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Welcome address 

I am really honored to open this first meeting of "New Vistas in Drug 
Research-Dialogues for the future" and to heartily welcome all the scientists, 
coming from 14 countries, who have accepted to offer here their contribution 
to exchange different experiences and to create new grounds for further 
scientific advances. 

The fact that Erbamont, along with the Carlo Erba Foundation, has 
organized this meeting is only a detail. We believe, as all the other phar­
maceutical companies based on a strong research and development, that we 
need to be more and more open to the scientific world, whose frontiers are 
getting broader day by day at an increasing speed. We have to run fast in 
this world and moments like these can give us the intellectual energy to run 
even faster. 

I am sure you will have a very productive and stimulating meeting. 
Thank you again for coming. 

P. Morrione 
Erbamont, President and Chief Executive Officer 



New Vistas today and tomorrow 

Dr. Montalcini, Dr. Guillemin, Dear Colleagues, the title of this series 
of meetings, "New Vistas in Drug Research" reflects the magic moment the 
pharmaceutical sciences are presently living, due to the tremendous progress 
of basic research, and of molecular biology in particular. Thanks to this 
progress, we are now sitting on the top of a hill from which we can look at 
the huge horizon with the various disciplines growing fast and cross-reacting 
with each other. Basic research is no longer isolated in an ivory tower but 
it's becoming the foundation on top of which new intelligent drugs can be 
built up. 

Based on the above, aim of these meetings is to stimulate dialog and 
constructive interaction between scientists with different background and of 
different affiliations. We are confident of the results of this cross-fertilization 
which could lead to new approaches for the topics that will be discussed in 
our New Vistas meetings. Today we are inaugurating the first of these 
meetings, whose title is "Early Markers in Parkinson's and Alzheimer's Dis­
eases". Already nowadays, but even more in the future, neurodegenerative 
disorders will constitute a major health problem, especially in developed 
countries. Despite advances in research, the management of these diseases is 
still hampered by the lack of a full understanding of their etiology and physio­
pathology. It is, however, our belief that with the increased knowledge of 
the real mechanisms involved in these pathological conditions, it seems now 
possible, within a reasonable period of time, to find more dedicated drug 
treatments for these terrible diseases. Parallely with this goal, it appears now 
possible to identify also reliable biological markers which could predict the 
onset of the disease at very early stages, possibly before lesions appear, giving 
doctors efficacious tools to check and monitor the presence of the disease or 
its evolution in association with new treatments. 

I sincerely hope that the discussions which will take place during this 
two-day meeting will contribute to the progress in this direction. Before 
leaving the floor to Dr. Montalcini, I wish to express my sincere thanks to 
all of you for having accepted to participate in this first New Vistas meeting. 
Thank you. 

R. Roncucci 
Erbamont, Research and Development, Vice President 
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Introduction 

R. Levi Montalcini 

Distinguished Scientist 

National Research Council (CNR), Institute of Neurobiology, Rome, Italy 

I am very grateful for having been invited to this meeting. Even 
though I have not been personally working on Parkinson's disease, I 
am obviously very interested in the study of degenerative diseases, in 
particular of Alzheimer's disease, in the treatment of which there is 
some hope that the Nerve Growth Factor (NGF) may be of use. 

After two decades entirely devoted to the study of the action of 
NGF on the primary sensory and sympathetic nerve cells, my opinion 
today is that NGF should not be regarded only as a nerve growth 
factor but rather as a specific growth factor acting on those particular 
nerve cells, sensory, sympathetic, cognitive and others, which are 
involved in homeostatic function. 1\ new working hypothesis is being 
developed, according to which NGF acts as a modulator of the nervous, 
endocrine and immune systems. 

The message I would like to convey today, is that degenerative 
diseases should be looked at in a broad perspective. Degenerative 
diseases, e.g. Parkinson's disease, are far more than diseases of one 
system, just like NGF is far more than a factor acting on particular 
cells. 
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Early markers in Parkinson's disease 

H. Przuntek 

Department of Neurology, St. Josef Hospital, University of Bochum, 
Federal Republic of Germany 

Summary 

None of the instrumental methods used for the detection of Parkinson's 
disease, including biochemical tests and imaging techniques, have sufficiently 
been proved to be more reliable than clinical methods in terms of accuracy 
and specificity. 

Nonetheless, the integration of multiple instrumental methods in field 
study designs could establish their diagnostic value as early markers in the 
preclinical stages of Parkinson's disease. 

Introduction 

Considering that Parkinson's disease manifests subclinically years 
before clinical symptoms become evident, it should ideally be possible 
to detect it by a well-targeted early diagnostic methodology. 

If it is true that substances, such as the MAO-B inhibitor l-deprenyl 
or the diphenylpiperidine budipine are prophylactically effective in 
Parkinson's disease, it might be possible to investigate such drugs for 
their effectiveness in preventing progression of the disease. Consid­
ering this hypothesis it appears logical to start protective therapy as 
early as possible. For this particular reason, a diagnosis of Parkinson's 
disease has to be made as soon as possible. In principle, two different 
methods are available for the early diagnosis of Parkinson's disease: 
clinical methods and instrumental methods. 

Rigidity, tremor, akinesia, bradyphrenia, depression and auto­
nomic phenomena represent the main clinical signs and symptoms. 
Their expression and presence vary a great deal from patient to patient, 
making a thorough physical examination and follow-up investigations 
necessary. Additionally, it must be taken into account that instrumental 
methods may reveal findings not clinically detectable. 
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Clinical signs and symptoms in the early stages of 
Parkinson's disease 

Consistently with the complex clinical picture, patients initially 
present the following unspecific general symptoms: reduced general 
fitness, reduced stress tolerance at work or endurance of physical 
exertion, generalized stiffness, shoulder pain, pain in the upper limb 
or calf muscles, toe cramps (occasionally with downward motion). A 
patient may complain of his voice having lost its volume and mod­
ulation when singing, of shortness of breath when whistling or of less 
emotional expression in his face and body gestures. He reports fre­
quently stumbling on uneven ground. When trying to swim straight 
ahead he may find himself going round in a semi-circle towards the 
affected side. Fine finger movement loses smoothness, e.g. impaired 
performance playing the piano occurs. A patient may complain about 
the difficulty in making decisions, about depressed mood, agoraphobia, 
and social isolation. 

Other frequent complaints are loss of appetite, loss of weight, 
constipation, sleeplessness, loss of libido, cold sensations, drooling of 
saliva, temperature dysregulation, i.e. excessive heat accumulation in 
hot and humid weather conditions, as well as pale and mask-like face 
with greasy skin and dry mouth. Emotional stress may lead to rest­
lessness which manifests itself in trembling and, later, in shaking. 

As to the neurological examination, early parkinsonian symptoms are: 
unilateral loss of facial expression, widened palpebral fissure on the 
side where the symptoms of parkinsonism first appear, occasionally 
reduced spontaneous eye movements, and paralysis of convergence. 
Furthermore, monotonous speech melody together with insufficient 
modulation of vowels and indistinct articulation of words with many 
consonants can be observed. Turning of the head is slow. Body gestures 
appear to be unilaterally diminished and there is less swinging of one 
arm when walking. Sometimes, the upper limbs are kept in adduction, 
flexion of the fingers in the metacarpophalangeal joints and extension 
in the interphalangeal joints show a different pattern on either side. 
The examiner will find adduction of the thumb and middle phalanx 
of the index finger on the more severely affected side of the body. 
Additionally, the angle of opposition between thumb and little finger 
appears to be more acute on the more severely affected side. \'Vhen 
pressing both hands on an even surface, the angle between thumb and 
index finger seems to be reduced on the affected side. 

When drawing a spiral, the distance between two lines decreases 
from the centre to the periphery. Typical micrographia occurs when 
writing numbers from 1 to 10, within the first 3. There is increased 
rigidity on rotation of the thumb in its carpometacarpal articulation. 
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Particularly, hypertonia in the carpal joints can be demonstrated with 
the forearms in upright position. 

In the lower limbs, alternating movements on imitation of bicycle 
pedalling are slower, again unilaterally; similarly, steps are shorter on 
the affected side when mimicking forward movement. Sitting on the 
side of the bed with swinging legs, one notices less movement in the 
affected leg. Occasionally a patient limps with one leg, moving it in 
an extended way rather than with circumduction. 

Instrumental methods 

Considering the difficulty in interpreting the clinical signs in the early 
stages of Parkinson's disease, further investigations using instrumental meth­
ods may lead earlier to a correct diagnosis of the disease. 

The following methods will be discussed: kinesiologic methods, including 
video recording; electrophysiological methods; psychometric tests; biochem­
ical methods; imaging techniques. Among them, the most widely used meth­
ods are: computer-assisted electronic motion analysis; accelerometric exam­
ination; Motor Performance Test. 

Kinesiologic methods 

Kinesiologic investigations try to evaluate voluntary and involuntary 
movements both qualitatively and quantitatively. J ohnels et ai. (1987) use 
computer-assisted electronic motion analysis, which proves particularly useful 
in quantifying postural changes, locomotion and target-directed manual 
movements. 

Further tests comprise examination of fast alternating movements. Path­
ologic slowing of the fastest alternating finger movements can be demon­
strated by an accelerometric testing. Some patients show the so-called has­
tening phenomenon. Normally these patients are unable to achieve alternating 
movements of a frequency higher than 4 - 5 Hz. Occasionally, however, when 
following a target, these patients without tremor show alternating movements 
of 7 - 8 Hz, although the frequency of the pacing signal lies between 3 - 4 Hz. 
On examination of complex movements, their duration of performance rises 
with amplitude. Corresponding data can be gathered using an accelerometer 
or motor tableau. 

Additional testings involve measurement of oscillation in isometric con­
tractions. The actual specificity of this "kinetic tremor" has been further 
investigated (Fitts, 1954; Freund and Biidingen, 1978; Hefter etai., 1987, 
1989; Hamberg et ai., 1987). 

The Motor Performance Test represents another kinesiologic method, 
originally designed by Schoppe (1974) and later modified by Kraus et ai. 
(1987). The Motor Performance Test consists of several subtests, namely 
tapping, aiming, tracing, steadiness and plugging of pins, through which 
changes in the speed of voluntary movements (plugging, tapping, etc.) can 
be recorded. Furthermore, changes in unsteadiness consisting of tremor and 
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various other involuntary movement disturbances can be examined. Tracing 
and aiming, two further subtests concerning motor skills, are more appro­
priate for evaluating atactic disturbances than parkinsonian symptoms. The 
great advantage of motor performance testing lies in the low cost of the 
device used and its easy handling, which can be carried out by paramedical 
staff. Therefore, in our opinion, this test represents the most suitable method 
for the early diagnosis of Parkinson's disease, even more so because broad 
field studies must be undertaken and patients with abnormal findings may 
subsequently undergo further more specific, but also more time-consuming 
tests. 

Electromyographical methods 

In the early stages of Parkinson's disease, tremor is only encountered in 
stress situations, e.g. under mental or emotional strain. EMG-activity of 
tremor can be measured by surface electrodes from extensor carpi radialis 
and flexor carpi ulnaris during stress provocation. 24 h-recording has shown 
to be particularly useful. However, these elegant methods may be too so­
phisticated to be used in routine field studies (Scholz et aI., 1989). 

Evoked potentials 

Normal somatosensory evoked potential can be elicited in most parkin­
sonian patients. Interestingly, 30 - 40% of patients demonstrate abnormal 
visual evoked potential (P 2). However, this is of little diagnostic value, being 
a rather unspecific finding (J org and Gerhard, 1987). 

Psychometric investigations 

In principle, psychometric tests are designed to evaluate 3 aspects: per­
sonality changes, emotional disturbances, and disorders of cognitive function. 

Personality changes can be studied by the use of personality inventory 
tests, such as the Freiburg Personality Inventory. Patients with Parkinson's 
disease have shown a consistent premorbid personality pattern characterized 
by signs of depression, introversion, rigidity and inflexibility (Poewe et a!., 
1983). 

Measurement of bradyphrenia or impairment of cognitive functions can 
best be achieved by using a whole set of subtests of the Wechsler Adult 
Intelligence Scale: KAI (a short IQ test), dz-test (attention-stress test), Aa­
chener Aphasia Test (AAT) naming subtest, and the Beck Depression In­
ventory (BDI). At the same time, measurements of simple and complex 
reaction times are made using the Wiener reaction and determination device 
(El-Awar et a!., 1987; Lees and Smith, 1983; LehrI et a!., 1980; Mildworf et a!., 
1986; Steinberg and Przuntek, 1989). All these tests revealed that parkinsonian 
patients perform more poorly in speed-dependent cognitive function tasks 
(Steinberg and Przuntek, 1989). The Beck Depression Inventory is applied 
to exclude depression, which by itself could impair cognitive performance. 
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Evaluation of emotional changes 

Emotional changes or changes of mood mainly consist of various grades 
of depression. Today, the Hamilton Depression Scale, the Zung-Scale, and 
the Beck Depression Scale are mainly used in the clinical context. The Zung­
Scale seems to provide particularly abnormal scores in early Parkinson's 
disease, because it includes questions about motor impairment. 

Biochemical methods 

Potential, early biochemical markers of Parkinson's disease are the 3H_ 
spiperone-binding of lymphocytes, platelet MAO-B activity and aspartatej 
glutamate and glutamine concentration in platelets (Bondy et aI., 1989; Rolf 
et a!., 1989). 

Imaging techniques 

With the advent of positron-emission tomography, it has become possible 
to quantitatively describe energy metabolism in certain areas of the brain and 
to give measurements of dopaminergic neurotransmission in humans. Striatal 
influx of labelled L-dopa correlates, somehow, to the severity of the disease. 

Using recepetor markers PET may be of value in differential diagnosis, 
considering that the number of receptors remains normal in idiopathic Par­
kinson's disease, whereas it is reduced in certain groups of patients with 
Parkinson's syndrome (Leenders et a!., 1986). 

Discussion and conclusion 

The question about the availability of subclinical markers with 
diagnostic value in non-manifest parkinsonism remains open. The 
instrumental methods mentioned above refer to studies of patients 
with advanced pathogenetic changes. It has to be assumed that do­
pamine concentrations in the nigrostriatal system of these patients is 
only 20% of the normal value. Additional studies are needed to find 
out whether instrumental methods are more sensitive and/or accurate 
than clinical methods. 

Field studies should be carried out in a population preferably 5 -10 
years prior to the normal age at which clinical manifestation of Par­
kinson's disease occurs. In order to obtain an acceptable number of 
individuals developing Parkinson's disease later in life, a field study 
in a well-defined sample of people aged between 45 and 55 years is 
deemed appropriate to test the validity of the different methods de­
scribed above. As large numbers of participants are needed, all time­
consuming methods, such as 24-h tremor recordings or positron­
emission tomography, are not practical for an early diagnosis of Par­
kinson's disease as methods of first choice. First of all the following 
methods should be included in a field study: Personality Inventory 
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Tests; measurement of simple and complex reaction times; a depression 
score, the Zung-Score being the most suitable rating scale as it cor­
relates closely with the severity of parkinsonian symptoms; Motor 
Performance Test. Patients with abnormal results in psychometric tests 
or Motor Performance Test should then undergo more detailed ex­
aminations, e.g. positron-emission tomography. 

Potential early biochemical markers of Parkinson's disease can only 
be developed from urine or blood samples. However, none of the 
currently available biochemical tests has been sufficiently validated in 
a large patient population. 
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Summary 

Diagnosis of idiopathic Parkinson's disease (PD) is essentially clinical 
and is reached by exclusion. An akinetic rigid syndrome frequently means 
PD, although a number of other neurodegenerative diseases can share bra­
dykinesia, rigidity, postural instability, and sometimes tremor. Parkinsonism 
can be classified as follows: pure parkinsonism; parkinsonism associated with 
other neurological and clinical signs; parkinsonism plus dementia; post-in­
toxication parkinsonism and parkinsonism due to other causes. The diagnostic 
approach will be discussed. 

Introduction 

A number of diseases may share the signs of idiopathic Parkinson's 
disease (PD) and are thus called parkinsonisms (Denny-Brown, 1968). 
Among others, a precise differential diagnosis of the akinetic rigid 
syndrome is of peculiar complexity (Marsden, 1984). At present, careful 
clinical examination, neuroradiological and neuropsychological as­
sessment, and response to oral and intravenous levodopa are to be 
considered the best diagnostic criteria. However, for a correct diagnosis 
of parkinsonism, at least two of the following signs have to be ob­
served: tremor, rigidity, akinesia, and posture instability. A number 
of classifications of parkinsonism have been suggested by different 
authors. This comprehensive clinical entity might be divided, for prac­
tical pruposes, into five groups (Table 1). Of all this impressive list of 
syndromes, we will discuss here only the most important ones from 
a clinical viewpoint. 
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Table 1. Classification of parkinsonism 

Pure parkinsonism 

Post-encephalitic parkinsonism 
Drug-induced parkinsonism 

Parkinsonism + other neurological or clinical signs 

Progressive Supranuclear Palsy 
Multiple System Atrophy 
Creuzfeldt-Jacob disease 
Wilson's disease 
Hallervorden-Spatz disease 
Fahr's disease 

Parkinsonism associated with dementia 

Alzheimer's disease 
Pick's disease 
Westphal variant of Huntington's chorea 
Cerebrovascular diseases 
Parkinson plus 
Dementia pugilistica 

Post-intoxication parkinsonism 

Manganese 
Carbon monoxide 
Carbon disulfide 
Cyanide 
Methanol 
MPTP 

Other causes of parkinsonism 

Normal pressure hydrocephalus 
Stroke 
Tumor 
Trauma 
Subdural haematoma 
Syringomesencephalia 

Pure parkinsonisms 

Postencephalitic parkinsonism 

Encephalitis lethargica, or Von Economo's encephalitis, is at pres­
ent the only viral infection recognized as a cause of persistent parkin­
sonism (Miyasaki and Fujita, 1977). Today such patients are extremely 
uncommon, but a great number of them has been described in the 
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thirties after the viral epidemic that spread over Europe and the U.S.A. 
between 1914 and 1918 (Von Economo, 1931). Although the presence 
of oculogyric crises and early age of onset are highly characteristic of 
postencephalitic parkinsonism, it has to be reminded that some cases 
do not present these signs (post-mortem diagnosis) and that other 
patients with idiopathic PD may have a history of encephalitis and 
oculogyric crises (Duvoisin and Yahr, 1965). Diagnosis may be helped 
by the presence of ocular movement disturbances, dystonias, and sta­
bilization of the disease after an initial rapid worsening. Post-mortem 
examination of subjects who had been affected by postencephalitic 
parkinsonism shows bilateral diffuse degeneration and gliosis of the 
substantia nigra and locus coeruleus, without Lewy bodies but with 
neurofibrillary filaments in the brainstem, substantia nigra, locus coe­
ruleus, mesencephalic tegmentum, hypothalamus, and hippocampus 
(Alvord, 1965). These patients do not respond well to levodopa, while 
positive results are obtained with anticholinergic drugs. 

Drug-induced parkinsonism 

This is a widespread affection and its incidence increases with 
aging, as is the case with PD. A large number of neuroleptics and 
major tranquillizers may induce a parkinsonian syndrome (Table 2). 
The onset is generally rapid and patients show rigidity, tremor, and 
a slight bradykinesia. Akathisia and neurodysleptic crises may complete 
the clinical picture. Patients usually recover within 6 to 24 months 
after drug withdrawal. Some cases of parkinsonism are also due to 
calcium-entry blocker compounds (flunarizine and cinnarizine), as has 
recently been reported especially in elderly patients given long-term 
high doses of these drugs. 

Table 2. Pharmacologic causes of parkinsonism 

Neuroleptics 

Reserpine, tetrabenazine 

Calcium-entry blockers 

Miscellaneous agents 

phenotiazines 
butyrophenones 
thioxanthines 
benzamides 

fl unarizine 
cinnarizine 

alpha-methyldopa 
lithium 
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Parkinsonism associated with other neurological and 
clinical signs 

Progressive Supranuclear PaID' (PSP) 
(Steele-Richardson-Olszewski D'ndrome) 

This entity was first described by Richardson and his colleagues 
in 1963. According to the authors, this is a progressive, non-familial 
disease, with onset during the 5th - 6th decade of life, marked by 
supranuclear ocular paralysis and by at least two of the following 
primary symptoms: axial dystonia and rigidity; pseudobulbar palsy; 
bradykinesia and rigidity; signs of frontal lobe lesion; postural insta­
bility with retropulsion (Lees, 1987). The PSP syndrome differs from 
PD in that it has a bilateral symmetric onset with frequent gait dis­
orders; tremor is extremely rare while extensive stiffness may be pres­
ent. As the disease progresses, the pseudobulbar signs become more 
evident with difficulties in swallowing and phonation. There are no 
signs of autonomic nervous system impairment and little or no response 
to L-dopa therapy. Life expectancy is 4 - 6 years from the onset (Jack­
son etaI., 1983). The pathology is characterized by neurofibrillary 
degeneration, neuronal loss and gliosis of brainstem structures, sub­
thalamic nucleus of Luys, pallidum, substantia nigra, periaqueductal 
gray, superior colliculus, locus coeruleus, dentate and raphe nuclei 
(Alvord, 1965). A substantial damage in the projections arising from 
the brain stem to the frontal cortex seems to be quite common in these 
subjects (Whitehouse et aI., 1983). 

Multiple System Atrophy 

Multiple System Atrophy (MSA) includes a number of disorders 
often associated with PD, as well as with other neurological and 
disautonomic signs. Classically, three entities are grouped under the 
MSA label: the striato-nigral degeneration (Takei and Mirra, 1973); 
the Shy-Drager syndrome (Shy and Drager, 1960) and the different 
forms of olivopontocerebellar atrophy (Duvoisin, 1987). Other in­
herited maladies are considered as part of MSA, such as the Machado­
Joseph disease and the nigral-subthalamic-pallidal atrophy (Duvoisin, 
1987). Mainly, all MSA patients show pyramidal and cerebellar signs 
associated with stiffness and akinesia, and sometimes ocular voluntary 
motion palsy. However, typical signs are the autonomic nervous system 
failures (Oppenheimer, 1983). In a considerable number of cases, MSA 
patients are thought to be truly affected by PD, MSA reproducing 
the exact clinical picture of idiopathic PD, especially during the early 
years of the disease. A mild of poor response to L-dopa can arise 
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SusplclOns as to the nature of the disease, in the absence of gross 
autonomic failure. CT scan or NMR examination show sometimes a 
marked atrophy at the level of the brainstem or cerebellum, but a 
negative neuroradiological picture does not necessarily exclude MSA. 
Therefore, one should always consider the possibility of MSA when­
ever a patient shows akinesia and rigidity with poor response to oral 
or, better, intravenous L-dopa administration. Post-mortem exami­
nation shows focal degeneration of the substantia nigra, locus coeruleus 
and putamen, associated in some cases with a true olivopontocerebellar 
atrophy or with the diffuse presence of Lewy bodies. The degeneration 
may be even of larger proportions in the case of additional clinical 
complications (Forno et aI., 1986). 

Wilson's disease (hepatolenticular degeneration) 

The classic description of "progressive lenticular degeneration: a 
familial neurologic disease associated with cirrhosis of the liver" was 
made by Wilson in 1912. The disease is an autosomal recessive disorder 
and its incidence is of about 1/200,000. The first clinical signs, con­
sisting of hepatosplenomegaly, thrombocytopenia and consequent hae­
morrhages, usually become evident during the second or third decade 
of life. Early neurological signs may be tremor, bradykinesia, dysar­
thria, dysphagia, choreic-athetosic movements, dystonic postures. Oc­
casionally, psychiatric disturbances, such as behavioural disorders, 
depression and intellectual impairment, can be present from the be­
ginning of the illness. Usually, cerebellar ataxia and action tremor are 
also evident and these signs, together with those previously described, 
are helpful for a differential diagnosis vs PD. The Kayser-Fleischer 
ring is another important element as regards differential diagnosis, 
although not evident in about 25% of patients already in hepatic stage. 
Serum ceruloplasmin values are quite low (less than 20 mg/dl) in about 
95% of the patients, with consequently low bound copper serum values 
(below 60 pg/dl). Urinary copper excretion is significantly increased 
(more than 100 pg/in 24 h). Total copper content may be normal due 
to the large quantity of free circulating copper. In several cases, only 
a liver biopsy can be reliable to diagnose with certainty. Hepatic copper 
concentration is generally in excess (more than 250 ~g/g of dry tissue), 
but this may not always be the case even for patients with neurological 
symptoms. Notably, in some cases, hepatic copper content may be 
reduced to as little as 100 ~g/g, since copper tends to be accumulated 
in the brain tissue. Consequently, values below 250 ~g/g do not allow 
to exclude definitely \'qilson's disease. On the other hand, it has to be 
underlined that high copper content in liver tissue, with normal serum 
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ceruloplasmin, is not indicative of Wilson's disease even in the presence 
of a Kayser-Fleischer ring. In this respect, a test with labelled Cu might 
be helpful. CT scan and NMR examination show alterations in the 
basal ganglia, cerebellar nuclei, trunk, and white matter. It is quite 
rare to observe the loss of matter in the basal ganglia as described by 
Wilson, while it is common to find atrophy and a light brown pig­
mentation of these nuclei. There may also be a loss of neurons and 
white matter in the putamen, substantia nigra, and caudate. Typically, 
a diffuse gliosis (with type I and II Alzheimer cells) in the cortex, 
basal ganglia, brain stem nuclei and cerebellum is observed (Walshe, 
1976). Treatment mainly consists in removing the excess copper from 
brain and liver. This can be done by administering 1 gjday of peni­
cillamine as first choice, dimercaprol (BAL®) (3 gjday), or triethyle­
netetramine (1 gjday). Recent reports show that the daily administra­
tion of zinc (100 - 200 mg) inhibits the absorption of copper from the 
gastrointestinal tract. 

