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characteristic. The presence of an extra copy of SOD on chromosome 21 in
Down syndrome (DS) patients' was corelated with free radicals generations
that affect several internal organs. This study aims to correlate the effect of
DS dependent oxidative stress on melatonin expression and liver and thyroid
gland functions. Blood plasma of twenty young children DS patients' and ten
healthy controls were collected and tested for the levels of SOD, H;0-,
melatonin, Liver functions enzymes, total proteins, TSH, T3 and T4 using
colorimetric and ELISA techniques. SOD overexpression leads to H,O:
accumulation and melatonin downregulation which in turn leads to a status
of oxidative stress affecting Liver functions indicated by total protein
significant downregulation. A direct impact of oxidative stress and
melatonin downregulation was corelated to DS -dependent hypothyroidism
of significant TSH upregulation and T3 andT4 downregulation. In
conclusion, the reduction at melatonin endogenous levels in plasma of young
children DS patients’ may highlight its role in upsurge the DS-dependent
oxidative stress invulnerable pathological features. This study recommends

the implication of melatonin in prospective clinical trials of DS therapy.

Introduction

Down syndrome (DS) is one of the most prevalent
genetic disorder affecting 1 in 1500 babies worldwide.
It also, known as trisomy 21 due to trisomy of whole
or part of chromosome 21(Moses et al., 2017). The
abnormality of chromosome 21 in DS appeared during
meiotic cellular division phase. DS is a maternal age
dependent factor where, the incidence of DS babies
increases with the increase of the mother age, it may
also appeared with younger women (Allen et al.,
2009). DS is characterized by a number of phenotypes
that display less penetrance, including cardiovascular,
immunological, skeletal and motor alterations (Das
and Reeves, 2011). DS patients' are characterized by
intellectual disability and millions of DS patient have
various health issues including learning and memory
dysfunction, congenital heart diseases, Alzheimer’s

diseases (AD), leukemia, cancers and Hirschprung
disease (Asim et al., 2015). The most prominent
features of DS are intellectual disability and the early
appearance of Alzheimer’s disease (AD)-like
neuropathology that affects 100 % of individuals with
this condition (Wiseman et al., 2015). There are three
different types of Down syndrome: trisomy 21 or
nondisjunction (95%), Robertsonian translocation
(4%) and mosaicism (1%). The sequencing of Hsa 21
proved to be an important factor in the progression of
DS research and led to further insight into genotype-
phenotype correlations associated with DS (Dierssen,
2012). A number of studies have provided sufficient
evidences that the DS phenotype is associated with
oxidative stress, mainly due to SOD-1 overexpression
that has been investigated in number of in vitro, in
vivo studies (Zigman, 2013). A number of oxidative
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stress parameters were measured in brains, blood cells
and body fluids from DS patients, pointing out the
significant increases in oxidative DNA damage, lipid
peroxidation, plasma levels of uric acid and allantoin,
along with lower-than-normal levels of xanthine and
hypoxanthine (Perluigi et al., 2012) . Early studies
reported deficiencies in certain mitochondrial
enzymes, including monoamine oxidase, cytochrome
oxidase and isocitrate dehydrogenase from blood
platelets of DS patients, similar to defects in
cytochrome oxidase (Complex IV) found in blood
platelets and in brain tissue from patients with AD
(Pallardé et al., 2010). Under physiological
conditions, cell apoptosis plays a central role in
establishing the number of and connections between
neurons during development. One mechanism
proposed to be the neurobiological correlate of
cognitive disability in DS individuals is the
widespread hypo-cellularity found in their brains,
which can lead to altered synaptogenesis, connectivity
and synaptic plasticity.

