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On the etiopathogenesis and therapy of Down syndrome
ERKKI ANTILA' and TUOMAS WESTERMARCK

Department of Anatomy. Umvers/{v of Helsmki and Helsinki CentrallnSlilUre for the Mentally Retarded

ABSTRACT The etiopathogenesis of Down syndrome is reviewed concentrating on the possible conse-
quences of over-expression of cytoplasmic superoxide dismutase gene located in chromosome 21.
Increased superoxide dismutase activity may generate free radical stress through overproduction of hyd-
rogen peroxide. The srgnificance of inadequate adaptive responses. i.e increase of the selenoenzyme glu-
tathione peroxidase activity in the central nervous system and in the thyroid gland is discussed.

Suggestions are made for prevention of the progress of Down syndrome and intervention studies with
antioxidant supplementation are proposed
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Introduction

In spite of the intensified antenatal diagnostics and termina-
tion of affected pregnancies, the prevalence of Down syndrome
(OS). first described in 1866. is still so high that it constitutes
an important health care problem.

OS phenotype is readily recognized at birth. Karyotype ana-
lysis confirms the diagnosis of OS associated with trisomy of
chromosome 21. Since the further development of the child is
predestined to be hampered by a multitude of clinical symptoms
including mental retardation, premature aging, and immunolo-
gical disorders such as hypothyroid states, attempts have been
made to increase the understanding of the etiopathogenesis of
the syndrome and to influence its progress.

The genetic imbalance due to an extra set of normal genes
located in chromosome 21 means that the expression of these.
or actually of only some genes in the q arm, leads to the dis-
turbed development. Cumulative effects of increased amounts
of primary gene products may be deleterious if no compensa-
tory mechanisms exist. Genes of the q arm in chromosome 21.
which may contribute to the OS pathology. include alpha/beta
interferon receptor, phosphoribosylglycinamide synthetase (ct.
McCoy and Sneddon. 1983; Epstein ef al.. 1985). cystathionine
beta synthase (Chadefaux et al., 1985). and cytoplasmic CuI
Zn-superoxide dismutase (SOD-I. Sinet. 1982).

OS. described in a karyotypically normal 18-month-old boy.
has been explained by a microduplication of a chromosome 21
fragment (not exceeding 2000-3000 kilobase pairs) containing
the SOD-1 gene (Huret ef al.. 1987). Further evidence of the
involvement of additional 500-1 gene in the neuropathological
symptoms of OS has been derived from studies performed with
transgenic cell lines and from mice carrying the human SOD
gene (Avraham ef al.. 1988; Elroy-Stein and Groner. 1988).

Consistent with the gene dosage effect. SO 0 -1 activity is
increased in the cerebral cortex of OS fetuses as well as in eryth-
rocytes, blood platelets. leukocytes and fibroblasts of OS
patients (ct. Kedziora and Bartosz. 1988). According to Sinet
(1982), elevated SOO-1 activity may constitute an oxygen free
radical 'stress'. Normally 50D-1 protects cells from the harmful
effects of oxygen radicals by catalyzing formation of H20] from
0-2, Enzymes that remove excessive peroxides are catalase and
glutathione peroxidase (GSHPx). NADPH is needed for the
regeneration by glutathione reductase of glutathione (GSH).

the utilization of which is increased via GSHPx as a defence
against peroxide formation. Thus several enzymes with struc-
tural loci other than those of chromosome 21, including glu-
tathione reductase, glutathione peroxidase and glucose-6-
phosphate dehydrogenase, show elevated activity in erythro-
cytes of Down syndrome patients (ct. Francke, 1981).

Balazs and Brooksbank (1985) noticed that the adaptive
response to elevated 500-1 activity. i.e. increased G5H Px acti-
vity found in other tissues, is not detected in fetal OS brain. The
level of GSHPx activity in neural tissues seems to be as such too
low to provide protection from peroxide-induced lesions (OeMar-
chena et al., 1974). Furthermore. if H20] production is high,
catalase might be a superior scavenger, because restoration of
glutathione becomes a limiting factor for the activity of GSHPx
(Brawn and Fridovich. 1980). However. catalase level is normal
in DS erythrocytes (Mattei et al.. 1982; ct. McCoy and Sned-
don, 1983). and its activity is practically absent in brain tissue
(Sailer. 1969). Consequently brain cells may be extremely sus-
ceptible to oxygen-free radicals.

