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Abstract:

Down syndrome (DS), or trisomy 21, is one of the most common autosomal mutations. The overexpression of the �-amyloid precur-
sor protein gene, located on chromosome 21, causes an increased production of the specific amyloid. The current study is a continua-
tion of our earlier investigations relating to the profile of metabolic changes in the frontal lobes of DS patients as assessed by proton
magnetic resonance spectroscopy (�H MRS). The aims of the study were the morphological assessment of the brain using magnetic
resonance imaging (MRI) and the evaluation of metabolic disorders of the temporal lobes using �H MRS in DS children. The study
group included 20 children with DS aged 3–15 years and treated in the Department of Pediatric Neurology and Rehabilitation, Medi-
cal University of Bia³ystok. The control group included healthy children (n = 20). MRI scans of the heads of DS children were per-
formed using a 1.5 T MR scanner under standard conditions. �H MRS investigations were also carried out to assess metabolic
changes in the temporal lobes. Metabolites, such as N-acetylaspartate (NAA), glutamate-glutamine complex (Glx), choline (Cho),
myoinositol (mI) and �-aminobutyric acid (GABA), were determined in both temporal lobes with reference to the internal marker
creatine (Cr). Results were compared with the control group. We found a statistically significant decrease in NAA/Cr, Cho/Cr, mI/Cr
and GABA/Cr ratios. The Glx/Cr ratio in both temporal lobes of DS patients did not differ from the control group. Our results indi-
cate metabolic neurotransmitter disorders in the central nervous system in children with DS.
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Introduction

Down syndrome (DS) is one of the most common
autosomal genome mutations. Disorders observed in
DS are due to the presence of an additional chromo-
some 21 or its fragment [30]. Mental impairment is
a permanent symptom [30]. Further cognitive retarda-

tion, which begins at the age of 35–40 years, is as-
cribed to dementia. There is evidence for the exis-
tence of a common genetic and pathophysiological
background for both dementia in DS and Alzheimer’s
disease (AD) [17]. One of the early-onset AD genes is
also found on chromosome 21. A single base mutation
in the amyloid precursor protein on chromosome 21 leads
to an accumulation of this protein in senile cells [17].
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A similar mechanism of premature aging of the
brain is observed in DS. Our scientific interest has fo-
cused on the processes believed to cause myeliniza-
tion disturbances and premature aging of the brain in
DS children [26, 28]. The current study is a continuation
of our earlier investigations [26] assessing the metabolic
profile in the frontal lobes of DS patients using proton
magnetic resonance spectroscopy (1H MRS).

1H MRS allows for a noninvasive in vivo determi-
nation of the proportion of neurotransmitters in the re-
spective structures of the brain. Spectroscopy makes
it possible to assess metabolites in neurotransmission,
such as N-acetylaspartate (NAA), choline (Cho), cre-
atine (Cr), myoinositol (mI) and �-aminobutyric acid
(GABA). These neurotransmitters play major roles in
the function of the nervous system (e.g., in the pro-
cesses of memory and learning). 1H MRS has been
used to detect disorders in the above-mentioned me-
tabolites that, according to some authors [9, 15, 18],
are responsible for aging and AD and probably for
maturation disorders and the premature aging of the
brain in DS.

The literature regarding this subject is sparse and
refers mainly to DS in adults. Authors have measured
neurotransmitters in the hippocampal region, in the basal
nuclei, and in the parietal and occipital lobes [9, 11, 18].

Only Berry et al. [2] have shown a significant in-
crease in myoinositol level in the basal ganglia (stria-
tum) in DS children compared to the control group.

The temporal lobes, especially the medial part (hip-
pocampus and entorhinal cortex), are responsible for
the processes of memory and learning. These func-
tions are associated with the cognitive processes that
are disturbed in DS patients. The progressing cogni-
tive impairment, particularly memory deficiency, is
ascribed to dementia that has a common genetic and
pathophysiological background with AD [17].

