
Homocysteine (HC) and dehydroepiandrosterone
sulphate (DHEAS) plasma levels have been evaluat-
ed in groups of male and female patients with
Parkinson's Disease (PD) and in a group of female
patients with Alzheimer's Disease (AD) and com-
pared with the corresponding plasma levels
observed in a group of age-matched subjects. It has
been confirmed that HC plasma levels are enhanced
in both PD and AD patients.

As far as the DHEAS plasma levels are concerned
no changes have been observed in PD patients while
a marked decrease has been observed in AD
patients. These results support the view that while
the pro-oxidant effects of HC and its agonist action
at NMDA receptors can play a role in both neu-
rodegenerative diseases, the role of DHEAS is more
complex and may be an important factor only in
certain neurodegenerative diseases. Thus, accord-
ing to the present study DHEAS is likely to be
involved in AD but not in PD.
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INTRODUCTION

Homocysteine (HC) metabolism is part of biochemical
reactions involved in one-carbon metabolism. In physi-
ological conditions folate is a cofactor in one-carbon
metabolism, during which it promotes the remethyla-
tion of HC to regenerate methionine. Folate deficiency
has been implicated in cardiovascular diseases and,
more recently it has been shown to contribute to many

neurological and psychiatric disorders including
dementia, Alzheimer's disease (AD), Parkinson's dis-
ease (PD), depression and schizophrenia (Ho et al.,
2003). Thus, experimental and clinical evidence sug-
gests that folate deficiency may induce neurodegenera-
tion by increasing reactive oxygen species (ROS) pro-
duction, excitotoxicity and cytosolic calcium accumula-
tion. Folate deficiency causes increases in HC plasma
levels (Mattson and Shea, 2003) and the neurotoxic
effects may depend on an increase of HC in the brain,
since HC is normally present in the brain (up to 10 µM)
(Broch and Ueland, 1984; Hyland and Bottiglieri, 1992)
as well as in the cerebrospinal fluid (up to 0.08 µmol/l)
(Fowler,  2001). Recently it has been shown that HC
can pass the blood brain barrier and thus HC plasma
levels are related to brain levels (Agnati et al., 2004).

It seems clear that deficits in folic acid may lead to
hyperhomocysteinemia and this is a risk factor for both
cardiovascular and central nervous system diseases.
The possibility has been suggested that HC may have
toxic effects via its action on N-methyl-D-aspartate
(NMDA) receptors involving inter alia nitric oxide syn-
thase (NOS) activation and associated free radical for-
mation causing lipid peroxidation and contributing  to
damage of neuronal DNA, thereby triggering apoptosis
(Lipton et al., 1997; Jara-Prado et al., 2003; Mattson
and Shea, 2003). It has also been shown that HC via
autooxidation generates ROS after intracerebroventric-
ular injections in Wistar rats, and that ROS content can
be inhibited  by melatonin (Baydas et al., 2003). Thus,
it may be stated that HC induced neurodegeneration
involves both NMDA receptor stimulation and NMDA
receptor independent free radical formation.
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As a matter of fact, HC acts as a partial agonist at the
glutamate binding site of the NMDA receptor and as a
partial antagonist at the glycine coagonist site (Lipton
et al., 1997). Modest plasma levels (10 µM) are com-
monly found in adults, and tissue concentrations up to
10 µM have been measured in brain. However, under
pathological conditions in which glycine levels in the
nervous system are elevated, such as stroke and head
trauma, HC's neurotoxic (agonist) effects (10-100 µM)
outweigh its neuroprotective (antagonist) activity
(Lipton et al., 1997). Accordingly, an increased plasma
HC level has been shown to be a strong, independent
risk factor for the development of dementia and AD
(Seshadri et al., 2002). 

