (Al-Turk et al. 1987). Erden-nal et al. (2002)
found no difference between females and males in GSH or GSSG.
biomarkers. However, they found, in the 28 subjects they studied
(2 to 11 years of age), that females had lower GSH|GSSG ratios than
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Tsukahara (2007) states that under normal physiological condi-
tions, younger people (especially children) are more likely to be
exposed to higher concentrations of reactive oxygen species and
higher total nitrite and nitrate concentrations (as a marker of
nitric oxide formation) than older people. Moreover, Casado et al.
(2007) found that pathogenesis and the evolution of numerous
diseases at this age are associated with oxidative damage induced
by reactive oxygen species. This is related to the need in infants
for subsequent tissue growth to match somatic growth, and sur-
vival rates in children are normally higher. Furthermore, the use
of antioxidants has presented new therapeutic perspectives for
diseases that are related to enhanced OS (Tsukahara 2007).

Women appear to have greater resistance to inflammatory and
oxidative processes than men (Kerksick et al. 2008), which might
influence the prevalence and severity of certain diseases —
especially cardiovascular diseases (Miller et al. 2007). In fact, the
gender longevity gap is associated with lower OS (Ali et al. 2006;
Pepe et al. 2009).

In animal models, females have been shown to have higher con-
centrations of antioxidants and greater resistance to oxidative dam-
age (Bureau et al. 2003). Similarly, higher levels of glutathione
peroxidase (GPx) (Rush and Sandiford 2003) and lower levels of lipid
and DNA oxidation (Pansarasa et al. 2000) have been reported in
young women, compared with men (Proteggente et al. 2002). How-
ever, it has been reported that levels of ghutathione (GSH) are higher
in newborn baby girls than in boys (Lavoie and Chessex 1997), sug-
gesting that females have some type of protection against oxidant
insults at birth. Moreover, there is no convincing evidence of an.
existing correlation between OS and some diseases (Pavlova et al.
2005), and few evaluation studies are available on the oxidative sta-
tus of healthy children (Tsukahara 2007).

In contrast, obesity-related alterations in OS markers have been
reported to be largely gender-independent in adolescents (Oliver
et al. 2010). Physical fitness is known to exert independent posi-
tive effects on oxidative homeostasis, regardless of adiposity sta-
tus (Kasapis and Thompson 2005). However, because the oxygen
flow into working muscles might be greater in children, exercise-
induced O response might be higher in children than in adults
(Cooper et al. 2004). It has been reported that acute aerobic exer-
cise induces OS, whereas regular aerobic exercise is associated
with a decrease in oxidants and an increase in antioxidants
(Cakir-Atabek et al. 2010).

‘Therefore, we evaluated, in prepubertal boys and girls, the sta-
tus of a serles of oxidative markers (lipid peroxidation products,
total nitrite and nitrate concentration, and protein carbonyl), ox-
idized (GSSG), and (total
glutathione (IG), reduced GSH, superoxide dismutase activity
(SOD), and GPx). Our aim was to analyze whether these biomark-
ers are influenced by age, body mass index (BMI), cardiorespira-
tory fitness, and (or) physical activity (PA).

Materials and methods

Subjects and design

We encouraged 450 children from 2 local elementary schools in
Spain to participate in the study. Originally, 156 prepubertal chil-
dren volunteered, but some did not meet the inclusion criteria
(the absence of pubertal development, no disease, no long periods
of rest after illness, and no use of medication that alters blood
pressure or metabolism), some decided not to participate or not
complete the study, and in some, vein puncture blood sampling
was not possible. After these exclusions, our study cohort con-
sisted of 138 healthy children (85 boys, 53 girls), 7 to 12 years of
age, at the prepubertal (Tanner I) stage.

The study was conducted at the Department of Paediatrics.
Written informed consent was obtained from parents or legal
guardians, and the study procedures were verbally explained to
all children. Ethical approval of the study was given from the local

Appl. Physiol. Nutr. Metab. Vol. 38, 2013

human research committee and the hospital ethics committee.
Study methodologies conformed to the standards set by the Dec-
laration of Helsinki.