Idiopathic calcification oj the basal ganglia (F ahr' s disease) 

These patients present a calcification of the basal ganglia with a 
clinical evidence of a parkinsonian syndrome with choreic-athetosic 
movements preceding or following it. The age of onset is generally 
the fifth decade. Serum calcium levels are usually normal. A familial 
form with onset during adolescence is also known, mainly characterized 
by ataxia and dementia. Serum calcium levels are low in this form. 
Serum calcium levels and CT scan findings are mandatory for diagnosis. 

Parkinsonism associated with dementias 

Pick's disease 

This is a cerebral degenerative syndrome in which atrophy is 
confined mainly to the frontal and temporal lobes and involves both 
the gray and the white matter. The caudate nucleus, thalamus, sub­
thalamic nucleus, substantia nigra, and globus pallidus may be affected, 
too. Clinically, the symptoms of frontal deficit prevail: apathy, abulia, 
gait impairment, urinary incontinence, extrapyramidal signs, and re­
flexes of liberation (Brown and Marsden, 1984). The histologic features 
consist of a loss of neurons, mainly in the first three cortical layers, 
and of neuronal swelling in the surviving cells with argentophilic 
bodies in the cytoplasm (Alvord, 1965). Problems of differential di­
agnosis with Pick's disease may occur in the early stages of this af­
fection; a cerebral CT scan may prove to be helpful. 
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Cerebrovascular diseases (Pseudobulbar pairy; Binswanger's disease; 
arteriopathic parkinsonism) 
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Pseudobulbar palsy: this syndrome is caused by multiple lacunar 
infarcts of both corticospinal tracts. Parkinsonism is associated with 
pyramidal signs and partial impairment of dystal cranial nerves. Patients 
present also progressive dementia, spasmodic crying and laughing, 
and a mixed rigid-spastic hypertonia. 

Binswanger's subcortical encephalopathy: an affection caused by 
multiple infarcts in the periventricular white matter. Cortex and basal 
ganglia are unaffected. Symptoms are both of pyramidal and extra­
pyramidal origin: gait apraxia, urinary incontinence, and dementia are 
the most notable (Boller etal., 1980; Parkes etal., 1974). CT scan is 
crucial for an accurate diagnosis. NMR shows typical periventricular 
luminescence. 

Arteriopathic parkinsonism: this entity is not entirely accepted, 
though histological studies on brains from presumed idiopathic PD 
patients claim that about 6% of them presented serious vascular damage 
with a mild degeneration of the substantia nigra (Alvord, 1965). How­
ever, clinical eletnents to be considered are the age of onset, the 
presence of vascular risk factors, together with additional pyramidal 
signs or intellectual impairment. Obviously, NMR can be quite useful. 

Huntington's chorea 

This affection may cause an akinetic-rigid syndrome, known as 
the Westphal rigid form. It usually occurs during the second decade 
oflife, but also, rarely, in adults (Marsden, 1984). Differential diagnosis 
is possible considering behavioural disorders, dementia, and inherit­
ance. 

Post-intoxication parkinsonism (Langston and Ballard, 1983) 
(see Table 1) 

Parkinsonism due to other causes 
(see Table 1) 

Essential tremor 

Although quite different as concerns clinical symptomatology, the 
most common condition misdiagnosed as PD is essential tremor, in a 
proportion varying from 4 to 6% of patients. However, the positive 
family history, the type of tremor (postural-kinetic, 5 - 9 Hz), the extent 
to which head and voice are affected, the absence of bradykinesia, 
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rigidity and postural instability, the slowly progressive course of the 
disease, the benefit from alcohol, provide sufficient elements to make 
a correct diagnosis of essential tremor. 
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The premorbid personality of patients with 
Parkinson's disease 

w. Poewe 

Universitatsklinik fur Neurologie, Innsbruck, Austria 

Summary 

Psychoanalysts in the first half of this century have speculated on the 
pathogenetic role of premorbid suppression of impulse in an introverted 
personality for later development of Parkinson's disease. More recent studies 
seem to support introversion, a predisposition towards depression and mental 
inflexibility as frequent premorbid personality features of parkinsonians. Neu­
robehavioural abnormalities found in the early stages of the disease include 
set-shifting difficulties, cognitive slowing and depression. Premorbid behav­
ioural traits might represent the earliest sign of brain neurochemical dys­
function in Parkinson's disease. 

Introduction 

Clinical symptoms of Parkinson's disease are believed to become 
fully apparent after approximately 60% of nigrostriatal projection neu­
rons have degenerated (Hornykiewicz, 1982; Gibb, 1989). The rate of 
nigral cell loss in Parkinson's disease is not known but there is evidence 
suggesting that pathology in the substantia nigra may have started 
decades before the clinical manifestation of the disease (Gibb, 1989) 
and subclinical damage of the nigrostriatal system can be demonstrated 
in vivo using positron emission tomography (CaIne et aI., 1985). De­
tection of preclinical Parkinson's disease could lead to major advances 
in preventive treatment and, ultimately, in the cure of this malady. 
Against this background, the old concept of a possibly distinctive 
premorbid parkinsonian personality has received new attention in re­
cent years. 

The present paper will review findings related to premorbid per­
sonality characteristics of Parkinson patients and will examine their 
possible relation to neurobehavioural abnormalities found in the early 
stages of the disease. 
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The concept of a premorbid parkinsonian personality 

Ever since the beginning of this century, there has been a steady 
appearance of occasional reports on some peculiar features in the 
premorbid personality of patients with Parkinson's disease (Table 1). 
Traits of introversion, moral rigidity, and inflexibility with a predis­
position to depression were consistently mentioned in descriptions by 
neurologists and psychiatrists alike (Todes and Lees, 1985). Particularly 
in the first half of the century, much of what had been written on the 
subject was based on a psychoanalytical approach, and lifelong suppres­
sion of aggressive tendencies and sexual urge were seen as possible 
causative mechanisms of the disease (Sands, 1942; Mitscherlich, 1960). 
Others, however, could not find convincing evidence for the existence 
of a particular premorbid parkinsonian personality and suggested that 
the psychological alterations observed in patients were the result of 
living with a severely disabling disease (Riklan etaI., 1959; de Aju­
riaguerra, 1970). 

In recent years, new support for characteristic premorbid parkin­
sonian personality features has emerged. In our own studies, we initially 
tested 28 patients with idiopathic Parkinson's disease and some of their 
closest relatives, using the Giessen-Test personality inventory (Poewe 
et aI., 1983). This test is specifically designed to allow both self- and 
foreign-assessment of personality traits; patients and relatives were 
asked to fill in the test retrospectively so as to describe the patients' 
character, as had been perceived before the onset of the disease. The 
most marked deviations of scores from those of a normal control 
population were found in the subscales for "control" and "basic mood" 
highlighting an "overcontrolled" and "depressive" premorbid per­
sonality type defined by such features as "overorderly", "talented to 
deal with money", "overambitious", "unable to be outgoing", 
"timid", "self-reflective", "swallowing anger", or "frequently de­
pressed". 

Table 1. Premorbid personality in Parkinson's disease 

Camp (1913) - "Industriousness", "Moralistic" 

Cohen-Booth (1935) - "Suppression of aggressive tendencies" 

Sands (1942) - "Masked personality" 

Mitscherlich (1960) - "Neurotic-compulsive character" 

Korten and Kettering (1972) - "Reliable, sense of duty, moral rigidity" 

Ward et al. (1984) - "Self-controlled, quiet, unhappy" 
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In a more recent study of 33 patients and 17 controls, patients 
appeared more socially alert, apprehensive, worrying, tense, and in­
troverted in their actual personality profile as assessed by Cattell's 16 
PF (Poe we et aI., 1989). In this study semistandardized interviews of 
probands and spouses had been employed as a means of assessing 
premorbid habits and personality features. Evaluation of the material, 
including ratings made by a "blinded" psychologist, again showed 
traits of rigidity, introversion, depression, and obsession, more often 
in patients than in controls. 

In these studies no attempt had been made to define different 
epochs in the patients' premorbid life so as to find when personality 
changes might have first become apparent. In the twin study of Par­
kinson's disease conducted in North America, several personality dif­
ferences between affected and unaffected monozygotic twins have been 
detected dating back to different premorbid periods. From as early as 
childhood age the affected sibling appeared less dominant and more 
self-controlled than his healthy co-twin; by the age of 16 he was also 
more nervous, while within 10 years prior to the onset of the disease 
he had become less aggressive, more quiet, less confident, and light­
hearted. At the time of the test, the parkinsonian twin showed the 
most marked personality differences from his non-affected co-twin, 
being less outgoing, unhappy, depressed, reluctant at making decisions, 
and shier (Ward etaI., 1984). This development was taken as evidence 
that in Parkinson's disease neurochemical abnormalities might be pres­
ent in the brain as early as in childhood leading to certain behavioural 
changes which might contribute to what has been perceived as the 
parkinsonian premorbid personality. 

A different string of evidence for a premorbid behavioural pattern 
peculiar to patients with Parkinson's disease comes from epidemio­
logical studies, where the number of habitual non-smokers among 
parkinsonians has been found to be significantly greater than would 
correspond to the smoking behaviour of the general population (Kes­
sler and Diamond, 1967; Godwin-Austen et aI., 1982). In the American 
twin study the unaffected twin had also smoked significantly more 
cigarettes than the twin with Parkinson's disease prior to the onset of 
his illness (Ward et aI., 1984). This has occasionally been interpreted 
as a protective effect of some component of cigarette smoke against 
the development of Parkinson's disease, particularly since environ­
mental toxins are being suggested to be causative agents of nigral cell 
death (Snyder and D' Amato, 1986). According to a report by the 
British Royal College of Physicians (1977), however, smokers tend to 
be more arousal-seeking, danger-loving, belligerent, and extroverted 
personalities compared to non-smokers. This and the absence of a 
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dose-response relationship between the number of cigarettes smoked 
and severity of disease in those parkinsonians who did smoke (Golbe 
et aI., 1986) make it more plausible to view the premorbid smoking 
behaviour of patients as a reflection of their character. Premorbid non­
smoking is also associated with ulcerative colitis, another disease char­
acterized by an introverted and rigid personality type (Bihari and Lees, 
1987). 

Neurobehavioural abnormalities in the early stages of 
Parkinson's disease 

The majority of neuropsychological studies of Parkinson's disease 
have been performed in patients with varying duration of their illness 
receiving various drug regimens and have frequently included cases 
in whom overt cognitive decline had already set in. Only few of them 
have examined untreated patients in the early stages of their disease, 
pointing out slight neuropsychological abnormalities (Lees, 1989; see 
Table 2). 

A number of studies have tested patients for their ability to initiate, 
execute or shift cognitive sets. Using the Wisconsin Card Sorting Test 
several authors have found abnormalities in patients with Parkinson's 
disease compared to controls indicating difficulties in initiating or 
switching cognitive sets with an increased number of perseverative 
errors (Lees and Smith, 1983; Taylor et aI., 1986; Canavan et aI., 1989). 
Taken together, the results of this and other tests of set shifting ability 
in Parksinon's disease are similar to those seen in patients with frontal 
lobe damage and it has been suggested that the difficulties of parkin­
sonian patients might be due to disrupted function of the complex 
loop system connecting the frontal association cortex with the basal 
ganglia via the caudate nucleus (Taylor et aI., 1986). 

Another neuropsychological abnormality found already in early 
Parkinson's disease is a peculiar slowing of thinking processes or 

Table 2. Neurobehavioural abnormalities in Parkinson's disease 

1. Difficulties executing "cognitive sets" 
initiation of sets 

- completion of sets 
- shifting of sets 

2. Cognitive slowing ("Bradyphrenia") 
3. Obsessional slowness (?) 
4. Depression 
5. Dementia 
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"psychic akinesia", which was originally described as "bradyphrenia" 
by Naville (1922) in postencephalitic patients. It has been difficult to 
dissect from motor slowness but several reaction time paradigms have 
been employed to show increased central processing time in Parkin­
son's disease (Wilson et aI., 1980; Hansch et aI., 1982). Rogers et ai. 
(1987) studied 30 newly diagnosed and untreated patients with Par­
kinson's disease with two computerized tests requiring the same motor 
response but differing in the complexity of the cognitive task. The 
results were compared to those obtained in 30 patients with primary 
depressive illness and 30 healthy controls and revealed cognitive slow­
ing in patients who had evidence either of structural brain disorder 
on CT scanning or of affective impairment. In the group with primary 
depressive illness cognitive slowing was related to concomitant motor 
impairment. The authors concluded that bradyphrenia in Parkinson's 
disease and psychomotor retardation in depression might be related 
phenomena. 

Depression is found in up to 50% of patients with Parkinson's 
disease and it has been estimated that this may be twice the percentage 
found in most other chronically disabling diseases (Lees, 1989). Epi­
sodes of major depression often antedate the onset of motor symptoms 
by more than a decade and 15 of the 34 newly diagnosed patients of 
Santamaria et ai. (1986) had had depressive symptoms 1.5 to 36 years 
before onset of parkinsonism. 

Relation between premorbid personality features and 
neuropsychological abnormalities found in 

Parkinson's disease 

The neurochemical and morphological substrates of mental 
changes found in Parkinson's disease are still a matter of debate and 
speculations. It has been suggested that depression and bradyphrenia 
might be related to a depletion of meso-cortico-limbic dopamine pro­
jections while memory impairment and dementia could result from a 
loss of subcortico-frontal cholinergic projections (Agid et aI., 1984). 
In addition dopamine deficiency in the caudate nucleus could interfere 
with "complex loop" function between basal ganglia and frontal as­
sociation cortex and this might be related to the frontal lobe type of 
cognitive impairment found in the early stages of the disease. 

If, as seems likely, the pathological brain process leading to clinical 
parkinsonism starts long before the onset of motor symptoms, pre­
morbid personality traits peculiar to parkinsonians could be viewed 
as an early manifestation of their disease. They might be the earliest 
expression of some of the neuropsychological abnormalities found 
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Table 3. Possible premorbid correlates of neurobehavioural ab­
normalities in Parkinson's disease 

Parkinson's disease 

- Set shifting difficulties 

Cognitive slowing 

- Depression 

? Pre-morbid traits 

"Inflexibility" 
"Moral rigidity" 
"Obsessionality" 

"Obsessional slowness" 
"Lack of spontaneity" 

"Introversion" 
"Shyness" 
"Depression" 

after the onset of clinical symptoms; Table 3 summarizes this possible 
relationship. Interesting results along these lines have recently been 
reported by Lees (1989), who studied 12 young adult in-patients with 
obsessive compulsive behaviour and found a variety of neurological 
abnormalities, including difficulties in initiating some voluntary move­
ments, carrying out two motor acts simultaneously and motor per­
severation. Two patients had muscular rigidity and resting tremor was 
present in one. This was interpreted as suggesting the possibility that 
obsessional slowness could be a feature of Parkinson's disease. 

Conclusions 

Several lines of evidence support the old concept that patients 
with Parkinson's disease exhibit certain peculiar traits in their pre­
morbid personality and behaviour. Current understanding has led us 
to diverge from the psychoanalysts' view in force in the first half of 
this century, when these features were seen as possible pathogenetic 
factors. Together with neuropsychological abnormalities found in the 
early stages of the disease these premorbid character traits could reflect 
slight changes in the brain neurotransmitter systems, which might 
possibly be present decades before onset of clinically manifest parkin­
sonism. Future studies should examine the risk of Parkinson's disease 
in psychiatric patient populations with depression and obsessive com­
pulsive disorder and try to further define behavioural constellations 
which might occur as features of the disease. 
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Summary 

The CSF of Parkinson's disease patients was shown to possess an antibody 
(IgG) which immunocytochemically reacts with dopamine cells in the sub­
stantia nigra of the rat. This dopamine neuron antibody (DNAb) was also 
identified in the CSF of patients with possible nigral degeneration. In contrast, 
control patients or patients with neurologic disease which is not associated 
with nigral pathology, did not possess the DNAb in their CSF. 

The data is most consistent with a hypothesis which suggests that the 
DNAb represents a secondary autoim,mune response to nigral degeneration. 
As such, the DNAb may be useful as a diagnostic marker for Parkinson's 
disease and other disorders with nigral degeneration. Since nigral degener­
ation is thought to precede symptom expression by many years, the DNAb 
should theoretically be present in CSF prior to symptom expression and 
would thus represent an early, presymptomatic marker of Parkinson's disease. 

Introduction 

Immune processes have now been described in a variety of neu­
rological disease states. The best characterized disorder is multiple 
sclerosis where CSF IgG can be observed to wax and wane with clinical 
symptoms (Johnson, 1980; Tourtellotte et al., 1980). Husby et al. (1976, 
1977) have also described immunoglobulins directed at striatal tissue 
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in the serum and CSF of patients with Huntington's chorea as well 
as Sydenham's chorea. Numerous investigators have now reported the 
existence of immunoglobulins in the serum and CSF of Alzheimer's 
disease patients which immunocytochemically react with various com­
ponents of cholinergic neurons (Ishii and Haga, 1976; Filit et aI., 1985; 
Chapman etaI., 1986; McRae-Degueurce etaI., 1987; Gaskin etaI., 
1987; Franceschi et aI., 1988). There are immunoglobulin abnormalities 
in allergic encephalomyelitis (Gonatas, 1984), ataxia telangiectasia 
(McFarlin etaI., 1972), myotonic dystrophy (McFarlin, 1984), as well 
as in patients exhibiting neuropsychiatric manifestations associated 
with systemic lupus erythematosus (Bluestein, 1984). Autoantibodies 
have been isolated which are directed at gabaergic synapses in stiff­
man syndrome (Solimena et aI., 1988, 1989) and Itagaki et ai. (1987) 
have demonstrated that HLA class II positive microglia exist in the 
substantia nigra (SN) of patients with idiopathic Parkinson's disease 
(PD). Thus, the historical concept of the CNS as an immunologically 
privileged area must be reconsidered. 

We have recently reported that the CSF ofPD patients also contains 
an immunoglobulin (IgG) which reacts immunocytochemically with 
the SN as well as the ventral tegmental area (VT A) of the rat CNS 
(McRae-Degueurce etaI., 1986a, 1988b; Carvey etaI., 1988). This 
immunocytochemical reactivity is directed predominantly at cell bod­
ies, although reaction with cell processes in the midbrain, as well as 
in the striatum, are occasionally observed. This immunocytochemical 
reactivity is significantly reduced by prior lesion of the SN using the 
DA neurotoxin, 6-hydroxydopamine. Incubation of dopamine (DA) 
neuron cultures with PD patient CSF similarly results in an immu­
nocytochemical reactivity which appears directed at DA neurons 
(McRae et aI., this volume). The antibody has thus been termed the 
DA-neuron antibody (DNAb), although immunologic reactivity di­
rected at other cell types cannot be completely ruled out at this time. 

We have also reported that the DNAb-positive CSF taken from 
patients undergoing adrenal medulla-to-brain transplantation, gradu­
ally loses its immunoreactivity in the months following surgery 
(McRae-Degueurce et aI., 1988 b; Carvey et aI., 1988). The time course 
of this disappearance is similar to the time course of clinical improve­
ment observed in these patients (Penn et aI., 1988). This may suggest 
that there is a relationship between the disappearance of the DNAb 
and clinical improvement in these patients. We will report here the 
DNAb results from a large series of patients which include patients 
with PD as well as appropriate controls. The results from these patients 
suggest that the DNAb may be useful as a biologic marker for PD. 
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Materials and methods 

Patients 

The CSF from 128 patients has been evaluated for the presence of the 
DNAb. Patients with PD (n = 65) were all moderately to severely affected 
and had a long standing history of disease which, unless otherwise stated, 
was responsive to levodopa therapy. With the exception of 11 patients which 
underwent adrenal medulla-to-brain transplantation, CSF samples were col­
lected by lumbar puncture without stipulation of prior bed-rest or specific 
food consumption. CSF taken from transplant patients was collected by 
aspiration from the lateral ventricle at the time of surgery. 

Lumbar CSF from 24 patients undergoing routine myelography served 
as non-neurologic disease controls. Aspirated ventricular CSF from 8 patients 
undergoing intraventricular shunting for the relief of elevated intracranial 
pressure, served as controls for the transplant patients. A total of 31 patients 
with various neurologic disorders were also evaluated for the presence of 
the DNAb in lumbar CSF. These included 8 patients with peripheral neu­
ropathies, 4 with multiple sclerosis, 4 patients with movement disorders of 
unknown etiology, 3 patients with tumour or pseudo-tumour, 2 patients with 
Tourette's syndrome, and 1 patient each with olivopontocerebellar atrophy, 
spina bifida, Huntington's chorea, tardive dyskinesia, multifocal degeneration, 
polymyoclonus, post-anoxic chorea, spasmodic torticollus, cerebellar hem­
orrhage, and 1 patient with non-vascular locked-in syndrome secondary to 
aqueductal stenosis. 

CSF samples were centrifuged for 15 minutes at 3,000 g. The CSF was 
drawn off and immediately frozen at - 60°C. All samples were then trans­
ported to Sweden on dry ice where immunocytochemical reactivity was 
assessed (A.M.). Samples were always evaluated blind and numerous samples 
were evaluated twice under a different code name to insure reliability. 

Immu1torJ1tochemical procedure 

The procedure has been described in detail elsewhere (McRae-Degueurce 
etal., 1986a, 1988b). Briefly, rats were perfusion-fixed with a solution con­
taining 5% glutaraldehyde and allyl alcohol in a cacodylate buffer. The brains 
were then removed, frozen, and coronally sectioned (10 11m) at the level of 
the substantia nigra. Consecutive sections were mounted on gelatinized slides 
and incubated with 2% normal goat serum for 30 minutes at room temper­
ature. The sections were then incubated overnight at room temperature with 
patient CSF (1 : 1 with Tris/sodium metabisulfite buffer, pH 7.6) containing 
1 % goat serum and 0.5% Triton X-lOO. Control samples were incubated 
with biotinylated anti-human IgG serum excluding CSF. The sections were 
then processed for immunocytochemistry using the avidin-biotin-peroxidase 
complex. 

Samples were judged immunopositive if reactivity was confined to the 
SN /VT A region. Samples exhibiting reactivity throughout the section were 
judged non-specific and termed immunonegative. It was observed that a 
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greater percentage of the samples were judged non-specific when the CSF 
was not spun down prior to freezing. Freeze-fracture may thus contribute 
to non-specific markage. Sections not exhibiting any mark age, were also 
termed immunonegative. 

Results 

Table 1 depicts the DNAb results from the 128 patients evaluated 
to date. CSF from 51 of the 65 PD patients (or 78.4%) have been 
designated DNAb positive using this procedure. This group includes 
1 patient diagnosed with unresponsive PD whose CSF was judged 
immunonegative. In contrast, all 24 myelogram controls and all 8 
ventricular CSF controls were judged immunonegative although 5 
myelogram controls exhibited a non-specific markage. 