Moreover, the temporal lobes, together with the
hippocampus, are the site of the earliest neuropa-
thological changes in the form of brain atrophy [14].
Morphometric investigations of the brain in DS adults
using magnetic resonanse imaging (MRI) and computed
tomography (CT) show a significant reduction in the
volume of the above-mentioned brain structures [14].

In adult patients with DS, White et al. [29], using
MRI and the voxel technique, showed a marked re-
duction in the volume of the grey matter in the cere-
bellum cingulate gyrus, the left frontal lobe, the right
temporal lobe and in the hippocampal CA2/CA3 re-
gion, irrespective of age. Taking this into considera-

tion, we attempted to assess the metabolic profile in
the temporal lobes of DS children.

The study objectives were the morphological
evaluation of the brain using MRI and the assessment
of the profile of chosen metabolites in the two tempo-
ral lobes in DS children by means of 1H MRS.

The protocol was approved by the Ethics Commit-
tee at the Medical University of Bialystok.

Materials and Methods

Forty children were recruited to the study, including
20 with DS (12 girls and 8 boys, aged 3–15 years,
mean 6.7 ± 3.72 years) and 20 healthy children (11
girls and 9 boys, aged 6–15 years, mean 10.9 ± 2.44
years). All of the children were patients of the Depart-
ment of Pediatric Neurology and Rehabilitation,
Medical University of Bia³ystok and its Outpatient
Clinic. MRI scans of the head in DS children were
performed using a 1.5 T MR scanner in standard con-
ditions in three planes (saggital, axial and coronal)
and in T1, T2, PD and Flair series. In all cases,
�H MRS investigations were performed to assess the
metabolic profile of NAA, Cho, Glx, mI and GABA
in the temporal lobes with reference to the internal
marker Cr. The voxel volume was 2 × 2 × 2 cm�. The
results were compared to �H MRS findings in the con-
trol group. The differences in the proportion of the
metabolites between the control children and the DS
group were analyzed by the Wilcoxon test. Statistical
analysis was conducted using Statistica 8.0 for Win-
dows. For all of the analyses, we took the two-tailed
significance level of p < 0.05.

Results

Imaging of the brain revealed no structural changes in
DS children compared with the control group.

Figure 1 and Figure 2 present examples of 1H MRS
spectra in the two temporal lobes of a DS patient and
a control healthy subject.

Marked differences can be seen between the 1H MRS
spectrum in the left temporal lobe in the DS patient
and the healthy child.
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Fig. 1. �H MRS spectra of a 12-year-old boy with Down syndrome (A) and of a 13-year-old healthy boy (B) (voxel 2 � 2 � 2 cm�) in the left tempo-
ral lobe

Tab. 1. Metabolite proportions in the two temporal lobes in children
with Down syndrome (n = 20) and in the control group (n = 20)

Metabolites Control
(n = 20)

Down
syndrome

p value
(n = 20)

Glx/Cr 3.465 ± 1.471 2.966 ± 1.596 NS

NAA/Cr 1.709 ± 0.150 0.609 ± 0.212 0.0004

Cho/Cr 1.113 ± 0.137 1.017 ± 0.118 0.013

mI/Cr 1.559 ± 0.211 1.379 ± 0.258 0.026

GABA/Cr 2.007 ± 0.404 1.619 ± 0.418 0.017

NAA – N-acetylaspartate , Cho – choline, Cr – creatine, mI – myoi-
nositol, Glx – glutamate-glutamine complex, GABA – �-aminobutyric
acid, NS – lack of statistical significance; Wilcoxon test

Tab. 2. Correlations between NAA/Cr, Cho/Cr, mI/Cr, GABA/Cr,
Glx/Cr ratios and the age of DS children compared to the control
group using the Spearman test

Correlations
between

index and age

Control
(n = 20)

Down syndrome
(n = 20)

r p r p

NAA/Cr

Cho/Cr

GABA/Cr

Glx/Cr

mI/Cr

0.6039

0.5344

0.2589

–0.1161

–0.0859

0.00480

0.0152

0.2704

0.6260

0.07189

0.2684

0.2684

0.460

–0.1912

0.4147

0.2525

0.0286

0.1351

0.4195

0.0690



There are distinct differences between the 1H MRS
spectrum in the right temporal lobe in the DS patient
and the healthy child.