To unravel the potential pathological sequellae of free radi-
cal stress in Down syndrome, we concentrate here on the etio-
pathogenesis of brain and thyroid disorders (see Table 1).

Free radicals in the brain
Unlike many other tissues. brain is a highly aerobic and

totally oxygen-dependent tissue. Oxygen reduction produces
reactive radical intermediates. such as superoxide and hydroxyl
radical which are thought to be major agents of oxygen toxicity.
Hydrogen peroxide is formed through dismutation of superox-
ide anion catalyzed by Cu-Zn and Mn forms of SOD. both
found in the central nervous system. In addition to Cu-Zn SOD
(SOO-1), the activity of which is increased in OS, hydrogen
peroxide is generated in association with 0- and L- amino acid
oxidase. monoamine oxidase, a-hydroxyacid oxidase, xanthine
oxidase. and cytochrome P-450 system.

Unlike charged oxygen radicals. H20] . being rather unreac-
tive and stable. rapidly crosses cell membranes. Cellular damage
is accomplished when H20] decomposes to the highly reactive
hydroxyl radical in reactions catalyzed by iron (II) or copper (I).
If the scavenging of H]O] and the contemporaneous prevention
of hydroxyl radical formation does not take place, the hydroxyl
radical may attack e.g. fatty acid side chains and start a chain
reaction of lipid peroxidation. Lipid peroxidation causes gradual
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loss of membrane fluidity and membrane potential and
increases membrane permeability to ions (ct. Gutteridge el al..
1985; Halliwell and Gutteridge. 1985b). Abnormalities in the
fatty acid composition found in fetal OS brain phospholipids
suggest that from the early stage of ontogenesis lipoperoxida-
tion may have pathological significance (Brooksbank and
Balazs. 1984; Balazs and Brooksbank. 1985). Oxidative degra-
dation and polymerization of lipids lead to the accumulation of
lipofuscin, the age pigment. Current evidence permits the inter-
pretation that a high proportion of OS subjects later develop the
neuropathological changes associated with Alzheimer's disease
(Mann. 1988).

Radical attack may also destroy membrane-bound enzymes
and receptors. e.g. the binding of serotonin is decreased. How-
ever, the brain tends to need radical reactions for the generation
of physiological responses. Cellular redox adjustments gener-
ally regulate functional sulfhydryl groups of proteins.

There is evidence supporting the suggestion that free radical
intermediates are involved e.g. in the coupling between de-
polarization of the plasma membrane Ca2- fluxes and neuro-
transmitter release (Zoccarato et al.. 1987). It has also been
hypothesized that the elimination of neurofilaments at nerve ter-
minals is regulated by oxygen radicals. and that a contact of a
growing neurite with a neighboring neuron induces the produc-
tion of oxygen radicals. Rapid elimination of oxygen radicals
during synaptogenesis would result in a reduced number of
synaptic connections (Elomaa and Virtanen, 1985). Accordingly,
transgenic mice bearing the human SOD gene develop abnor-
malities in neuro-muscular junctions of the tongue which clo-
sely resemble those of DS patients (Avraham et al., 1988).
However, these abnormalities may be explained by a decreased
level of superoxide anion as well as by increased formation of
highly active and toxic hydroxyl radicals and singlet oxygen.

Phorbol esters, strong superoxide producers through
NAD PH oxidase activation (DeChatelet et al., 1976; Suzuki and
Lehrer. 1980), induce biosynthesis of polyamines (O'Brien et
al., 1975). The role of polyamines is also associated with the
architectural modeling of brain regions and generation of
synaptic connections (Slotkin and Bartolome. 1986). Thus
effective scavenging of superoxide by excess SOD-1 may con-
tribute even to the polyamine biosynthesis.

In addition to the complex enzyme systems, biochemical
defenses include low molecular weight free radical scavengers,
antioxidants. Lipid soluble vitamin E lowers the steady state
concentrations of many free radical species (Nishikimi et al..
1980). Ubiquinone may exert, similarly to vitamin E, a protec-
tive effect against lipid peroxidation (Ernster. 1984). The con-
centration of vitamin E in fetal DS brain does not significantly
differ from that of controls (Metcalfe et al.. 1984). We have
found the serum vitamin E concentrations of OS patients to be
normal (1.01 +0.35 n~7 vs. 1.13+0.39 mg!100ml n=13.
Antila et a/.. 1988b). In addition to conventional antioxidant
systems, brain has been found to contain specific or high endo-
genous levels of free radical scavengers such as dopamine. nor-
epinephrine (Misra and Fridovich, 1972). catechol estrogens
(Nakano ef a/.. 1987). carnosine (Kohen ef al.. 1988) and taur-
ine (Oja and Kontro, 1983; Pasantes- Morales et al.. 1985). The
transport of taurine to platelets is impaired in OS (Boullin et al..
1975). Taurine and hypotaurine, found in high concentrations
in the brain (Perry et al., 1971). could act as intracellular super-
oxide scavengers which would not only inhibit lipid peroxida-
tion but also inactivation of SOD by both superoxide and H102