Melatonin (Nacetyl-5-methoxytryptamin) can be
synthesized from tryptophan via the methoxyindole
pathway, which is mainly pineal gland dependent
(Oliveira et al., 2018). The rhythm of melatonin
secretion is characterized by the existence of a peak of
pineal secretion during the night, while plasma
melatonin levels fall during the day (Reiter et al.,
2016). These levels measured during daylight hours
are assumed to be of extra pineal secretion. Melatonin
and its metabolites may increase the enzyme activity
of Superoxide dismutase may be of particular
importance for patients with DS, among whom the
levels of Superoxide dismutase are already above
normal, due to the effect of the gene load (1zzo et al.,
2018). This study aimed to investigate the relation
between melatonin secretion and modulation of TSH
expression in DS patients' which appears mainly as a
function of oxidative stress.

2. Materials and Methods

Patients’ selection and exclusion criteria:

This study was carried out in agreement with the
Declaration of Helsinki and Spanish laws regarding
data privacy and approved by Clinical research
ethical committee of the Mansoura University
(DZ18005). Individuals were recruited in the
children hospital at Mansoura University where the
study took place. Only those whose measurements
regarding the variables of the present report were
available at all time points (n=20) were involved in
this study. Young children DS patients’ with gall
bladder problems were excluded. Upon arrival at the
children hospital, and prior to participating in the
trial, the legal guardians were informed about the
protocol and gave their written informed consent.
Sample Collection:

The blood samples of the study groups were
randomized into two groups 1) DS young children
patients’ (n=20). 2) Normal controls of healthy
young children presented at children hospital for

phlebotomy or day case procedures (n=10). All
participants were with an age range from 12 to 18
months at the beginning of the study. 2 ml blood
samples were taken from antecubital vein to
collection tubes with EDTA throughout the study (6
months) a month after month. Samples were then
centrifuged at 1500 g for 10 min and the plasma was
separated and kept frozen at -80°C until used.
Determination of melatonin concentration in
plasma

The collected patients' plasma were assessed for the
level of endogenous melatonin using Creative
Diagnostics ELISA detection Kits according to
manufactures' instructions (Creative
Diagnostics,USA).

Determination of antioxidant enzymes activities
in plasma

Activity of SOD, CAT and GPx enzymes was
measured in patients’ plasma using biodiagnostic
colorimetric detection kits (Biodiagnostics, Giza).
H,O, and malondialdehyde (MDA) levels were
measured in patients' plasma as well using
colorimetric ~ detection  kits  according to
manufactures’ protocol (Biodiagnostics, Giza).
Determination of thyroid hormones levels and
liver function in plasma

The plasma of the DS young Children patietns’ that
were on medication with or without Eltroxin for
hypothyroidism were assessed for levels of Thyroid
Stimulating hormone (TSH), Triiodothyronine (T3)
and Thyroxine (T4) using automated immunoassay
analyzer (IMMULITE 2000, Siemens Corp., NY).
The levels of TSH, T3 and T4 in plasma of healthy
children was assessed as a reference of normal
controls. The level of total protein and the levels of
liver enzymes AST and ALT was assessed using
Spinreact kit (Spinreact, Spain) according to
manufacturer’s protocol.

Statistical Analyses: The analysis was carried out
with the use of GraphPad Prism 5.03 software.
Continuous data were tested for normality of
distribution prior to any calculations. All continuous
data were normally distributed and were presented in
mean £SD. Statistical significance was set at p<0.05.

. Results

Effect of DS on expression of Melatonin and SOD

The pre-diagnosed DS young children patients’
at the children hospital, Mansoura University were
first tested for the plasma level of endogenous
melatonin. The data revealed a a significant
diminishment at the mel. levels in plasma of children
at the first month and even after 3 and 6 months of
the study compared to normal controls (fig 1).
Accordingly, the expression of SOD was spotted out
through the three time points of the study (1, 3 &6
months) in young children DS patients’ and the data
revealed a significant upregulation at SOD levels
compared to normal controls (fig. 1).
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Figure 1. Effect of DS on the expression levels of mel.
and SOD. (a.) Significant downregulation at mel.
expression levels were shown in plasma of young children
DS patients’ compared to normal controls. (b.) A
Significant enormous upregulation at the expression of
SOD enzyme was recorded in young children DS patients’
compared to normal controls.
Effect of DS -dependent melatonin depression and
SOD upregulation on Oxidative stress
The effect of DS on oxidative stress status was

