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Summary. We measured the concentrations of total (conjugated and uncon- 
jugated) monoamines (dopamine, DA; norepinephrine, N.E) and monoamine 
metabolites (homovanillic acid, HVA; 3-methoxy-4-hydroxyphenyleneglycol, 
MHPG; 5-hydroxyindoleacetic acid, 5-HIAA) in the cerebrospinal fluid (CSF), 
using HPLC-ECD in 11 patients with Alzheimer's disease (AD) or senile de- 
mentia of the Alzheimer type (SDAT), 17 patients with vascular dementia of 
the Binswanger type (VDBT), and 15 controls. In AD/SDAT, there was a 
significant decrease in the DA concentration and a significant increase in the 
MHPG concentration. The average NE concentration was not altered, but 
significantly increased with the progression of intellectual disability. There were 
no significant changes in HVA and 5-HIAA concentrations. Patients with VDBT 
showed a significant increase in the DA concentration and a significant decrease 
in HVA and 5-HIAA concentrations. The DA concentrations increased sig- 
nificantly with the progression of dementia and ventricular enlargement. These 
results indicate that the noradrenergic and dopaminergic system in particular 
are altered in AD/SDAT, while the dopaminergic and serotonergic systems are 
mainly involved in VDBT. 

Keywords: Dopamine, norepinephrine, cerebrospinal find, senile dementia of 
the Alzheimer type, vascular dementia of the Binswanger type. 

Introduction 

Many studies have reported changes in the monoamine concentrations in au- 
topsy brains (Adolfsson etal., 1979; Carlsson, 1983; Cross etal., 1983; Mann 
et al., 1982; Winblad et al., 1982) and the cerebrospinal fluid (CSF) (Argentiero 
and Tavolato, 1980; Bareggi etal., 1982; Gottfries etal., 1969, 1970; Guard 
et al., 1976; Palmer et al., 1984; Raskind et al., 1984; Soininen et al., 1981; Wood 
et al., 1982) from patients with Alzheimer's disease (AD) or senile dementia of 



70 H. Tohgi et al. 

the Alzheimer type (SDAT). While the monoamine concentrations in the au- 
topsy brains indicate the monoaminergic activity at the end stage of the disease, 
those in the CSF clearly reflect the monoaminergic activities in vivo (Wester 
etal., 1990), and may be possibly correlated with the severity of dementia. 
Although the monoamine concentration in the CSF are affected by many fac- 
tors, and hence has a limited value, a postmortem study has shown that central 
monoaminergic activity is well reflected in the concentrations of monoamines 
and their metabolites in the CSF (Wester et al., 1990). Since previous studies 
on monoamine concentrations in the CSF have been performed mainly on their 
metabolites (3-methoxy-4-hydroxyphenyleneglycol, MHPG; homovanillic acid, 
HVA) (Argentiero and Tavolato, 1980; Bareggi et al., 1982; Bowen et al., 1981; 
Gottfries et al., 1969, 1970; Guard et al., 1976; Palmer et al., 1984; Raskind et al., 
1984; Soininen et al., 1981; Wood et al., 1982), simultaneous measurements of 
monoamines (dopamine, DA; norepinephrine, NE; epinephrine, EP) and their 
metabolites would contribute to our better understanding of monoamine me- 
tabolism in the CSF. 

On the other hand, there are only limited data on monoamine concentrations 
in the CSF in vascular dementia (Smirne et al., 1985), another frequent disease 
in the elderly presenting dementia. Since multi-infarct dementia (MID) is char- 
acterized by a random, multifocal distribution of infarcts, transmitter abnor- 
malities may be heterogeneous among MID patients. In this study, we selected 
patients with vascular dementia of the Binswanger type (VDBT) which is be- 
lieved to be a relatively homogeneous group. Although the definition of VDBT 
is a matter of some debate, we identified patients with VDBT on the basis of 
clinical features and ischemic periventricular leukoencephalopathy (Romfin, 
1987) demonstrated by computed tomography (CT) and magnetic resonance 
imaging (MRI). An autopsy study has demonstrated a close (90%) correlation 
between the white matter low attenuation and the periventricular ischemic white 
matter changes in the brains (Lotz et al., 1986). We therefore studied the con- 
centrations of NE, DA, MEIPG, HVA, and 5-HIAA in the CSF from patients 
with AD/SDAT and VDBT, and their correlations with the severity of dementia. 

