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ABSTRACT

Alzheimer’s disease (AD) is accompanied by
elevated levels of homocysteine (Hcy). Homo-
cysteine may induce elevated concentration of
asymmetric dimethylarginine (ADMA). Both Hcy
and ADMA are the amino acids thought to repre-
sent risk factors of vascular diseases. Studies
were conducted on the plasma levels of Hcy and
methionine (Met), estimated by HPLC with elec-
trochemical detection, as well as on levels of
ADMA and arginine (Arg), estimated by HPLC
with fluorescent detection, in the AD patients
with benign through to severe dementia estima-
ted by MMSE scale and in a control group. The
studies disclosed elevated levels of Hcy and
ADMA in AD (Hcy, p < 0.001) as compared to
controls, as well as in subjects older than 60
years of age (Hcy, p < 0.01). The AD patients with
severe dementia have shown elevated levels of
Hcy (p < 0.05) as compared to the patients with
moderate dementia. The concentration of Met
and Arg showed a downward trend in AD patients
with severe dementia. The highest levels of
ADMA have been demonstrated in AD patients in
the early stages of the disease. In parallel, in AD
with varying degrees of dementia and subjects
older than 60 years of age a disturbed turnover
was observed of Hcy to Met and of Arg to ADMA.
Similarly to Hcy, ADMA seems to be a potential
risk factor of AD and important factor for pro-
gress of dementia.

Keywords: Homocysteine; ADMA; Dementia;
Alzheimer’s Disease

1. INTRODUCTION

Homocysteine (Hcy), a sulphuric amino acid is thought
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to represent a risk factor of both vascular and degenera-
tive diseases. Its increased levels were found in Alz-
heimer’s disease (AD) [1,2]. In the body, Hecy is me-
tabolized along two metabolic pathways, by transsulfura-
tion and remethylation. In the process of methylation
Hcy is transformed to methionine (Met) that may un-
dergo reverse transformation to Hey with involvement of
SAM (S-adenosylmethionine) and SAH (S-adenosylho-
mocysteine). (Check Figure 1) SAM is thought to pro-
vide the principal donor of methyl groups in numerous
metabolic reactions, leading to formation of methyl de-
rivatives. One of the products of SAM methylation is
thought to be asymmetric dimethylarginine (ADMA) [3].

ADMA is an endogenous inhibitor of nitrogen oxide

methyl groups donor

SAM

Figure 1. The roles of methionine, homocysteine and arginine
in metabolism of asymmetric dimethylarginine. Met—methionine,
Hcy—homocysteine, ADMA—asymmetric dimethylarginine,
Arg—arginine, NO—mnitric oxide, NOS—NO synthase, DDAH
—dimethylarginine dimethylaminohydrolase, SAM—S-aden-
osylmethionine, SAH—S-adenosylhomocysteine.
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synthase (NOS) [4]. It originates from L-arginine (Arg)
present in body proteins and may undergo hydrolysis to
L-citruline and dimethylamine with involvement of di-
methylaminohydrolase (DDAH). Homocysteine is thou-
ght to inhibit activity of DDAH [5] and might promote
accumulation of ADMA that leads to a decreased pro-
duction of nitrogen oxide (NO) and L-citruline from Arg
with participation of NOS. NO plays an important role in
control of vascular tone, in neurotransmission and in
body protective mechanisms as well as in memory proc-
esses. Literature reports indicate that in AD the aug-
mented activity of glia results in increased production of
NO [6].

ADMA is regarded to act as a risk factor for vascular
diseases [7]. Its elevated levels were demonstrated in
patients with hypercholesterolemia, hypertension, chro-
nic heart failure and atherosclerotic processes and during
physiological aging [8]. ADMA is considered also to
participate in pathogenesis of AD [9], most probably due
to deteriorated cerebral circulation and dysfunction of
vascular endothelium. However, the role of ADMA in
progress of dementia in AD is less known.

The present study was aimed at the estimation of plas-
ma levels of Hcy and ADMA together with Met and Arg
in patients with progressive degenerative disease, AD.

2. MATERIAL AND METHODS
2.1. Patients

The studies were conducted on 26 patients with AD,
including 16 women and 10 men aging 34 - 85 years
(mean age: 72.2 + 11.2 years). There were 5 AD patients
with mild dementia (19%) at the age of 42 - 70 years, 12
AD patients with moderate dementia (46%) aged 34 - 80
years, and 9 AD patients with severe dementia (35%)
aged 41 - 85 years. The control group included 35
individuals, 20 women and 15 men, 22 - 76 years of age
(mean age: 45.1 + 16.0 years).

