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Efficacy of selected treadmill training programme on

oxidative stress in adolescents with Down syndrome
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ABSTRACT The aim of this study was to assess the efficacy of an electronic treadmill exercise training programme
on malondialdehyde (MDA) as a marker for lipid peroxidation and the antioxidant enzyme glutathione peroxidase
(GPx) in adolescents with Down syndrome. The study was carried out on 30 adolescent males with Down syndrome,
ranging in age from 15 to 18 years, with 30 healthy subjects as a control group. Clinical examination, anthropometric
measurements and determination of GPx activity and MDA before and after exercise were done. A treadmill training
programme was performed for 12 weeks. Our data showed a significant increase in GPx activity and decrease in
serum level of MDA in Down syndrome individuals after treadmill exercise for 3 months. Exercise promotion for
adolescents with Down syndrome requires attention to motivators and facilitators of exercise adherence as it may
limit risk of increased neurological consequences associated with oxidative stress and improve quality of life.

Efficacité d’'un programme d’exercice sélectionné sur tapis roulant sur le stress oxydatif d'adolescents atteints du
Syndrome de Down

RESUME L'objectif de la présente étude était d’évaluer I'efficacité d’un programme d’exercice sur tapis roulant
électronique sur le malondialdéhyde, en tant que marqueur de la peroxydation lipidique et sur une enzyme
antioxydante, le glutathion peroxydase, chez des adolescents atteints du Syndrome de Down. La présente
étude a été menée aupres de 30 adolescents de sexe masculin atteints du Syndrome de Down, agés de 15 a 18
ans, et de 30 sujets en bonne santé dans un groupe témoin. On a procédé a un examen clinique, a des mesures
anthropométriques etala détermination de I'activité du glutathion peroxydase ainsi que du malondialdéhyde avant
et apres 'exercice. Un programme d’exercice sur tapis roulant a été suivi pendant 12 semaines. Nos données ont
révélé une augmentation significative de l'activité du glutathion peroxydase et une diminution de la concentration
sérique du malondialdéhyde chez les personnes atteintes du Syndrome de Down apres un programme d’exercice
sur tapis roulant pendant trois mois. La promotion de I'exercice physique aupres des adolescents atteints du
Syndrome de Down implique qu’une attention particuliere soit accordée aux facteurs de motivation et d'incitation
a la pratique réguliere d’une activité physique. En effet, une activité physique réguliere permetterait de limiter le
risque de conséquences neurologiques accrues associées au stress oxydatif et d'améliorer la qualité de vie.
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Introduction

The increase in life expectancy of the
general population has resulted in an
increasing number of elderly adults,
including adults with Down syndrome
who currently have a life expectancy of
about S0 years. Individuals with Down
syndrome have been described as hav-
ing high levels of oxidative stress [1].
Research on this topic may be of great
interest since oxidative damage has
been proposed as a pathogenic mecha-
nism of atherosclerosis, cell ageing,
neurodegeneration [2], carcinogenic
events and immunological disorders in
this population [3].

Oxidative stress is a term used to de-
scribe the effect of oxidation in which an
abnormal level of reactive oxygen species,
such as free radicals (e.g. hydroxyl, super-
oxide radicals) or non-radical (e.g lipid
peroxide), lead to damage of specific mol-
ecules with consequential injury to cells or
tissues [4]. An increase in oxidative stress
in individuals with Down syndrome may
cause adverse effects in cell membranes
through the oxidation of polyunsaturated
fatty acids [S]. Decreased glutathione
peroxidase (GPx) has been observed in
the brain of those with Down syndrome,
which may be the cause of neurotrans-
mitter impairment [6]. GPx plays an
important role in preventing peroxide
accumulation in cells and in subsequently
preventing lipid peroxide formation; it
may have an important role in protec-
tion from progression of neurobiological
abnormalities within cells of individuals
with Down syndrome [5].

The aim of this study was to deter-
mine the efficacy of a treadmill training
programme on oxidative stress in ado-
lescents with Down syndrome.

Subjects

Thirty clinically healthy subjects, age and
sex matched to the Down syndrome
group, were included in the study; they

did not receive any programme of train-
ing. Thirty males with Down syndrome
ranging in age from 15 to 18 years were
selected from the Children with Special
Needs outpatient clinic of the National
Research Centre, Cairo. All patients
were trainable and could walk freely.
They were able to understand and fol-
low verbal commands and instructions.
The study and the informed consent
procedures were approved by the Eth-
ics Review Committee of the National
Research Centre.