Table 1 also depicts the DNAb results from the nonparkinsonian 
patients with other diagnosed neurologic diseases. Of the 31 patients 

Table 1. Prevalence of DNAb in patients with probable, possible and not­
probable substantia nigra degeneration 

Diagnosis 

PD 

Extra pyramidal 
disorders 

Multi-focal 
degeneration 

Non-vascular locked 
in syndrome 

Peripheral neuropathy 

Multiple sclerosis 

Tumor/pseudo tumor 

Tourette's syndrome 

OPCA, spina bifida, 
HC, TD, spas. tort., 
polymyoclonus, post­
anoxic chorea, cere­
bellar haemorrhage 

Myelogram 

Shunt patients 

# Studied # Positive % Positive Nigral 
pathology 

65 51 74.4% Probable 

4 4 100.0% Possible 

8 

4 

3 

2 

1 each 

24 

8 

1 

o 
o 
o 
o 

o 
o 
o 

100.0% 

100.0% 

0.0% 

0,0% 

0.0% 

0.0% 

0.0% 

0.0% 

0.0% 

Possible 

Possible 

Not-probable 

Not-probable 

Not-probable 

Not-probable 

Not-probable 

Not-probable 

Not-probable 

OPCA Olivopontocerebellar atrophy; HC Huntington's chorea; TD tardive 
dyskinesia; Spas. tort. Spasmodic torticollis 
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evaluated, 6 were found to possess immunocytochemical reactivity in 
the midbrain region. Four of these patients had unusual movement 
or gait disorders of unknown etiology. Two of these undiagnosed 
movement disorders had very weak, but immunopositive reactions to 
SN/VT A region whereas 1 of the four patients had reactivity confined 
to the medial region of the SN only. The fifth DNAb positive, non­
PD patient was an 8-year-old boy diagnosed as having multifocal 
degeneration with rigidity. The sixth DNAb positive, non-PD patient 
was a 22-year-old patient with acquired aqueductal stenosis secondary 
to viral meningitis who eventually developed levodopa responsive 
non-vascular locked-in syndrome (Rao and Costa, 1989). This patient 
exhibited cogwheel rigidity and had an abnormally low CSF homo­
vanillic acid level of 11.63 ng/ml (normal HV A = 44.65 + 19.42; 
n = 218). MRI of this patient revealed edema and encephalomalacia. 
Patients with other nonparkinsonian neurologic disorders (n = 25) 
were all immunonegative. 

Discussion 

Three clinical subgroups were examined for the presence of the 
DNAb in their CSF. These included, 1 - patients with a definite history 
of PD, all of whom had probable nigral pathology; 2 - patients with 
extrapyramidal movement disorders and possible nigral pathology; 
and 3 - patients with various disorders without probable nigral pa­
thology. A large percentage of the PD patients evaluated (78%) pos­
sessed an antibody (IgG) in their CSF which was immunoreactive to 
the cells of the SN of the rat. Six of the six patients (100%) with 
possible nigral pathology (based on the presence of extrapyramidal 
symptoms) were DNAb-positive. In contrast however, control CSF 
samples as well as a variety of neurologic disease states without prob­
able nigral pathology, were all DNAb negative. These results extend 
our previous observations concerning the antibody and suggest that 
the DNAb is a common feature of PD and other disorders with SN 
degeneration (McRae-Degueurce et aI., 1986 b, 1988 a, b, 1989). These 
results also support and extend the observations of Husby et ai. (1976, 
1977) as well as Itagaki et ai. (1987), who also observed immunologic 
activity directed at CNS tissue in PD patients. There may thus be an 
autoimmune component in PD and the presence of the DNAb may 
represent a biologic marker of PD. 

The hypothesized autoimmune process could represent a primary 
etiologic factor of PD or a secondary autoimmune component. Itagaki 
et ai. (1987) observed HLA class II microglia phagocytosing tyrosine 
hydroxylase positive neurons in the brains of patients with idiopathic 
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PD as well as in the brains of patients with the amyotrophic lateral 
sclerosis-parkinsonian-dementia syndrome of Guam. The parkinsonian 
features of this syndrome, like MPTP-induced parkinsonism, are 
thought to result from exposure to a neurotoxin (Spencer et aI., 1987). 

Production of the DNAb as a secondary autoimmune process is 
also supported by the observation that patients with possible nigral 
involvement in their disease were also DNAb positive. These include 
a patient with multifocal degeneration exhibiting rigidity as well as a 
patient exhibiting non-vascular locked-in syndrome with cogwheel 
rigidity and subnormal CSF HV A, both of whom present clinical 
pictures consistent with nigral pathology. The 4 DNAb-positive pa­
tients with extrapyramidal movement disorders of unknown etiology 
may similarly have nigral involvement in their disease, although the 
pathologic picture in these patients is more difficult to predict and 
could only be established at autopsy. Immunologic involvement in 
these patients is, therefore, most consistent with the hypothesis that 
the DNAb is not an etiologic factor in PD, but rather, a secondary 
response to nigral degeneration, regardless of its cause. This would 
then suggest that the DNAb is not necessarily a biological marker for 
PD per se, but rather a biologic marker for nigral degeneration. 

All PD patients however, would be expected to have nigral de­
generation, with the possible exception of the levodopa non-responsive 
PD patient (this patient may have parkinsonian features secondary to 
striatal pathology which would be consistent with his DNAb-negative 
CSF). However, 20% of the PD patients thus far examined, were 
immunonegative. This false negative rate may simply represent a lack 
of sensitivity in the assay. Attempts to develop a traditional ELISA 
with its associated enhanced sensitivity, is currently under way. Al­
ternatively, all PD patients may not exhibit an immunologic component 
to their disease. Immunonegative PD patients may therefore represent 
a subpopulation of PD. A third alternative would suggest that PD 
patients do not continuously produce the DNAb but that the pro­
duction of the antibody may wax and wane as it does in multiple 
sclerosis (Tourtellotte et aI., 1980). 

A biologic marker of PD should also be specific for the SN. The 
markage pattern observed in PD patients however, also includes the 
VT A which is generally not thought to be involved in PD. However, 
recent studies by Riederer et ai. (this volume) demonstrate decreased 
DA in the frontal cortical regions of PD patients. This would suggest 
projection cell loss and therefore VT A involvement as part of the 
pathologic picture of PD. If the DNAb is a secondary response to 
DA neuron degeneration, immunocytochemical reactivity to the VT A 
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would therefore be anticipated. Prior to being utilized as a biological 
marker for PD, it would also need to be established whether or not 
cells (neurons and/or glia) in addition to DA neurons react with the 
DNAb. This has not been clearly established at this time. Examination 
of immunocytochemical reactivity in the locus ceruleus, which is in­
volved in PD, are planned. However, the data collected thus far does 
suggest that the immunocytochemical reactivity observed in the SN 
is directed at DA neurons. This is supported by 1 - the observation 
that a lesion of the rat SN using 6 hydroxydopamine, significantly 
reduces the reactivity; 2 - the observation that DA neuron cultures 
react with the DNAb; and 3 - that the distribution of the reactivity 
of the DNAb is similar to the known distribution of dopaminergic 
neurons in the CNS. 

If the DNAb represents a secondary autoimmune response to nigral 
degeneration, it would, theoretically, be present in the CSF prior to 
symptom expression. This is based on the commonly held assumption 
that nigral degeneration precedes symptom expression by many years, 
but that compensatory mechanisms within the DA system are able to 
prevent symptom expression until striatal DA content is less than 20% 
of normal (Hornykiewicz, 1979). The DNAb would then be truly 
considered an early marker for nigral degeneration implicating PD. It 
is also possible that, once the degenerative process of PD has advanced 
to the point where DNAb production occurs, the DNAb may con­
tribute to the further progression of disease as our preliminary data 
suggests (McRae et aI., this volume). This possible effect on disease 
progression would offer another potential therapy for PD involving 
immunosuppressive drugs. 

The growing list of eNS degenerative disease states which have 
now been shown to possess antibodies directed at neuronal popula­
tions, ostensibly thought to be associated with symptom expression, 
may have far-reaching implications in our understanding of neuro­
degenerative disorders in general. Future work may establish that other 
neurodegenerative disease states induce neuron specific antibodies as 
appears to be the case in Alzheimer's disease, Huntington's chorea, 
stiff-man syndrome and PD. Procedures similar to those described in 
the present study would then be expected to be useful in elucidating 
the potential central locus of neurodegeneration in CNS disorders 
where pathology is thought to occur but has not yet been identified. 
And finally, consideration of the potential role of such autoantibodies 
in the progression of neurodegenerative disease states would be ex­
pected to result in a broader understanding of central disease process 
offering new potential therapeutic strategies. 
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Summary 

With the help of multivariate statistical methods, we analysed the results 
of a motor performance test series consisting of simple subtests. \'Ve were 
able to differentiate almost completely between parkinsonian patients (most 
of whom showed only slight or very slight clinical symptoms) and age­
matched controls: we found only 2% false negative diagnoses and no false 
positives. Thus, impairment of fine motor skills is very frequent in the early 
stages of the disease and standardized motor performance tests can contribute 
to its detection. Since we established that a deterioration of the test results 
is highly age-correlated for these patients, we expect that follow-up testing 
will further contribute to improve selectivity. 

Introduction 

The diagnosis "Parkinson's disease" is only established when a 
constellation of typical clinical symptoms becomes visible. The pros­
pect of new therapies with potential preventive effects makes it nec­
essary to confirm the diagnosis as early as possible. Our approach to 
this problem is the examination of psychomotor performance using 
standardized apparative methods, because such tests have a high level 
of objectivity, reliability and validity. The examination of motor dis­
orders by single apparative tests has been described in a number of 
studies in which significant differences between patient groups were 
demonstrated; see for example: Duvoisin (1971), Evarts et al. (1981), 
Flowers (1975). These tests reveal different aspects of the motoric 
disorders and some of them are applicable for the simple control of 
therapy. With the individual tests, however, there is too much overlap 
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between the results from patients and from controls. Early diagnosis 
requires a reliable case-by-case answer. Since early diagnosis must also 
be a differential diagnosis, the methods to be developed must meet 
high requirements with respect to their selectivity (i.e. specificity and 
sensitivity). 

We use a battery of simple subtests which are appropriate for 
differential diagnosis of motor disorders in diseases with multidimen­
sional symptoms. 

The results from the selected battery of tests provide much more 
information than those obtained by evaluating individual subtests. A 
simple example is the correlation between the results from the two 
hands, because the development of Parkinson symptoms is usually 
asymmetrical. It is also important to take into account the age de­
pendence of fine motor ability (Kraus et aI., 1987 a; Kraus and Przun­
tek, 1989). In line with the various constellations of clinical symptoms, 
various test profiles may be expected and these may also have differ­
ential diagnostic value. 

Materials and methods 

The performance test used in the present study consists of several subtests 
which were carried out separately for the right and left hand as described by 
Schoppe (1974). 

P lugging: The subject is required to transfer 25 pins (diameter 2.5 mm, 
length 5 cm), individually and as quickly as possible, from a rack into a series 
of appropriate holes (diameter 2.8 mm) in a contact board. This test measures 
the time interval between the plugging in of the first and the last pin. 

Tapping: The subject is required to tap on a contact board with a contact 
pencil as rapidly as possible. This test measures the number of contacts during 
two time intervals of 16 seconds each. As a measure of speed alteration (e.g., 
caused by fatigue) we use the difference between the two numbers as an 
additional parameter. 

The Steadiness 4.8 mm test was performed in the smallest hole of the series 
in the board without support for the arm in action. A contact pencil had to 
be held for 32 seconds vertically in a hole, 4.8 mm in diameter, without 
touching either the rim or the bottom of the hole. This test measures the 
number and duration of contacts. The Steadiness 8.5 mm test was performed 
in the same manner using the hole 8.5 mm in diameter. 

In the Aiming test the subject has to hit 20 contacts with the contact 
pencil. This test measures the total time required to perform the test, the 
number of hits, the number and duration of misses. 

In the Line tracing test the patient has to follow a grooved path with a 
stylus as closely as possible. This test measures the total time required to 

perform the test, the number and duration of errors. 
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Controls and patients 

The present study includes only controls and patients who are right­
handed and aged between 40 and 85 years: 52 healthy controls (mean age 
62.0 ± 12.0 years) and 107 patients (54 women and 53 men, average age 
62.5 ± 8.6 years, average duration of disease 3.6 years, Hoehn and Yahr scale 
between stage 1 and 4). Patients were assessed as follows: 11 % severe cases, 
40% moderately severe cases, 49% slightly diseased (about 10% had only 
very discrete symptoms). The major symptoms were tremor in 13% of the 
patients and motor deficiency in 72%; in 15% of the cases tremor and motor 
deficiency were equivalent. Apart from recently diseased patients, all patients 
were under specific medication. 

Statistical analysis was performed using the U-test according to Mann 
and Whitney for comparisons at the subtest level; the multivariate analysis 
included factor, cluster and discriminant analyses. The evaluation of the entire 
data (68 dimensions) was carried out with cluster analysis with squared 
Euclidean distances according to Ward using a 3 cluster solution. At the 
subtest level, evaluations did not take age dependence into account; discrim­
inant analysis was carried out by using all the data after correction by age, 
allowing and including, additionally, average error times for subtests Stead­
iness, Aiming and Line tracing. 

Results 

The results of the subtests were compared using the U-Test ac­
cording to Mann and Whitney because the parameters measured were 
not normally distributed. We found significant differences in all sub­
tests except for Aiming, number of hits (right hand), and for Tapping­
difference (left hand) (Table 1). There is, however, a marked overlap 
between the two groups (Fig. 1). The discriminating power at the 
subtest level is not sufficient for the purposes of early diagnosis, in 
particular because precisely those cases which are of most interest, i.e. 
those with few symptoms, are found in the overlap area. As expected 
in this group of mostly mildly diseased patients, the differences meas­
ured with the Steadiness test with the small hole (4.8 mm) were larger 
than those found with the 8.5 mm hole, because the floor effect with 
the larger hole leads to reduced resolution. The most marked differ­
ences were found for the subtest Plugging, whereas Tapping, which 
is used in different clinical scores, yielded relatively small differences. 

First of all, we examined the battery of tests for internal consistency, 
making use of explorative statistical methods. The structuring of the 
variables by factorial analysis and the correlation between the indi­
vidual subtests demonstrated that a useful combination of subtests had 
been selected, i.e., that indeed several different fine motor abilities 
were being measured. 
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Table 1. Evaluation at subtest level (Mann-Whitney-U-test) 

Subtest Right hand Left hand 

Mean rank p= Mean rank p= 

Co PD Co PD 
(51 ) (102) (51) (102) 

Steadiness 8.5, Errors 50.3 90.4 0.000* 51.8 89.6 0.000* 
Steadiness 8.5, Error-time 52.8 89.1 0.000* 52.4 89.3 0.000* 
Steadiness 4.8, Errors 50.4 89.7 0.000* 58.8 86.1 0.000* 
Steadiness 4.8, Error-time 48.3 90.7 0.000* 51.6 89.7 0.000* 
Tracing, Errors/Number 58.1 86.5 0.000* 63.4 83.8 0.007* 
Tracing, Error-time 56.2 87.4 0.000* 62.5 84.3 0.004* 
Tracing, Time 53.1 89.0 0.000* 55.5 87.8 0.000* 
Aiming, Errors 53.1 89.0 0.000* 54.8 87.5 0.000* 
Aiming, Hits 72.2 79.4 0.284 ns 63.2 83.2 0.003* 
Aiming, Error-time 56.3 87.3 0.000* 53.5 88.1 0.000* 
Aiming, Time 59.2 85.9 0.000* 64.7 82.5 0.Q19* 
Tapping, Hits, 1st 92.8 69.1 0.002* 91.7 69.1 0.002* 
Tapping, Hits, 2nd 89.8 70.6 0.012* 92.5 68.7 0.002* 
Tapping, Difference 89.7 70.7 0.012* 77.6 76.0 0.837 ns 
Plugging, Time 42.5 91.9 0.000* 45.8 89.1 0.000* 

* Probability less significance level (0.05); ns not significant; CO controls; P D Par-
kinson's disease. Number of persons in parenthesis. With almost all the subtests, 
highly significant differences between the collectives were obtained 

Explorative analysis at the inter-person level using cluster analysis 
revealed that the patients were grouped into interpretable clusters: for 
clarity purposes Fig. 2 shows a simple example for just three parameters 
for the right hand. In addition to the ability profile, the cluster analysis 
used here took into account the ability level. 

Of particular interest are the last two groups shown in Fig. 2, both 
having moderate unsteadiness in the Steadiness (4.8 mm) test: the 
Tapping result of the one group is actually better than that of the 
healthy group whereas that of the other group is markedly worse. 
This is in good agreement with our observation that some patients 
with tremor can readily carry out arbitrary oscillatory movements 
whereas others are markedly impaired in their ability to produce such 
antagonistic alternating motions. The difference is not as marked in 
this simple three parameter model as when one actually measures the 
regularity of tapping (Kraus et al., 1987 a): although some patients 
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Fig. 1. Plugging (right PD patients, left healthy controls): although there are 
highly significant differences between the collectives evaluated at the sub­
test level, precisely those cases of interest (few symptoms) lie in the overlap 
area. Therefore, the resolving power of an individual subtest is insufficient 

for the requirements of early diagnosis 
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Fig.2. With the 3-parameter model, 7 clusters of Parkinson patients with 
differing ability profiles are obtained 
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with tremor can still tap relatively rapidly, the regularity of this move­
ment is enormously impaired. 

Discriminant analysis allowed a satisfactory separation of the total 
patient group from the controls. The evaluation of the patient clusters 
(3 cluster solution) and the control group produced an optimal dif­
ferentiation with only 2% false negative allocations and correct clas­
sification of all controis. 

Discussion 

The motivation for early diagnosis of Parkinson's disease is based 
principally on indications, mostly from animal experiments, that the 
course of the disease could possibly be influenced by medications which 
seem to have a protective effect. Confirmation of this hypothesis would 
then justify early therapeutic measures, for which an early diagnostic 
procedure would be required as quickly as possible. 

To the question of therapy control, we studied the correlation 
between the results of the motor ability test series and the clinical 
classification of the patients according to the Webster Score (Webster, 
1968) using data from a large multicentre study. This led to the con­
clusion that the fine motor ability test includes some parameters which 
cannot be obtained by clinical examination. At the early stages of 
Parkinson's disease clinical scores cannot be used to evaluate the motor 
tests because these scores were developed for therapy control and have 
their highest resolving power in quite a different range. In addition, 
their ability to differentiate is relatively coarse (mostly nominal and 
ranked scales) and rating is subjective. On the other hand, the ad­
vantages of apparative examinations are especially apparent at these 
stages: if the degree of difficulty of the test is appropriately chosen, 
the battery of tests emphasizes the differences most sensitively in the 
most interesting region, that is, at the border between healthy and 
diseased. 

The fine motor ability test presented here is to be classified among 
the tests for pre-clinical diagnosis as a test for early symptoms, on the 
assumption that the impairment of fine motor ability is to be seen as 
a manifestation of the disease. On further development of the method 
with multidimensional total data registration and high resolution pro­
cedures, a contribution to diagnosis in the predictive sense can be 
expected even before recognizable clinical symptoms. There is at pres­
ent no reliable method of predicting Parkinson's disease. A method 
such as that presented here for the measurement of fine motor ability 
could anticipate the time of diagnosis to such an extent that appropriate 
measures could be taken. 
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Even simple parameters from the battery of tests provide a good 
differentiation between the two groups. Correction of the data by 
patient's age, calculation of further parameters such as error times, 
and a clusterwise discriminant analysis appropriate for the problem 
yield optimal resolution. 

The final evaluation of the established discriminant functions, how­
ever, cannot take place without the independent analysis of another 
sample population. The reliable classification of new individuals in 
the existing clusters is too difficult for routine use. 

The fine motor ability test has been validated at the subtest level 
(Kraus et aI., 1987 a); the corresponding validation after multivariate 
analysis has still to be carried out. 

The results presented here are suitable, firstly as a model for 
assessing the possibilities of multivariate analysis of the battery of tests; 
secondly, for predicting the type of further developments. 

This battery of tests can be made more powerful by the sensible 
addition of extra subtests which could take into account specific prob­
lems of differential diagnosis. We have already taken the first steps in 
this direction: for routine examinations, we use a modified battery of 
tests which also measures the regularity of rapid oscillatory movements 
(Kraus et aI., 1987 a), and carry out apparative investigation of dia­
dochokinesia movements as well (Kraus et aI., 1987 b). 

The results of our cross-sectional analysis of the age dependence 
of fine motor ability in the two groups indicate that follow-up ex­
aminations should bring a considerable improvement in resolution. In 
any case, the method presented here is not time-consuming and puts 
hardly any strain on the patient. Using the normal values that we have 
obtained, the examination can give its contribution as a screening test 
for the very early detection of motor disturbances. For the purpose 
of differential diagnosis, we expect a contribution from the differen­
tiation of performance profiles for different diseases. 
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Summary 

Electrophysiological methods and motor performance tests are shown 
to be helpful to the early diagnosis of Parkinson's disease. The most sensitive 
out of five motor tests studied here is visuo-manual tracking. Tremor re­
cordings allow to differentiate between physiological and pathological tremor. 
An enhancement of long-latency reflexes may precede the development of 
parkinsonian symptoms on the hitherto unaffected side in unilateral parkin­
sonism. The combination of motor function tests with tremor and long­
latency reflex recordings is likely to be more sensitive than any single test. 

Introduction 

The clinical investigation and evaluation of the symptoms and 
complaints of parkinsonian patients are still the most important way 
to a correct diagnosis. At an early stage of the disease, however, the 
examiner is often misled by unspecific signs such as shoulder-arm pain, 
clumsiness and trembling or anxiety and depression. Even with the 
differential diagnosis of Parkinson's disease in mind, it is not always 
possible to arrive at a definite clinical decision. Most of the additional 
diagnostic procedures do not really contribute to clarify the diagnosis. 
In the near future, the PET-scan may turn out to be able to demonstrate 
the reduced metabolism in the nigrostriatal complex. 

Electrophysiological methods playa major role in analyzing ab­
normal motor behaviour. Therefore, various attempts have been made 
in the past to study akinesia, tremor and rigidity more in-depth. Tliere 
are only few investigations of the early stages of Parkinson's disease 
(Deutschl etal., 1989; Lucking etal., 1986). 

The most disabling symptom for the patients, as a rule, is hypo-
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or akinesia. In the past, various aspects of impaired motor function 
related to akinesia have been demonstrated. Reaction time to visual 
and auditory stimuli is prolonged in some patients, but the slowing 
is not dramatic and its correlation with the patient's clinical state is 
poor (Evarts, 1981). The additional delay observed in choice reaction 
time is even the same as in a normal population. Movement time seems 
to be a more reliable indicator of motor impairment (Hallett, 1985). 
Other tests which have proved to be sensitive include visuo-manual 
tracking (Flowers, 1978; Day etaI., 1984) and the performance of 
sequential (Goldenberg et aI., 1986) as well as simultaneous movements 
(Benecke, 1986). For the present study, a battery of very simple com­
puterized tests of motor function was employed. 

Combinations of different test have been used before as a diagnostic 
tool (Kraus and Przuntek, 1988). 

Tremor in early parkinsonism may differ from that in the advanced 
stages in several aspects, namely in the frequency of resting tremor 
and in the amount and type of additional postural tremor. Classically, 
patients present a resting tremor which disappears when the involved 
muscles are voluntarily activated (type I). The main tremor frequency 
is between 4 and 5 Hz. In more than half of the patients the resting 
tremor is combined with a postural tremor, which can have the same 
frequency and reciprocal innervation pattern (type II). One quarter of 
the patients, however, exhibit postural tremor at a much higher fre­
quency (6 to 10 Hz) with the characteristics of essential tremor (type 
III). A few patients show only an enhanced physiological tremor which 
may be detectable only by means of an accelerometer (type IV). Its 
main frequency is 8 to 12 Hz. Essential and enhanced physiological 
tremor can be differentiated by measuring the power spectrum of the 
accelerogram while weighting the arm or hand with an additional load 
(Hamberg etaI., 1987; Deuschl etaI., 1989). Under this condition, the 
frequency of physiological tremor decreases whereas in the essential 
tremor it does not. 

Additional electrophysiological data may be provided by inves­
tigation of long-latency reflexes (LLR) evoked by electrical stimulation 
of the median nerve. In previous studies, it had been shown that in 
more than half of the patients with Parkinson's disease the early com­
ponent LLR I is enhanced. As to the different tremor types, mainly 
type II tremor is characterized by an enhancement of LLR 1. This is 
true for the early as well as the advanced stages of the disease. 

Subjects and methods 

The study is based on two indepedent groups of patients with early 
Parkinson's disease. Motor performance tests were carried out on 30 par-
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kinsonian patients, 30 age-matched normal subjects and 6 patients with uni­
lateral parkinsonian symptoms. Tremor and LLR recordings were performed 
on 24 patients (15 men, 9 women), 20 of whom had purely unilateral par­
kinsonian symptoms. Their mean age was 58.7 years (range 49 to 78 years). 
The diagnosis of Parkinson's disease was accepted when at least two of the 
following main symptoms: resting tremor, bradykinesia, rigidity, or postural 
abnormality were detectable. The duration of illness was retrospectively as­
sumed to be between 3 and 24 months (mean 15 months). At the time of 
examination the Webster score did not exceed 12 points in all patients. 