The ratios were decreased in the temporal lobes of
DS children compared to the control children. The
differences relating to NAA/Cr, Cho/Cr, mI/Cr and
GABA/Cr were statistically significant (Tab. 1).

The correlations between the NAA/Cr, Cho/Cr,
mI/Cr ratios were the most significant (Tab. 2).

A significantly positive correlation was found be-
tween NAA/Cr and age in healthy children (r = 0.6039,
p = 0.00480) but not in the DS group (r = 0.2684, p =
0.2525) (Fig. 3).

A significantly positive correlation was found be-
tween Cho/Cr and age in the DS group (r = 0.2684,
p = 0.0286) and in the control group (r = 0.5344, p =
0.0152). The level of significance was higher in the
control group (Fig. 4).
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Fig. 2. �H MRS spectra of a 12-year-old boy with Down syndrome (A) and of a 13-year-old healthy boy (B) (voxel 2 � 2 � 2 cm�) in the right tem-
poral lobe



A positive correlation was observed between mI/Cr
and age in the DS group (r = 0.04147, p = 0.0690),
whereas a negative correlation was noted in the con-
trol group (r = –0.0859, p = 0.07189) (Fig. 5).

Discussion

Down syndrome, one of the most common chromoso-
mal aberrations, is characterized by physical and
mental retardation that is accompanied by cognitive
dysfunction involving difficulties in learning, memo-
rization and association. The causes of these abnor-
malities lie in developmental disorders and an im-
paired maturation of the ”young” brain. The temporal
lobes, including the hippocampi, play a key role in
so-called fresh memory and in the transfer of informa-
tion to permanent memory. The proper functioning of
the hippocampi conditions effective learning [7].

These regions of the brain show the earliest neuro-
pathological changes accompanied by neuronal loss
[3]. Neuroimaging techniques, such as CT and MRI,
play an increasing role in the diagnosis of cognitive
disorders and allow for the quick detection of struc-
tural lesions in the brain at an early stage [10, 15, 26].

1H MRS) allows for the elucidation of the bio-
chemical processes responsible for the abnormal
maturation and premature aging of the brain in pa-
tients with DS [11, 18].

In our study group of DS children, we found a re-
duction in the NAA/Cr, Cho/Cr, mI/Cr, GABA/Cr and
Glx/Cr ratios in the two temporal lobes compared to
the control group. The differences in NAA/Cr,
Cho/Cr, mI/Cr and GABA/Cr were statistically sig-
nificant.

Amino acids, such as aspartate and glutamate, be-
long to the group of excitatory neurotransmitters in
the central nervous system (CNS). These neurotrans-
mitters play an important role in the stabilization and
maintenance of long-term potentiation (LTP), which
is observed in vitro in neurons and is involved in
learning and memory [4]. The excitatory amino acids
are responsible for 70% of all of the neurotransmis-
sion processes in the brain.

The metabolic disorders found in our study in the
temporal lobes of DS children may contribute to cog-
nitive dysfunctions.
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Fig. 4. The regression straight line and coefficient of correlation be-
tween the Cho/Cr ratio and the age of children with DS and control
subjects

Fig. 3. The regression straight line and coefficient of correlation be-
tween the NAA/Cr ratio and the age of children with DS and control
subjects

Fig. 5. The regression straight line and coefficient of correlation be-
tween the mI/Cr ratio and the age of DS children and control subjects



We found a significant decrease in the NAA/Cr ra-
tio in DS children. NAA is found in neurons, neuro-
glial precursor cells and immature oligodendrocytes.
It occurs mainly intracellularly and is considered to be
a marker of neuronal density. NAA takes part in many
biochemical processes, including aspartate metabo-
lism, lipid synthesis and osmotic cell regulation [4].