On the other hand, the neurosteroid dehy-
droepiandrosterone (DHEA) has antioxidant properties
(Aragno et al., 2000). Studies in humans have con-
firmed a reduction of lipid peroxidation by DHEA. It
seems that DHEA acts either by counteracting vitamin E
disappearance from low density lipoproteins under oxi-
dation or by scavenging directly the free radicals pro-
duced during the oxidative process (Khalil et al., 2000).

Thus, the hypothesis can be put forward that the
potentially toxic actions of high brain levels of HC can,
inter alia, be kept under control by the neurosteroid
DHEA sulfate (DHEAS), which becomes gradually
reduced in brain during the aging process ( Mazat et al.,
2001; Schumacher et al., 2003). In agreement with this
hypothesis are the data demonstrating that DHEAS
protects against beta-amyloid peptide-induced neuro-
toxicity and amnesia (Maurice et al., 1998; Cardounel
et al., 1999; Schumacher et al., 2003). Its local synthe-
sis in glial cells may play a physiological role in antag-
onizing neurotoxicity. Furthermore, there also exist
indications that steroid sulfates can cross the blood-
brain barrier to some degree (Wang et al., 1977). In
fact, it has recently been shown that DHEAS efflux
transport occurs from the brain into the circulation via
the organic anion transporting polypeptide 2 in the
blood-brain barrier (Asaba et al., 2000). Therefore, a
study on the correlation between DHEAS plasma lev-
els seems justified, which also is supported by the sug-
gestions that DHEAS may help slow down the aging
process and improve memory in humans (Roberts,
1999). However, we are aware that circulating DHEAS
levels may have more of an adrenal than of a brain ori-
gin. We have, in the present study, evaluated HC and
DHEAS plasma levels in a group of PD patients and in
patients affected by cognitive impairments, probably
dependent on an AD condition, and compared these
levels with the plasma levels in a group of age-matched
control patients. Thus, this study may shed new light in

two neurodegenerative diseases on the plasma changes
in these two factors, HC potentially favouring neurode-
generation and DHEAS favouring neuroprotection.

METHODS 

Subjects
Control patients included 22 females (median age =
81.5 years; interquartile range = 6) and 35 male
patients (median age = 73 years; interquartile range =
12) without neurological and metabolic pathologies. 

Parkinson (PD, referred both to the Department of
Neurology of the University of Modena and to the
Psychogeriatric Centre "Villa Azzurra" Mantova, Italy)
patients included 29 subjects: 15 female patients
(median age = 77 years; interquartile range = 8) and 14
male patients (median age = 67 years; interquartile
range = 19). The clincal evaluation of PD patients was
carried out according to the Hoehn and Yahr scale
(Hoehn and Yahr, 1967). It was assessed that 25% of
the patients were in stage I, 29% in stage II, 34% in
stage III, 12% in stage IV. Patients were under L-3,4-
dihydroxyphenylalanine (L-DOPA) therapy, and the
treatment was suspended the day before the blood sam-
pling. We are aware that chronic L-DOPA treatment can
produce increases in plasma HC levels in PD patients
(Miller et al., 2003).

Patients with dementia of Alzheimer type (AD,
referred to the Psychogeriatric Centre "Villa Azzurra"
Mantova, Italy for diagnostic examination and treat-
ment) included 22 female patients (median age = 82
years; interquartile range = 11). The assessment of the
cognitive state of the patients was carried out according
to a standard procedure (Magni et al., 1996). It was
assessed that about 90% of the patients obtained a total
score < 5/30 while about 10% obtained a score of 13/30.

The use of specimens and cognitive data was
approved by our Institutional Review Board. 