(Sinet and Garber. 1981; Alvarez and Storey. 1983). The pre-
sence of 1-10mM taurine protects cultured Iymphoblastoid
cells from the injurious effect of iron-ascorbate (Pasantes~Mor-
ales ef al.. 1985).

The role of dietary beta carotene in the central nervous sys-
tem is not elucidated. Betacarotene acts as an antioxidant at
low oxygen pressures (Burton and Ingold. 1984). Being con-
verted to retinol or retinoic acid it causes a marked decrease in
superoxide generation. Through a still unknown mechanism
retinoic acid induces human neuroblastoma cell differentiation
in vitro (Sidell et al., 1986). and it also contributes to neural dif-
ferentiation of embryonal carcinoma cells in vitro (Jetten et al..
1986).

Serum betacarotene and vitamin A levels are generally nor-
mal in OS, although vitamin A levels lower than in normal sub-
jects have also been reported. Relatively high carotene/vitamin
A ratio suggests decreased efficiency in converting carotene to
vitamin A. In addition the utilization of vitamin A in OS may be
impaired at its site of action (Barden. 1977).

Thyroid hormones improve the cleaving of beta carotene to
vitamin A. This conversion to retinol is decreased in hypothyr-
oidism. Thus. in hypothyroidism the vitamin A concentration
decreases even when the dietary betacarotene remains the same
or rises (carotinemia. Mandai and Oastidar. 1985).

Integration of the thyroid gland into the
etiopathogenesis of DS

Thyroid hormone has a regulatory function on mitosis and
differentiation of neural cells. and it is hence intimately involved
in normal brain maturation (Bass et al.. 1977). Experimentally
trijodothyronine enhances neural outgrowth in vitro (Romijn et
al., 1982). Even subclinical hypothyreosis during the postnatal
period may contribute to the delayed and incomplete matu-
ration of the cerebral and cerebellar cortices.

Increased prevalence of thyroid dysfunction is associated
with OS in infants as well as in older children and adults (ef.
Fort ef al.. 1984; Pueschel and Pezzullo. 1985). Hypothyroidism
is reported in 17 to 50 % of the OS patients studied depending
on the age and sex distribution of the population (ef. Pueschel
and Pezzullo. 1985). The relatively high incidence of autoim-
mune thyroiditis suggests that impaired immune surveillance is
the primary mechanism in hypothyroidism. Pueschel and Pezullo
(1985) conducted a study which showed that approximately
28% of their 151 OS patients had elevated antimicrosomal anti-
bodies. They found a highly significant correlation of antimicro-
somal antibodies to T. (-.324) and to TSH (.388). Recent stu-
dies indicate that antimicrosomal antibodies are mainly, if not
exclusively. against thyroid peroxidase (Ruf et a/.. 1987).

Thyroid peroxidase is a membrane-bound enzyme asso.
ciated with the endoplasmic reticulum and the apical membrane
of the thyroid cell. Immunoelectron microscopical observations
of the thyroid microsomal antigen in the apical plasma mem-
brane are compatible with the notion that microsomal antigen
is identical with thyroid peroxidase (Nilsson et al.. 1987).

SOO-1 system. which generates H~02' is essential in the
iodination and coupling reactions catalyzed by thyroid peroxi-
dase (cf. Nunez and Pommier. 1982).