Physical examination and anthropometric and blood
pressure measurements

Anamnesis was assessed and a physical examination was con-
ducted, which included the evaluation of sexual maturity accord-
ing to Tanner's 5-stage scale (Tanner 1962). Prepubertal (Tanner I)
stage was confirmed with the identification of appropriate plasma
sex hormone levels. Anthropometric measurements (weight,
height, BMI) were taken using standard techniques. Systolic and
diastolic blood pressure were measured by the same person, using
arandom-zero sphygmomanometer (Dinamap V-100), on the right
arm of the subjects while they were seated. An average of 3 con-
secutive measurements was used for analysis.

Evaluation of fitness and physical activity
A validated scale developed by Olds et al. (2006) was used to
‘measure fitness after a 20-m shuttle run test; it is described in
detail elsewhere (Léger et al. 1988). This test is one of the most
commonly used field tests to assess fitness in children and adoles-
cents. After participants were taught how to do the test correctly,
they ran as long as possible back and forth across a 20-m space. A
specified audio signal protocol was used to dictate pace, which
was increased by 0.5 km-h! each minute until running speed
reached 8.0 km-h-. Subjects were allowed to voluntarily with-
draw from the test after being verbally encouraged to perform
during each The test is when
the participant fails to reach the end lines concurrent with the
audio signals on 2 consecutive occasions. The last lap completed
‘was considered to be the fitness level of that individual for the raw
variable obtained. The z-scores from the shuttle run test are rela-
tive to all children of the same age and sex from all countries.
All children were enrolled in an after-school exercise program.
To estimate PA, we established whether they participated at least
3 times per week for at least 1 year or whether they were seden-
tary. A short test, based on the Eunice Kennedy Shriver National
Institute of Child Health and Human Development (NICHD) vali-
dated questionnaire (Pianta 2007), was used to obtain information
about the PA and sedentary habits of the children. In addition,
information elicited from program staff was used in the assign-
ment of children to the active or sedentary group. These after-
school programs are designed to encourage children to take up
some PA and to counteract the increase in sedentary habits in
children. All physically active children in this study participated
in similar activities, which were driven by professional staff from
the 2 schools.

sampling and biochemical analysis
Blood samples were collected between 0900-0930 h, after a
12+h fasting period, while the children were at rest. An indwelling
venous line was used to draw a 3-mL sample in tubes containing
1 mg-mL~4 EDTA-K3 as the anticoagulant (for plasma and erythro-
cytes). Samples were placed in chilled tubes, and were stored in
containers with ice and kept in the dark. Particular care was taken
to avoid exposure to air, light, and ambient temperature. Within
1h of extraction, centrifugation at 3500g for 10 min was used to
separate plasma from erythrocytes. Aliquots of supernatant (1 mL)
were immediately frozen to -82 °C until analysis, 1 month later.

of 08 and
I_iyld pefox(dan’ml products
(MDA) and (4-HDA)
were estimated in zccordance with the method described by

tal. (1998). Briefly, reagent reacts with
MDA+4-HDA at 45 °C, and ylelds a stable chromophore with max-
imum absorbance at 586 nm.
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‘Table 1. Demographic, anthropometric, and blood pressure measure-
ments in prepubertal boy

Appl. Physiol. Nutr. Metab. Vol. 38, 2013

Fig. 1. Levels of oxidized glutathione (GSSG), reduced glutathione
(GSH), reduced GSH/GSSG ratio, and total GSH (IG) in erythrocytes
in prepubertal boys and girls. Data are expressed as means  SD.

Parameter Girkin=53  Boys.n=85 L . Statistical si after analysis of covariance adjusted for
Age (y) 8.7810.90 10.16%0.97 <0.001 age, body mass index, fitness, and physical activity (p < 0.001).
SBP (mm Hg) 1152041364 125.89%12.65
DBP (mm Hg) 63.92410.36 69.14£9.15 35 *
Weight (kg) 36.9449.14 45.89%12.84
Height (cm) 138.4146.31 147.19+9.97 30 *
BMI (kg m?) 19.0843.68 20838374 o
WC (cm) 63.62+9.11 69.56+11.09 =25
CRE, low (%) 60.4 378 H
Non-PA practice (%) 52.8 345 220
Note: For SBP, data are in 90th to 95th percentile in girls vs. >95th percentile £ 15
in boys; for DB, data are in the 75th percentile ingirls vs. the 90th percentilein 2 "
boys. The 90th percentile is .25 SD. the 95¢h percentile is L6455D, and the9orh &
percentile s 2.326 SD over the mean in boys and girls Working group on High &
Blood Pressure in Children and Adolescents 2004). Statistical significance afier
application of Student's ¢ test (or Mann-Whitney U test) to data expressed as s
means + SD. For CRE and PA, statistical significance after application of the chi
square test. Data are expressed as percentages. BMI, body mass index; CRE, °
cardiorespiratory fitness: DBP, diastolic blood pressure: PA, physical activity; oS GSSG GSH/GSSG L
SBP, systolic blood pressure; WC, waist circumference. Ooirls WBoys

Table 2. Pl d levels of

biomarkers in prepubertal boys and girls before adjust-
ment for age, body mass index. fitness, and physical
activity.

