
Abnormal amino acid metabolism in Alzheimer dementia 287J Neural Transm (1998) 105: 287–294

Abnormal amino acid metabolism in patients with
early stage Alzheimer dementia

D. Fekkes1, T. J. M. van der Cammen2, C. P. M. van Loon2, C. Verschoor2,
F. van Harskamp3, I. de Koning3, W. J. Schudel4, and

L. Pepplinkhuizen1

1 Department of Psychiatry, Section Pathophysiology of Behaviour, 2 Department
of Internal Medicine I and Geriatric Medicine, 3 Department of Neurology, and

4 Department of Psychiatry, Erasmus University Rotterdam, The Netherlands

Accepted February 2, 1998;
received November 11, 1997

Summary. Plasma levels of several amino acids were studied in 14 patients
with early stage probable Alzheimer’s disease (AD) and 17 age-matched
controls. In the AD patients a possible relationship between amino acid levels
and behavioural symptomatology was also investigated. We found signifi-
cantly reduced levels of tryptophan and methionine in plasma samples from
the AD patients compared to the control subjects. Moreover, plasma tyrosine/
large neutral amino acids (LNAA) ratio and the ratio of plasma taurine and
the product of the plasma levels of methionine and serine (TSM-ratio) were
significantly increased in the AD patients in comparison with the controls.
However, no difference was found in plasma tryptophan/LNAA ratio and
in homocysteine levels between both groups. Concerning the behavioural
symptomatology no significant correlation was found between the Reisberg
Behave AD scale and plasma amino acid levels or ratios. The reported find-
ings suggest that abnormal amino acid metabolism is present in the early
stages of AD. We hypothesize that this abnormality could play a role in the
pathogenesis of behavioural changes occurring in later stages of AD.
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Introduction

The vitamins B12 and folic acid are important coenzymes involved in the one-
carbon metabolism, which generates S-adenosyl-methionine (SAM). Both
folate and vitamin B12 deficiency may cause neurological and psychiatric
disturbances including dementia (Bottiglieri et al., 1994). The methyl-
B12 dependent enzyme methionine synthetase catalyzes the transfer of a
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methyl group from 5-methyltetrahydrofolate to homocysteine, generating
tetrahydrofolate and methionine. Homocysteine is produced entirely from
the methylation cycle, as it is totally absent from any dietary source. Trolin et
al. (1995) have found a decreased methionine adenosyltransferase activity in
erythrocytes of patients with dementia disorders. In the same study, border-
line high levels of serum homocysteine were detected. Nilsson et al. (1996)
found increased plasma homocysteine concentrations in both demented and
non-demented persons with psychiatric problems compared to control sub-
jects (i.e., persons without cognitive and psychiatric problems).

In some studies, the authors determined the concentrations of free amino
acids in plasma of patients suffering from dementia. Two studies (Basun et al.,
1990; Rudman et al., 1989) found a lower concentration of tryptophan in
Alzheimer’s Disease (AD) patients. Basun et al. (1990) found a mean concen-
tration (6SD) of 30 6 15µmol/l in AD patients and 41 6 18µmol/l in controls.
They found no difference in the concentration of methionine. In the other
study (Rudman et al., 1989) the mean concentrations (6SEM) of tryptophan
were 44.3 6 1.6µmol/l and 54.9 6 2.4µmol/l, respectively. These investigators
also found a lower methionine concentration in AD patients (24.1 6 0.6µmol/
l) than in their control group (28.6 6 0.7µmol/l). In one study (Martinez et al.,
1993) no difference in tryptophan levels was found between Alzheimer pa-
tients and healthy aged persons (34 6 10µmol/l and 35 6 13µmol/l, respec-
tively). These investigators suggest that an abnormal amino acid metabolism
may play a role in the symptomatology of AD.

Because the results concerning the amino acid status in AD are somewhat
contradictory, we decided to study the amino acid metabolism in AD in
relation with behavioural pathology. Next to the free plasma amino acids, we
also determined some amino acid ratios. These comprised the ratios of tryp-
tophan and tyrosine to the sum of the other large neutral amino acids (LNAA:
tyrosine/tryptophan, phenylalanine, valine, leucine and isoleucine), which
compete for the transport of the respective amino acid through the blood-
brain barrier. These ratios reflect the amount of tryptophan and tyrosine
available for serotonin and noradrenaline/dopamine synthesis in the central
nervous system, respectively (Fernström and Wurtman, 1972). A reduced
serotonin synthesis would explain some of the behavioural disturbances (anxi-
ety, depression, agitation, sleeplessness) seen in AD. Besides, we determined
the so-called TSM-ratio, which is defined as the ratio of 100 times the taurine
concentration in plasma and the product of the plasma concentrations of
serine and methionine. This ratio is a reflection of the status of the amino acids
involved in transmethylation processes (Fekkes et al., 1994; Fekkes and
Pepplinkhuizen, 1997).