Determination of HC in Plasma 
Blood samples were collected into Vacutainers con-
taining EDTA-NaF (17.5 mg; EDTA + NaF; final NaF
concentration, 60 mmol/l; Becton Dickinson UK
Limited) (Clark et al., 2003) in the morning after an
overnight fast. Total plasma HC (tHC) was analyzed by
HPLC after the reduction of plasma disulfides with
tris(2-carboxyethyl)phosphine, precipitation of pro-
teins with perchloric acid, derivatization with 7-fluoro-
2,1,3-benzoxadiazole-4-sulfonate (SBD-F), and fluo-
rescence detection as described previously (Pfeiffer et
al., 1999) using N-acetyl-cysteine as an internal stan-
dard. Performance characteristics of the assay have
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been described previously (Pfeiffer et al., 1999). HPLC
analysis was performed on plasma specimens submit-
ted to the laboratory for tHC determination. HC plasma
levels are expressed as micromole/l.

Determination of DHEAS
Plasma levels of DHEAS were determined by an
immunoenzymatic method (Adaltis SR1 DHEAS assay
for the SR1analyzer; Adaltis Italia S.p.A, Casalecchio
di Reno, Bologna, Italy). Briefly, a rabbit fluoresceine-
conjugated anti-DHEAS antibody was used in an
enzyme immunoassay system which incorporates mag-

netic solid phase separation (Rosenfeld et al., 1972).
DHEAS plasma levels are expressed as
micrograms/ml.

RESULTS 

The ages and number of the control subjects and of the
patients are summarized in Table I. The results
obtained in PD and AD patients are summarized in
FIGs. 1 and 2.

It was found [two-sample t-test for mean compar-
isons of populations with unequal variances (Daniel,

FIGURE 1   Homocysteine (HC) plasma levels (micromole/l) in
control subjects (C), Parkinson patients (PD) and Alzheimer
patients (AD). Data are shown as means ± S.E.M. **p< 0.01; *p<
0.05 vs control group (two-sample t-test for mean comparisons of
populations with unequal variances).

FIGURE 2   Dehydroepiandrosterone sulphate (DHEAS) plasma
levels (micrograms/ml) in control subjects (C), Parkinson patients
(PD) and Alzheimer patients (AD). Data are shown as means ±
s.e.m. **p<0.01 vs control group (two-sample t-test for mean com-
parisons of populations with unequal variances).

Table I 

 
Age and number (N) of the subjects included in the present study 
 
The age (mean ± s.e.m) and number of patients, separated in females and males, are reported 
for each group. Control patients (C), Parkinson patients (PD), Alzheimer patients (AD).  
 

 

                         Females                          Males 
Subjects 

Age N Age N 
C  81.1 ± 1.3 22 72.9 ± 1.8 35 

PD patients 76.7 ± 2.2 15 66.6 ± 3.3 14 

AD patients 81.9 ± 1.7 22         
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1999)] that in PD patients the HC plasma levels are
higher than in the age-matched control subjects both in
females (P <0.01) and males (P <0.05) (FIG. 1). In
contrast, no difference was observed in the DHEAS
plasma levels with respect to the age-matched control
subjects (FIG. 2).

The HC plasma levels in AD patients are substantial-
ly enhanced (P <0.01) with respect the age-matched
control subjects (two-sample t-test for mean compar-
isons of populations with unequal variances) (FIG. 1).
The DHEAS plasma levels were markedly reduced
with respect to the age-matched control subjects (P
<0.01) (two-sample t-test for mean comparisons of
populations with unequal variances) (FIG. 2).

GENERAL DISCUSSION

The present results showing a significant increase of
HC plasma levels both in PD and in AD patients, sup-
port the view that chronic high plasma levels of HC
may have deleterious effects on brain function and neu-
ronal survival. In fact, there is increasing evidence that
in humans chronic high plasma HC levels play a role in
developmental and adult neurological and psychiatric
disorders. In fact, it has been shown that individuals
with elevated HC plasma levels are at increased risk of
these two major neurodegenerative disorders (Mattson
and Shea, 2003). Although HC can directly damage
neurons, it is also possible that the HC lesioning action
on cerebral blood vessels contributes to the neurode-
generative processes observed both in PD and AD
patients. In the interpretation of the findings in PD
patients it must however be considered that chronic L-
DOPA treatment  itself may lead to hyperhomocys-
teinemia, which thus may be pharmacologically
induced (Miller et al., 2003).