NAA has been referred to as a marker of the meta-
bolic fitness of neurons. It is also involved in myelini-
zation processes [10].

A reduction in the level of NAA has been observed
in epilepsy, multiple sclerosis, amyotrophic lateral
sclerosis, neurodegenerative diseases and brain ische-
mia [5]. 1H MRS has been used many times to study
dementia in Alzheimer’s disease. Hsu et al. [10] de-
scribed a drop in NAA and the NAA/Cr ratio in the
frontal, parietal and occipital lobes, in the centrum se-
moviale and in the hippocampus. Many authors be-
lieve that this is an early phenomenon, preceding the
structural changes visualized by MRI [10, 12].

Based on the analysis of the NAA/Cr and Cho/Cr
ratios for the respective brain regions undergoing de-
generation in the subsequent dementia stages, Jessen
et al. [12] revealed differences between these ratios
that confirmed the sequence of neurodegenerative
changes (medial temporal lobe, primary motor and
sensory cortex).

Correlations have also been revealed between the
reduced NAA and the enhancement of an Alzheimer-
type pathology (e.g., the number of amyloid plaques
and neurofibrillary degeneration) [22].

Patel et al. [22] showed a more frequent occurrence
of Alzheimer-type dementia in patients with trisomia
21. Most DS patients develop Alzheimer-type demen-
tia symptoms earlier than AD patients, beginning
around 40 years of age. The activity of the gene re-
sponsible for amyloid production is increased in pa-
tients with DS. Approximately 4% of DS patients de-
velop dementia symptoms under the age of 30 [31].
The presence of neuropathological changes character-
istic of AD in DS patients suggests that the genetic
defect present in the family history is also associated
with chromosome 21.

In our study group of DS children, a significant de-
crease was found in the NAA/Cr ratio in the temporal
lobes. Previously, we noted similar abnormalities in
the frontal lobes [26]. This observation is in agree-
ment with the reports of other authors [10–12] and
seems to confirm the hypothesis that NAA reduction

is an early and very sensitive phenomenon that pre-
cedes the structural changes in the brain [10, 12].

Glutamate is another amino acid that plays a key
role in neuron maturation. Glutamate is a neurotrans-
mitter of one of the major stimulatory pathways in the
CNS [20]. It accelerates the proliferation and migra-
tion of immature neurons during brain development,
and therefore, it plays an important part in learning
and memory processes [20].

In our study group of DS children, the Glx/Cr ratio
showed a decreasing tendency in the two temporal
lobes. This result may suggest an impaired neuronal
maturation, which could lead to an inhibition of cog-
nitive processes and contribute to the lower intellec-
tual potential of DS patients.

According to Hsu et al. [10], NAA stimulates mye-
linization processes in the CNS. Therefore, the reduc-
tion in the NAA/Cr ratio in the temporal lobes in our
DS children may indicate myelinization disorders.

Myelinization abnormalities in DS patients are also
reflected by disturbances in Cho level. Cho and Cho-
containing compounds are markers of degradation
products of myelin that builds up the neural sheaths.

The role of Cho in the development of dementia
has not been fully elucidated, and there are some dis-
crepancies in the literature concerning its level in pa-
tients with cognitive dysfunction. Some researchers,
including Kantarci et al. and Du et al., have demon-
strated an age-progressing increase in the level of Cho
compounds and higher levels in AD patients [6, 13].

Our DS patients had significantly lower Cho/Cr ra-
tios compared to the control group. These data are
consistent with the findings reported by other authors
[1, 2, 11, 24]. The reduction in the Cho/Cr ratio in our
DS children may indicate a retardation of myeliniza-
tion processes in the brain.

We also obtained a significantly positive correla-
tion between the Cho/Cr ratio and the age of DS pa-
tients, whereas no correlation was noted for the
NAA/Cr ratio. Moreover, DS children showed signifi-
cantly lower mI/Cr values and a tendency towards
a positive correlation of the mI/Cr ratio with age.