Material and methods 

Subjects 
Subjects were 11 patients with AD/SDAT (70.8 + 8.2 years), 17 patients with VDBT 
(72.1 �9 8.3 years), and 15 controls (69.1 • 9.5 years). The average duration of illness was 
3.8 • 2.3 years for patients with AD/SDAT and 3.6 + 1.6 years for patients with VDBT. 
The diagnosis of AD/SDAT and VDBT was made according to the DSM-III-R (American 
Psychiatric Association, 1987), Hachinski's Ischemic Score (Hachinski et al., 1975), and the 
criteria of the NINCDS-ADRDA Work Group (McKhann et al., 1984), and CT and MRI 
findings. 

Diagnostic criteria 

We diagnosed patients as having VDBT if they fulfilled all the following criteria: (1) clinical 
characteristics of vascular dementia [DSM-III-R (American Psychiatric Association, 1987)] 
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and Hachinski's Ischemic Score (Hachinski et al., 1975); (2) absence of infarcts which alone 
may produce dementia: large infarcts (greater than 3 cm in diameter) or infarcts of the 
thalamus, hippocampus or the cingulate gyrus; (3) presence of an extensive area of low 
density in the white matter on CT scans, usually associated with multiple lacunes in the 
basal grey matter; and (4) absence of other etiological conditions which may cause diffuse 
white matter changes (e.g., intoxication or inflammation). The Hachinski's ischemic scores 
were 2.2 4- 1.2 for AD/SDAT patients and 11.1 4- 2.3 for VDBT patients. The controls 
consisted of patients with tension headache. 

Intellectual ability 

The intellectual ability was assessed by Hasegawa's dementia scale (HDS) (Hasegawa et al., 
1974), which is similar to the Mini-Mental State Examination (MMSE) (Folstein etal., 
1975), consisting of tests for memory, orientation, general knowledge, and calculation 
(range = 0-32.5 points: normal, 31.0-32.5; mildly impaired, 22.0-30.5; moderately im- 
paired, 10.5-21.5; and severely impaired, 0-10.0). The estimates of the HDS were signifi- 
cantly correlated with estimates of MMSE (r = 0.88, p < 0.01, n = 24). The average scores 
of the HDS were 8.8 + 7.1 for AD/SDAT patients, and 9.4 :k 5.1 for VDBT patients. There 
was no correlation between the scores of HDS and the age of patients. Bed-ridden patients 
were excluded. All patients were admitted to the hospital, placed on the same standard 
diet, and were drug-free for at least two weeks. Informed consent was obtained from all 
patients and their relatives. 

CSF analysis 

Lumbar cerebrospinal fluid was obtained with subjects in the lateral position between 9 
and 10 am after an overnight fast and bed rest for 12h. An initial 3ml of CSF was used 
for routine examination, and then additional 2 ml of CSF was collected and stored at - 80 ~ 
for monoamine analysis. 

The total of free and conjugated monoamines were determined essentially according 
to the method described by Tyce et al. (1985) with some modifications. After the addition 
of 100 ~tl of 3 M perchloric acid, 10 ~tl of 25 mM sodium thiosulfate, and 20 ~tl of 40ng/ml 
N-methyl dopamine (NMDA) as an internal standard, the aliquot was boiled for 30 rain 
to hydrolyze conjugated amines. The aliquot was titrated to pH 7.5 by 100 gl of 1 M K2HPO4 
containing 10% EDTA (pH 7.50) and 200 gl of 1 M K2CO3, and centrifugated at 13,000 G 
for 2 minutes. The supernatants were added to 10mg of boric acid gel and mixed for 30 
minutes. After centrifugation for 2 minutes, the supernatants were discarded. The borate 
gel was washed two times with distilled water, and then 100 ml of 0.75 M acetic acid was 
added, and the resulting solution was mixed for 10 sec. 

The 1001al of the extracts were applied to columns (Shimipack CLS-ODS: 
0.15 m x 60 ~ )  of HPLC (Shimadzu LC-6 A)) with an electrochemical detector (Model 
5100 A, Niko Bioscience). The mobile phase was 0.1 M sodium citrate buffer (pH 5.0). The 
temperature was kept at 45 ~ The electrode potentials were maintained at 0.33 V for the 
guard cell, -0.10 V for detector I and -0.30 V for detector II. DA, NE, and EP were oxidized 
by detector II. Recoveries of authentic standard compounds were 80-85% for NE, 85- 
90% for EP, and 70-75% for DA. Coefficients of variation were 5-6.5% (n = 10). HVA, 
MHPG, and 5-HIAA concentrations were measured by injecting 40 gl of cerebrospinal 
fluid samples directly to the HPLC system. The sensitivity of the assay was less than 10 pg/ 
ml. 