Motor performance tests 

The test battery consisted of: 
1. Acoustic reaction time. 
2. Visual reaction time. 
3. Movement time: the patients had to lift their arm from the table and 

press a button placed at a distance of 50 cm to the left from the starting 
position of the hand. The task was started by an acoustic signal. Movement 
time as assessed here, therefore, includes an acoustic reaction time. 

4. Diadochokinesis: the patients held a knob between their thumb and 
index finger and had to turn it to and fro (by supination/pronation) as rapidly 
as possible for ten seconds. The mean angular velocity of this movement 
was taken as an indicator of diadochokinesis. 

5. Tracking: the patients were faced with an illuminated bar which 
crossed a TV screen at a steady rate from left to right and back. They had 
to keep up with this bar by a second bar which they could control by a 
potentiometer (pursuit tracking). As a parameter of tracking precision, the 
absolute distance between the target bar and the response bar was integrated 
over one trial. 

For reaction time measurements, a button press was required as a re­
sponse. The best value out of five trials was selected. 

Tremor recording 

Tremor was recorded by means of surface electrodes on two or three 
pairs of antagonistic muscles and by an accelerometer attached to the hand. 
Tremor frequency was determined from the accelerometer signal with an on­
line Fast-Fourier-analyser (Nicolet Med. 999). 

LLR recordings 

Long-latency reflexes (and H-reflexes) were recorded from the thenar 
muscles by using surface electrodes after electrical stimulation of the median 
nerve. Details of the technique are published elsewhere (Deus chi et ai., 1985). 
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Results 

Motor performance 

The patient group did significantly worse on all tests of motor 
performance. Figure 1 shows test scores of parkinsonian patients and 
normal controls. The data are normalized, so that the mean value of 
the control group is 100%. The difference in acoustic reaction time 
is significant only at a 2.5 % level; all other differences are highly 
significant at levels of 0.5% and lower. The Fig. demonstrates that 
among the motor skills tested in this study tracking is the most sensitive 
in differentiating between normal subjects and parkinsonian patients. 

Figure 2 displays a selection of results from 6 patients with uni­
lateral or at least asymmetric Parkinson's disease. All patients were 
right-handed, and all showed their symptoms on the right side. This 
group was preferred for analysis, because their handedness can be 
expected to act to the advantage of the affected side. Otherwise, any 
asymmetries found could be explained partly by the subjects' hand 
dominance. The grey bars represent the individual scores on the symp­
tomatic side. In this diagram, diadochokinesis is plotted as angular 
velocity. So, a slowing is symbolized by a grey bar which is shorter 
than the black one. The patients in this series exhibited remarkable 
differences in their test profile. Patient no. 5, for instance, is extremely 
bad at visual pursuit tracking. In diadochokinesis, however, he per-
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Fig.t. Mean test scores of motor performance in 30 patients with early 
Parkinson's disease and 30 age-balanced controls. Normalized data (mean 
score of control group = 100%). For diadochokinesis, the reciprocal value 

of angular velocity is plotted. Significance levels, see text 
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Fig. 2. Motor test scores in 7 patients with right-sided parkinsonian symp­
toms. Black bars: normal side; grey bars: affected side 

forms faster with his affected hand. These two tests require a virtually 
identical motor output. The subjects have to turn the same knob, once 
to and fro as fast as they can, once to control their pursuit movements. 
The velocity of the hand movement required for tracking is much 
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lower than and indeed far below the slowest movement recorded in 
any patient in spontaneous diadochokinesis. As another example, pa­
tient no. 6, who is the slowest of all in reaction time and movement 
time, performs quite well at the tracking task. These data on unilateral 
Parkinson's disease suggest that different patients exhibit different 
patterns of motor disability. 

Tremor 

Among the 24 patients in the second group, 21 presented a tremor. 
Seventeen had a resting tremor, five of them with a rather high fre­
quency, between 6 and 9 Hz, which is not seen in advanced stages 
(Fig. 3). Sixteen patients showed a postural tremor with frequencies 
ranging between 5.5 and 8.5 Hz. This corresponds well to the postural 
tremor seen in patients with advanced parkinsonism. According to 
our classification in type I to IV, 6 patients belong to type I, 2 to type 
II, 9 to type III, and 4 had an enhanced physiological tremor (type 
IV). In some patients suffering from early Parkinson's disease without 
clinically visible tremor of the hands, the modification of the frequency 
pattern following successive loading of the hand was investigated. The 
frequency of physiological tremor decreases under this condition. In 
parkinsonian patients, however, the frequency remained stable even 
when the hand was loaded with 1 kg. We conclude that accelerometry 
may help to differentiate between physiological and pathological 
tremor even if they are clinically indistinguishable. 

Long-latency reflexes 

The normal reflex pattern consists of an early monosynaptic reflex 
(H-reflex) at a mean latency of 29 ms and two long-latency reflexes at 
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Fig. 3. Frequency range of resting tremor and postural tremor in parkinsonian 
patients. Nine patients had a combination of both tremor types 
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Fig. 4. Long-latency reflexes of 6 patients with unilateral Parkinson's disease 
recorded from both hands. Two patients with normal patterns with HR and 
LLR II (a). Enhanced LLR Ion the clinically affected side only in two patients 

(b) and bilaterally enhanced LLR I in two patients (c) 

around 50 ms and 60 ms, respectively (LLR I and II). The evaluation 
of long-latency reflexes centred on nine patients with unilateral par­
kinsonian symptoms. All of them had enhanced LLR on the affected 
side with a mean ratio between absolute LLR amplitude and baseline 
activity of 2.0 (normal: < 0.8). Interestingly, four patients exhibited 
a pathological LLR also in their clinically unaffected side. Examples 
are displayed in Fig. 4. 

Conclusions 

Our data on motor performance in early parkinsonism suggest that 
tests of akinesia are more sensitive if they require complex tasks rather 
than simple ones. This is illustrated by Fig. 1, in which the tests are 
arranged from right to left in an order of increasing complexity. The 
analysis of test scores in the group of unilateral parkinsonian subjects 
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reveals that different patients exhibit different patterns of disturbances. 
For the early diagnosis of Parkinson's disease, therefore, a combination 
of motor functions tests will be more sensitive than any single one. 
Another conclusion is that our understanding of akinesia may develop 
from the concept of a unique symptom towards a set of basic dis­
turbances which may combine in a variable fashion. This could be 
verified by demonstrating specific patterns of correlation and non­
correlation between different motor abilities in the parkinsonian group. 
Such links are currently being investigated. 

The findings on parkinsonian tremor presented in this study do 
not basically differ from previous data on patients with advanced 
Parkinson's disease. It became evident, however, that a pure resting 
tremor of higher frequency or a pure postural tremor of the essential 
type do not contradict the diagnosis of early parkinsonism. A slowing 
of tremor frequency is likely to occur along with the progression of 
the disease. 

The value of LLR recordings as a diagnostic procedure is illustrated 
by the manifestation of an enhanced LLR I on the affected as well as 
on the clinically unaffected side of four patients with unilateral par­
kinsonism. In five patients, it was restricted to the affected side. Until 
now, no reliable data on LLR in the evolution of Parkinson's disease 
are available. However, the present finding of enhanced LLR I on the 
unaffected side of hemiparkinsonian patients shows that the altered 
reflex activity can precede the onset of clinical symptoms. So, this 
method may be important for the differential diagnosis in patients 
presenting an unusual tremor. 

In contrast to biochemical, morphological and imaging procedures, 
electrophysiological methods record disorders of function which are 
at the basis of the symptoms and complaints of patients with Parkin­
son's disease. Therefore, further attempts should be made to develop 
quantitative methods for the documentation of motor performance to 
facilitate the diagnosis of movement disorders. 
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Characterisation of Parkinson's disease using 
positron emission tomography 
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Summary 

Positron emission tomography (PET) can be applied in the study of the 
pathophysiology of Parkinson's disease (PD) and other conditions. An early 
diagnosis of PD should in principle be possible, since in this condition 
dopamine turnover is markedly decre~sed while dopamine D2 receptor-density 
is generally unimpaired. In other neurodegenerative conditions accompanied 
by parkinsonism both "pre" and "post-synaptic" binding of tracers seems 
to be impaired. 

In PD the loss of cells within the nigrostriatal pathway seems less out­
spoken when compared to the severe decrease of endogenous dopamine 
concentration. 

Introduction 

In recent years it has become possible to measure in vivo certain 
aspects of human striatal dopaminergic function using radio-labelled 
tracers and positron emission tomography (PET). Further validation 
and expansion of this method may lead to elucidation of the patho­
physiology of brain disorders in which a disturbance of one or more 
neurotransmitter systems has been demonstrated. 

Through PET studies it will now be possible to relate changes in 
neurotransmitter function to clinical features. Particularly, longitudinal 
studies starting in an early phase of the disease and using various types 
of tracers seem to be promising. Cross-sectional cohort studies are less 
suitable due to the rather small number of patients which can be 
currently scanned. This is not just caused by the relatively long duration 
of the scanning procedures; also the radiochemistry is often compli­
cated and has to be performed immediately before a scan because of 
the short radioactive half-life of the radio nuclides incorporated in the 
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tracer-molecules. However, data handling and analysis are the most 
time-consuming aspect of measuring tissue function with PET. Re­
duction of count measurements into manageable units and conversion 
of time-activity curves into meaningful pharmacological or biochemical 
entities is a formidable task. It seems that the developments in this 
field are still in an early stage. The inevitably low patient throughput 
per scan laboratory, in combination with the small number of PET 
centres worldwide, makes it understand why accumulation of biolog­
ical or clinical results with PET is a slow process. 

Positron emission tomography (PET) 

The compounds (ligands) used with PET are administered in trace 
amounts. A PET scanner is able to detect the uptake of these tracers into 
tissues, e.g. brain or heart, since a special type of radionuclide is incorporated 
as "label" in the tracer molecules. These radionuclides decay by emitting a 
positron, e.g. oxygen-15, carbon-ll or fluorine-18. A positron is a particle 
with the same mass as an electron but positively charged. The three main 
reasons for choosing this type of radionuclides are the following. First, they 
are nuclides of physiological atoms, which means that their incorporation 
into the required tracer molecules does not change, or only slightly, so the 
chemical properties of the tracer. Secondly, the short radioactive half-life 
(minutes to a few hours) allows administration of the tracer in a dose sufficient 
to obtain measurable signals while keeping the radiation dose low enough 
for human use. Thirdly, the characteristic physical features accompanying 
positron emission are at the basis of tomographical measurement of regional 
radioacti vi ty. 

Shortly after emission from a decaying nucleus a positron annihilates 
with an electron. This results in conversion of the masses of the positron 
and electron into two simultaneous high energy gamma rays (511 ke V) trav­
elling into opposite directions. The construction of most PET tomographs 
is such, that a ring of detectors surrounds the body. Simultaneous stimulation 
of two opposite detectors (coincidence event) by the two gamma rays resulting 
from emission of a positron allows exact determinati"on of the direction from 
where the event took place. After collection of sufficient coincidence events 
(counts) within a certain time frame (seconds to minutes), the distribution 
of local radioactivity in the scanned cross-section (plane) can be calculated 
by standard tomographical reconstruction techniques. Thus for each region 
in the brain a time-activity curve can be determined in absolute units of 
radioactivity (microcurie per ml tissue). The buildup and washout of a tracer 
in a certain brain tissue region become more meaningful when they can be 
compared with the dose delivered to the brain via the arterial system. To 
obtain this information a series of blood samples is usually taken from a 
small indwelling radial artery cannula after administration of the tracer. From 
this a so-called arterial input curve is then derived. Whether the next step, 
namely calculation of a pharmacological or biochemical entity related to the 
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tracer aCtlVlty, can be achieved, depends on the specific properties of the 
tracer molecule. The mathematical models which are used for this purpose 
vary widely in complexity and various assumptions are waiting for validation. 

Results and discussion 

Pre-.rynaptic tracers 

L- 18Fjluoro-3,4-dihydroxyphetrylalanine eSF-dopa) is an analogue of 
L-dopa that can be used as a tracer for L-dopa transport from blood 
to brain, dopamine formation and subsequent conversion into metab­
olites (in striatum mainly HV A and DOP AC) (Garnett et al., 1983; 
Firnau etal., 1987; Leenders etal., 1986a, b, c, 1988b). Figure 1 il­
lustrates the radioactivity distribution throughout the brain after lsF_ 
dopa administration to a healthy volunteeer and a patient with Par-

Fig. 1. L-18F-6-fluorodopa uptake into brain measured in a healthy volunteer 
(upper row) and in a patient with Parkinson's disease (lower row). The images 
represent summated activity accumulated from one to two hours after tracer 
administration. Here 4 images are shown cutting the brain at four levels 
parallel to the orbitomeatal plane. The 3 left-hand side images cut through 
the striatum, whereas the right-hand side image is at a lower (cerebellar) 
level. Specific tracer uptake in the patient's striatal regions is markedly im­
paired compared to normal. The measurements were performed by the author 
using the PET tomograph at the MRC Cyclotron Unit, Hammersmith Hos-

pital, London, UK 
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kinson's disease respectively. A typical time-activity graph is shown 
in Pig. 2. 

L-dopa transport across the blood-brain barrier is an active, energy­
dependent and strictly stereoselective process in competition with other 
large neutral amino acids (Leenders etaI., 1986c). 18P-dopa is de car­
boxylated to 18P-dopamine in the endothelial cells of brain capillaries 
and in the brain tissue itself, particularly in decarboxylase-rich regions 
like striatum. 18P-dopamine is further metabolized into 18p_HV A and 
18p-DOPAC, but Pirnau and colleagues (Pirnau et aI., 1987) showed 
that in monkey brain during the first 1 to 1.5 hour after 18P-dopa­
administration, the radioactivity in striatum consisted predominantly 
of 18P-dopamine. Since this metabolic pathway runs only in one di­
rection, the sum of 18P-dopamine, 18p_HV A and 18p-DOPAC for­
mation must thus be determined by the regional dopadecarboxylation 
rate. In cerebral tissues other than the striatum, the O-methylated 
derivative was the major labelled compound. 

In arterial plasma of subjects pretreated with carbidopa, the main 
metabolite after 18P_dopa administration was found to be the O-meth­
ylated derivative (Boyes et aI., 1986). Purther advances in 18P-dopa 
uptake measurements with PET may arise from using catechol-O­
methyltransferase (COMT) inhibitors suitable for human use. Blocking 
of methylation in the periphery would improve the arterial input curve: 
the total radioactivity in plasma might possibly be equivalent to 18p_ 
dopa itself. Blocking of tissue methylation would result in all activity 
being derived from 18P-dopamine or a metabolite beyond the decar­
boxylation step. The kinetic modelling of cerebral 18P-dopa uptake to 
estimate regional dopamine formation would certainly become easier. 
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The positive effect of a COMT inhibitor on 18F-dopa uptake in rats 
has been demonstrated by Cumming et aI. (1987). 

18F-dopa uptake into brain can be expressed as a regional unidi­
rectional influx constant K; (Patlak et aI., 1983, 1985). As expected, 
this index for presynaptic striatal dopa-decarboxylation activity is 
markedly decreased in patients with Parkinson's disease (Fig. 3). No 
overlap with controls is seen for the putamenal values, whereas some 
patients' caudate nucleus values are in the normal range. Mean values 
for putamen are about 40% of controls and for caudate nucleus about 
85% of controls. The same percent decreases of dopadecarboxylase 
activity in the postmortem brain of parkinsonian patients were found 
by Nagatsu et aI. (1979). 

Nomifensine (NMF) binds specifically to catecholamine uptake sites 
on nerve terminals (Slater etaI., 1984; Scatton etaI., 1984). In the 
striatum specific nomifensine binding is virtually only related to the 
binding to dopaminergic nerve terminals. Unilateral lesions of the 
nigrostriatal dopaminergic pathway in rats produced a marked (about 
80%) decrease of specific striatal binding of 3H-nomifensine (Scatton 
etaI., 1984). 

Nomifensine labelled with the positron emitting radionuclide car­
bon-11 (l1C-NMF) has been applied in PET studies (Aquilonius etal., 
1987; Leenders etaI., 1988). A similar experiment, as reported by 
Scatton et aI. (1984) in rats using autoradiography and 3H-NMF, was 
performed on a Rhesus monkey using PET and llC-NMF (Leenders 
et aI., 1988). PET scans were performed before and after administration 
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Fig. 3. L_1BF-6-fluorodopa uptake (K; values) in putamen and caudate nucleus 
in a group of controls (n = 7) and parkinsonian patients (n = 9) 
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of MPTP, a neurotoxin specifically damaging or destroying dopa­
minergic neurons. MPTP was slowly infused as a solution (1.2 mg as 
a whole) through a catheter which was positioned into the right internal 
carotid artery via the femoral artery. Within two days left-sided akinesia 
developed, occasionally accompanied by marked dystonic postures of 
the left upper or lower limb. After apomorphine or levodopa akinesia 
disappeared and normal use of the limbs was observed. In addition, 
during about 45 minutes, rotation to the left occurred. 

Striatal llC-NMF uptake 2 days after the lesion was normal on 
both sides. However, 9 days after the lesion the difference between 
striatal and non-dopaminergic brain tissue activity was reduced by 
about 80 to 90% in the right striatum, but remained unchanged on 
the left side. Apparently MPTP had been taken up by the nerve 
terminals in the right hemisphere and resulted in rapid functional but 
slower structural damage of the dopaminergic nigrostriatal pathway. 
Six weeks after the lesion the same reduction of llC-NMF uptake was 
seen in the right striatum, but after 5 months and 1 year about 50% 
of uptake had been restored. Clinically only mild left-sided hypokinesia 
was noticeable from several months after the lesion onwards. 

Human studies using llC-NMF and PET have also been performed 
(Tedroff etal., 1988; Leenders etal., 1989). Figure 4 illustrates the 
time-activity curve of llC-NMF derived activity in a healthy subject's 
brain. The tracer concentrates in the striatum, but is also seen to 
accumulate in thalamic regions (not shown here). It is proposed here 
that striatal llC-NMF activity is determined by dopaminergic and 
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Fig. 4. Time-activity curve of llC-nomifensine uptake in putamen, cerebellum 
and arterial plasma in a healthy volunteer 
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thalamic llC_NMP activity by non-dopaminergic monaminergic uptake 
sites. An abundance of adrenergic innervation of the rat thalamus has 
been shown by Lindvall etal. (1974). As with 18P_dopa (see above) 
striatal uptake of llC-NMP is likewise diminished in patients with 
Parkinson's disease (Pig. 5). Both putamenal and caudate nucleus values 
are now outside the normal range. Mean values of putamen and caudate 
nucleus were about 40% and 60% of controls respectively. This is 
not far from the values (30 and 50% respectively) of [3H]GBR 12935 
(another substance binding to monaminergic uptake sites) binding in 
putamen and caudate nucleus in the post-mortem parkinsonian brain 
presented by Maloteaux et al. (1988). 

Both 18P_dopa and llC-nomifensine are thus found to be decreased 
by only about 40% in the putamen of parkinsonian patients. This is 
markedly less than the decreases of endogenous dopamine concentra­
tions usually reported (5 -15% of control values). These findings 
suggest that, although in Parkinson's disease most of the dopaminergic 
nerve cells of the nigrostriatal system may be defective in producing 
endogenous dopamine, still a considerable number of cells (and thus 
striatal nerve terminals) may structurally survive. This would then 
explain why at the initial stages of the disease exogenously administered 
L-dopa is clinically so effective: dopa can be de carboxylated and han­
dled (retained) as dopamine in the still sizable number of nerve ter­
minals. When the disease progresses, possibly accelerated by the in­
fluence of the regular flooding of the system by exogenous L-dopa, 
more nerve terminals are lost and therapeutic responses become more 
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Fig. 5. Ratio of putamen or caudate nucleus to cerebellum values of 
llC-nomifensine uptake in controls (n = 6) and patients with Parkinson's 

disease (n = 6) 
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erratic, following more directly plasma L-dopa levels. Longitudinal 
studies comparing clinical progression of the disease with PET binding 
measures may provide an answer to this. 

Post-!Jnaptic tracers 

Spiperone is a neuroleptic drug (butyrophenone) and is essentially 
a dopamine D2 receptor antagonist. The radio labelled analogue llC_ 
methyl-spiperone e1C-MSP) therefore binds predominantly to D2 re­
ceptors in striatum where these receptors are highest in concentration 
(Fowler et aI., 1986). However, also binding to serotonin receptors 
occurs, particularly in the cortical regions (Frost et aI., 1987). llC-MSP 
has been used in man (Wagner etaI., 1983; Wong etaI., 1984) and 
Eckernas et aI. (1987) discussed the mathematical modelling associated 
with quantification of llC-MSP uptake. 

Reports about its application in Parkinson's disease have been 
scarce so far (Leenders et aI., 1985; Hagglund et aI., 1987). Untreated 
parkinsonian patients showed similar striatal llC-MSP uptake com­
pared to healthy controls. Levodopa drug treatment seemed to reduce 
llC-MSP uptake to some extent (Leenders et aI., 1985), but the number 
of patients studied was small. These findings are in agreement with 
post-mortem results showing virtually no change in dopamine D2 
receptor densities in parkinsonian patients (Bokobza et aI., 1984). The 
fact that, in this chronic disease, the post-synaptic dopaminergic system 
is apparently intact in the presence of a severe pre-synaptic lesion, 
"explains" why dopaminergic drug treatment is effective at all in 
Parkinson's disease. Patients with other chronic neurodegenerative 
diseases associated with parkinsonian features, like the Steele-Rich­
ardson-Olszewski syndrome, do not respond, or only slightly so, to 
levodopa therapy. In that condition impaired pre-synaptic dopami­
nergic function (Leenders et aI., 1988) is accompanied by striatal do­
pamine D2 receptor decreases (Baron et aI., 1985), probably due to 
striatal neuronal cell loss. 

Raciopride is a neuroleptic drug (substituted benzamide) and can 
also be radio labelled to visualize dopamine receptor binding in human 
brain with PET (Far de et aI., 1985). This compound is specific for 
dopamine D2 receptors and quantitative analysis of these receptors can 
be achieved (Farde et aI., 1986). llC-raclopride has not been extensively 
used in patients with Parkinson's disease yet, but one report showed 
normal striatal values before and after engraftment of homologous 
adrenal medulla tissue in 2 patients (Lindvall et aI., 1987). 

One Rhesus monkey has been studied using llC-raclopride before 
and after a unilateral nigrostriatal dopaminergic MPTP lesion which 
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was produced by infusion of the neurotoxin through a right internal 
carotid artery infusion (Leenders et aI., 1988). Two days after the lesion 
an increase of about 50% in specific tracer uptake was found in the 
lesioned striatum in the presence of a clinically impaired presynaptic 
dopaminergic function. Six weeks after the lesion, increased llC_ra_ 
clop ride and markedly decreased llC-nomifensine (see above) were 
found in the lesioned striatum, but normal values were observed on 
the unlesioned side. After 5 months and 1 year llC-raclopride uptake 
was normal again, while the pre-synaptic function was still impaired. 
This suggests that acute lesions of the nigrostriatal system can provoke 
a temporary increase of striatal dopamine D2 receptor density. How­
ever, a chronic lesion of this system seems compatible with normal post­
synaptic receptor density, at least in the absence of post-synaptic neu­
ronal cell loss (see discussion of llC_MSP). 
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Summary 

Dopamine beta-hydroxylase (DBH) activity, DBH protein, and beta 2-
microglobulin (B 2-MG), the light chain of the class 1 major histocompatibility 
complex (MHC), were found to be significantly reduced in cerebrospinal 
fluid (CSF) from parkinsonian patients. A significantly positive correlation 
was observed between DBH activity and DBH protein or B 2-MG. The 
results suggest a probable link between the changes in the immune system 
and those in the noradrenergic neurons in Parkinson's disease. It remains to 
be examined whether DBH or B 2-MG in CSF could be an early marker in 
Parkinson's disease. 