However, an excess of H202 may inactivate the peroxidase
complex (Keilin and Hartree, 1951; ct. Nunez and Pommier,
1982). The irreversible loss of catalytic activity, caused by H202
or by the reactive oxygen species generated, may result from
oxidation of functionally important amino acid residues to car-



TABLE 1

FREE RADICAL-MEDIATED PATHOLOGY DUE TO
OVER EXPRESSION OF CYTOPLASMIC Cu/Zn

SUPEROXIDE DISMUTASE

TISSUE AND
ORGANISMIC LEVEL

SUBCELLULAR
LEVEL

BIOCHEMICAL
LEVEL

impaired synapto-genesis elimination of
neurofllaments

decrease of
superoxide anion

neuromuscular junction
abnormality, terminal
axon atrophy

degenerative
structures

decrease of po!y-
amine synthesis?
overproduction
ofHlOZimpaired uptake of

biogenic amines

loss of coordination loss of membrane
fluidity and
membrane
potential

hydroxyl radical
formation
catalyzed by Fe2'
and Cu+1

accelerated aging lipofuscin
accumulation

lipoperoxidation

autoimmune thyroiditis
leading to hypo-thyroid ism

expression of

HLA-DR antigen
on thyrocytes anti-
gen presentation

inactivation and
proteolysis of
thyroid peroxidase?

See the text for details and references. Hypothetical consequences indi-
cated by a question mark. Consequences considered to be adaptive are not
included.

bonyl derivatives. This may also render the protein susceptible
to proteolytic attack and to detachment of its cellular compart-
ment. If so, the maintenance of the thyroid peroxidase function
and its integrity would require correct steady state production
of H]O] and strict control of its level. This requirement is mainly
met with by GSHPx and catalase.

Antigenity of the modified and disintegrated thyroid pero-
dixase should be recognized by helper lymphocytes only in the
context of MHC Class II products coded by genes in the HLA-O
region. This region, normally expressed only by a restricted var-
iety of cell types, is found in autoimmune disorders in target
cells. Thus an aberrant expression of HLA-OR antigen found on
thyrocytes in Graves' and Hashimoto's disease indicates its
potential importance in antigen presentation of thyroid autoim-
mune disorders.

The presence and intensity of OR expression in Graves' thyr-
oids correlate positively with the titer of microsomal antibodies.
Curiously, in cultured thyroid cells. plant lectins are able to
induce the expression of HLA-OR by a mechanism unrelated to
the known mitogenic effects. On the other hand, the inducing
effect of gamma-interferon (IFN-y) could have physiological
significance (IFN-a and IFN-~ did not induce Class II expres-
sion in thyrocytes, Pujol-Borrell and Todd, 1987).

Release of IFNs and Iymphokines, best candidates for
inducers, must be triggered by other factors.

On the basis of the gene dosage effect we suggest possible
mechanisms for the sensitization of OS thyroids to autoimmuni-
zation:

-viral challenge including enhanced production of oxygen

Eriopur/lO}:t.'llt.'sis (~( DOII'11 symdroJ11t.' 1gS

radicals due to macrophage and neutrophil activity may exert
additional requirement for GSHPx and selenium. If these needs
are not met with, overproduction of oxygen radicals and consti-
tutive excess of both LFA-1 and its beta~chain may hinder nor-
mal immune response (Taylor, 1987).

- excess H202 causes fragmentation of thyroid peroxidase,
which detaches from the cell membrane and turns into an
autoantigen.

-increased expression of IFN-a / IFN-p receptors. gene of
which is found in chromosome 21, may sensitize thyrocytes to
the induction of HLA-OR antigen by y-IFN.

Development of antioxidant therapy
In the past ten years, through intervention efforts, patients

with OS have received medical treatment and stimulation of
sensory, motor and cognitive areas (Pueschel, 1981). In 1981
Harrell et al. reported that the administration of a megavitamin-
mineral supplement to a heterogenous group of 16 mentally
retarded children, four of which had OS, had led to encouraging
results. However, controlled double blind studies on somewhat
larger groups using similar megadoses of vitamins and minerals
but no thyroid supplementation did not result in any beneficial
effects (Bennet et aI., 1983; Smith et aI., 1984). However, these
studies were devoid of a detailed theory of the mechanism of
action, and the age distribution of the patients was disadvanta-
geous in relation to possible targets in the developing brains.

Our primary survey and theory of antioxidant therapy in OS
(Antila et al. , 1988, 1989) rests on the present concepts of the
etiopathogenesis of OS (Balazs and Brooksbank, 1985; Kedziora
and Bartosz, 1988). Earlier, selected antioxidants have been
used e.g. in the therapy of neuronal ceroid lipofuscinosis. The
role of selenium as antioxidant in neurological disorders will be
reviewed elsewhere (Westermarck and Antila, 1989).

Prevention of free radical damage should be executed by
agents focused on the tissues, cellular compartments and pro-
cesses where the generation of free radicals is critical.