Methods

Subjects

Fourteen patients were derived from the Memory Clinic of the University Hospital
Rotterdam Dijkzigt. The patients’ characteristics are shown in Table 1. Informed consent
was obtained from all patients and their main representative. All patients underwent a full
comprehensive geriatric assessment (Rubenstein et al., 1984; Epstein et al., 1987) includ-
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Table 1. Study group characteristics

Characteristics AD patients Controls
(n 5 14) (n 5 17)

Mean age (6SD; years; range) 73.6 6 6.3 70.1 6 1.3
(65–82) (68–73)

Gender (M/F) 4/10 17/0
Median GDS total (range)a 4.5 (3–6)
Median CDR total (range)b 1 (0.5–3)
Median Reisberg Behave AD 1 (0–2)
Global score (range)c

Median Reisberg Behave AD 0.5 (0–5)
Total score (range)d

a The Global Deterioration Scale (GDS) has a range of 1–
7 points. b The Clinical Dementia Rating Scale (CDR) has a
range of 0.5–5.0 points. c The global score of the Reisberg
Behave AD scale has a range of 0–3 points. d The total score
of the Reisberg Behave AD scale has a range of 0–75 points

ing history and informant history, medication history, and physical, neurological and
neuropsychological examination. Exclusion criteria were the following: psychiatric
and organic mental disorders other than dementia, alcohol abuse, and use of neuroleptics
and anticonvulsive agents.

For all patients, a consensus diagnosis of dementia was obtained by the Memory
Clinic team consisting of two geriatricians, a neurologist, a neuropsychologist and a
psychiatrist. The diagnosis of dementia was verified according to a standard protocol
including instrumental evaluation by computer tomography. Dementia was diagnosed
according to DSM-III-R criteria (American Psychiatric Association, 1987). The sub-
diagnosis of probable AD was based on the criteria of the working group of the NINCDS-
ADRDA (McKhann et al., 1984). Severity of dementia was staged according to the
Global Deterioration Scale (GDS) (Reisberg et al., 1982) and the Clinical Dementia
Rating Scale (CDR) (Hughes et al., 1982).

The GDS is a scale of seven points, with a score of 3 indicating mild memory
problems with independent functioning, a score of 4 indicating mild memory problems
with a reduced capacity in some aspects of daily functioning, a score of 5 indicating
moderate cognitive problems and dependence on others in daily life, and a score of 6
indicating severe cognitive problems and total dependence on others in daily life. The
CDR varies from 0.5 to 5.0 points, with a score of 0.5 indicating questionnable dementia,
a score of 1 indicating mild dementia, a score of 2 indicating moderate dementia, and a
score of 3 indicating severe dementia.

Depressive and behavioural symptomatology was obtained from the history with the
patient and the informant recorded by a psychiatric interview and a score on the Reisberg
Behave AD Scale (Reisberg et al., 1987), a scale which measures behavioural changes in
AD. The total score of this scale varies from 0 to 75 points, and the global score varies
from 0 to 3 points. The global score measures the burden on the caregiver due to the
behavioural changes in AD. All patients underwent extensive laboratory investigations,
including vitamin B12 and folate levels. All had normal folate and vitamin B12 levels
(reference interval: 120–640 pmol/l serum) at the time of blood sampling.

The controls consisted of 17 healthy elderly men with normal cognition (based on
interviews taken by specially trained health professionals and the mini mental state
examination) and without a diagnosis of any psychiatric or neurologic disease (Table 1).
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Blood sampling and biochemical analyses

Blood (4 ml) was drawn between 11.00 and 12.00 a.m. from the anterocubital vein using
K3-EDTA Vacutainer tubes. Immediately after sampling the blood was centrifuged for
20 min at 2650g (20°C) and the plasma was frozen at 280°C until analysis. The plasma
amino acids were analyzed by high-performance liquid chromatography (HPLC) using
pre-column derivatization with o-phthaldialdehyde (Fekkes et al., 1995). The tryptophan-
ratio was calculated by dividing the total tryptophan level by the sum of the other LNAA,
which compete for the transport of tryptophan through the blood-brain barrier. The
tyrosine-ratio was calculated in the same manner by substituting tryptophan for tyrosine.
The TSM-ratio was calculated by dividing 100 times the taurine concentration in plasma
by the product of the plasma concentrations of serine and methionine.