Patients with AD were diagnosed by criteria of the
National Institute of Neurological and Communicative
Disorders-Alzheimer’s Disease and Related Disorders
Association (NINCDS-ADRDA) [10]. The grade of
dementia in AD was defined as mild (from 23 to 19
score), moderate (from 18 to 11 score) or severe (from
10 to 11 score) basing on the Mini-Mental State Exami-
nation (MMSE) scale.

Previous studies show that there are no differences in
plasma Hcy levels or the progression of cognitive
impairment between APOE4 carriers and noncarriers in
the Polish population and refer to the papers by Religa et
al. [11] and Siuda et al. [12].

In the present study, the AD patients were not divided
into APOE4 carriers and noncarriers because of the small
size of the cohort.
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The patients were not screened for the presence of
known mutations in APP or PSEN genes.

None of the control subjects had verifiable symptoms
of dementia or any other neurological disorders. A Local
Ethical Committee approved the study and the written
consent of all patients or their caregivers was obtained.

2.2. Analysis of Hcy and Met Concentrations

Preparation of samples. The analyzed plasma thiol
compounds (Hcy, Fluka, Germany; Met, Sigma, USA)
were diluted with water at 2:1 ratio and reduced using
1% TCEP [Tris-(2-carboxyethyl)-phosphin-hydro-chlo-
ride; Applichem, Germany] at 1:9 ratio. Subse- quently,
the sample was deproteinized using 1M HCIO, (at 2:1
ratio) and applied to the HPLC/EC system.

Determination of thiols concentration. The samples
were injected to the HPLC system (P580A; Dionex, Ger-
many) coupled to an electrochemical detector (Coul-
Array 5600; ESA, USA). The analysis was performed in
Termo Hypersil BDS C18 column (250 mm x 4.6 mm X
5 pm, Germany) in isocratic conditions, using the mobile
phase of 0.15 M phosphate buffer, pH 2.9, supplemented
with 12.5% - 17% acetonitrile for estimation of Hey and
Met and 0.15 M phosphate buffer [13].

The control of the system, data collection and process-
ing were performed by Chromeleon software (Dionex,
Germany).

2.3. Estimation of ADMA and Arg Levels

Preparation of samples and derivatization. Plasma and
the standard, containing solution of Arg and ADMA
(Sigma, USA) were diluted with water at the ratio of
1.5:1.0 and deproteinised using 8 M HCIO, at the ratio of
5:1. Directly before HPLC analysis the samples were
subjected to derivatization in a solution containing 10 mg
o-phthalaldehyde (OPA) per 100 pl methanol supple-
mented with 900 pl 0.4 M borate buffer (pH 8.5) and 5
pl 2-mercaptoethanol at the ratio of 1:1 [14].

Analysis of ADMA and Arg levels. The samples were
injected to the HPLC system (P580A; Dionex, Germany)
coupled to a fluorescence detector (RF2000; Dionex,
Germany). The analysis was performed in a Termo
Hypersil BDS C18 column (250 mm X 4.6 mm X 5 pm,
Germany) in an isocratic conditions using 0.1 M pho-
sphate buffer, pH 6.75 with 25% methanol as the mobile
phase. Arg and its methylated metabolites were mea-
sured fluorimetrically at excitation and emission wave-
lengths of 340 nm and 455 nm, respectively.

The control of the system, data collection and process-
ing were performed by Chromeleon software (Dionex,
Germany).

Statistical analysis of results. The obtained results
were analyzed using the nonparametric Mann-Whitney’s
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test for unlinked variables (GraphPad, USA).

3. RESULTS

The plasma levels of Arg with its dimethylated
metabolite, ADMA, and two thiol compounds, Hcy and
its remethylation product, Met, in AD patients with
different degrees of dementia as well as in the control
group were studied.