In OS, elevated cytoplasmic SOO-1 activity causes free radi-
cal stress through H202. An excess of H20] may be activated in
iron- or copper-catalyzed reactions to generate highly reactive
hydroxyl radical (-OH) or singlet oxygen. The extent and nature
of the damage depends on the precise site of the 'OH produc-
tion, which in turn depends on the intra- or extra-cellular loca-
tion of the critical metal ions (Halliwell and Gutteridge, 1984;
1985a).

However, GSHPx, which gives protection against elevated
H20], is low in brains with intensive oxygen metabolism. Histo-
chemical studies by Slivka and co-workers (1987) are indica-
tive of the relative absence of GSH in neuronal somata and
locate GSH to non-neuronal elements and fibrous and terminal
regions of neurons. Furthermore, in normal newborn infants the
activity of GSHPx is physiologically low (Miller, 1972). Just a
reflection of this condition could be the low blood selenium
level found in neonates (Westermarck et al., 1977). Controver-
sial results have been published on the level of selenium in
plasma and erythrocytes of OS patients (ct. Kedziora and Bar-
tosz, 1988).

Peripherally decreased GSH Px activity may be corrected by
selenium supplementation (Westermarck and Sandholm. 1977;
Thompson et aI., 1982). Unlike catalase, benefit of optimal
GSHPx activity is gained through its capability to reduce both

H202 and organic hydroperoxides, including lipid peroxides.
The mean plasma selenium concentration in OS patients has
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been shown not to differ significantly from that of the control
subjects although the GSH Px activity is 130 % of the normal (cf.
Anneren, 1984). Neve and co-workers (1983) reported normal
erythrocyte but significantly decreased plasma selenium levels
in 29 OS patients. These discrepancies may be explained by the
differences in the population groups studied and by the distri-
bution of the blood selenium pool. Only 10 to 15% of the eryth-
rocyte selenium in man is reported to be incorporated into the
GSHPx, whereas the corresponding value in rat is 75 to 85%
(Beilstein ef al.. 1984).

We noticed in OS patients of different ages that the mean
compensatory increase of erythrocyte GSHPx was lower than
expected. 33.4 % (n = 29) vs 50 %. The finding that the erythro-
cyte SOO/GSHPx ratio was higher than in healthy controls
confirmed our belief of insufficient compensation (Antila et a/.,
1988.1989).

In OS the whole body retention of 5-S kBq 7~Se-sodium
selenite, with O. 4 ug Se as carrier/kg b.w., is estimated to be
53.3::1::21.1 % (n = 10). Stable selenium supplementation
increased 7~Se elimination indicating a saturated selenium pool
in the body (Westermarck et al., 19S5). Selenium supplemen-
tation 0.025 mg Se/kg/d in the form of sodium selenite
increased E-GSHPx activity by 28% (59.9% above normal).
This was also demonstrated by the 23.9% decrease of SOO/
GSHPx ratio (P < 0.01. n = 7) (Antila ef al. . 1988. 1989).

The consequences of selenium supplementation on the
brain antioxidant balance, and thus its therapeutic value, are
difficult to monitor. However, certain clinical, experimental and
in vitro observations may be indicative.

A highly positive correlation has been reported between
erythrocyte GSHPx-values and IQ in OS (Sinet ef al.. 1979).
The plasma selenium concentration and erythrocyte GSHPx
activity was found to be higher in OS girls than in OS boys,
which is consistent with the finding of significantly higher IQ
scores for female than for male OS patients. The positive corre-
lation of E-GSH Px activity between OS subjects and their
siblings suggests the influence of environmental and/or addi-
tional genetic factors (Anneren, 1984).

Estimates of the amount of selenium in the rat brain indicate
that the GSH Px may account for only 1/5 of the total selenium
in the brain (Prohaska and Ganther, 1976).The finding that
selenoproteins other than GSHPx are distributed mainly in the
brain and endocrine organs raises a question of their physiolo-
gical role. After the administration of very small amounts of
selenium, severely depleted rats retained in the brain and in the
reproductive and several endocrine organs (including thyroid)
a dose which was 20-50 times the dose found in adequately-
fed control animals. This indicates the existence of regulatory
mechanisms which ensure a sufficient level of selenium in criti-
cal organs, above all in the brain and the thyroid even during
depletion (Behne ef al. 1988).