Total homocysteine in plasma was measured by HPLC with fluorescence detection
using a minor modification of the method described by Araki and Sako (1987). Separation
was carried out at 28°C with a Spherisorb ODS 2 column (150 3 3.0 mm I.D., 5µm particle
size) from Shandon, protected by an ODS Hypersil guard column (20 3 2.1mm I.D.)
from Hewlett Packard. A binary gradient from 0.15 M sodium phosphate buffer (pH 1.75)
to acetonitril (0–95%) at a flow-rate of 0.6ml/min was applied.

Statistical analysis

All values are given as mean 6 SD. Data were analyzed using a Mann Whitney U
Wilcoxon test for statistical significance. In a further analysis we calculated the sum of the
items of the Behave AD-Scale according to Reisberg. We used the Pearson correlation
coefficient to find a correlation between behavioural changes and the amino acid levels in
plasma.

A logistic regression analysis showed no difference between men and women. More-
over, the mean levels of the biochemical parameters were equal between men and
women.

Results

We found that the concentration of the amino acid tryptophan in the plasma
of the patients with early stage probable AD was significantly lower than in
the plasma of the controls (viz. 33.9 6 7.0 and 44.1 6 5.4µmol/l, respectively;
p 5 0.0004; Table 2). These lower tryptophan levels in the AD patients may
have implications for the synthesis of the neurotransmitter serotonin for
which this amino acid is the precursor. However, the ratio of plasma tryp-
tophan to the sum of the other LNAA was not different between the two
groups (AD: 7.98 6 1.67; controls: 7.85 6 1.15). The ratio of plasma tyrosine
to the sum of the LNAA in the AD patients (14.64 6 1.99) was significantly
higher than the ratio in the control group (10.77 6 1.38; p , 0.0001). This
latter amino acid is the precursor of both the neurotransmitters dopamine and
noradrenaline.

The plasma levels of the amino acid methionine, the direct precursor of
the principal methylgroup donor SAM, were also significantly lower in the
AD patients (18.2 6 3.5µmol/l) than in the controls (24.94 6 2.75 µmol/l; p ,
0.0001). Moreover, the ratio of plasma taurine and the product of the plasma
levels of methionine and serine (TSM-ratio), which is a measure of deranged
transmethylation, was much higher in the AD patients than in the control
group (3.11 6 1.23 vs. 1.72 6 0.49, respectively; p , 0.0001). These results
suggest that aberrations in the transmethylation reactions are present in AD
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Table 2. Concentrations (µmol/L, mean 6 SD) and ratios
(mean 6 SD) of amino acids in plasma

Amino acid/ratio AD patients Controls
(n 5 14) (n 5 17)

Tryptophan 33.9 6 7.0a 44.1 6 5.4
Methionine 18.2 6 3.5b 24.9 6 2.8
Homocysteine 19.4 6 9.2 17.9 6 3.5
Tryptophan/LNAA* 7.98 6 1.67 7.85 6 1.15
Tyrosine/LNAA* 14.64 6 1.99b 10.77 6 1.38
TSM** 3.11 6 1.23b 1.72 6 0.49

Amino acid levels were determined as described in
Methods. *LNAA Large neutral amino acids, ** TSM ratio
of plasma taurine and the product of the plasma levels of
methionine and serine. a p 5 0.0004, b p , 0.0001 as compared
to controls

patients. On the other hand, the plasma concentrations of homocysteine in
AD patients were not different from those in the control group (19.4 6 9.2
and 17.9 6 3.5µmol/l, respectively; Table 2).

We found no significant correlation between behavioural changes and the
amino acid levels. However, there was a slight correlation between the TSM-
ratio and the Reisberg Behave AD scale (r 5 20.48; p 5 0.08).

Discussion

Our results concerning the lower tryptophan concentration in the plasma of
AD patients compared to a control group are in agreement with those re-
ported in other studies (Basun et al., 1990; Rudman et al., 1989; Shaw et al.,
1981; Watkins et al., 1989). Although Martinez et al. (1993) found no differ-
ence between the plasma levels of tryptophan in AD patients and controls,
their reported reference values were much lower than those found by other
investigators.