In subjects older than 60 years of age the studies
showed a significant increase in Hcy plasma level (p <
0.01 as compared to subjects between 22 and 60 years of
age) accompanied by an insignificant increase in ADMA
plasma level. In parallel, in this period of life, the
alterations were accompanied by lowered levels of Hecy
and ADMA precursors, that is: Met (p < 0.05 as com-
pared to individuals between 22 and 60 years of age) and
Arg, thus decreased of Met/Hey (p < 0.01 as compared to
individuals between 22 and 60 years of age) and Arg/
ADMA ratios (p < 0.05 as compared to individuals
between 22 and 60 years of age) were observed (the data
are presented in Table 1).

In patients with the diagnosed AD the increase of
plasma Hcy levels (p < 0.001 as compared to the controls)
was accompanied by insignificantly increased levels of
circulating ADMA as compared to the controls. At the
same time, in the patients with AD, lower levels were
observed of both Met (p < 0.05 as compared to the
controls), and Arg expressed also by the lowered Met/
Hcy ratio (p < 0.001 as compared to the controls) and
Arg/ADMA ratios (p < 0.05 as compared to the controls,
see Table 2). However, these results need to be con-
firmed in a cohort containing age-matched control sub-
jects and AD patients.

It was also indicated that in AD patients with severe
dementia, reflected in MMSE scale (see Figure 2), only
the increased concentration of Hecy was observed (Hcey, p
< 0.05 as compared to the patients with moderate demen-
tia). The concentrations of the remaining analyzed amino
acids manifested in general a decreasing tendency in
cases of severe dementia as compared to the patients
with benign or moderate symptoms (except of Arg/
ADMA ratio).

Simultaneously, in AD patients with mild dementia,
Hcy level (16.2 £ 1.9) was similar to the level in controls
above age 60 (16.7 £2.9). However, in AD patients with

moderate dementia, Hcy level was decreased (14.7 £ 3.3).

In the case of AD patients with severe dementia was
observed an increasing trend of Hey levels (22.4 = 12.0).
While in AD patients with mild, moderate and severe
dementia ADMA levels were always above the level
found in subjects above 60 years old and were respectively
32+ 1.3,2.7+2.0,28 £ 2.3 (see Table 1 and Figure
2).
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Table 1. Homocysteine (uM), methionine (uM), asymmetric
dimethylarginine (uM) and arginine (uM) concentrations in
control groups.

Age groups
Parameter below 60 years of age above 60 years of age
(22 - 60 years) (63 - 76 years)
Hcy 122+42 16.7+2.97
Met 24.6+6.2 21.0£9.7
Met/Hcy 22409 1.3+0.6"
Arg 82.7+24.2 66.4+£22.7
ADMA 1.9+1.0 24+0.9
Arg/ADMA 58.8 £40.6 39.9 +39.9"

Results are expressed as mean £ SD. Mann-Whitney test. Differences sig-
nificant at p < 0.05, p <0.01, as compared to the control below 60 years
of age.

Table 2. Homocysteine (uM), methionine (uM), asymmetric
dimethylarginine (WM) and arginine (uM) concentrations in the
patients with AD and in control group.

Investigated groups

Parameter

Controls Patients with AD
(22 - 76 years) (34 - 85 years)

Hey 13.0+£4.3 193+£9.9™

Met 24.0+6.9 19.4+7.3"

Met/Hey 2.1+09 12+0.7"

Arg 79.7+24.4 76.7+25.2
ADMA 20+£1.0 28+2.1

Arg/ADMA 55.3+40.5 33.8+18.9"

Results are ez(pressed as a mean * SD. Mann-Whitney test. Differences
significant at p <0.05, p<0.01, p<0.001, as compared to the control.
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Figure 2. Hcy, Met, Arg and ADMA concentrations as related
to severity of dementia (MMSE) in the patients with AD. Note:
Means + SD; Hcey, p < 0.05 between moderate and severe de-
mentia of the AD patients.

4. DISCUSSION

In several degenerative diseases, including AD, the
process of pathological proteins deposition takes place.
The proteins most probably induce oxydative stress
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[15,16]. As indicated in reports on the subject [17], also
elevated levels of homocysteine (Hcy), in degenerative
diseases, might be responsible for increased oxydative
stress. It has been also suggested that the pro-oxidative
activity of Hey in AD most probably involves direct
interaction of Hey with NMDA receptors.