Determination of ventricular dilatation 

The degree of ventricular dilatation was estimated by the cella media index (CMI: the 
quotient of the biparietal diameter and the largest external distance of the lateral ventricle 
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Fig. 1. Correlation between mental scores and norepinephrine concentrations in the cere- 
brospinal fluid from patients with senile dementia of the Alzheimer type 

in the region of the cella media) (Meese et al., 1976). Smaller CMI values signify severer 
degrees of ventricular dilatation and parenchymal atrophy. 

Statistics 

The inter-group differences of mean values were analysed by one-way analyses of variance. 
The correlation coefficients were calculated by the Pearson product-moment correlation. 

Resul ts  

In patients with AD/SDAT, the M H P G  concentrations increased significantly 
compared with the controls (p < 0.05), while the NE concentrations were un- 
changed (Table 1). However, the NE concentrations had a significantly negative 
correlation with intellectual ability (r = -0 .72,  p < 0.02) (Fig. 1): they were 
within the lower normal range in the mild stage of dementia and increased 
slightly in the advanced stage. The DA concentrations decreased significantly 
compared with controls (p < 0.05) (Table 1). There was no significant difference 
in monoamine concentrations between patients younger than 65 (4 cases; DA, 
0.513 4- 0.129ng/ml; NE, 0.315 + 0.069ng/ml; EP, 0.059 4- 0.010ng/ml) and 
patients aged 65 or more (7 cases; DA, 0 .544+0.159ng/ml;  NE, 
0.278 • 0.099ng/ml; EP, 0.046 • 0.020ng/ml). There were no significant 
changes in HVA and 5-HIAA concentrations. 

The patients with VDBT showed a significant increase in the DA concen- 
trations (p < 0.01), and a significant reduction in the HVA concentrations 
(p < 0.05), and the 5-HIAA concentrations (p < 0.01) (Table 1). The DA con- 
centrations were higher than the control values in the mild stage and displayed 
the tendency to increase further with progression of dementia, though the 
changes were not significant (Fig. 2). The NE, EP, and M H P G  concentrations 
did not change significantly. 
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Table 1. The concentrations (ng/ml) of monoamines and their metabolites in the CSF from 
patients with senile dementia of the Alzheimer type (SDAT) and vascular dementia of the 

Binswanger type (VDBT) compared with controls. Values are means 4- S.D. 

Controls SDAT VDBT 

Norepinephrine (NE) 0.33 4- 0.12 0.29 4- 0.09 0.38 4- 0.13 
MHPG 8.24 4- 2.29 11.6 4- 4.09* 8.56 4- 3.47 
Dopamine (DA) 0.66 4- 0.20 0.53 4- 0.14" 1.11 4- 0.21"* 
HVA 29.6 4- 11.0 29.5 4- 16.4 20.7 4- 9.3* 
Epinephrine 0.06 4- 0.04 0.05 + 0.04 0.06 + 0.04 
5HIAA 29.0 4- 17.4 29.3 4- 11.2 19.9 4- 6.19"* 

Statistics: ANOVA: *p < 0.05, **p < 0.01 compared with controls 

The C M I  had  a significantly negative corre la t ion with D A  concent ra t ions  
in pat ients  with S D A T  ( r - -  - 0 . 7 6 ,  p < 0.02). The  concent ra t ions  of  o ther  
m o n o a m n i n e s  did not  show any corre la t ion with CMI ,  indicating that  there 
was no "di lu t ion effect"  associa ted with ventr icular  dilatation.  In all s tudy 
groups,  there were no differences in m o n o a m i n e  concent ra t ions  be tween  males 
and females. 
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Fig. 2. Correlation between mental scores and dopamine concentrations in the cerebrospinal 
fluid from patients with vascular dementia of the Binswanger type. No significant changes 

were found in DA concentrations with progression of dementia 
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Discussion 

Our main findings are (1) that the noradrenergic and dopaminergic systems are 
particularly altered in AD/SDAT; and (2) that the dopaminergic and seroto- 
nergic systems are mainly involved in VDBT. None of the substances measured 
are known to cross the blood-brain or blood-CSF barriers (Bartholini et al., 
1966; Kopin et al., 1983) except for MHPG, which has been reported to diffuse 
through the blood-brain and blood-CSF barriers (Kopin et al., 1983). However, 
it has been reported that the MHPG concentration in the CSF had the significant 
positive correlation with that in some brain areas (Wester etal., 1990). 