indicated by the significant time dependent
upregulation at H.O, generation levels compared to
normal controls. Meanwhile, the data of the
antioxidant enzymes CAT and GPx revealed a time
dependent significant downregulation at their
expression (fig.2). The effect of DS on upregulating
the level of oxidative stress was finally illustrated by
the significant time dependent upraise at lipid
peroxidation marker MDA (fig.2).
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Figure 2. Effect of DS on the oxidative stress in Young
children DS patients’. Assessment of H202 at 1,3 and 6
months of starting the study showed a significant
upregulation at H202 generation levels were shown in
plasma of young children DS patients” compared to normal
controls. The expression of CAT and Gpx were
significantly downregulated over the study duration in a
time dependent manner compared to normal controls. The
levels of MDA as a marker for oxidative stress indicated a
time related development at lipid peroxidation in DS young
children patients’ compared to normal controls.

A significant time dependent increase at total
protein levels that been recorded among DS patients'
compared to normal controls. On the other hand, The
screening for the effect of mel. downregulation and
oxidative stress upregulation on liver function
enzymes AST and ALT among DS patients' revealed

a non-significant effect at their expression levels.
Meanwhile, a significant time dependent decrease at
total protein levels was recorded (fig. 3).
Effect of melatonin and oxidative stress on
thyroid gland functions

A significant time dependent upraise at the
levels of TSH were revealed among DS Eltroxin
untreated patients'. Eltroxin significantly reduced the
expression of TSH in a time dependent manner
(fig.4). Furthermore, the expressions of the thyroid
gland hormonesT3 and T4 were significantly
downregulated in DS young children patients’
compared to normal controls. This effect was
significantly over countered by Eltroxin in a time
dependent manner (fig. 4).
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Discussion

The antioxidant characteristics of melatonin
illustrated its cytoprotective effects in protecting
cells from oxidative stress related diseases such
as osteoarthritis, cardiovascular diseases and
cancer (Tomas-Zapico and Coto-Montes,
2007).

The data revealed a significant decrease at
Mel. expression levels in DS young children
patients compared to their reference levels in
healthy children. A significant downregulation
at the expression of serotonin, Mel and its
metabolite kynurenic acid was recorded during
day time (periods of light) in DS children
compared to healthy controls (Uberos et al.,
2010).
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Figure 3. Effect of DS dependent oxidative stress
on liver functions of Young children DS patients’. The
data revealed a non-significant effect of oxidative stress on
liver enzymes. A significant reduction at total protein
levels were shown in plasma of young children DS
patients’ compared to normal controls in a time dependent
manner during the length of the study.
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Alteration at the endogenous Mel expression
profile has been recorded in several genetic disorders
such as DS, Prader-Willi syndrome and autism
spectrum disorder (ASD) (Schwichtenberg and
Malow, 2015). The documented low activity of the
acetylserotonin  O-methyltransferase (ASMT), the
last enzyme implicated in the melatonin synthesis

pathway, and the newly identified mutations in
the ASMT gene in patietns with ASD may partly act
in explaining the downregulation at Mel. levels in
genetic diseases (Jonsson et al., 2010;Etain et al.,
2012).
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Figure 4. Effect of oxidative stress on DS-related hypothyroidism of Young children DS patients’. The data revealed a significant
upregulation at TSH expression and downregulation of thyroid gland enzymes T3 and T4 throughout the study. This effect was
counteracted by Eltroxin medication in a time dependent manner.

Meanwhile, the significant increase at SOD
expression compared led to a significant upregulation
at H»O, expression which is a typical pattern of
expression for both of them in DS patients’ in
comparison with healthy children. The role of
melatonin in scavenging H20, and enhancing
antioxidant enzyme activity was elucidated by
several literatures (Sies, 2015).