Myoinositol is a marker of degenerative processes
in the brain of DS patients. It is a marker of early
brain damage [11, 13, 15]. Myoinositol is responsible
for changes in brain osmolality because it maintains
proper neuronal volume. It is also associated with cell
membrane metabolism and an increase in mI concen-
tration is suggestive of gliosis. Myoinositol is found
only within astrocytes of the nervous system. One
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theory suggests an excessive cellular mI uptake in
people at risk of dementia due to an Na/mI osmoregu-
latory dysfunction.

In conclusion, the positive correlation of the
Cho/Cr ratio and a tendency towards a positive corre-
lation of the mI/Cr ratio with the age of DS children
may indicate an age-progressing neuronal rebuilding
and an on-going destructive process in the brains of
DS children.

Previous studies conducted on DS adults, who are
clinically at almost 100% risk of dementia resembling
AD, have shown an over 50% age-progressing in-
crease in the level of mI in the frontal, parietal and
temporal lobes compared to a control group of healthy
subjects [11]. The authors explain this phenomenon as
an increased activity of the sodium-myoinositol trans-
porter because of the existence of an additional chro-
mosome 21 containing protein-coding gene of this
carrier. Shonk et al. [24] showed a rise in the level of
mI in the frontal, parietal and temporal lobes and in
the temporo-parietal region in adults with DS and in
AD patients. Berry et al. [2] found an elevated content
of mI in the striatum of DS children. Other data relat-
ing to mI levels are in opposition [21, 23]. Our results
are consistent with reports [2, 24].

In our DS children, a significant decrease was ob-
served in the GABA/Cr ratio compared to the control.
GABA is a major inhibitory neurotransmitter in the
CNS [4]. A decrease in GABA level is a consequence
of the smaller number of GABA neurons in the tem-
poral lobes of DS children, which can be shown by
the significant reduction in NAA/Cr, a neuronal den-
sity marker, found in our study. In our previous report
[26], we observed no differences in the GABA/Cr ra-
tio in the frontal lobes between DS children and
healthy controls. To our knowledge, no other litera-
ture reports on GABA levels in DS patients as meas-
ured by 1H MRS are available. Our findings indicate
that GABA reduction in the temporal lobes may also
have practical implications because they suggest that
the application of nootropic drugs, which are GABA
derivatives, may have a beneficial effect in DS pa-
tients. We have previously introduced this type of
pharmacotherapy for the treatment of other diseases
[27]. These agents affect the integrative mechanisms
of the higher structures of the nervous system and
lead to the enhancement of cognitive functions, in-
cluding learning and memory processes [27].

Under physiological conditions in patients at a de-
velopmental age, there is a balance between the repair

and destructive processes in the CNS, referred to as
brain plasticity [16].

Based on the literature data [11, 12, 19, 24] and our
findings, it can be assumed that, in DS patients, the
destructive processes predominate over the repair
events. Also, apoptosis (i.e., genetically programmed
cell death) is more intensified in patients with trisomy
21. These data are in agreement with our earlier find-
ings [26, 28] and the results reported by other authors
[8] who have investigated free-radical processes in
DS patients. The increased quantity of free radicals in
neurons enhances cell destruction via a dissociation of
the respiratory chain in mitochondria or the destabili-
zation of lysosomal membranes [25].

Our findings indicate that neurotransmission disor-
ders in the CNS of patients with trisomy 21 may be
responsible for the impaired memory, learning and ac-
celerated brain aging in DS subjects.

Conclusions

Compared to the control group, �H MRS examinations
of the temporal lobes in children with DS showed the
following:
1. reductions in the levels of the metabolites of

NAA/Cr, Cho/Cr, Glx/Cr and GABA/Cr;
2. a positive correlation between Cho/Cr and mI/Cr

and a lack of such a correlation between NAA/Cr
and the age of DS patients;

3. the detected metabolic disorders in the CNS occur
at an early age and are a very sensitive phenome-
non;

4. neurotransmission disorders in the CNS of the
study children may be responsible for cognitive
dysfunction.
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