In concentrations of 6 x 10-7 to x 10 ~M, selenite induces
a 30-fold increase of GSHPx activity in neuroblast cells in vitro
(Germain and Arneson, 1977). Recent studies on the rat liver
suggest that selenium regulates the level of GSH Px-mRNA as
well as GSHPx protein concentration and GSHPx activity
(Saedi et a/., 1985). Concentrations of 10 ~M exert obvious
toxic effects on nerve fibers in vitro (Lindner and Grosse, 1985).

Trace elements, as «doping impurities}) in organic material.
could be key variables that regulate conductivity in biological
semiconduction structures (Parantainen and Atroshi, 1985).
We suggest that the abnormally high levels of copper and iron

and the low level of zinc ion in erythrocytes and blood mono-
nuclear cells are reflections of disturbed oxygen radical metabo-
lism in OS. However, increased concentration of copper can be
explained as gene dosage evident by the increased activity of
SO 0-1 (Johansson et a/., 1989). Except for the decreased iron
content in erythrocytes, the results were in accordance with an
earlier study (Anneren et a/., 1985). Ferrous-ion (Fe II) and
copper-ion (Cu I) react with H202 producing 'OH radicals.
Titanium in erythrocytes may indicate insufficient protection by
GSHPx. If titanium is present as Ti (IV). stable compounds may
be formed with hydrogenperoxides and probably with superox-
ide anions to give 1:1 adducts (Schwarzenbach, 1970; ct.
Johansson et a/., 1989). The low plasma zinc concentration in
OS children has been recognized in earlier studies as well
(Halsted ef al., 1970; Milunsky ef al.. 1970). The homeostasy
of zinc is regulated by the intestine. The absorption of zinc
seems to be decreased in OS, mean retention of zinc being 30%
(n~9) compared with 58% in healthy adults (n~4). Stable
zinc supplementation in one OS patient did not increase the
~~Zn elimination indicating an unsaturated zinc pool (Wester-
marck ef al" 1985).

Interestingly, the primarily high blood mononuclear cell
levels of copper decreased, whereas the concentration of iron
and zinc was not affected during selenium supplementation. No
significant alterations were observed in the erythrocyte con-
centrations of magnesium, calcium, iron, copper, zinc, sulphur,
titanium and manganese. Aluminium was not found in erythro-
cytes nor in neutrophils of OS patients (Johansson et a/.,
1989).

Future prospects
OS may be explained etiopathogenetically by constitutive

overexpression of SOO-1. Permanent distortion of oxygen radi-
cal production, ultimately involved in normal cellular metabo-
lism, exposes the cells to free radical stress. Due to their availa-
bility, strong reactivity and accuracy, i.e. short half-life and short
effective distance, free radicals/reactive oxygen metabolites are
especially useful in the mediation of functionally important
modifications in proteins. Therefore free radical damage com-
prises not only structural correlates but important mediators in
signal transmission in differentiation, neurotransmission, and
immunological processes.

Constitutive dismutation of superoxide anion leads to over-
production of hydrogenperoxide and hence to loss of balance
needed for cellular regulation.

H202 reaches extra and intracellular compartments more
easily than ordinary radicals. Therefore the damage caused by
decomposition of H202 to hydroxyl radical in iron (Fe II) or cop-
per (Cu I) ion catalyzed reactions expands. Peroxisomal cata-
lase and cytoplasmic GSH Px can cope with the normal produc-
tion of H202. The functional balance of SOO-1, catalase, and
GSH Px is concomitantly influenced by a variety of factors,
especially by H202. However, superabundant H202 may interact
with infrequent elements such as titanium (Ti IV) to produce
stable complexes or with free/low molecular weight chelates of
iron or copper ions to generate hydroxyl radicals. Adaptive
changes may maintain the integrity of cells for a limited time.
Many of the pathological alterations in OS are in accordance
with the oxygenic theory of aging and are associated with Alz-
heimer's disease as well. In contrast to Alzheimer's disease, the
early onset of distortions in OS affects embryonic and postnatal
neurogenesis and differentiation.



Recent developments in basic research have confirmed the
relationship between eLiopathogenesis and supplementation
therapy with vitamins and trace elements. We have described
the theoretical basis for antioxidant therapy in DS.

Supplementation therapy studies should be conducted, in
addition to those with selenium and vitamin E, with zinc. vita-
min A 8], 88, betacarotene and ubiquinone. We need more cli-
nical experience and a longer follow-up period with our DS
patients receiving antioxidant therapy to reach more final con-
clusions concerning efficacy in the control of optimal develop-
ment.
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