Introduction 

In parkinsonian brains, especially in the nigrostriatal regions, locus 
coeruleus and hypothalamus, tyrosine hydroxylase (TH), the biopterin 
(BP) cofactor, dopamine beta-hydroxylase (DBH), and phenylethan­
olamine N-methyltransferase (PNMT) are significantly decreased (Na­
gatsu etaI., 1977, 1981, 1984). Of them, only DBH (Nagatsu, 1977) 
and BP are present in cerebrospinal fluid (CSF). The BP cofactor 
(Lovenberg etal., 1979), DBH activity (Matsui etal., 1981; Nagatsu 
et aI., 1982) and DBH protein (Mogi et aI., 1988) were found to be 
decreased in CSF from parkinsonian patients. Serum BP (Yamaguchi 
etaI., 1983) and DBH activity (Nagatsu etaI., 1982) were also signif­
icantly decreased in parkinsonian patients, but the decrease was not 
as marked as in CSF. Thus, the measure of BP and DBH activity or 
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DBH protein in CSF could be regarded as a more sensltlve early 
marker of Parkinson's disease than their measure in serum. 

We have recently found that beta 2-microglobulin (B 2-MG), a 
low molecular weight (11.8 kDa), non-glycosylated protein, which 
forms the light chain of the class I major histocompatibility complex 
(MHC-I), was decreased in the CSF of parkinsonian patients. More­
over, a significant positive correlation was observed between B 2-MG 
content and DBH activity in CSF from 45 patients (Mogi et aI., 1989). 

Materials and methods 

Human B 2-MG, purified from human urine, was purchased from Cal­
biochem (La Jolla, CA, USA), anti B 2-MG IgG was from Dakopatts (Gros­
trup, Denmark). 

The CSF was obtained from control patients without neurological dis­
eases through lumbar puncture after local anaesthesia, and from parkinsonian 
patients. Each subject gave his fully informed consent to participate in the 
study. The CSF samples were all clear and no red blood cells were detected. 

DBH activity in CSF was determined by HPLC with electrochemical 
detection (Suzuki et aI., 1985). Tyramine was used as substrate and the DBH 
activities in CSF were expressed as IlU (pmol of octopamine formed/min) 
per ml of CSF. 

The DBH protein in CSF was measured by a newly established sandwich­
type enzyme immunoassay (EIA) method using a solid phase (polystyrene 
beads) with ~-D-galactosidase from E. Coli, as described by Mogi et ai. (1984). 
Polystyrene beads with immobilized anti-DBH Fab' fragments were incubated 
in duplicate at 37°C and shaken with 250 III of standard DBH protein (purified 
human serum DBH) or CSF samples in a final volume of 500 III with buffer 
G (0.01 M sodium phosphate buffer, pH 7.0, containing 0.3 M NaCl, 1 mM 
MgCl2, 0.1 % bovine serum albumin, 0.5% gelatin and 0.1 % NaN3). The 
beads were then incubated at 4 °C overnight with beta-D-galactosidase-labeled 
anti-DBH Fab'-fragments in buffer A. The beads were washed, and the beta­
D-galactosidase activity bound to each bead was assayed with a flu orogenic 
substrate. 4-methylumbelliferyl-beta-D-galactoside. 

B 2-MG in CSF was measured by the sandwich-type EIA which consisted 
of a solid phase (polystyrene beads) with immobilized anti-B 2-MG antibodies, 
and antibodies labeled with beta-D-galactosidase from E. Coli., as described 
by Mogi et ai. (1984). Protein content was measured by the Bradford method 
(1976). 

Results 

In the EIA of DBH, DBH protein content versus bound beta-D­
galactosidase activity was linear between 50 - 5000 pg of purified hu­
man serum DBH protein per tube. The limit of sensitivity, defined as 
the antigen level at which bound activity was 0 ± 2 SD, was 30 pg 
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per tube. The anti-human pheochromocytoma DBH antibody showed 
no cross-reactivity with purified tyrosine hydroxylase from human 
adrenals, phenylalanine hydroxylase and dihydropteridine reductase 
from rat liver, and DOPA decarboxylase and phenylethanolamine N­
methyltransferase from bovine adrenals, indicating that this EIA is 
speCific for DBH. 

We examined DBH activity and DBH content, as determined by 
the sandwich EIA in eSF from parkinsonian patients (Table 1). Par­
kinsonian patients had lower DBH content and activity than the control 
subjects. The mean eSF DBH content of parkinsonian patients was 
16% of the value in control patients. The decrease in DBH content 
in parkinsonian patients paralleled the loss of DBH activity (19% of 
the controls). The severity of parkinsonian symptoms (Hoehn and 
Yahr, 1967) did not show a clear correlation with the degree of the 
decrease in DBH activity or DBH content (Table 1). The specific 
activity in eSF of controls was similar to that of parkinsonian patients; 
1.14 U per mg of DBH in controls and 1.39 U per mg of DBH in 
parkinsonian patients. The specific activity in eSF DBH was similar 
to that in serum DBH from controls (1.40 U per mg of DBH). A 
significant positive correlation (r = 0.79) was observed between DBH 
activity and DBH protein measured by EIA in the eSF from 59 
patients. 

In the EIA of B 2-MG with anti-human urine B 2-MG antibodies, 
the standard urine B 2-MG content vs bound beta-D-galactosidase 
activity was linear from 3 to 300 pg of purified human B 2-MG per 
tube. The anti-human urine B 2-MG antibody showed no cross-reac­
tivity with albumin from human sera indicating that this EIA is specific 
for B 2-MG. The limit of sensitivity was 5 pg per tube. 

When we submitted the eSF from controls and parkinsonian pa­
tients to 2-D electrophoresis, and then to Western blot analysis using 
anti-B 2-MG IgG, those from patients with Parkinson's disease showed 
two major spots in the pH range 5.3 - 5.7, with the same molecular 
weight (11.8 kDa) as previously reported (Gorevic et al., 1986). The 
pattern of B 2-MG in 2-D electrophoresis performed on eSF samples 
from controls was identical to that observed with parkinsonian eSF, 
suggesting that the B 2-MG protein in parkinsonian and control eSF 
may be identical and not a degraded form of the protein. 

As shown in Table 2, parkinsonian patients showed a significantly 
lower B 2-MG concentration than control subjects. The mean B 2-MG 
content in eSF of parkinsonian patients was 35% of the value in 
controls. 

There was no relationship between B 2-MG content and DBH 
activity in the eSF of control patients (r = 0.01), but a low correlation 
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Table 2. Beta 2-microglobulin (B 2-MG) content in CSF from control and 
parkinsonian patients 

Control patients 
Parkinsonian patients 

Stage 2 
Stage 3 
Stage 4 

Age (years) 

44 (18-87) 
59 (40-78) 

N 

18 
27 

5 
13 

9 

B 2-MG content 
(Ilg!ml of CSF) 

1.18±0.11 (100%) 
0.63 ± 0.09* (35%) 
0.60 ± 0.20* 
0.65 ± 0.15* 
0.62 ± 0.13* 

Mean ± SEM; * significantly different from controls, p < 0.005 

between B 2-MG content and DBH activity seems to exist in CSF of 
parkinsonian patients (r = 0.25). Furthermore, a significantly positive 
correlation (r = 0.87) was observed between B 2-MG content and 
DBH activity in CSF from 45 control and parkinsonian patients. 

The values of CSF B 2-MG of the two patients who were not 
given levodopa (0.50 and 0.561lgjml CSF) were similar to those of 
the other parkinsonian patients treated with levodopa. 

Discussion 

Both B 2-MG content and DBH content or activity in CSF were 
significantly lower in parkinsonian patients than in controls (Tables 1 
and 2). Both B 2-MG and DBH contents did not show any clear 
correlation with the severity of the disease, but the values were sig­
nificantly low at a relatively early stage (stage 2). 

The decrease in DBH content and activity is in line with the 
diminished DBH activity in parkinsonian brains (Nagatsu et aI., 1977; 
Nagatsu, 1984), and may reflect a lowered noradrenergic activity in 
the parkinsonian brain. 

The significance of the decrease in CSF B 2-MG in parkinsonians 
is not clear, but may suggest a probable link between an immunological 
change and the change in noradrenergic neurons in Parkinson's disease. 
A poor relationship between serum and CSF B 2-MG levels was re­
ported by Starmans et aI. (1977). B 2-MG levels in serum do not seem 
to be determined by renal clearance (Wibell et aI., 1973). It is likely 
that B 2-MG levels in CSF can be determined by its production in the 
brain, independently of any peripheral changes. Thus, the decrease in 
B 2-MG content in CSF from parkinsonian patients may be due to 
decreased release of B 2-MG into CSF from the brain. 
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Table 3. Changes in proteins and enzyme activities in the CSF from par­
kinsonian patients 

CSF proteins Changes Reference 

B2-MG protein decreased Mogi et al. (1989) 
DBH protein decreased Mogi et al. (1988) 

activity decreased Nagatsu et al. (1982) 
Proline endopeptidase activity decreased Hagihara and Nagatsu (1987) 
Dipeptidyl peptidase IV activity no change Hagihara et al. (1987) 
Acetylcholinesterase activity no change Ruberg et al. (1986) 
Butyrylcholinesterase activity no change Ruberg et al. (1986) 
Dipeptidyl peptidase II activity increased Hagihara et al. (1987) 

Table 3 shows changes in various proteins and enzyme activities 
in CSF. We have recently found an increased activity of dipeptidyl 
peptidase II in CSF from parkinsonian patients without any significant 
changes in dipeptidyl peptidase IV activity (Hagihara et aI., 1987 a). 
In contrast, proline endopeptidase activity was decreased in CSF from 
parkinsonian patients, although serum activity did not change (Ha­
gihara and Nagatsu, 1987). No changes in acetylcholinesterase or bu­
tyrylcholinesterase activity was observed in CSF of parkinsonian pa­
tients (Ruberg et aI., 1986). Therefore, the decrease in CSF DBH and 
B 2-MG may be specific to Parkinson's disease, and not due to a general 
decrease in CSF components. 

The possibility of using CSF DBH and B 2-MG as early markers 
in Parkinson's disease should be further examined. 
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Summary 

Dopamine-3-0-sulfate (DA-3-0-S) and dopamine-4-0-sulfate (DA-4-0-S) 
have been shown to be important end-products of L-dopa metabolism. There­
fore, when measured in urine samples of patients with Parkinson's disease 
(PD), they may give indications of disorders in the peripheral metabolism of 
catecholamines. In addition, information about the reliability of DA sulfation 
after L-dopa therapy may be of significance in assessing its role in the elim­
ination of DA from the peripheral nervous system. 

Although DA-3-0-S seems to be the predominant sulfo-conjugate in 
urine, it is neither changed in PD compared to controls with or without 
other neurological disorders nor in depression syndrome. By contrast, DA-
4-0-S is significantly decreased in de novo PD patients. However, a similar 
reduction is notable in cases of other neurological disorders. In depressed 
patients, the loss of this compound is less pronounced as compared to de 
novo PD patients. Treatment with combined L-dopa therapy increases pri­
marily DA-3-0-S, while changes in DA-4-0-S are only marginal. 

It can be concluded that urinary DA-3-0-S cannot be used as a marker 
for PD, while DA-4-0-S is significantly reduced in a variety of neurological 
disorders and, in particular, in PD. Further studies are necessary to elucidate 
its role as possible peripheral marker to distinguish preclinical PD and depres­
sion syndrome. 
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Introduction 

In plasma more than 95% of dopamine (DA) is present as its 
sulfated forms DA-3-0-sulfate (DA-3-0-S) and DA-4-0-sulfate (DA-
4-0-S) (range 17 - 48 pmol/ml); (Van Loon, 1983; Yamamoto et aI., 
1985; Scott and Elchisak, 1987), and considerable amounts of DA­
sulfates are excreted in urine. The ratio of free to total DA in urine 
was found to be approximately the same as in plasma (Rutledge and 
Hoehn, 1973: free DA 94 ± 2111g/24 h, total DA 659 ± 9311g/24 h; 
Westerink and ten Kate, 1986: free DA 1267 ± 192nmol/24h, con­
jugated DA 6448 ± 3478 nmol/24 h). Since urinary excretion under 
physiological conditions directly reflects the plasma levels of DA-3-
O-S and DA-4-0-S (Yamamoto et aI., 1985), urinary assays may pro­
vide in vivo information on central nervous system (CNS) functions 
and dysfunctions, e.g. in neurological disorders. 

Both extraneuronal and neuronal sources of the DA-sulfates have 
been postulated. However, the origin of DA-sulfates is not clearly 
defined. Sources of sulfation are the chromaffin cells of the adrenal 
medulla, paraganglia, peripheral autonomic dopaminergic nerves and 
enterochromaffin cells or mast cells storing DA. An increase in these 
DA metabolites is especially observed after food intake (Van Loon, 
1983). Conjugation of DA in CNS in the proximity of synapses may 
also playa role in the physiological regulation of dopaminergic neu­
rotransmission and in the inactivation of DA formed from L-dopa. 
To elucidate the role of DA-sulfates as metabolic products and phys­
iologically acti~e substances, many studies dealing with the determi­
nation of both DA-sulfates in blood, urine and cerebrospinal fluid 
(CSF), and of phenolsulfotransferase (PST) activity have been pub­
lished. However, despite the great interest in the analysis of DA­
sulfates, until recently, no generally accepted analytical method existed. 
Therefore, the values of concentrations of these substances reported 
by various groups differed widely (Rutledge and Hoehn, 1973; Jenner 
and Rose, 1973; Foldes and Meek, 1974; Bronaugh et aI., 1975; Arakawa 
etaI., 1979; Renskers etaI., 1980; Buu etaI., 1981; Elchisak and Carlson, 
1982; Elchisak, 1983a, b, 1987; Yamamoto etaI., 1985; Scott and 
Elchisak, 1987). Most authors were not able to distinguish between 
DA-3-0-S and DA-4-0-S (Fig. 1). By contrast, our improved analytical 
method combines sensitivity of detection with unequivocal substance 
identification and simplicity (Kienzl and Eichinger, 1988). Using this 
method we investigated the 24 h excretion pattern of the two DA­
sulfates in urine of controls, de novo parkinsonian patients, PD patients 
with or without L-dopa therapy, a group of persons with different 
neurologic diseases and patients with major depression, in order to 
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Fig. I. Chemical structures of DA-3-0-S (dopamine-3-0-sulfate) and 
DA-4-0-S (dopamine-4-0-sulfate) 
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study the contribution of DA-sulfoconjugation and its significance as 
a marker of pathophysiological processes. 

Patients and methods 

Twenty four-hour urine samples were obtained from various groups of 
patients and a control group: 

1) Controls, free of neurological, psychiatric or other organic diseases, 
included 9 females and 6 males aged 57 ± 2.9 years (mean ± sem). 

2) A group of 16 drug naive patients with Parkinson's disease (PD), 
aged 63.6 ± 2.9 years (11 females,S males) hospitalized for the first time. 
These patients were diagnosed as having both early and late onset PD (range: 
36 to 77 years) of stage I and II according to Hoehn and Yahr (1967). 

3) Another group of patients with PD (n = 19; 12 females, 7 males; 
aged 69.9 ± 2.5 years) received antiparkinson therapy without L-dopa or L­
dopa plus a peripheral decarboxylase inhibitor. Treatment consisted of aman­
tadine sulfate and anticholinergics or the partial dopamine agonist "tergur­
ide". The duration of the disease was 5.9 ± 4.4 years. Most of these patients 
were at stage II - III (Hoehn and Yahr). 

4) The majority of PD patients were treated with L-dopa plus the pe­
ripherally acting decarboxylase inhibitor benserazide (Madopar® 62.5 mg/day 
up to 6 times 125 mg/day) and amantadine sulfate (n = 21; 16 females and 5 
males; age 73.1 ± 1.5 years, duration of disease: 7.7 ± 4.4 years; Hoehn-Yahr 
stage II - IV). 

5) Controls and PD patients were compared with a group of patients 
suffering from a variety of other neurological disorders, including multiple 
sclerosis (n = 3), polyneuropathy (n = 2), cerebral infarction (n = 2) and 
single cases of myasthenia gravis, arthritis, cerebral atrophy and Wilson's 
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disease. All (4 males, 7 females, aged 60.7 ± 3.3 years) were inpatients at a 
hospital for chronic diseases. They were treated for their respective disease 
according to usual drug strategies. 

6) In addition, a group of outpatients (6 females, 2 males, aged 45.1 ± 4.2 
years) with major depression diagnosed according to DSM III was studied. 

Chemicals 

l-Heptanesulfonic acid (sodium salt) was purchased from SIGMA (St. 
Louis, MO, USA); Titriplex III (Ethylenediaminotetraacetic acid, EDTA), 
glacial acetic acid, hexane (analytical grade) and water for chromatography 
(LiChrosolv) were supplied by MERCK (Darmstadt, FRG). Chemicals for 
synthesis were reagent grade and were purchased from MERCK (Darmstadt, 
FRG) with the exception of dopamine hydrochloride which was obtained 
from SIGMA (St. Louis, MO, USA). 

Arylsulfatase was a partially purified sulfatase type VI (4,2 units/mg 
protein) from Aerobacter aero genes in 50% glycerol-O.01 M TRIS solution, 
pH 7.5, obtained from SIGMA (St. Louis, MO, USA). 

Sample preparation 

The specimens were the 24 h urines, kept frozen at - 30°C after being 
acidified to about pH 2 with 25% hydrochloric acid. For HPLC-analysis 2 ml 
urine were extracted twice with 1 ml hexane to remove lipids and 100 III 
glacial acetic acid was added. Prior to dilution (1 : 10) with the mobile phase 
the sample was pressure filtered through a 0.451lm ACRO LC 25 filter (Gel­
man Sciences, Ann Arbor, MI, USA). Prior to injection the samples were 
diluted once more 1 : 10 with the mobile phase. No further sample preparation 
was necessary. All procedures were carried out at room temperature. Because 
of the stability of the DA-sulfate-isomers, time of storage, extraction and 
analysis could be neglected. 

For enzymatic hydroly~, d. sulfatase solution was diluted 1 : 1000 with a 
standard solution (1.3 g/ml DA-4-0-S and 0.85 g/ml DA-3-0-S in 0,01 M 
TRIS-buffer, pH 7.1). The degradation was performed in a water bath at 
26°C. The reaction was stopped by addition of glacial acetic acid and sudden 
freezing. For analysis the samples were thawed and diluted with the mobile 
phase. 

Standard preparation 

Reaction of anhydrous dopamine hydrochloride with sulfuric acid (cone.) 
gave DA-4-0-S. A mixture of chlorsulfonic acid and pyridine in chloroform 
was found to be an excellent reagent for the synthesis of a nearly equimolar 
mixture of DA-3-0-S and DA-4-0-S (Kienzl and Eichinger, 1988). 

HP LC-System 

The reverse phase HPLC determinations were carried out using a solvent 
delivery module Model 5000 and a Coulochem 5100 A detector with a 5010 
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analytical cell (ESA, Bedford, MA, USA) connected to a recording integrator 
CI-10 (LDCfMilton-Roy, Riviera Beach, FL, USA). Potentials were + 0.50V 
(conditioning cell), - 0,35 V (detector 1) and + 0,45 V (detector 2). Stationary 
phase was a 250 x 4,6 mm S 5 ODS (5 Ilm) column (Spherisorb, Norwalk, 
CT, USA). The mobile phase (pH 3.6) consisted of a solution of 0.8 ml 
(6mmol) anhydrous acetic acid, 250mg Na-1-heptanesulfonate and 80mg 
EDTA in 992ml water (LiChrosolv, Merck). The flow rate was 0.7mljmin. 
Prior to use the mobile phase was filtered through a 0.22 Ilm membrane filter 
(Sartorius, Gottingen, FRG). Peak identifications were performed with au­
thentic standards. Retention times were 13.1 minutes for DA-4-0-S and 13.8 
minutes for DA-3-0-S. 

Results 

DA-3-0-S 

The average excretion of DA-3-0-S in controls (1.73 mgj24 h, 
n = 15) was not considerably higher than that in de novo PD cases 
(1.03 mgj24 h, n = 16) or in individuals with various neurological 
disorders or depression (Table 1). A nearly tenfold increase in urinary 
DA-3-0-S output only was found in PD patients treated with Ma­
dopar® (range: 3.99 -16.2 mgj24 h). Likewise, in PD cases treated with 
amantadine-sulfate in combination with terguride or anticholinergic 
drugs without L-dopa therapy an appreciable increase in the amount 
of excreted DA-3-0-S isomer could be detected (range: 0.70 -17.8 mgj 
24h). 

DA-4-0-S 

Drug naive PD patients showed a markedly decreased excretion 
ofDA-4-0-S (0,30mgj24h, n = 16) (Table1). However, the extreme 

Table 1. Mean urinary 24h excretion values of DA-3-0-S and DA-4-0-S 
in controls and patients with neurological disorders 

Group DA-4-0-S DA-3-0-S Ratio 
mgj24h mgj24h DA-4-0-S 
mean± SEM mean± SEM DA-3-0-S 

1 Controls 1.62 ± 0.42 1.73 ± 0.45 1.15 ± 0.20 
2 PD de novo 0.30 ± 0.05 1.03 ± 0.15 0.29 ± 0.03 
3 PD no L-DOPA 1.07 ± 0.18 4.23 ± 0.94 0.36 ± 0.05 
4 PD+ L-DOPA 2.50 ± 0.28 9.44 ± 0.77 0.26 ± 0.02 
5 Controls: div. 

neurol. disord. 0.49 ± 0.11 1.40 ± 0.32 0.33 ± 0.05 
6 Depression 0.63 ± 0.31 1.67 ± 0.27 0.38 ± 0.05 
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low levels in de novo PD were not significantly distinguishable from 
the decreased DA-4-0-S levels in other neurological disorders or 
depression (Tables 1, 2, 3). Moreover, when L-dopa or another par­
kinsonian therapy without L-dopa was administered, DA sulfocon­
jugation in the 4-0 position of the aromatic ring was increased 
(Table 1). 

Ratio 

The predominant isomer of the excreted DA-sulfoconjugates in 
both PD and in all neurological disorders examined is DA-3-0-S. The 
ratio DA-4-0-SjDA-3-0-S is 1.15 in healthy subjects and is signifi­
cantly different from that of patients with PD (Table 1,2). The ratio 
is 0.29 for de novo PD (Table 1). No kind of anti-Parkinson therapy 
was able to change the different pattern of the distribution between 
DA-4-0-S and DA-3-0-S excreted in 24h urine (Table1). However, 
patients with other neurological disorders had a similar low ratio 
(Tables 1, 2, 3). 

Table 2. Excretion of DA-4-0-S and DA-3-0-S (mgj24 h) in human urine 

Group 

PD de novo 
Controls 

PD de novo 
Controls: 
Neurol. Disord. 

PD de novo 
Depression 

Controls 
Controls: 
Neurol. disorders 

Depression 
Controls 

Depression 
Controls: 
Neurol. disorders 

*** p < 0.001 
** P < 0.01 
* P <0.05 

n. s. non-significant 

DA-4-0-S 

*** 

n. s. 

** 

** 

* 

n. s. 

Statistical evaluation: significance according to V-test 

DA-3-0-S Ratio 

n. s. *** 

n. s. n. s. 

* n. s. 

n. s. ** 

n. s. * 

n. s. n. s. 
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Table 3. Excretion of DA-4-0-S and DA-3-0-S (mg/24h) in human urine 

Group DA-4-0-S DA-3-0-S Ratio 

PD+L-DOPA 
No L-DOPA *** *** n. s. 

PD+L-DOPA 
PD de novo *** *** n. s. 

PD+L-DOPA 
Depression *** *** ** 

PD+L-DOPA 
Controls n. s. *** *** 

PD no L-DOPA 
PD de novo *** ** n. s. 

PD no L-DOPA 
Depression n. s. n. s. n. s. 

PD no L-DOPA 
Controls n. s. *** *** 

*** p < 0.001 
** P < 0.01 

n. s. non-significant 
Statistical evaluation; significance according to U-test 

It is obvious that there was much inter-individual variation in the 
amount of excreted DA-sulfates. Also daily fluctuations in concentra­
tions were notable. Measurements of both DA-sulfates on three con­
secutive days gave mean deviations of about 46%. By contrast, the 
calculated ratio did not show any variability; its time course remained 
constant. 

To assess any effects of age on conjugated DA, a series of linear 
correlations were calculated. We found no age dependency in the 
excretion of DA-sulfates (data not given). 