Investigations

Clinical investigations included
history-taking and clinical examina-
tion. Anthropometric measurements
included weight, height and body mass
index (BMI), calculated as weight (kg) /
height (m)*.

Forbiochemical investigations, blood
was withdrawn and collected in heparin-
ized tubes. An enzyme-linked immuno-
sorbent assay (ELISA) kit provided by
BioVender Laboratories Ltd, Germany
was used for determination of GPx activ-
ity. Determination of malondialdehyde
(MDA) as a marker of lipid peroxidation
was carried out using quantitative col-
orimetric microplates. These biochemi-
cal parameters were determined for the
control group, and before starting and at
the end of the training programme for the
Down syndrome group.

Intervention

Down syndrome individuals exercised
on an electronic treadmill for 12 weeks
(three sessions per week) in the Physical
Therapy College, Cairo University. The
duration of each session was increased
gradually from 10 minutes at the start of
the training programme to 40 minutes at
the end of the programme. The sessions
were divided into warming up, active
phase training and cooling down periods.

The treadmill training programme
was as follows:

o Week 1: speed 1.5-2 mph, incline

3%, time 10 min.
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o Week 2: speed 2-2.5 mph, incline

5%, time 16 min.

o Week 3: speed 2.5-3 mph, incline
7%, time 22 min.

o Week 4: speed 3-3.5 mph, incline
9%, time 25 min.

o Weeks 5-12: speed 4-5 mph, incline
14%, time 40 min.

The results of this study revealed the
following data.

Before training

A statistically significant difference was
noted between both groups as regards
weight, height and BMI. There was a
significant decrease in GPx level and a
significantincrease in MDA levels in the
Down syndrome group compared with
the control group (Table 1).

Signiﬁcant negative correlation was
shown between GPx level and BMI
(Figure 1) and a significant positive cor-
relation was shown between MDA level
and BMI (Figure 2) in the Down syn-
drome patients before the exercise train-
ing programme (r = —0.0522, P = 0.001
and r = 0290, P = 0.012, respectively).
Significant and negative correlation was
shown between MDA and GPx levels
in Down syndrome individuals, with r =
0269 and P=0.019 (Figure 3).

After training

There was no significance difference
regarding weight, height and BMI in
the Down syndrome group before and
after exercise. However, there was a
significance increase in GPx level and
a significance decrease in MDA level
in the Down syndrome group before
and after exercise (Table 2). Results
showed a significant and negative cor-
relation between GPx level and BMI
(r=-0434 and P = 0.003; Figure 4),
a significant and positive correlation
between MDA and BMI (r=0.318 and
P =0.006; Figure 5) and a significant
and negative correlation between MDA
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Table 1 Mean and standard deviation (SD) of the measured parameters for control and Down syndrome groups and
significant levels between both groups

Control group (n=30) Down syndrome group (n = 30) t-value P-value®
Mean (SD)
Age (years) 16.73 (1.01) 16.56 (1.07) 0.61 0.53
Weight (kg) 66.6 (6.59) 69.93 (4.60) 227 0.01
Height (m) 1.64 (0.05) 1.58 (0.04) 3.98 0.00
BMI (kg/m?) 24.03(2.17) 2772(1.92) 7.09 0.00
GPx (U/g Hb) 23.89 (5.30) 18.39 (5.29) 541 0.00
MDA(umol/L) 0.87(0.28) 1.52(0.76) 7.68 0.00

P> 0.05 non-significant; P < 0.05 significant.
BMI = body mass index; GPx = glutathione peroxidase; MDA = malondialdehyde.