Homocysteine is thought to represent a risk factor for
vascular and degenerative diseases, such as AD [1,2]. An
elevated level of Hey in the central nervous system may
lead to damage of vascular endothelium, disturbed pro-
duction of nitrogen oxide and to neurotoxic effects
occurring both in the senescent body and in certain
neurological diseases. The conducted studies indicate
that during physiological senescence increase in Hcy
concentration takes place after the age of 60 years and it
may result from lowered levels of Hcy metabolism
cofactors due to the physiological decrease in resistance
and recuperative capacities of the body. The obtained
results indicate also that the increased Hey levels may be
generated by the developing degenerative disease and
this pathologic process in AD may be linked to lack of
control over activity of presenilin 1 (PS1) [18].

Hcy is thought to undergo degradation in the body
along two metabolic pathways: by transsulfuration to
cysteine and remethylation to Met. In present study both
aging and the degenerative diseases have been shown to
be accompanied by lowered levels of Met and Met to
Hcy ratio, most probably due to disturbed process of Hcy
remethylation. At the same time, according to a recent
theory, the lowered ratio of Met to Hcy may be linked to
induction of arteriosclerotic lesions by Hcy with involve-
ment of thiolactone [19]. One of the products of Met
demethylation is known to involve S-adenosylmethionine
(SAM). SAM is supposed to serve as a donor of methyl
groups in various methylation reactions, with participation
of methyltransferases. SAM is also known to be involved
in formation of asymmetric dimethylarginine (ADMA),
by catalyzing reaction of arginine (Arg) methylation [3].

ADMA is regarded to act as an endogenous inhibitor
of nitrogen oxide synthase (NOS). In individuals with
hyperhomocysteinemia, ADMA may lead to dysfunction
of vascular endothelium [20]. In parallel, Hey is known
to control ADMA concentration by blocking DDAH en-
zZyme.

Reports of literature [8,21,22] and our present study
have shown that both in senescent and in AD, ADMA
levels in plasma are elevated. In aging, the increased
concentration of ADMA is thought to contribute to
lowered accessibility of oxygen, as well as endothelial
dysfunction and may be responsible for a decreased renal
perfusion and increased blood pressure in senescent
individuals.

On the other hand, in AD [9,21,22], elevated levels of
ADMA may promote deterioration in cerebral circulation
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and dysfunction of vascular endothelium due to a
decrease in NO production (leading to leukocyte aggre-
gation, adhesion and promotion of arteriosclerotic deve-
lopment [23]). Disturbed function of vascular endothe-
lium represents an important risk factor in AD and may
promote development of the dementive disease. Also
deterioration of cerebral circulation in AD may result in
metabolic disturbances and contribute to a cognitive dys-
function and may aggravate degenerative lesions in
central nervous system [24]. ADMA, thought to repre-
sent a risk factor for vascular diseases, is known to lead
to arteriosclerosis, hypercholesterolemia, hypertension
and strokes. All the diseases are also considered as risk
factors for AD. Therefore, elevated levels of ADMA
may contribute to progress of AD due to development of
arteriosclerotic incidences and strokes. In parallel, the
obtained results indicate that development of the demen-
tive disease is accompanied by a tendency to decreased
levels of both ADMA and its precursor, Arg, which is
also responsible for generation of NO. However, there is
a possibility, that the AD development might be asso-
ciated with increased level of NO, which due to reaction
of oxydation may form reactive derivatives contributing
to the degenerative process [25].

This study also demonstrated that only in AD patients
with severe dementia increased Hcy level is accom-
panied by decreased level of ADMA. As has been
demonstrated in vascular disease patients, a lack of
ADMA increase under high concentration of Hcy is most
likely due to a concurrent mild renal insufficiency in
these patients (the secretory function of the kidneys is
slightly but insignificantly increased) [26].

In conclusion, this study indicated that in AD patients
with severe dementia concentration of Met and Arg
shows a downward trend. The highest levels of ADMA
demonstrate AD patients in the early stages of the
disease. In parallel, in AD with varying degrees of
dementia and subjects older than 60 years of age a dis-
turbed turnover observe of Hcy to Met and of Arg to
ADMA. In AD patients with severe dementia Hcy con-
trol over ADMA is disturbed. It also seems that Hcy and
ADMA may be potential risk factors of AD and impor-
tant indicators of dementia progress. However, admini-
stration of L-arginine, in line with B vitamins to AD pa-
tients may offer a modern therapy in the neurodegenera-
tive diseases. Analysis of Hcy and ADMA levels on a
cohort of AD patients with varying degrees of dementia
is required.
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