Very interesting is the observation that while DHEAS
plasma levels are not altered in the PD patients, a
marked decrease is observed in the female AD patients
in view, inter alia, of the indications that DHEAS may
cross the blood-brain barrier and that plasma DHEAS
causes CNS actions (Roberts, 1999; Asaba et al.,
2000).  Furthermore, there are studies in experimental
animals demonstrating that neurosteroids such as
DHEA and DHEAS also after peripheral administra-
tion may have important modulatory roles on brain
function, especially related to memory processes and to
neuronal survival (Baulieu et al., 1999; Schumacher et
al., 2003). Thus, DHEA and DHEAS improve memory
performances in aging mice (Flood and Roberts, 1988)
and protect against beta-amyloid peptide-induced neu-
rotoxicity and amnesia (Maurice et al., 1998;

Cardounel et al.,1999), but results from human trials
are less clear (Arlt et al., 2000).

A reduction in the CSF levels of DHEAS is present
in mild to moderate AD patients (Kim et al., 2003)  in
spite of increases of DHEA plasma levels in such  AD
patients (Rasmuson et al., 2002). As a matter of fact, an
increase of DHEA levels has also been detected in the
cerebrospinal fluid of AD patients, while in the same
patients the DHEAS levels were significantly reduced.
Thus, it is possible that the DHEA accumulation in the
brain and in the plasma results from a decreased pro-
duction of its biologically active metabolites (Kim et
al., 2003). These findings indicate that neuroprotection
is mainly exerted by DHEAS while DHEA may exert
only minor protective effects. This hypothesis is also
supported by the results demonstrating that high levels
of key proteins involved in the formation of plaques
and neurofibrillary tangles in human brains of AD
patients were correlated with decreased levels of
DHEAS (Weill-Engerer et al., 2002). However, it
should be considered, that DHEA can protect against 1-
methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)
induced dopaminergic neurotoxicity (D'Astous et al.,
2003).

As to mechanisms of action, it may be speculated that
neurosteroids such as DHEA and especially  DHEAS
may exert at least part of their neuroprotective actions
by modulating the plasma membrane receptor function
especially in the lipd rafts (LRs), where cholesterol and
sphingolipids form assemblies in a fluid bilayer
(Simons and Ikonen, 1997). The LRs appear to be
ordered membrane platforms for plasma membrane
molecular networks built up especially of various types
of receptors, and specialized for signal integration and
transduction (Razani et al., 2002; Agnati et al., submit-
ted). It seems possible that each neurosteroid can dif-
ferentially affect the signaling in the LRs via lipid-lipid
and lipid-protein interactions, leading to conformation-
al changes in the receptor proteins such as the NMDA
and dopamine (DA) receptors with altered transduction
and trafficking. Such effects could lead both to neuro-
protective and neuromodulatory actions. In fact, early
work on estrogens indicated that the density  of the D2

DA receptors in striatal membranes was altered after in
vivo treatment with estrogens (Fuxe et al., 1979; Di
Paolo, 1994), and DHEA and estradiol have been
shown to enhance L-DOPA induced locomotor activity
in MPTP lesioned monkeys (Belanger et al., 2003). It
may be surmised that in PD and AD patients the
enhanced HC brain levels exert neurotoxic effects both
via overstimulation of NMDA receptors and via oxida-
tive stress of neurons. However, while in PD patients
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the neurosteroids and in particular DHEAS can likely
still protect some brain areas such as hippocampus,
entorhinal cortex and neocortex, a metabolic disruption
of DHEAS synthesis in the AD patients may lead to
neurodegeneration in such regions which are exquisite-
ly sensitive to metabolic stresses and where the forma-
tion of plaques and neurofibrillary tangles especially
occur (Brion, 1998).
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