We found that the NE concentrations in the CSF from patients with AD/ 
SDAT increased stage-dependently, whereas MHPG concentrations increased 
significantly with no correlation with the severity of dementia. Previous studies 
on the autopsy brains from patients with SDAT have demonstrated loss of 
noradrenergic neurons in the locus ceruleus (Mann et al., 1980; Tomlinson et ai., 
1981), a decrease in NE content (Adolfsson et al., 1979; Mann et al., 1982), and 
dopamine ~-hydroxylase activity of the cerebral cortex (Cross etal., 1981). 
However, other studies have demonstrated elevated MHPG concentrations in 
autopsy brains (Winbiad et al., 1982), and increased NE and MHPG levels in 
the CSF from advanced cases with AD (Raskind etal., 1984). It is difficult at 
present to explain the discrepancy between the increase in NE and MHPG 
concentrations in the CSF and the reported dercrease in NE concentrations in 
autopsy brains. One possible explanation is that NE receptors may be hyper- 
active to compensate for the decreased NE release from noradrenergic neuron 
terminals, and thus leads to an enhanced metabolism of NE and the elevation 
of MHPG levels. 

The significant decrease in the DA concentration in AD/SDAT is consistent 
with previous findings in autopsy brains (Adolfsson et al., 1979). The negative 
correlation between the DA level and CMI in AD/SDAT may be due to the 
progressive deterioration of the postsynaptic DA metabolism with progression 
of dementia. Alternatively, some of the advanced cases with AD/SDAT may 
have ischemic lesions smaller than the limits of CT resolution. Although the 
unaltered HVA level as shown in our results has been reported in some previous 
studies for the CSF (Adolfsson etal., 1979; Wood etal., 1982) and autopsy 
brains (Cross et al., 1983), many other investigators have reported the reduction 
in the HVA and 5-HIAA concentrations in the CSF from AD/SDAT patients 
(Argentiero and Tavolato, 1980; Bareggi et al., 1982; Gottfries et al., 1969, 1970; 
Guard etal., 1976; Palmer etal., 1984), and their correlation with the degree 
of dementia (Bareggi etal., 1982; Gottfries etal., 1970; Parnetti etal., 1987; 
Brgme et al., 1989). The discrepancy between these reports and the present results 
may be mainly because we did not include severe patients with mental scores 
of 0 or 1, and suggest that impairments of the DA system are reflected earlier 
in DA than in HVA concentrations. 

The decrease in the HVA concentrations in our VDBT patients is consistent 
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with previous CSF findings in multi-infarct dementia (Smirne etal., 1985); 
however, we found a significant increase in the DA concentration which seemed 
to parallel the severity of dementia and ventricular enlargement. Experimental 
studies on acute cerebral ischemia or hypoxia have shown a remarkable increase 
in extracellular DA associated with unaltered DA metabolites, the decrease in 
3, 4-dihydroxyphenylacetic acid (DOPAC) in the striatum (Slivka et al., 1988), 
the increased activity of tyrosine hydroxylase (Siesj6, 1978), and the inhibition 
of monoamine reuptake and oxidative deamination (Pastuszko etal.,1982; 
Weinberger and Cohen, 1982). Although changes in the dopaminergic system 
during chronic ischemia are unknown, our findings suggest an enhanced release, 
and a decreased reuptake and metabolism of DA due to hypoxia in VDBT. 

The present results suggest both presynaptic and postsynaptic abnormalities 
in different monoaminergic systems of the dementias. The dopaminergic axons 
from the ventral tegmental area and the substantia nigra project preferentially 
to the prefrontal and medial frontal cingulate cortex (Bj6rklund etal., 1978), 
and appear to be essential for normal frontal function, whereas noradrenergic 
fibers innervate much wider areas, particularly the parietal somatosensory cortex 
(Molliver et al., 1982). Neuropathological (Brun and Gustafson, 1976) and brain 
imaging findings (Jagust etal., 1987) and psychometric testings (Christensen, 
1990) have demonstrated the early and severe parieto-temporal cortical affection 
in AD/SDAT, as compared with a preferential involvement of the frontal area 
in vascular dementia (Jagust et al., 1987; Wolfe et al., 1990). The present results, 
therefore, suggest a possible correlation between transmitter abnormalities, 
neuropathological and neuroimaging findings, and neuropsychological features. 
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