This increase at H.O; levels led to an imbalance
at the activity of the antioxidant enzymes CAT and
Gpx and a subsequent significant increase at the
level of lipid peroxidation marker MDA as an
indication of oxidative stress, in a time dependent
manner.

Several studies elucidated the upraise of
oxidative stress markers in DS Patients' as they
corelated the typical DS characteristics of high levels
of SOD and H20O: in blood plasma and an oxidative
stress upraise due to the imbalance of antioxidant
enzymes capacity (Rodriguez et al., 2004;Campos
and Casado, 2015;Perondi et al., 2018).

This upregulation at oxidative stress status
would affect the overall body health which was
indicated by the significant downregulation at total
proteins. Interestingly, non-significant effect at liver
enzymes AST and ALT was indicated in DS young
children patients’ compared to healthy children,
Recent studies illustrated the protective effect of
melatonin against chemical and alcohol abuse
induced liver damage (Zhang et al., 2017).

On the other hand, the data revealed a significant
effect of DS-corelated downregulation of melatonin
on induction of hypothyroidism in young children’s
patients’ by modulating the TSH, T3 and T4
expressions profile compared to healthy controls. A
fascinating effect of Eltroxin was recorded in
significantly restoring the normal activity of thyroid
hormones in a time dependent manner compared to
healthy controls.

The correlation between DS disorder and
hypothyroidism has been elucidated in a recent
literature (Amr, 2018). A clinical study, conducted
on twenty women, indicated a significant positive
correlation between TSH levels and melatonin
expression in hypothyroidism and a negative
correlation with TSH in hyperthyroidism (Soszynski
et al., 1988;Lewinski, 2005).

In conclusion, this study sheds the light on the
effects of endogenousmel. deprivation in DS young
children patients’ on amplifying the invulnerable
effects of DS-dependent oxidative stress on the liver
functions and DS related hypothyroidism. This
research considered as a founding ground for
prospective application of mel. in clinical trial of DS
therapy at early stages of development.

References:

Allen, e. G., freeman, s. B., druschel, c., hobbs, c. A.,
o’leary, I. A, romitti, p. A., royle, m. H., torfs, c.
P. & sherman, s. L. 2009. Maternal age and risk
for trisomy 21 assessed by the origin of
chromosome nondisjunction: a report from the

71



Journal of Environmental Sciences, 2019; Vol. 48, No. 2: 67-72

atlanta and national down syndrome projects.
Human genetics, 125, 41-52.

Amr, n. H. 2018. Thyroid disorders in subjects with down
syndrome: an update. Acta bio medica: atenei
parmensis, 89, 132.

Asim, a., kumar, a., muthuswamy, s., jain, s. & agarwal, s.
2015. Down syndrome: an insight of the disease.
Journal of biomedical science, 22, 1-9.

Campos, c¢. & casado, 4. 2015. Oxidative stress, thyroid
dysfunction & down syndrome. The indian
journal of medical research, 142, 113.

Das, i. & reeves, r. H. 2011. The use of mouse models to
understand and improve cognitive deficits in
down syndrome. Disease models & mechanisms,
4, 596-606.

Dierssen, m. 2012. Down syndrome: the brain in trisomic
mode. Nature reviews neuroscience, 13, 844-
858.

Etain, b., dumaine, a., bellivier, f., pagan, c., francelle, 1.,
goubran-botros, h., moreno, s., deshommes, j.,
moustafa, k. & le dudal, k. 2012. Genetic and
functional abnormalities of the melatonin
biosynthesis pathway in patients with bipolar
disorder. Human molecular genetics, 21, 4030-
4037.

1zzo, a., mollo, n., cicatiello, r., genesio, r., paladino, s.,
conti, a. & nitsch, I. 2018. Mitochondrial
abnormalities in down syndrome: pathogenesis,
effects and therapeutic approaches. Advances in
research on down syndrome, 109.