30 and GPx levels (= 0.340 and P = 0.003
(Figure 6).
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Figure 1 Correlation between glutathione peroxidase (GPx) and body mass index 3] ) o ]
(BMI) before exercise (P < 0.05: significant; r = correlation coefficient) Regular phy51cal activity or exercise
has other important benefits in addi-

tion to weight loss, including lowering

atherogenic lipid molecules, improv-
25 ] ing glucose intolerance, and increasing
flexibility and motor coordination [9].
Such benefits are in addition to psycho-
logical effects, including improvement
of self-esteem, and social interaction
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This study was conducted to assess
the effect of using an electronic tread-
mill exercise programme on some oxi-
dative stress biomarkers in adolescents
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\ The majority of studies that have
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evaluated anthropometric indices of
Down syndrome individuals with men-
tal retardation have reported that the

prevalence for obesity in this population

Figure 2 Correlation between malondialdehyde (MDA) and body mass index (BMI)
before exercise (P < 0.05: significant; r = correlation coefficient)
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Figure 3 Correlation between glutathione peroxidase (GPx) and malondialdehyde
(MDA) before exercise (P < 0.05: significant; r = correlation coefficient)

is high, and may be twice as high as in
their peers without mental retardation
[10]. This may be due to an increased
prevalence of thyroid disease, particu-
larly subclinical hypothyroidism [11].
Andriolo et al. [12] theorized that a
lower resting metabolic rate was a cause
of increased rates of obesity in indi-
viduals with Down syndrome. In the
present study, mean weight and BMI
of the Down syndrome group was sig-
nificantly higher than the control group
(P> 0.01 and P > 0.00, respectively).
However, there was no significant
decrease in mean weight and BMI in
Down syndrome individuals after the
12-week treadmill training programme
compared with that at the beginning of
the exercise programme. Similar results
were observed by Aguiar et al. [ 13] who

reported no significant weight changes

and a slight decrease in BMI in Down
syndrome adolescents at the end of
a supervised 16-week judo-training
programme of controlled intensity
comparison with the beginning of the
programme.

Regarding GPxand BMI, significant
and negative correlation was found in
Down syndrome individuals before and
a#ter the exercise training programme
(P =0.001 and 0.003, respectively).
Similarly, Roussel etal. [ 14] reported an
inverse relationship between the eryth-
rocyte cytoprotective enzyme GPx and
BMI in healthy obese and overweight
with impaired fasting blood glucose.
On the other hand, Ordonez and
Rosety-Rodriguez [15] reported that
BMI was not significantly correlated to
GPx in a study dealing with GPx activ-

ity and anthropometrical parameters
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in adolescents with Down syndrome.
In the present study BMI was also sig-
nificantly correlated with MDA level.
This result is in agreement with Mohn
et al. [16], who demonstrated associa-
tion between BMI and MDA in obese
prepubertal children.

In the present study, GPx activ-
ity was significantly lower in the Down
syndrome group compared with the
control group (P < 0.00). Similar results
were reported by Muchova et al. [17]
who demonstrated a significant lower-
ing of reduced glutathione concentra-
tionin Down syndrome individuals that
led to a decrease in GPx activity.

QOur results revealed an increase in
GPx activity after a 12-week treadmill
training programme, compared with
its activity before exercise (P<001)
This agrees with Ordonez et al. [ 18]
who found that a 12-week training
programme increased erythrocyte
antioxidant enzyme activities such as
GPx in adolescents with Down syn-
drome. Similar results have been re-
ported regarding the effect of regular
exercise training, for example 12 weeks
of moderate intensity aerobic exercise
performed 3 days a week on antioxidant
defence mechanisms resulted in an
up-regulation in antioxidant enzymes,
evident by an increase in the activity of
superoxide dismutase, GPx and catalase
[19].

Mechanisms involved in the regu-
lation of some antioxidant enzymes
through exercise have been described.

Table 2 Mean and standard deviation (SD) of the measured parameters for the Down syndrome group and significant levels

before and after exercise

Downs syndrome before
exercise (n = 30)

Down syndrome after
exercise (n = 30)

t-value P-value®

Mean (SD) Mean (SD)
Weight (kg) 69.93 (4.6) 68.2(4.3)
Height (m) 1.58 (0.04) 1.58 (0.04)
BMI (kg/m?) 2772 (1.92) 2740 (1.8)
GPx (U/gHb) 18.39 (5.29) 20.92 (5.07)
MDA (umol/L) 1.52(0.76) 113 (0.52)

0.64 0.26
0.001 0.50
0.59 0.27
2.30 0.01
410 0.00

P > 0.05 non-significant; P < 0.05 significant.