Usually synthetic DA-sulfate conjugates are chemically stable. DA-
3-0-S is also metabolically inert when incubated with a solution of 
the arylsulfohydrolase from Aerobacter aerogenes. By contrast, as 
shown in Fig. 2, DA-4-0-S is metabolically labile in that it can be 
hydrolyzed by a sulfatase under physiological conditions. 
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Fig. 2. Time course of the enzymatic hydrolysis of a synthesized mixture of 
DA-3-0-S and DA-4-0-S. (Method and substance preparation are described 

in the text) 

Discussion 

The complex clinical signs and symptoms of PD, including motor 
disability, mental disorders and endocrine disturbances, lead to believe 
that this is a generalized disease not limited to distinct areas of the 
brain (Barbeau, 1969). Reduction of the DA synthesizing enzyme 
tyrosine hydroxylase (TH) in striatum is paralleled by its reduction in 
adrenal medulla (Riederer et aI., 1978), by loss of DA in the urine 
(Barbeau, 1961) and by a significant loss of DA, NA and adrenaline 
in biopsied adrenal medullary tissue obtained during surgical trans­
plantation (Liebermann, pers. comm.), as well as in post-mortem ad­
renal medullary tissue of PD (Carmichael et aI., 1988). Furthermore, 
Lewy bodies, the anatomical markers of PD, have been found in the 
adrenal medulla, autonomic ganglia and parasympathetic enteric nerve 
plexuses of patients with PD (f. rev. see J ellinger, 1989). There is also 
evidence of disturbed autonomic functions, e.g. orthostatic hypoten­
sion in L-dopa treated or untreated PD patients (Birkmayer and Neu­
mayer, 1972). In addition, low plasma renin activity in PD (Barbeau, 
1975) was suggested to be related to possible central or peripheral 
dopaminergic receptors (Sullivan et aI., 1973). Indeed, some evidence 
of important peripheral functions of DA has been given (Van Loon, 
1983). These include a possible role in neurotransmission in sympa-
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the tic ganglia, altering blood flow and renin release, modulation of 
aldosterone and sodium secretion, and mediation of certain stress 
responses. In human controls, peripheral sympathetic activity is as­
sociated with increase in plasma DA concentrations that parallels the 
increase in plasma NA and adrenaline (A). However, both the source 
and regulation of plasma and urinary DA concentrations remain poorly 
understood. Nevertheless, drug-induced alterations of DA concentra­
tions in the periphery may reflect neurotransmitter mechanisms reg­
ulating sympathetic activity (Van Loon etaI., 1979; Van Loon, 1980). 
Free DA disappears from the circulation in 1 - 3 minutes, while the 
half-life of sulfated DA is about 2 hours (Corneille et aI., 1983). There­
fore, investigation of urinary excretion of DA-sulfoconjugates may 
serve as valuable markers for peripheral dopaminergic activity. Al­
though the origins ofDA-sulfate, which constitutes the largest portion 
of total circulating catecholamines, remain obscure (Kuchel et aI., 
1985), there are studies indicating some relationship between central 
and peripheral DA-metabolism (Tyee et aI., 1986). It has been sug­
gested that these metabolites in plasma or urine may mirror the me­
tabolism in CNS only when a severe alteration of the dopaminergic 
CNS system is present (Elsworth et aI., 1986; Bacopoulos et aI., 1979). 
Moreover, a positive relationship between CSF and plasma DA-sul­
fates, NA and HV A was found (Kuchel et aI., 1985; Tyee and Rorie, 
1982), suggesting unidirectional movement of sulfated catecholamines 
and HV A from brain to blood (Kuchel et aI., 1985). 

Another unresolved problem is the putative role of sulfoconju­
gation in brain, important with regard to PD. PST is the synthesizing 
enzyme and can contribute by up to 15% to the total DA-metabolism. 
Sulfate donor is 3' -phosphoadenosine-5' -phospho sulfate (Renskers 
et aI., 1980) (Fig. 3). PST is present at least in two forms in many 
human tissues and has also a wide heterogeneous distribution in rat 
and human brain (Foldes and Meek, 1974; Rivett etaI., 1982; Wein­
shilboum, 1986). Brain PST is localized in kainic acid sensitive neurons 
intrinsic to the striatum, whereas sulfoconjugation was not affected 
by treatment with 6-hydroxydopamine, indicating a separate metabolic 
cytosolic compartment (Rivett et aI., 1984; Buu, 1985). Studies on rat 
brains revealed that the synthesis of DA-sulfates in the hypothalamus, 
striatum and brain stem was induced only after inhibition of MAO 
activity by pargyline. The increase in DA-sulfate was significantly 
correlated with the degree of MAO inhibition (Buu, 1985). However, 
DA-sulfates themselves are believed to be resistant to MAO activity 
(Renskers et aI., 1980). The role of catecholamines sulfoconjugation 
in relation to deamination by MAO and O-methylation by COMT in 
CNS and the periphery is not clear. This question is important with 
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Enzyme reaction to Dopamine-sulfate 
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Fig. 3. Postulated mechanism for the enzymatic pathway of dopamine 
sulfoconjugation 

regard to the repeated use of L-dopa in the treatment of PD. In humans, 
the following pattern is found: wide distribution of PST in brain, high 
excretion of DA-sulfate in urine of subjects, especially those under­
going L-dopa therapy, and extremely low levels of DA-sulfate in brain 
(Sofie, pers. comm.). In blood, PST is found exclusively in platelets. 
Human platelets were suggested to be a good peripheral model for 
PST activity. Platelet PST activity was increased in PD patients treated 
with L-dopa; its activity was correlated to the dosage and duration of 
L-dopa treatment (Glover et aI., 1983). These findings might explain 
the enhanced formation of sulfoconjugation under L-dopa therapy. 
However, the level of endogenous inorganic sulfate is normally rate­
limiting in the formation of arylsulfates in vivo (Krijgsheld et aI., 1982). 
To some extent a sulfate transfer from amantadine-sulfate to DA with 
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regard to an increased sulfate pool may explain the higher DA-sulfate 
values in PD patients without any L-dopa therapy. 

The amount of L-dopa utilized as neurotransmitter by dopami­
nergic neurons and related basal ganglia accounts for only a small 
portion of the therapeutical dosage, while circulating L-dopa is taken 
up by various tissues including kidney, liver, heart, dopaminergic and 
sympathetic systems where it is decarboxylated to DA (Bacopoulos 
et aI., 1979). It is suggested that DA may be a neurotransmitter or 
cotransmitter in the autonomic nervous system (Lacko vic et aI., 1982). 
According to that theory, DA in plasma closely reflects autonomic 
nervous system activity (Van Loon, 1980). In addition to adrenal 
sympathetic nerves and, possibly, kidney, only a small amount of DA 
may enter plasma from brain (Van Loon et aI., 1979). It is widely 
accepted that the DA-conjugates are irreversible metabolic end-prod­
ucts similar to the products of MAO and COMT. However, there is 
some evidence that DA-sulfates could possess storage functions for 
further retransformation into the free form by means of an arylsulfatase 
system (Demassieux et aI., 1987). In the present study we tried to set 
up a model for the enzymic hydrolysis of DA-sulfate-esters by an 
arylsulfatase system. An increased rate of hydrolysis was found for 
DA-4-0-S, whereas DA-3-0-S seemed to be much less affected (Fig. 3). 
Also under pathophysiological conditions DA-4-0-S seems to be more 
accessible to degradation than DA-3-0-S. There is also evidence that 
DA-sulfates may be active themselves in reacting with vascular u­
adrenergic receptors in decreasing blood pressure when infused into 
dogs (Scott and Elchisak, 1983). 

In conclusion the results of our study provide evidence that partic­
ularly DA-4-0-S is significantly involved in PD, resulting in an altered 
ratio of DA-4-0-S and DA-3-0-S. Furthermore, in many earlier in­
vestigations the use of precise clinical criteria failed to distinguish 
depression from the onset of common symptoms in PD. The higher 
values of DA-4-0-S in major depression compared to the lower ones 
in de novo PD and in various neurological disorders might be an 
additional tool for differential diagnosis. Therefore, estimation of the 
DA-sulfate pattern in the periphery may be a valuable indicator of 
dopaminergic activity and may serve as future marker for neuropsy­
chiatric disorders related to dysfunctions of the dopaminergic system. 
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Summary 

In a previous study, the daily urinary excretion of total (R + S) salsolinol 
was shown to be significantly lower in de novo parkinsonian patients than 
in healthy volunteers. 

Here, we report on the urinary concentrations and daily urinary excretion 
of (R)- and (S)-salsolinol in an additional sample of 12 healthy subjects and 
9 de novo parkinsonians. The urinary concentrations of both enantiomers 
of salsolinol were lower than the limit of detection in the urine of the 
parkinsonians. (R)-Salsolinol was detectable in the urine of 8 healthy subjects, 
whereas (S)-salsolinol was detectable in the urine of 3 only. Since 1,2-de­
hydrosalsolinol was present in the urine of parkinsonian patients, it is sug­
gested that salsolinol bioprecursors such as 1,2-dehydrosalsolinol and l-car­
boxysalsolinol might be additional markers for the early detection of Par­
kinson's disease. 

Introduction 

The biosynthesis of salsolinol (1-methyl-1 ,2,3,4-tetrahydro-6,7 -is­
oquinolinediol) has been suggested to occur in humans by conden­
sation of dopamine either with acetaldehyde (Robbins, 1968) or with 
pyruvic acid followed by oxidative decarboxylation, to give l,2-de­
hydrosalsolinol (3, 4-dihydro-1-methyl-6, 7 -isoquinolinediol), and sub­
sequent reduction (Brossi, 1982). Salsolinol possesses an asymmetric 
center at C-1 and exists as Rand S enantiomers. There is convincing 
evidence that (R)-salsolinol is the predominant, if not the only en­
antiomer present in the urine of healthy subjects (Dostert et aI., 1987; 
Strolin Benedetti et aI., 1989 a), at least in the absence of salsolinol­
containing food or chronic alcoholic beverage intake. Moreover, the 
presence of 1,2-dehydrosalsolinol has recently been established in the 
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urine of healthy subjects (Dostert et aI., 1990), supporting Brossi's 
hypothesis. 

In man, the presence of salsolinol was first established in the urine 
of parkinsonian patients on L-dopa medication (Sandler etaI., 1973). 
In another study, using a gas chromatography-mass spectrometry (Ge­
MS) method, the cerebrospinal fluid concentrations of total (R + S) 
salsolinol were found to be lower, although not significantly different, 
in de novo parkinsonians than in controls (Dordain et aI., 1984). The 
daily urinary excretion of total salsolinol was also measured in the two 
groups after hydrolysis with p-glucuronidase-arylsulphatase, as well 
as in the parkinsonian patients after 7 days of L-dopa therapy. In the 
non-treated parkinsonians, the daily urinary excretion of salsolinol was 
found to be significantly lower than in controls, being 39 ± 7 and 
197 ± 54nmol/day (mean ± S.D.), respectively. Salsolinol excretion 
was dramatically increased in patients under L-dopa therapy 
(1409 ± 148nmol/day). 

The significant decrease in salsolinol excretion in de novo parkin­
sonian patients compared to controls noted in the above-mentioned 
preliminary study encouraged us to further study the daily urinary 
output of salsolinol in an additional sample of de novo parkinsonians 
and controls. Since a method to measure both enantiomers separately 
had meanwhile been made available (Pianezzola et aI., 1989), the urinary 
concentrations of (R)-and (S)-salsolinol were determined in this study. 

Material and methods 

S tu4J design 

Twelve healthy volunteers, 11 men and 1 woman aged 39.0 ± 7.8 years 
(mean ± S.D.) and 9 patients, 3 women and 6 men aged 69.8 ± 11.6 years 
(mean ± S.D.), diagnosed as parkinsonians entered the study (Table 1). The 
patients had never been treated with L-dopa with the exception of subjects 
15 and 17, who had stopped L-dopa therapy 6 months and 45 days before 
the beginning of the study, respectively. None of the patients was on medicines 
known to change tissue dopamine concentrations. Intake of food and bev­
erages known to contain appreciable amounts of salsolinol (Strolin Benedetti 
et aI., 1989 b) was forbidden 24 hours before and during urine collection. 
Alcoholic beverage intake was also strictly limited. The 24-h urines were 
collected in the presence of semicarbazide and NaHS03 and stored at - 20°C 
until analysis. In the case of healthy volunteers 1 to 6, urines were collected 
in two fractions: from 9 a.m. to 5 p.m. and from 5 p.m. to 9 a.m. 

Salsolinol extraction and analYsis 

Urine underwent hydrolysis with p-glucuronidase-arylsulphatase (Helix 
pomatia, 37°C, 16 h). Salsolinol extraction from urine brought to pH 8.5 was 
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Table 1. Characteristics of the healthy volunteers and parkinsonian patients 

Healthy volunteers Parkinsonian patients 

Subjects Sex Age Subjects Sex Age Hoehn and Yahr 
(years) (years) (grade) 

1 m 44 13 m 64 2 
2 m 49 14 m 56 3 
3 m 49 15 m 88 3 
4 m 41 16 m 83 4 
5 m 48 17 m 70 4 
6 m 34 18 f 53 1 
7 m 39 19 f 75 2 
8 m 42 20 f 65 1 
9 f 31 21 m 74 2 

10 m 26 
11 m 33 
12 m 32 

carried out as described by Strolin Benedetti et al. (1989 a), using phenyl­
boronic acid cartridges and a subsequent elution of the absorbed salsolinol 
with acetic acid and methanol. Derivatization and HPLC analysis of the R 
and S enantiomers of salsolinol with electrochemical detection were performed 
according to Pianezzola et al. (1989). The limit of detection of each enantiomer 
was 14pmol/ml urine. The precision of the method was determined intra­
and inter-day; it proved to be 12 and 13% for the Rand S enantiomers 
respectively, expressed as coefficient of variation. 

Results 

In all the parkinsonian patients, the urinary concentrations of (R)­
and (S)-salsolinol were found to be lower than the limit of detection 
(14 pmol/ml). 

The urinary concentrations and daily excretion of (R)- and (S)­
salsolinol in the healthy volunteers are given in Table 2. In subjects 1 
to 6, when present, (S)-salsolinol was only detectable in the fraction 
5 p.m. - 9 a.m. Therefore, the urinary concentrations of (S)-salsolinol 
were determined in this fraction, whereas the urinary concentrations 
of (R)-salsolinol were determined from the 24-h urines. (R)-Salsolinol 
was detected in the urine of 8 out of the 12 healthy volunteers and 
(S)-salsolinol was measurable in the urine of 3 subjects only. In the 
healthy subjects, the daily urinary excretion of total salsolinol was 
found to vary from 0 to 135 nmoles. 
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Table 2. Urinary concentrations (UC) and daily urinary excretion (DUE) of 
(R)- and (S)-salsolinol in 12 healthy volunteers 

Subjects UC DUE 
(pmol/ml) (nmoles) 

R S R S R+S 

1 39.2 38.0 38.0 
2 53.3 14.0 88.4 12.6 101.0 
3 60.5 47.2 47.2 
4 38.5 35.5 35.5 
5 60.4 18.0 48.3 7.2 55.5 
6 103.3 23.3 124.0 11.2 135.2 
7 
8 19.0 39.7 39.7 
9 

10 
11 
12 16.2 14.5 14.5 

Discussion 

In this additional study, the urinary concentrations of (R)- and 
(S)-salsolinol were lower than the limit of detection in the 6 patients. 
By contrast, in the preliminary study (Dordain et aI., 1984) the urinary 
concentrations of total (R + S) salsolinol were found to be measurable 
(estimated limit of detection 10pmoljml) in the urine of all the 6 de 
novo parkinsonians. It is worth noting that the patients of the second 
study had apparently a more severe parkinsonism than the patients of 
the first study, as evaluated by Hoehn and Yahr scale. 

In 4 out of the 12 healthy volunteers, the urinary concentrations 
of (R)-salsolinol were also lower than the limit of detection. It is to 
note that the HPLC method used in this study was different from the 
GCjMS method used in the Dordain study, where (R)- and (S)-sal­
solinol were not measured separately. In addition, in one of these four 
volunteers, subject 7, neither the R nor the S enantiomer of salsolinol 
was detectable in urine after administration of Madopar (3 x 62.5 mgj 
day) for 7 days (Dostert et aI., 1990), suggesting that the biosynthesis 
of salsolinol is apparently impaired in some individuals. Conversely, 
urine of subjects 9, 10 and 11 contained substantial amounts of both 
(R)- and (S)-salsolinol after administration of Madopar. Urinary con­
centrations of 1 ,2-dehydrosalsolinol ranging from 121.5 to 312.4 pmolj 
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ml were found in the urine of subjects 7 to 12 (Dostert et aI., 1990), 
showing the lack of correlation between the presence of salsolinol and 
that of 1,2-dehydrosalsolinol in human urine. Detectable amounts of 
1 ,2-dehydrosalsolinol were also found in the urine of most parkinsonian 
patients (Dostert et aI., unpublished results). Therefore, it may be 
wondered whether salsolinol bioprecursors such as 1,2-dehydrosal­
solinol and/or 1-carboxysalsolinol, the condensation product of do­
pamine and pyruvate, might provide additional markers for the early 
detection of Parkinson's disease at least as reliable as salsolinol itself. 
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Summary 

We have previously demonstrated abnormal signal attenuation in the 
putamen consistent with increased iron on high field strength (1.5 Tesla) MR 
scans in patients with Parkinson Plus syndromes. We now describe 31 ther­
apeutically naive parkinsonian patients who underwent MR imaging prior 
to entering a prospective randomized blinded study comparing bromocriptine 
to Sine met as primary treatment. Patients were followed for a mean of 35 
months at which time the MR scans were reviewed by a blinded radiologist 
and compared to the clinical scores recorded by blinded observers. Ten 
patients were considered to have abnormal scans due to increased signal 
attenuation in the putamen. Total Parkinson score in these patients deteri­
orated from baseline by 38.8% while those with normal MR scans improved 
by 33% (p < 0.0001). 60% of patients with abnormal MR scans had a poor 
response while 75% of those with normal MR scan had a good response to 
drug treatment. Eight patients were suspected by the blinded observers of 
having evolved into a Parkinson Plus syndrome and seven of these had 
abnormal signal attenuation in the putamen on the initial MR scan. We 
propose that signal attenuation in the putamen consistent with increased iron 
reflects striatal damage, predicts a poor response to dopaminergic therapy 
and can be identified early in the course of the illness. 

Introduction 

Using high field strength (1.5 Tesla) MR imaging, we previously 
demonstrated that patients with Parkinson Plus syndromes frequently 
have signal attenuation in the putamen which equals or exceeds that 
in the globus pallidus (Fig. 1) (Drayer etal., 1986b). Normal adults 
demonstrate decreased signal on high field strength MR in specific 
brain regions (substantia nigra, red nucleus, globus pallidus, dentate 
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nucleus of the cerebellum) and anatomic studies using Peds stain for 
ferric iron demonstrate that these regions correlate precisely with areas 
of iron accumulation (Drayer et aI., 1986 a). In normal individuals these 
areas of signal attenuation on MR scan are not observed until ap­
proximately one year of age corresponding with the appearance of 
iron on Peds stain (Olanow et aI., 1989). In the globus pallidus, de­
creased signal is first observed in the medial portion and may be difficult 
to distinguish from decreased signal due to myelinated fibers in the 
adjacent internal capsule. Thereafter, signal attenuation in the globus 
pallidus becomes more pronounced through age 30, remains at a 
relative plateau until the fifth or sixth decade, and becomes more 
pronounced in the later years of life (Fig. 2). MR detection of signal 
attenuation in the putamen in normal subjects is not recognized until 
the third or fourth decade. It is first seen in the posterolateral portion 
of the putamen and increases markedly poorer the fifth decade (Fig. 2). 
In some elderly controls signal attenuation in the putamen approaches 
that observed in the globus pallidus, but in normal individuals signal 
attenuation in the putamen does not exceed that in the globus pallidus 
(Olanow et aI., 1989). This pattern is in keeping with the accumulation 
of iron in brain specific regions (Hallgren and Sourander, 1958). We 
have proposed that signal attenuation in the putamen which exceeds 
that observed in the globus pallidus is a pathological state and when 
observed in a parkinsonian patient suggests underlying striatal de­
generation and a Parkinson Plus syndrome (Olanow and Drayer, 1987). 

Parkinsonian patients have an increased incidence of abnormal 
signal attenuation in the putamen compared to controls (Olanow and 
Drayer, 1987). Abnormal signal attenuation in the putamen in these 
patients correlates with an accelerated rate of disease progression, a 
poor response to dopamine replacement therapy and a clinical picture 
suggestive of a Parkinson Plus syndrome (Olanow and Drayer, 1987). 
In an analysis to be reported elsewhere, we found that 90% of patients 
clinically diagnosed as having Parkinson Plus syndromes can be dis-

Fig. 1. A High field strength MR image through basal ganglia of a normal 
adult. Note that signal attenuation is almost exclusively confined to the region 
of the globus pallidus and that little if any signal attenuation is noted in the 
putamen. B High field strength MR image through the basal ganglia of a 
patient with a Parkinson Plus syndrome. Note prominent signal attenuation 
in the putamen (particularly posterolateral region) which exceeds that in the 

globus pallidus 
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Fig. 2. MRI determination of iron score by decade in the globus pallidus and 
putamen in a normal population. Note that the iron score is 0 at birth and 
gradually increases with age. The globus pallidus shows a more rapid rate 
of accumulation in earlier years and putamen a more rapid rate in later years. 
In normal elderly patients, signal attenuation in the putamen may approach 
that seen in the globus pallidus, rarely equals and does not exceed the signal 

attenuation in the globus pallidus 

tinguished from patients diagnosed as having idiopathic Parkinson's 
disease by MR scan. 

We feel that abnormal signal attenuation in the putamen in patients 
with a Parkinson Plus syndrome reflects underlying striatal damage 
which accounts for their lack of response to dopamine replacement 
therapy. Patients with idiopathic Parkinson's disease have degeneration 
of neurons in the substantia nigra but relative preservation of the 
neurons and dopamine receptors in the striatum and thus retain the 
capacity to respond to dopamine replacement therapy. By contrast, 
patients with Parkinson Plus syndromes have degeneration of striatal 
neurons and may thus lack dopamine receptors necessary for a response 
to dopamine replacement therapy. As clinical distinction between these 
two groups of patients may be extremely difficult, particularly early 
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in the course of their disease, signal attenuation in the putamen seen 
on MR scan may serve as a marker of striatal degeneration which 
predicts the response to L-dopa therapy. 

To better assess the role of MR imaging as an early marker for 
Parkinson Plus syndromes in patients with early parkinsonism, we 
have designed a blinded prospective study to compare MR abnor­
malities in the putamen with the course and response to treatment of 
previously untreated Parkinson patients. 

Patients and methods 

Patients were selected from the Movement Disorders Clinic at Duke 
University. All had clinical features compatible with early Parkinson's disease 
and none had received prior dopamine replacement therapy. Inclusion criteria 
included ages 40 - 75, disease duration of less than 5 years, and Hoehn-Yahr 
stage of 1 to 3. Patients of either sex were included. Exclusion criteria included 
secondary parkinsonism due to drug, trauma, tumour, encephalitis, etc., 
clinically significant medical illness and prior dopamine replacement therapy. 
Prior to initiation of therapy, MR studies were performed on a high field 
strength (1.5 Tesla) MR system (General Electric). Both T 1 and T 2 weighted 
spin echo pulse sequences were employed. The T 1 partial saturation images 
were obtained using a repetition time (TR) of 500 ms and an echo delay (TE) 
of 20 ms. The T 2 spin echo series used a TR of 2,000 ms and TE of 100 ms 
(SE 2,000/100). An image matrix of 128 x 256 and a single signal average 
(2 excitations) were used routinely for axial images. Thin sections were 
obtained through the region of the basal ganglia. Intermediate weighted 
images, with a TR of 2,000 ms and TE of 30 ms (SE 2,000/30), were obtained 
routinely. 

Patients included in this study were also participants in a prospective 
randomized single-blind double observer study comparing Sinemet to brom­
ocriptine in previously untreated parkinsonian patients (Olanow et aI., 1987). 
As part of that study, patients were assigned to either Sinemet or bromo­
criptine and treated with the lowest dose of study medication that would 
provide them with a clinically satisfactory response. Patients randomized to 
bromocriptine could receive Sinemet as an adjunct after 12 months. Clinical 
scores and response to drug therapy were evaluated by blinded investigators 
using a modified Columbia scale, modified Northwestern Disability Scale and 
Hoehn-Yahr stage. An estimate of response to therapy and accuracy of clinical 
diagnosis was made at the conclusion of the study by the blinded evaluators 
who were unaware of the MR results. 