Jonsson, ., ljunggren, e., bremer, a., pedersen, c., landén,
m., thuresson, k., giacobini, m. & melke, j. 2010.
Mutation screening of melatonin-related genes in
patients with autism spectrum disorders. Bmc
medical genomics, 3, 1-7.

Lewinski, a. 2005. Melatonin and the thyroid gland.
Melatonin: biological basis of its function in
health and disease, 44-52.

Moses, r. M., brown, j. H., wright, d. C., diplock, h., melov,
s.J. & mcgee, t. M. 2017. Who is and isn't having
babies with down syndrome in western sydney:
a ten year hospital cohort study. Australian and
new zealand journal of obstetrics and
gynaecology, 57, 146-151.

Oliveira, p. F., sousa, m., monteiro, m. P., silva, b. & alves,
m. G. 2018. Pineal gland and melatonin
biosynthesis. Encyclopedia of reproduction, 465.

Pallardo, f. V., lloret, a., lebel, m., d’ischia, m., cogger, V.
C., le couteur, d. G., gadaleta, m. N., castello, g.
& pagano, g. 2010. Mitochondrial dysfunction in
some oxidative stress-related genetic diseases:
ataxia-telangiectasia, down syndrome, fanconi
anaemia and werner syndrome. Biogerontology,
11, 401-4109.

Perluigi, m., butterfield, d. A. J. C. G. & research, g. 2012.
Oxidative stress and down syndrome: a route
toward alzheimer-like dementia. J current
gerontology geriatrics research, 2012.

Perondi, c., sandri, g., machado, c., tonel, d. & weber, j.
2018. Blood zinc levels and oxidative stress
parameters in children and adolescents with
down syndrome. J syndromes, 4, 6.

Reiter, r. J., mayo, j. C., tan, d. X., sainz, r. M., alatorre-
jimenez, m. & qin, I. 2016. Melatonin as an
antioxidant: under promises but over delivers.
Journal of pineal research, 61, 253-278.

Rodriguez, c., mayo, j. C., sainz, r. M., antolin, i., herrera,
f., martin, v. & reiter, r. J. 2004. Regulation of
antioxidant enzymes: a significant role for
melatonin. Journal of pineal research, 36, 1-9.

Schwichtenberg, a. & malow, b. A. 2015. Melatonin
treatment in children with developmental
disabilities. Sleep medicine clinics, 10, 181.

Sies, h. 2015. Oxidative stress: a concept in redox biology
and medicine. Redox biology, 4, 180-183.

Soszynski, p., zgliczynski, s. & pucilowska, j. 1988. The
circadian rhythm of  melatonin in
hypothyroidism and hyperthyroidism. European
journal of endocrinology, 119, 240-244.

Tomaés-zapico, ¢. & coto-montes, a. 2007. Melatonin as
antioxidant under pathological processes. Recent
patents on endocrine, metabolic & immune drug
discovery, 1, 63-82.

Uberos, j., romero, j., molina-carballo, a. & munoz-hoyos,
a. 2010. Melatonin and elimination of
kynurenines in children with down's syndrome.
Journal of pediatric endocrinology and
metabolism, 23, 277-282.

Wiseman, f. K., al-janabi, t., hardy, j., karmiloff-smith, a.,
nizetic, d., tybulewicz, v. L., fisher, e. M. &
strydom, a. 2015. A genetic cause of alzheimer
disease: mechanistic insights from down
syndrome. Nature reviews neuroscience, 16,
564-574.

Zhang, j.-j., meng, x., li, y., zhou, y., xu, d.-p., li, s. & li, h.-
b. 2017. Effects of melatonin on liver injuries
and diseases. International journal of molecular
sciences, 18, 673.

Zigman, w. B. 2013. Atypical aging in down syndrome.
Developmental disabilities research reviews, 18,
51-67.

72