BMI = body mass index; GPx = glutathione peroxidase; MDA = malondialdehyde.
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Figure 4 Correlation between glutathione peroxidase (GPx) and body mass index
(BMI) after exercise (P < 0.05: significant; r = correlation coefficient)

Carvalho et al. [20] reported that an
increase in the plasma activities of both
glutathione reductase and GPx may
be due to up-regulation of antioxidant
enzyme mRNA, protein concentrations
and activity during and after the exercise
closely related to redox changes, due to
the role of reactive oxygen and nitrogen
species as important signalling mol-
ecules. The chronic increase in reactive
oxygen and nitrogen species produc-
tion during multicomponent training

would certainly result in increased activ-
ity of these two enzymes involved in the
redox cycle of glutathione.

Oxidative stress generally causes
damage to the cell membrane’s poly-
unsaturated fatty acids, leading to the
generation of MDA, a thiobarbituric
acid reacting substance. It is consid-
ered a major end-product of oxidation
of polyunsaturated fatty acids and has
been frequently measured as an indica-
tor of lipid peroxidation and oxidative
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Figure 5 Correlation between malondialdehyde (MDA) and body mass index
(BMI) after exercise (P < 0.05: significant; r = correlation coefficient)

stress in vivo. Increased lipid peroxida-
tion products in individuals with Down
syndrome have been reported [21]. Re-
cent studies have demonstrated higher
levels of MDA and thiobarbituric acid
reactive substances in Alzheimer dis-
ease [22]. In the present study, serum
MDA level was significantly higher in
the Down syndrome group compared
with the control group (P > 0.001)
denoting an increased rate of oxida-
tive damage in individuals with Down
syndrome.

Our data showed that treadmill
regular exercise for 3 months signifi-
cantly reduced serum MDA levelsin the
Down syndrome group compared with
levels at the beginning of the exercise
programme (P < 0.00). Similar results
have been reported by Ordonez and
Rosety-Rodriguez [15] who observed
that a 12-week exercise programme
significantly reduced lipid peroxidation
in terms of plasmatic MDA content in
male adolescents with Down syndrome.
This finding may be due to improved
serum lipid profiles in adolescents with
Down syndrome, as high-density lipo-
protein (HDL) cholesterol increased
whereas low-density lipoprotein (LDL)
cholesterol decreased. This may con-
tribute, atleastin part, to improving lipo-
peroxidation in exercised individuals,
since LDL oxidation can be inhibited
by HDL through its oxidizable com-
ponents or associated enzymes such
as paraoxonase and platelet-activating

factor acetylhydrolase [23].

Zambrano et al. [24] also reported
a decrease in salivary lipid hydroperox-
ides in persons with Down syndrome
after aerobic exercise and suggested that
aerobic exercise could be considered as
away to reduce oxidative stress in those
persons. Previous studies addressing
the role of physical exercise in oxidative
stress and antioxidant status in people
with Down syndrome have shown con-
flicting results. The extensive literature
indicates that moderate exercise similar
to that used in the present study exerts
low stress without oxidative damage
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that have demonstrated increased GPx
activity. These inconsistent data may
be explained by differences in the age of
the subjects [23.3 (SD 2.1) years versus
16 (SD 1.1) years] and the duration of
the training programmes (16 versus 12
weeks).

Conclusion

A regular 12-week treadmill exercise

10 T T T T

MDA (umol/L)

(MDA) after exercise (P < 0.05: significant; r = correlation coefficient)

programme is highly recommended for
3 adolescents with Down syndrome as
it improves the level of the antioxidant
enzyme GPx and decreases the level of
the lipid peroxidation marker MDA.
Exercise at this intensity may decrease

risk factors for diseases associated with
oxidative stress in this population.

consequences in non-Down syndrome
subjects [25].

Interestingly, Aguiar et al. [13]
showed that blood markers of oxidative
damage to lipids (thiobarbituric acid
reactive substances and lipid peroxides)
and proteins (carbonyls) increased

after moderate judo training consisting
of three sessions per week over a 16-
week period. However, GPx activity re-
mained unaltered in the serum of adults
with Down syndrome after moderate
judo training. These results contrast
with previous studies and our results

Further studies are recommended to
detect the effect of treadmill training on
oxidative stress in different age groups
of Down syndrome individuals.
Funding: National Research Centre,
Cairo, Egypt.
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