After a mean follow-up of 35 months, a visual analysis of MR images 
was performed by a blinded neuroradiologist (WD) who was unaware of the 
clinical history of any patient. "Iron score" was evaluated on the SE 2,000/ 
100 image using a simplified quantitative scoring system (Table 1). Iron score 
was graded in the globus pallidus, caudate, putamen, thalamus, red nucleus, 
substantia nigra, dentate nucleus and superior colliculus and these results will 
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Table 1. Iron score as demonstrated by MR imaging 

o 
1 
2 
3 
4 

No detectable signal attenuation 
Trace signal attenuation 
Mild but definite signal attenuation 
Moderately prominent signal attenuation 
Markedly prominent signal attenuation 

be reported separately. In this study emphasis was placed on the iron score 
in the putamen. The putamen was considered to be abnormal if signal at­
tenuation equalled or exceeded that observed in the neighbouring globus 
pallidus and the neuroradiologist was asked to grade each scan as normal 
(MR -) or abnormal (MR +) based on this criteria. Statistical analysis to 
compare MR findings with clinical response was performed using an analysis 
of variance (ANOV A). 

Results 

Thirty-one previously untreated parkinsonian patients underwent 
MR imaging as part of the above protocol. 21 were judged to have 
normal signal attenuation in the putamen (MR -) and 10 were judged 
to have abnormal signal attenuation in the putamen (MR +). Baseline 
data in the two groups are illustrated in Table 2. Treatment data in 
the two groups after a mean follow-up of 35 months is illustrated in 
Table 3. Total Parkinson score was improved from baseline by 33% 
in patients with MR - scans while patients with MR + scans deteri­
orated by 38.8% in comparison to their baseline level (Fig. 3). Patients 

Table 2. Patient data 

Number 

Sex 
male 
female 

Mean age (years) 

Mean duration PD (mos.) 

Baseline total PD score (max 450) 

* p < 0.01 

MR+ 

10 

7 
3 

71.7 

13.4 

122 

MR-

21 

8 
13 

58.9* 

20· 

88.3 
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Table 3. Treatment data 

MR+ 

35.4 

Total PD score-baseline 122.0 

Total PD score-final visit 169.3 

% Improvement in PD score from baseline - 38.8 

Mean sinemet dose (mg. L-dopa) 533.3 

Mean bromocriptine dose (mg.) 16.5 

* p < 0.0001 
** P < 0.01 

40 

30 

20 

10 

0 

·10 

20 

·30 

·40 

MRNEG 

MR-

34.8 

88.3 

59.2* 

+ 33.0* 

363.2** 

20.8 

105 

Fig. 3. Percent change in total Parkinson score from baseline in patients with 
MR - and MR + scans. Note that those with MR - scans improved by 33% 

while those with MR + scans deteriorated by 38.8% 

with MR + scans received a daily dose of Sinemet which was 47% 
greater than that of patients with MR - scans. At the final visit, the 
response to dopamine replacement therapy was rated by the blinded 
investigators and the results are noted in Table 4. 90% of patients with 
MR + scans were judged to have had a poor or fair response while 
76% of patients with MR - scans had a good response. Eight patients 
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Table 4. Clinical response 

MR+ MR-

Poor 6 (60%) 1 (5%) 
Fair 3 (30%) 4 (19%) 
Good 1 (10%) 16 (76%) 

were considered to have developed a Parkinson Plus syndrome based 
on a clinical picture dominated by impairment of speech and postural 
reflexes and a lack of response to levodopa replacement therapy. Seven 
of these patients had MR + scans. Two had eye finding suggestive of 
Progressive Supranuclear Palsy and one had orthostatic hypotension 
suggesting Shy-Drager syndrome. 

Clinical benefits were comparable in the groups randomized to 
Sinemet and to Parlodel (which could be supplemented with Sine met) 
and will be reported elsewhere. There was no difference in the dis­
tribution of MR + and MR - scans in either treatment group. An 
analysis of tremor, rigidity, bradykinesia, gait, postural stability and 
speech at the time of presentation was not significantly different in 
patients with MR + and MR - scans. Mean iron scores for globus 
pallidus, substantia nigra, red nucleus and dentate nucleus did not 
serve to distinguish the two groups. Five patients with MR + scans 
and four with MR - scans had repeated studies and no differences 
from the initial scan were detected after a mean of 35 months. 

Discussion 

We demonstrate in a prospective fashion that high field strength 
MR imaging of the putamen in previously untreated parkinsonian 
patients predicts their response to dopamine replacement therapy. Ten 
of 31 previously untreated Parkinson patients had MR changes in the 
putamen in which signal attenuation was equal to, or more pronounced 
than, that present in the neighbouring globus pallidus. These patients 
as a group had a markedly poorer response to dopamine replacement 
therapy than patients who had a normal MR pattern in the putamen. 
60% of MR + patients had a poor response to levodopa and 70% 
developed a Parkinson Plus syndrome. By contrast, only one patient 
(5%) with an MR - scan had a poor response to levodopa therapy. 
These data suggest that MR imaging performed prior to the intro­
duction of treatment predicts the response to replacement therapy and 
the likelihood of developing a Parkinson Plus syndrome. 
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At the time of clinical presentation, patients with MR + scans were 
older, had a shorter duration of disease and had more severe parkin­
sonism than patients with MR - scans. Increasing age is associated 
with increased iron and more prominent signal attenuation in the 
putamen and the differences in the age of the two groups may have 
influenced the MR appearance. However, aging does not preclude a 
good response to levodopa and the pattern of an MR + scan is rarely 
seen in normal controls and we do not think that age alone accounts 
for these observations (Olanow et aI., 1989). No presenting clinical 
feature predicted treatment response or outcome as accurately as high 
field strength MR imaging of the putamen. 

Eight of31 patients (26%) in our study were suspected of having 
a Parkinson Plus syndrome after three years of follow-up. Three pa­
tients with MR + scans continue to be clinically indistinguishable from 
patients with idiopathic Parkinson's disease but it is possible that they 
might develop Parkinson Plus syndromes and that the incidence will 
increase. While none of our patients has come to autopsy for formal 
histopathologic confirmation of diagnosis, this study is in keeping 
with the idea that it may be difficult to distinguish patients with early 
Parkinson's disease from patients with Parkinson Plus syndromes and 
that the incidence of Parkinson Plus syndromes may be higher than 
what has been previously appreciated. 

These MR studies suggest that patients with parkinsonism can be 
divided into "nigral" and "striatal" types, which can be distinguished 
early in the course of the illness. These two types may have different 
etiologies and the ability to differentiate them may be of importance 
in designing specific therapy. MR differentiation may permit greater 
diagnostic accuracy in selecting patients for studies of Parkinson's 
disease or Parkinson Plus syndromes, thereby allowing studies to be 
performed with greater reliability using fewer patients and at a lesser 
cost. 

Signal attenuation in the putamen of Parkinson Plus patients is 
likely to be due to the accumulation of iron. MR changes consistent 
with increased iron have also been observed in the substantia nigra 
of patients with Parkinson's disease and Parkinson Plus syndromes 
(Olanow and Drayer, 1987; Braffman et aI., 1988). Earle reported in­
creased brain iron in parkinsonian patients using x-ray fluorescent 
spectroscopy (Earle, 1968). More recently there have been reports 
which confirm that iron is increased in the substantia nigra of patients 
with Parkinson's disease and in the substantia nigra and striatum of 
patients with Progressive Supranuclear Palsy (Dexter et aI., 1989 a, c). 
The significance of the iron accumulation is unknown. Iron may simply 
be a nonspecific marker of a degenerative process as similar changes 
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have been observed in other degenerative disorders (Drayer et aI., 
1987). There is, however, considerable interest in the possibility that 
iron may contribute to the pathogenesis of Parkinson's disease and 
Parkinson Plus syndromes. Iron is a transition metal which catalyzes 
the formation of hydrogen peroxide and the generation of free hydroxyl 
radicals (Halliwell and Gutteridge, 1985). That it may play such a role 
in Parkinson's disease is supported by the observation that brain ferritin 
is reduced in patients with Parkinson's disease (Dexter et aI., 1989 a). 
Iron bound to ferritin is inactive. The finding of decreased ferritin 
coupled with increased iron suggests an alteration in iron regulation 
resulting in the increased availability of iron in a molecular form which 
can facilitate oxidation reactions with the generation of free radicals. 
Further concern regarding a possible role for oxidation reactions in 
the etiology of Parkinson's disease is derived from observations of 
decreased glutathione and increased lipid peroxidation in the substantia 
nigra of Parkinson's disease patients and clinical studies which suggest 
that the antioxidant, deprenyl, may have protective effects (Perry et aI., 
1982; Dexter et aI., 1989 b; Birkmayer et aI., 1985). 

MRI is a non-invasive tool which is now widely available and can 
differentiate parkinsonian patients with and without abnormal signal 
attenuation in the putamen. This appears to categorize Parkinson 
patients into a "striatal" and a "nigral" form and to predict the rate 
of disease progression, the response to therapy, and the likelihood of 
developing a Parkinson Plus syndrome. In vivo mapping of brain iron 
may provide important clues as to the pathogenesis of these disorders 
and further studies to delineate the significance of the pathological 
accumulation of brain iron are indicated. 
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involve iron-melanin interaction and lipid peroxidation 
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Summary 

There are indications of oxidative stress in Parkinson's disease (PD). This 
can be attributed to the selective increases of iron (III) due to its decom­
partmentalization and lipid peroxidation and a decrease of glutathione (GSH) 
oxidation in substantia nigra (SN). The net effect would be accumulation of 
H 20 2 and the formation of free cytotoxic hydroxyl (OB-) radical from the 
interaction of iron either with HzOz or melanin or both, to drive the Fenton 
reaction. Identification of two high-affinity binding sites for Fe3 + on do­
pamine-melanin indicates the iron binding potency of melanin. This inter­
action does not result in prevention but rather in potentiation of iron-induced 
lipid peroxidation, a process selectively inhibited by iron chelators. Thus, 
HzOz and melanin are thought to participate in altering the redox state of 
iron between its two valencies with resultant formation of OH·. This hy­
pothesis can explain the vulnerability and selectivity of melaninized nigro­
striatal dopamine neurons to degeneration in PD. Determination of OH· or 
lipofusin in the CSF, as a by-product of lipid peroxidation, may be a valid 
approach to early diagnosis of PD. 

Introduction 

Attempts at identifying the etiology and an early marker of Par­
kinson's disease (PD) have failed, mainly due to the lack of explanation 
for the vulnerability of melaninized dopamine neurons in the substantia 
nigra (SN) (Hornykiewicz, 1988). Current opinion supports the view 
of the involvement of a neurotoxic event, resulting from endogenously 
or exogenously derived cytotoxins (Tanner, 1989). However, at best 
the evidence for such cytotoxins is rather tenuous (Baker, 1989). Al­
though the MPTP (N-methyl-4-phenyl-1 ,2,3,6-tetrahydropyridine) an-
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imal model of PD has proved to be a valuable tool, it is of limited 
use since it does not totally mimic the pathological conditions of 
idiopathic PD (Kinemuchi et aI., 1987; Riederer and Youdim, 1987). 
In the absence of identifying a neurotoxin in the environment of basal 
ganglia, other factors more immediate to SN must be considered. 
Recent advances in the chemical pathology of PD have implicated the 
vulnerability of melaninized nigrostriatal dopamine neurons to the 
process of oxidative stress as a result of altered oxygen free radical 
formation and disposition (Y oudim, 1988; Y oudim et aI., 1989). Ul­
timately, the balance between the latter two could be the crucial factor 
in the degeneration of nigrostriatal dopamine neurons. 

In the mammalian brain little attention has been given to the 
formation of oxygen-derived free radicals and functional biochemical 
changes related to the formation of free radicals or any agent that 
might attenuate the formation of free radicals in brain tissue (Halliwell 
and Gutteridge, 1985). A free radical is an atom or molecule that has 
an unpaired electron. They are produced as a consequence of a variety 
of metabolic processes and have been associated with lipid peroxidation 
of cellular membrane and cell degeneration (Fitzsimons, 1979; Wilson, 
1979; Triggs and Willmore, 1984). There are a number of disorders 
in which in vivo oxygen-derived free radical formation is implicated; 
these include brain and heart ischaemia, rheumatoid arthritis, inflam­
mation, trauma, intracellular toxicity of lung by chemicals (e.g. Pa­
raquat) and radiation (Wilson, 1979; Halliwell and Gutteridge, 1986; 
Kohen and Cherin, 1985; Halliwell, 1989). In ageing and Parkinson's 
disease, a case has been made for oxygen-derived free radicals and this 
has been attributed to age-related changes in free radical scavenger 
enzyme, glutathione peroxidase or altered increased activity of oxi­
dative enzymes (e.g. monoamine oxidase) capable of producing sig­
nificant amounts of hydrogen peroxide (Donaldson and Barbeau, 1985; 
Cohen, 1985; Spina and Cohen, 1988, 1989; Y oudim et aI., 1989). The 
latter processes appear particularly appropriate for the striatum since 
this tissue has an extremely high metabolic activity and is sensitive to 
endogenous or exogenous insults. 

Brain iron and Parkinson's disease 

Oxygen free radicals are most often initiated by some agents. In 
the above disorders, the direct involvement of free iron or an abnor­
mality of iron metabolism has more often been cited in oxygen free 
radical formation and initiation of tissue damage than any other agent. 
Although the direct participation of iron in oxygen free radical for­
mation can no longer be questioned, its exact mechanism of action 
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remains controversial (Wilson, 1979; Braughler et al., 1986; Minotti 
and Aust, 1987). Nevertheless it is accepted that lipid peroxidation 
resulting from the formation of oxygen free radical, the cytotoxic 
hydroxyl (OR) radical, is dependent on the alteration of the redox 
state of iron between its two valencies and the presence of HzOz 
(Wilson, 1979; Halliwell and Gutteridge, 1986; Halliwell, 1989). Thus, 
the possible abnormality of iron metabolism in PD has not escaped 
notice and more recently it has received considerable attention (You­
dim, 1988; Riederer et al., 1989; Youdim et al., 1989). This is partic­
ularly important since regional iron distribution in mammalian brain 
(human, monkey and rats) is uneven and unique, as compared to other 
metals (Y oudim, 1985; Riederer et al., 1989). Of all the brain regions 
the highest iron content is present in the substantia nigra and globus 
pallidus (Riederer et al., 1989), two brain regions known for their 
neurodegeneration in PD and Haller Varden Spatz disease (HVS), 
respectively (Y oudim, 1985). The substantially increased accumulation 
of iron in globus pallidus of HVS brain has been known for some 
time and confirmed on several occasions (Yehuda and Youdim, 1988). 
One outstanding feature of globus pallidus in HVS is the demyelination 
and denervation of the neurons. The most compelling finding for PD 
is the recent confirmation by us (Sofic et al., 1988; Riederer et al., 1989) 
and others (Drayer et al., 1986; Dexter et al., 1989 a) of the study by 
Earle (1968) reporting the increased iron content in parkinsonian SN. 
These findings, together with reports of the diminished availability of 
glutathione (GSH) and ascorbate in parkinsonian brains (Perry and 
Young, 1986; Riederer et al., 1989) the necessary components for dis­
position of H20 2 by glutathione peroxidase, are supportive of the 
oxidative stress in PD. Free iron is known to be capable of reducing 
tissue GSH. Thus the increased availability of H 20 2, resulting from 
oxidative deamination and auto-oxidation of dopamine, can, in essence, 
participate in altering the valencies of Fe2 + between its two states and 
drive the Fenton reaction (Wilson, 1979). The resultant feature of this 
reaction is the formation of OH' and increased lipid peroxidation 
(Braughler et al., 1986; Minotti and Aust, 1987). In particular, we have 
noted a significantly greater increase of Fe3 + as compared to Fe2 + in 
parkinsonian SN, inasmuch as the ratio of Fe2 + /Fe3 + changes from 
roughly 3: 1 in control SN to 1: 1 in SN of PD (Sofic et al., 1988; 
Riederer et al., 1989). This hypothesis is fully compatible with the 
property of iron to induce lipid peroxidation (Braughler et al., 1986; 
Minotti and Aust, 1987). Indeed one recent study has shown increased 
basal lipid peroxidation selectively in SN and not in other brain regions 
in PD (Dexter et al., 1989 b). Confirmation of this finding is essential. 
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In summary, it is now apparent that all the elements necessary to 
induce selective oxidative stress in parkinsonian SN exist (a) elevated 
availability of H 20 2 due to increase of MAO-B activity with ageing 
and auto-oxidation of dopamine to melanin (Konradi et al., 1986); (b) 
reduction in glutathione (GSH) (see Riederer etal., 1989), the rate 
limiting cofactor of glutathione peroxidase and the main enzymatic 
pathway for disposition of H 20 2 in the brain (Spina and Cohen, 1988, 
1989); (c) increased availability of iron and its altered valencies by 
melanin (Riederer et al., 1989; Youdim et al., 1989; Ben Shachar et al., 
1989) and (d) increase of basal lipid peroxidation (Dexter et al., 1989 a). 

Selectivity of substantia nigra dopamine neuron degeneration 
iron-melanin interaction 

If increased iron participates in the oxidative stress due to siderosis 
of SN (Youdim et al., 1989), it may be asked (a) how is iron transported 
into the brain and why should the SN, which normally accumulates 
high iron content, be endowed with a further increase of iron in PD, 
(b) where is the iron deposited, intra- or extraneuronally, in melaninized 
dopamine neurons (c) in what form and how is it bound (d) can iron­
induced cytotoxicity be used as an index of early diagnosis in PD by 
measuring free hydroxyl (OH') radical in vivo and (e) would iron 
chela tors be useful for retarding the progression of neurodegeneration. 
The answers to all these questions are not easily available but progress 
towards their resolution is at hand. In the final analysis, the processes 
by which only melanin-containing dopamine neurons are vulnerable 
to degeneration (Hirsch et al., 1988) must be considered. 

It has always been inferred and generally accepted that melanin in 
melaninized cells (tissue) is a scavenger of radicals and protective to 
these cells (Masson et al., 1960; Pilas et al., 1988). However, the role 
of melanin in pathological as compared to normal conditions requires 
a thorough reassessment. This is especially relevant with regard to its 
role in PD. It is the pigmented (Mann and Yates, 1983) and the melanin­
containing dopamine neurons of SN which degenerate in PD (Hirsch 
et al., 1988). This specificity suggests that melanin itself may participate 
in the neurodegeneration of dopamine neurons. Under certain con­
ditions melanin, instead of being a radical scavenger, can be highly 
effective as a promoter of oxygen free radicals, especially because of 
its ability to generate cytotoxic OH' in the presence of divalent metals, 
such as iron. This has been attributed to the avidity by which melanin 
binds iron more tenuously than any other metal (Bruenger et al., 1967; 
Larsson and Tjalve, 1979; Potts and Au, 1976). The metal binding 
property of melanin has been known for many years. Neuromelanin 
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or melanin formed from auto-oxidation of dopamine or noradrenaline 
possesses many carboxyl, phenolic, hydroxyl and quinoid groups with 
strong affinity for metals and drugs (Larsson and Tjalve, 1979). The 
iron binding activity of melanin can result in promotion of the Fenton 
reaction, via the reduction of Fe3 + to Fe2 + in the presence of H 20 2 

(Masson et al., 1960; Pilas et al., 1988). The net effect is the liberation 
of OR and possible lipid peroxidation. Indeed chelated iron is con­
sidered to be even more effective in radical formation (Pilas et al., 
1988). By contrast Fe2 + bound by melanin does not participate in 
OH· formation (Pilas et al., 1988). 

Increase of Fe2 + and Fe3 + in SN of parkinsonian brain (Sofic 
et al., 1988; Riederer et al., 1989) cannot be attributed to ferritin or 
haemosiderin-iron, since they are not increased as much as that of total 
iron. Therefore iron is either decompartmentalized and is available in 
a free state or it is accumulated in a bound form, so that it would be 
available for alteration of its redox state. 

The degeneration of nigrostriatal dopamine neurons would not 
explain the substantially increased iron in this region, since MPTP 
treated monkeys and mice do not show alteration of iron content in 
the striatum (Y oudim et al., 1988). Consideration should be given to 
either increased uptake or decreased efflux of iron in the brain resulting 
from specific changes in blood-brain barrier (BBB) in the SN. At the 
present there is no firm evidence that BBB is affected in different brain 
regions of PD. Although transferrin and transferrin receptors have 
been identified in the capillary endothelial cells, forming the BBB in 
different brain regions, it is apparent that the processes by which iron 
is taken up and deposited in the brain differ significantly from those 
in the small intestine and liver. Thus in both human and rat brain, 
the regions (SN, globus pallidus, dente gyrus, interpeduncular nuclei, 
caudate nucleus, putamen, red nucleus) with high iron content have 
extremely low transferrin receptors (Hill, 1988). In the absence of a 
significant amount of ferritin the most obvious candidate for com­
plexing free iron in the SN is the selective presence of melanin in this 
region. Indeed we have recently described for the first time the presence 
of two high affinity binding sites for Fe3 + on dopamine melanin. 
These sites have relative KD's values of 13 and 200 nM and Bmax values 
of 1.37 and 17.4 mmoljmg melanin, respectively (Ben Shachar et al., 
1989). Comparison of these data with those available in the literature 
shows that the dopamine-melanin has a higher affinity and greater 
capacity for binding iron than other metals and drugs including MPTP 
and MPP + (Larsson and Tjalve, 1979; D' Amato et al., 1988). The iron 
binding capacity of melanin is concentration- and pH-dependent. The 
optimal conditions are 31lg melaninjml and pH 6.5. The examination 
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of a large number of drugs with the possible ability to displace 59Pe3 + 
from dopamine melanin has shown that only iron-chelators and psy­
chotropic drugs that chelate iron are the most potent inhibitors (lC50 
60 - 200 nM). Other drugs, including MPTP, MPP + and chloroquine, 
which are able to bind to melanin do not affect 59Pe3 + even at 2000 nM 
concentration (Ben Shachar etaI., 1989). Therefore, the binding of 
iron is specific and not mutually shared by other agents capable of 
binding to dopamine melanin. By contrast, dopamine itself promotes 
the binding of 59Pe3 + to dopamine-melanin. At first this finding would 
appear to be at odds with the ability of dopamine-melanin to bind 
iron. However, it is possible that in the presence of iron more dopamine 
is auto-oxidized to melanin, thus increasing the latter's polymeric resin 
nature. On the other hand, dopamine may allosterically modify the 
structure of melanin for greater iron binding. In any event this finding 
itself may be crucial and relevant to the chemical pathology of neu­
rodegeneration in Parkinson's disease. The fact that both iron and 
melanin increase in the substantia nigra with ageing, suggests that 
their stoichiometry in relationship to lipid peroxidation induced do­
paminergic neurodegeneration may be relevant (Pig. 1) (Ben-Shachar 
et aI., 1989). 

There is no doubt that free or chelated iron can promote the 
formation of OH· and induce lipid peroxidation of cell membranes in 
vitro. This has been used as evidence for its in vivo cytotoxicity. 
However, direct in vivo evidence for lipid peroxidation and free radical 
formation is hard to come by due to the lack of appropriate in vivo 

Substantia nigra 

20 40 60 80 100 

Aging (years) 

Fig. 1. Depiction of the time course of iron and melanin deposition in the 
human substantia nigra (SN) with ageing. The increase of iron in parkinsonain 
SN could alter the ratio of iron melanin, resulting in neurotoxicity induced 
lipid peroxidation and neurodegeneration of melanin containing neurons with 

the resultant disappearance of melanin 
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methodology. In any event we have confirmed (Ben Shachar et al., 
1989) the lipid peroxidation promoting property on iron by measuring 
malondialdehyde (MDA) formation using rat and human cortical ho­
mogenate preparations (Triggs and Willmore, 1984). Melanin alone, 
at low concentration (3Ilg!ml), is inhibitory but at higher concentra­
tions (> 10 Ilg!ml) is an even more potent inhibitor of MDA for­
mation. By contrast interaction of Fe3 + 1 with melanin does not result 
in inhibition of MDA formation, but rather, in potentiation of iron 
induced lipid peroxidation, which can be fully inhibited by specific 
iron chelators, desferrioxamine, o-phenanthroline and 8-hydroxyqui­
noline (Fig. 2). These findings may go some way to support our hy­
pothesis regarding selective promotion of lipid peroxidation in the 
SN of parkinsonian brain by the increased availability of iron-melanin 
complex (Y oudim et al., 1989). Thus, it is more than possible that at 
certain concentrations of endogenous iron, melanin can be protective 
against lipid peroxidation. However, when the stoichiometry of iron 
to melanin changes in favour of iron, lipid peroxidation takes place 
(Fig. 2). A similar process could also occur in PD (Fig. 1). As a con­
sequence of lipid peroxidation induced neurodegeneration, the melanin 
in the dopamine neurons would eventually disappear. The ability of 
iron chelators, desferrioxamine, o-phenanthroline and chlorpromazine 
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to inhibit the binding of iron to melanin, and iron-melanin complex 
induced lipid peroxidation, predict iron chelators as an important 
possible class of radical scavenger therapeutic drugs for the CNS. 
However, although desferrioxamine is a useful drug for the treatment 
of iron overload in the peripheral tissues, it does not cross the blood­
brain barrier. One class of iron chelators such as the 21-aminosteroid 
U74006F with the ability to cross the BBB (Braughler etaI., 1989; 
Braughler et al., 1988) has now been developed and is being used with 
promising results for treatment of trauma and ischaemia (Hall and 
Yonkers, 1988; Hall, 1988). Consideration should also be given to 
other lipophilic iron chelators including 3,4-dihydroxybenzoic acid and 
lipoic acid. 