The lower tryptophan concentrations in the plasma of AD patients may
result in a reduced synthesis of serotonin. On the other hand, our results on
the tryptophan/LNAA ratio suggest than the central serotonin synthesis is not
limited in these patients. We also failed to demonstrate a significant correla-
tion between amino acid levels and behavioural changes in our AD patients.
However, our patient group was small and most patients presented to the
Memory Clinic rather early in the course of their dementia with very little
behavioural symptomatology. One could wonder whether the disturbances in
the amino acid metabolism in our AD patients could be a pathogenetic factor
for behavioural symptomatology which usually occurs in the later stages of
AD.

Our finding that the tryptophan/LNAA ratio in AD patients is not dif-
ferent from the ratio in the controls – suggesting no deficit in the central
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serotonergic activity – is in line with the low depressive and behavioural
symptomatology in these patients. On the other hand, we found the tyrosine/
LNAA ratio to be increased in the plasma of AD patients resulting in a
possibly higher central dopaminergic and/or noradrenergic activity. However,
there was no correlation with agitated behaviour.

With regard to transmethylation mechanisms, there have been reports on
a consistent accumulation of homocysteine and its transsulfuration product
cystathionine in the serum of vitamin B12 deficient and AD patients. It has
been suggested (Bell et al., 1992) that the amino acid homocysteine, which is
both a vascular disease risk factor and a precursor of the excitotoxic amino
acids cysteine and homocysteic acid, could play a role in the pathophysiology
of dementia in older patients and in depressive symptomatology in AD.
Homocysteine was found highest in older depressed patients with concomi-
tant vascular disease and correlated negatively with folate and vitamin B12

levels (Bell et al., 1992; Carmel et al., 1995). On the other hand, higher
homocysteine correlated significantly with poorer cognition only in the
nonvascular depressed group (Bell et al., 1992). Lower concentrations of
vitamin B12 and folate and higher concentrations of homocysteine have also
been associated with poorer spatial copying skills (Riggs et al., 1996). How-
ever, our AD patients showed normal mean plasma homocysteine levels.
These normal homocysteine concentrations may be the result of the normal
levels of vitamin B12 and folate found in our patients.

Next to the above mentioned studies on homocysteine and vitamin B12,
some other studies on the one-carbon metabolism in AD patients are known.
Morrison et al. (1996) found decreased levels of SAM in some brain areas
compared with matched controls. Gomes-Trolin et al. (1995) reported on a
decreased activity of the enzyme methionine adenosyltransferase (MAT) in
erythrocytes of AD patients and an increased MAT affinity towards methion-
ine. Treatment with B12, SAM and folate caused a significant decrease in
homocysteine in parallel with a significant decrease in affinity for MAT. This
group also reported on an increased MAT activity in the cortex gyrus frontalis
of AD patients irrespective of the serum B12 levels (Gomes-Trolin et al.,
1996).

We and other investigators (Rudman et al., 1989) found lowed concentra-
tions of methionine – the substrate for the above mentioned enzyme MAT
and the precursor of the active methyl donor SAM – in the plasma of AD
patients. Methyl transfer is among others involved in the degradation of nor-
adrenaline and the synthesis of choline. A decrease of the latter cholinergic
marker in the CSF of AD patients has also been reported (Kumar and
Giacobini, 1988). These findings support the hypothesis that aberrations in
transmethylation reactions might be involved in the pathogenesis of AD. This
is also supported by the finding that the so-called TSM-ratio, which is thought
to be a marker of the status of the amino acids involved in transmethylation
processes, is higher in AD than in age-matched controls. It has to be remarked
that the impaired transmethylation found in this study is not caused by a low
B12 or folic acid state of the AD patients as the levels of these vitamins were
normal. This latter finding on vitamin B12 is in agreement with the observation
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of Gomes-Trolin et al. (1996), who found increased MAT activity in brain
samples from AD patients with normal as well as low levels of serum B12.

In conclusion, this study suggests that both deviant concentrations of
some plasma amino acids and abnormal transmethylation reactions already
occur in the early stages of AD. Our preliminary results indicate a possible
imbalance between serotonergic and dopaminergic/noradrenergic neuro-
transmission processes in AD patients. Since we only investigated 14 early
stage AD patients, we cannot be conclusive about the clinical effects of the
abnormalities found in the amino acid metabolism. Longitudinal studies
in larger samples are required in order to establish a possible link with
the symptomatology of AD.
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