Biomarker

rC
1P0
GSH
G
GSSG
GSTI/GSSG 4.9945.36
s0n 5.43+4.21
NOx 15.08+3.01
GPx 0.1440.14 0.25£0.47 0.316

Note: Statistical significance after application of Student’s ¢
test (or Mann-Whitney U test) e dnu expressed as mean = SD.
GPx. glutathione peroxidase: reduced glutathione: GSI1f
1$G, reduced ghitathion oidized gluramlone ratio; GSSG, ox-
ized glutathione; LPO, lipid peroxidation products: NOX, total
nitrites; PC, proteins carbonyl; SOD, superoxide dismutase; TG,
total glutathione.

Boys

194£2.93

males. The results obtained by Erden-inal et al. (2002) match what
we found in our larger sample; GSH/GSSG ratios were lower in
girls than in boys, and GSSG levels were higher.

Our results suggest that healthy girls are more prone to OS than
boys, although boys had higher protein carbonyl levels. There are
different types of protein oxidative modification, and there is no
single universal marker for protein oxidation (Dalle-Donne et al.
2003). However, the ratio of reduced GSH to GSSG is an indicator
of cellular health, with reduced GSH constituting up to 98% of
cellular GSH under normal conditions. Therefore, the GSH/GSSG
ratio is reduced in some diseases and is an excellent biomarker of
cellular redox potential (Owen and Butterfield 2010). In boys, the
significant increase in the GSH/GSSG ratio, resulting from lower
GSSG levels, suggests that boys have a lower oxidant status.

The body has developed a complex defense strategy to mini-
mize the damaging effects of oxidants. Central to this defense are
antioxidant enzymes, which include SOD and GPx (Franco et al.
2007). A study conducted in a Turkish population established that
age, gender, and physical exercise are associated with SOD and
GPx (Ozbay and Diilger 2002). That study found no gender-based
differences in any antioxidant enzyme; however, there were
higher levels of SOD and GPx in children, adolescents, and adults
than in elderly peopleafter acute exercise, and lower levels of SOD

Fig. 2. Levels of (A) superoxide dismutase (SOD) and (B) ghutathione
peroxidase (GPx) activity in erythrocytes in prepubertal boys and
girls. Data are expressed as means + $D. *, Statistical significance
after analysis of covariance adjusted for age, body mass index,
fitness, and physical activity (p < 0.001).

2 A

10

Hemoglobin (U-mLg)

8 B
o7
06
05
04
03
02

Hemoglobin (UmL--g)

01

Gitds Boys

and GPx in adults. In our study, levels of SOD were higher in girls
than in boys, although no differences were found in GPx levels
‘These results were not dependent on age, exercise, or cardiorespi-
ratory fitness. Other studies in children have observed elevated
erythrocyte SOD activity (Aydin et al. 2001), which could be a

ism against ide radical overpro-
duction. This protective mechanism has also been observed in
some disorders characterized by the presence of O, such as obe-

= Published by NRC Research Press
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sity (Erdeve et al. 2004) and atherosclerosis (Sierakowska-Fijatek
et al. 2008) in children.

The role gender plays in physiological changes in the oxidation
system is still not clear. In neonates, it has been suggested that
gender-related differences exist in the maturation of the enzy-
matic systems in different tissues (Lavoie and Chessex 1997).
Nikolaidis et al. (2007) describe the possible influence of different
factors, such as age, environment, and lifestyle, on both sexes.
However, gender is the only interference variable that has been
shown to have an independent relation with the production of OS.
Further studies are needed to assess lhe mﬂuence of age and sex
on 08, and to try to the that
induces this situation.

Conclusion

Prepubertal girls have more OS than boys, and higher levels of
SOD, independent of age, BMI, fitness, and PA. Future paediatric
research could provide information about the influence of gender
on 0S mechanisms.
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