Consequences of iron "overload" in substantia nigra 

It is well established that iron overload in tissues can result from 
a number of causes, the common feature of which in man is the 
limitation of iron elimination from the body .. Thus, any increase in 
tissue iron accumulation, no matter by what process, cannot be com­
pensated by an increase in iron excretion, especially in brain with its 
low iron turnover (Ben Shachar et aI., 1986). The ultastructural and 
biochemical patterns in iron overload show increased displacement of 
ferritin (Chrichton, 1979) from one site to another resulting in avail­
ability of free iron. Clearly the risk that iron can become decompart­
mentalized in such a situation is increased and production of free 
radicals can therefore lead to tissue damage, resulting from lipid per­
oxidation of membrane lipids. Free iron can also increase the rate of 
lipid oxidation by catalyzing the decomposition of lipid hydroperox­
ides. Skin pigmentation is one common feature of iron overload. It 
is due to increased melanin production, which is thought to arise from 
a free-radical mechanism similar to that involved in the formation of 
melanin by sunlight. The iron in the skin catalyzes free radical gen­
eration and amplifies melanin formation (Crichton, 1979). Therapy of 
iron overload with iron chelators (e.g. 3,4-dihydroxybenzoic acid) 
results in depigmentation of skin (Peterson etaI., 1974; Alexander, 
1960). By analogy, the dense melaninization of SN dopamine neurons, 
resulting from auto-oxidation of dopamine, may initiate the formation 
of oxygen free radicals and H20 2 in response to decomparmentalized 
free iron. It is the Fe2+ form of iron which is the most potent free­
radical generator and thus the lipid peroxidation potential of iron is 
greater when melanin is present since melanin-like ascorbate can re­
generate Fe2+ from Fe3+ (Pilas et aI., 1988). We believe this hypothesis 
can also explain parkinsonism in managanese miners (Donaldson and 
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Barbeau, 1986). Manganese, like iron, can change its valency between 
two states and be bound to melanin. Furthermore its accumulation in 
the striatum can result in the reduction of glutathione peroxidase and 
glutathione (GSH) (Liccione and Maines, 1988), the main pathway of 
HzOz decomposition in the brain. 

In vivo detection and measurement of oxygen radical 
induced lipid peroxidation in Parkinson's disease 

The involvement of oxygen free-radical reactions has been sug­
gested and demonstrated in a number of diseases (Halliwell, 1987). 
However, most of the evidence has been obtained from in vitro studies. 
Free-radical reactions may either playa role in the pathology of the 
disease or be a by-product of cellular injury and not be related to onset 
or initiation of the disease. The fact that MPTP does not induce oxygen 
free-radical reaction, a phenomenon recently reported to occur selec­
tively in the substantia nigra from parkinsonian brains (Dexter et aI., 
1989 b), is indicative of altered pathology due to radical formation. In 
the last few years a number of novel methods for detection of oxygen 
radical reactions in vivo has been developed. These procedures depend 
on the conversion of substances (e.g. benzene, salicylate, aspirin and 
uric acid) by the free radical reaction to specific metabolites which can 
then be detected either in the urine or blood serum (Halliwell et aI., 
1988). The implications in PD are clear, where oxidative stress has 
been suggested to occur on several occasions, including the present 
discussion. Such techniques may be applicable for examining free 
radicals in the CSF. 
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Round table on Parkinson's disease 

Participants: P. Riederer (moderator), D. B. CaIne, T. Caraceni, S. 
Garattini, M. Gonce, M. Przuntek, U. K. Rinne. 

Riederer: May I suggest that we discuss questions of particular 
interest in Parkinson's disease, and to concentrate this discussion on 
three topics: first, basic research, for example is there any new evidence 
from experimental work that might lead to new drug development; 
second, early diagnostic test batteries; and third, therapeutic strategies, 
such as the use of dopaminergic agonists in the very early stages of 
Parkinson's disease, as suggested by Prof. Rinne. 

Youdim: Well, iron does interest me very much. I think we can 
learn a lot from desferrioxamine, a major drug for treatment of iron 
overload and paraquat toxicity, and from its specific ability to chelate 
iron. I mentioned the compounds that are now being produced by 
Upjohn, the 21-aminosteroids (lazaroids) which get across the brain 
and, at least in the animal models of ischaemia and trauma, seem to 
protect the brain. We have some preliminary data, using these 21-
aminosteroids in the 6-hydroxydopamine model, which show that these 
compounds protect against 6-hydroxydopamine-induced lesions. Also, 
many years ago Gerald Cohen showed that antioxidants did protect 
against 6-hydroxydopamine. So, I think that this may be of future 
interest. As you know, inhibition of MAO should prevent the for­
mation of hydrogen peroxide. Because of the role of iron-II in pro­
ducing hydroxyl radicals from hydrogen peroxide, iron chelators might 
also contribute to decrease lipid peroxidation. 

Corsini: What about the MPTP story? 
Youdim: The MPTP story is not obvious and I forgot to mention 

that we have examined the effect of MPTP on iron. MPTP-treated 
monkeys and mice did not show any change in iron metabolism; 
secondly, I think that it has now been established that MPTP doesn't 
cause lipid peroxidation, which is now being shown in idiopathic 
Parkinson's disease. We are going to look at iron chelators, to see 
whether they can actually prevent MPTP-induced parkinsonism; how­
ever, there may be some sort of radicals formed with MPTP. 

Fariello: I just take an issue. As I said before, MPTP is parkin­
sonism. It may not be Parkinson's disease, but it is a form of parkin-
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sonism. Taking a look at Dr. Langston's patients, if one didn't know 
that they had MPTP, one would say they have Parkinson's disease. 
So, MPTP is Parkinson. One thing Prof. Y oudim: according to your 
data, shouldn't MPTP protect against Parkinson's disease with regard 
to the melanin effect on iron? 

Youdim: We have shown that MPTP did not displace iron from 
melanin. Why should it protect? It may be that there are different sites 
to which MPTP and iron bind. But we know that divalent ions, 
including iron, do displace MPP + and MPTP from melanin. In our 
experiments we have confirmed that, but the reverse is not true. Neither 
MPTP nor MPP + displaces iron from melanin. 

Fariello: I cannot speak about the iron binding, but, this year, 
there was a publication in Neuroscience Letters showing that MPTP 
does alter the electron-microscopy constitution of neuromelanin prior 
to insulting mitochondria. What I'm saying, and I don't know if it 
does relate to the iron story, is that we do have some evidence that 
MPTP damages neuromelanin in some way prior to insulting neurons, 
prior to the occurrence of mitochondrial damage. 

Youdim: I really have no argument against that. I am not trying 
to deny that MPTP or MPP + doesn't bind to melanin. I was just 
saying that the "iron story" seems to fit in with the recent clinical and 
biochemical findings on Parkinson's disease. So, as you said, iron and 
MPTP produce the same end effect, but probably from a different 
route. 

Riederer: Prof. Fariello, would you like to comment on the ther­
apeutic possibilities of antioxidants or radical scavengers? 

Fariello: I really don't think that at this stage we can make any 
logical hypothesis, we can just make some hopeful thinking. In our 
hands the antioxidants that we have tried with MPTP, they all have 
failed. The thing that we are pursuing is the ubiquinone story. We 
are thinking that, at least in the MPTP model, the damage is related 
to the electron transfer. It is a mitochondrial damage and there is a 
blockade of the electron transfer prior to ubiquinone. 

That is what Thomas Singer thinks of the story, and our data are 
very much in keeping with that. Weare hoping that if we can correct 
that particular link and if we can equilibrate the balance between 
oxidized and reduced ubiquinone, then we might prevent the damage 
which is caused by at least one parkinsongenic toxin. 

Riederer: Thank you for your comment. Prof. Olanow, do you 
want to make a comment on that? 

Olanow: What is exciting about all this is that bodies of information 
are coming in from different directions, suggesting that oxidation 
reactions and free radicals may contribute to the pathogenesis process. 
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I think at this point it is important to recognize that Parkinson's disease 
may be multifactorial, if in fact it's true. One need not depend entirely 
on the iron story per se for each and every patient. In that regard, I 
think it is important to note that chelation of central iron in animals 
has put the animals into coma. The problem is that iron is important 
for numerous enzymes and metabolic components within the dopamine 
system specifically, and throughout the brain. Ifwe are going to chelate 
out iron as an effect of therapy for Parkinson's disease, somehow we 
are going to have to learn how to be selective about it. I am not really 
optimistic that just a broad chelation of iron in brain is going to 
necessarily be useful. 

Dostert: Coming back to the 21-aminosteroids, these molecules 
have been shown not only to bind with iron, but also to act as radical 
chain blocking agents; it may be that the two mechanisms participate 
in the global effect of the drug. 

Youdim: Maybe, as in fact the 21-aminosteroids inhibit radical 
formation and lipid peroxidation very effectively. I think it is inter­
esting to mention that techniques have been developed to measure 
lipid peroxidation in vivo. These techniques are using drugs which 
can be transformed metabolically into specific metabolites by the action 
of the cytotoxic hydroxyl radical. To mention one or two of them: 
for example, when acetetylsalicylate, aspirin, interacts with hydroxyl 
radicals, a specific metabolite, 2,3-dihydroxybenzoic acid, is produced, 
which is normally not formed. This has been used as a technique for 
measuring free radical formation in vivo. The other one is uric acid, 
which is selectively transformed to allantoin by the hydroxyl radical. 
These are the techniques we could use, maybe in urine, in serum or 
CSF. They should have probably to be adapted but very sensitive 
HPLC systems have already been developed. 

CaIne: I just wanted to raise some questions: Prof. Y oudim, you 
really did an extremely elegant and important presentation. But I would 
like to suggest a modification to your conclusion. I would like to 
suggest that the mechanism that you are discussing is responsible for 
the selective vulnerability of these regions to the change that occurs 
with aging, which may be of crucial importance in terms of the ev­
olution and progression of the symptomatology of parkinsonism. But 
there must be some other factors. For example, I think that when you 
are looking for the etiology of a disease, traditionally the most pro­
ductive approach has been epidemiological and if you look epide­
miologically, then iron miners are not particularly vulnerable so far 
as we know to Parkinson's disease; there are no foci in regions of 
high iron content that we are aware of. So, I think that iron could be 
an extremely important general factor, but maybe not the sole expla-
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nation. I would like to suggest that you have two types of mechanism 
interplaying: the age-related change, in which iron and oxidation could 
well playa critical role, a necessary role, for the disease, but, in addition, 
some environmental factor, I would suggest unrelated to iron, because 
of the epidemiology. The kinds of models we have to think about 
here are indeed the MPTP situation, where it can be shown that those 
people who were exposed to MPTP but who had no clinical parkin­
sonism, who far exceeded the number of patients who were clinically 
affected, those patients have abnormalities in the striatum from PET 
scanning. Another model, that is equally cogent and relevant to the 
hypothesis I'm trying to formulate, is the Guamenian disease, where 
an environmental factor in the Guamenian lifestyle contributes to the 
disease. We know from the epidemiology, from the Guamenians who 
emigrated to the States, that something in their lifestyle damaged them 
in such a way that they had removed themselves from Guam for 20 
or 30 years before the appearance and evolution of the disease. And 
the disease did indeed appear and did indeed evolve in the absence of 
that initial damaging factor. So, I would propose that both these 
mechanisms are of crucial importance and that both are engaged in 
the production of Parkinson's disease. An environmental factor or a 
series of environmental factors which may be quite diverse and operate 
in quite different ways, superimposed upon selective vulnerability to 
attrition with aging. In that attrition process, oxidation damage induced 
by iron may be critical. 

Youdim: I think you may very well be right. Concerning transition 
metals, we know that manganese can be transported into the brain by 
transferrin. Manganese also changes its redox state between 2 and 3, 
giving rise to radicals. So, we could explain the cases of parkinsonism 
in manganese miners. I forgot to mention that in my talk. It also seems 
to be the case in paraquat toxicity. Paraquat liberates iron from ferritin 
and it's the free iron that produces the toxin. In fact, you can take 
mice, treat them with desferrioxamine and give paraquat; they are 
completely protected from toxicity. 

Strolin Benedetti: Coming back to the in vivo lipid peroxidation 
discussed by Prof. Y oudim, I think that a very nice in vivo method 
is the measurement of ethane and pentane in expired air; but, again, 
the problem is to have an in vivo method which is indicative of brain 
damage and not of whole in vivo lipid peroxidation. 

LeWitt: I would like to raise a question that starts with Prof. 
Fariello's comments on MPTP as compared to Parkinson's disease in 
humans, and to come back to the question of the role of melanin. One 
thing about human parkinsonism induced by MPTP is that, in contrast 
with typical Parkinson's disease where the monoamine systems are 
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diffusely damaged, human MPTP-induced parkinsonism has normally 
a slightly increased MHPG in the spinal fluid, showing that the no­
radrenergic system is spared. Now, in Parkinson's disease we know 
that the locus ceruleus is damaged, and that there are some melanin­
containing neurons. Is there something different about the melanin in 
the locus ceruleus that might explain this difference, that is to say, 
potential wedge for understanding the toxic mechanism of MPTP as 
compared to the putative environmental or autotoxins for Parkinson's 
disease? Any thoughts on that? 

Riederer: Dr. Lieberman, you would like to comment on that? 
Lieberman: Yes. I was speaking to Bill Langston last week in New 

York, and he showed evidence that if you give MPTP slowly you can 
damage the locus ceruleus. So, the locus ceruleus damage in MPTP­
induced parkinsonism depends on the way you give MPTP. 

LeWitt: That may be, but it is not necessarily damaging the no­
radrenergic pathways, which recover even with chronic multiple ad­
ministration. I think there is something much more selective about 
MPTP for dopaminergic nigrostriatal neurons than we hear of, what­
ever mechanisms lead to the loss of the serotonin, noradrenergic and 
dopaminergic systems. I think that's an important part of consideration 
of markers for the disease, which is a multineuronal disease. We have 
a model of something that is far more selective than the disease is, 
and in looking for markers and mechanisms, we should really go 
beyond what MPTP can do when it attacks a variety of neuronal 
systems and yet not every dopaminergic system in the brain. 

Gotti: Concerning the selectivity of MPTP it can be said that there 
may be a pharmacokinetic reason; for instance, and Prof. Da Prada 
may comment on this, MPP + has been shown to utilize the dopamine 
transport system. So, it reaches, probably, much higher concentrations 
in the dopaminergic neurons than in other neurons. That might be a 
reason for selectivity. 

Da Prada: I can make a general comment on the discussion between 
Prof. Fariello and Prof. Y oudim about MPTP toxicity. When you take 
the platelets as model, they are not a good model because, though 
several mechanisms of uptake and storage of the monoamines are 
present, they don't reflect the neuron. In each case you take a toxin 
like 5,6-dihydroxytryptamine or MPTP, there is accumulation but you 
don't have toxicity for the platelets. In the platelets mitochondrial 
monoamine oxidase-B and other types of amine-oxidases are present. 
We don't have iron or neuromelanin, but this points to the fact that 
the peripheral tissue, for some reason, is much more resistant. In the 
nerves there should be a peculiar situation in which a toxin acts more 
selecti vel y . 



128 Round table on Parkinson's disease 

Riederer: Thank you for your comment. Are there any other com­
ments? Please, Dr. Bianchine? 

Bianchine: I would like to share the views of Prof. Olanow and 
Prof. CaIne, who both speak to the issue that it is the oxidative stress 
and lipid peroxidation which are probably important in the genesis of 
deletions in the CNS. The case of reperfusion injury is another example 
where iron is thought to be important, but it is not alone because 
xanthine oxidase inhibition treatment is useful, as is superoxide dis­
mutase treatment. So, this speaks to other issues. There is also evidence 
that suggests that some of the myocardial damage associated with 
anthracyclines is related to iron in this instance, and an iron chelator, 
ADR 529, which is now under clinical investigation, is unequivocally 
beneficial in that setting. I remind you that there is an old story about 
retroventricular fibroplasia, where it's the oxidative stress in the pre­
mature neonate which seems to be improved by vitamin E, and I don't 
know of evidence that suggests that iron is involved. And then the 
final example I can think of is acetaminophen toxicity. This is an 
example where overload of acetaminophen clearly decreases glutathi­
one concentrations. 

Poewe: Just to divert attention to another area of selective damage 
with respect to heavy metals. Taking the case of copper in Wilson's 
disease, there is a predilection for the striatum and the globus pallidus. 
That seems also to be the case with manganese. Are there any ideas 
why copper, for example, should have this selective affinity towards 
those areas of the brain, as opposed to iron in the nigra? 

Riederer: Would you like to comment, Prof. Y oudim? 
Youdim: Copper can substitute for iron but I don't know what the 

selectivity is. I would like to come back to a previous comment. We're 
learning more about iron from the systemic organ lesions as a result 
of increase in iron. In rheumatoid arthritis there is an accumulation 
of iron and desferrioxamine is now being used for the treatment. We 
know that the cardiovascular lesions that occur in iron therapy are 
related to iron. 

Fariello: I'd like to remind that we haven't talked at all about the 
possibility that calcium entrance, which is related to exitotoxicity, 
might have something to do with all the types of selective neurode­
generative disorders which have been mentioned here. We have to 
keep in mind, for instance, that MPTP is a powerful epileptogenic 
agent. It does have very powerful electrical and behavioural epilep­
togenicity, as we have observed in our laboratory; how this relates to 
the fact of lipid peroxidation, we don't know. Another fact that makes 
us think of the possibility that, if not exitotoxicity at least neuronal 
activity, in terms of neuronal firing, might have something to do with 
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neurodegeneration, is the fact that ferric ion injections have been used 
in the cortex of rats to create a model of epilepsy. Therefore, I think 
we should not lose the sight of the possibility that the oxidative­
reducing system may be reflected at the level of the neuronal channels, 
with excitability changes of the membrane which, in turn, may create 
a vicious circle. 

Riederer: I think we should switch over to the next topic, namely 
early diagnostic test batteries in Parkinson's disease. Would you like 
to make your comments on that, Prof. Garattini? 

Garattini: I would first like to make some comments on what we 
have heard today about early markers for Parkinson's disease. If a 
neurologist had been here today, he would acknowledge the lack of 
substantial elements enabling an early diagnosis of Parkinson. This is, 
in a way, the principal merit of this meeting, because it shows that it 
is timely. To find early markers, we need a proper methodology and 
this methodology should probably include longitudinal studies. I don't 
think that by looking at patients who have already developed Parkin­
son's disease we can find something that can be useful in terms of 
early markers. Therefore, there is a need to start longitudinal studies 
probably' with populations which are at the very beginning of the 
disease,! and, on this population, it would be necessary to use all the 
various tools that have been reported today. I hope that some of these 
determinations will be sensitive enough to allow the detection of the 
disease in the early stages, when the symptoms are at the very begin­
ning. Therefore these early markers may, on the one hand, contribute 
to an early diagnosis, and, on the other hand, hopefully they could 
also contribute to design therapy. I think there is also need to have 
proper controls about the specificity of the marker. We have heard 
very little about what is common with other degenerative neurological 
disorders. It is absolutely necessary, to be sure that what is seen is 
specific enough. Finally, I would like to warn about the fashionable 
things: free radicals are very fashionable and they are now utilized to 
explain almost every disease of degenerative nature. It may not be so 
simple. They do certainly contribute, but the reason why they may 
determine different diseases probably lies in the fact that there are 
many other cofactors working at the same time. Free radicals may 
exert pathology only when a number of conditions appear, but I am 
very doubtful that, by themselves, they can explain so many different 
diseases. 

CaIne: I would just like to take up that point about the longitudinal 
studies. We have recently been repeating the fluorodopa PET scans 
that we undertook some years ago in a number of parkinsonian patients. 
This provides, to some extent, an in vivo assay of what is happening 
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neurochemically in the brain. Over a three-year period, repeated fluo­
rodopa scan shows a small change in parkinsonian patients, indicating 
that this is a slow process. It is a little bit faster than simple age-related 
attrition but it is not an aggressive, dramatic deterioration, as has been 
suggested from some morphological observations. One possible mech­
anism that would fit nicely with such findings has been alluded to in 
the previous discussions. Once you have a damaged nigra, as you 
obviously have in clinically overt disease, then the surviving neurons 
are going to be compensating and manifesting increased activity. Such 
a powerful mechanism has been shown in rodents with partial lesions 
due to 6-hydroxydopamine. So, I think the kind of changes that we 
have seen with longitudinal PET scans would be quite compatible 
with damage induced by overactivity of the surviving neurons un­
dertaken in an effort to compensate functionally for the deficits. 

Garattini: An early marker of Parkinson's disease should be some­
thing that allows the detection of the disease before it appears. So the 
question is: before the appearance of the disease, can you detect any 
kind of damage? That would be what I consider an early marker. 

CaIne: The problem is that PET scanning is an expensive procedure 
and you can't screen the large numbers that are required. But, in the 
process of looking at a reasonable number of control subjects we have 
found one dramatic outlier who is clinically normal, but way below 
the normal range. I think there is also such an observation from 
Hammersmith that David Marsden mentioned to me last year. As 
experience accumulates with PET scanning, such individuals will be 
identified, and it will be most important to study and observe them. 
But, unless you have a special at-risk group, you can't go screening 
large numbers of people with PET scanning. 

Rinne: I understand the need for early markers for Parkinson's 
disease if we talk about drugs preventing the disease. But we have to 
realize that, today, we have only symptomatic dopaminergic treatment. 
Therefore, I'm wondering whether we really need more than an help 
to clinical diagnosis, before initiating that kind of powerful treatment 
which we have in our hands. We have followed the same patient 
population, initiating dopaminergic treatment in the mid sixties at dif­
ferent stages of the disease. Treatment was initiated at stage 1, 2, 3, 
4 or even 5 of Hoehn and Yahr, because it was the first time that 
levodopa was available. We have been following these patients for 
more than 20 years, studying such simple factors as survival and 
mortality. We studied how many extra years you are able to offer your 
patients initiating this kind of symptomatic dopaminergic treatment 
and we came to very interesting findings. When we initiated treatment 
in stages 1 and 2, patients behaved very close to normal up to 20 
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years. Survival was like in age-matched controls. But when initiation 
of treatment was postponed to stages 3, 4 and 5, the running was 
different from controls. This point is very critical: if you postpone 
the initiation .of dopamine treatment to stage 3 even, then you are 
losing 5 - 6 extra years for your patients. So, I think it is not so urgent 
to have very early markers for Parkinson's disease but it is very 
important to initiate dopaminergic treatment in the early stages of the 
disease. 

Leenders: I would like to mention the case of a patient having 
clinically Parkinson's disease, but with a fluorodopa study which was 
on all accounts completely normal. So it was the reverse of what Prof. 
CaIne has seen. 

Caine: It's not idiopathic parkinsonism, we know how difficult it 
is to make that clinical distinction. 

Leenders: Clinically, this patient has a mild to moderate idiopathic­
looking Parkinson's disease, with very long time course and respond­
ing to L-dopa. But that's the only exception so far; all the parkinsonians 
have in the putamen a very severe fluorodopa deficiency. Furthermore, 
I completely agree with Prof. Rinne when he says: do we need early 
markers and what is early? I think a premorbid marker is maybe 
completely unnecessary. An early Parkinson's disease is not a bad 
disease and you can treat it, provided L-dopa doesn't accelerate the 
disease. If you want to detect patients before they get clinical signs, 
then you need to screen the whole population with a very easy and 
simple screening method. I find it highly unlikely that such a thing 
does exist. So, I would agree with Prof. Rinne that probably there's 
no need for that. 

Riederer: Are there any comments to that? Prof. Garattini? 
Garattini: I think that early markers would be very important 

because they could give rise to new forms of therapy. We are not 
talking about what we know today, but, if we had some markers, they 
could constitute a tool on which we might build up new forms of 
therapies. It's not because we know what to do today we don't need 
early markers. 

Heiss: I've been struggling with the analysis of PET data for 7 
years now, and I wonder how you can use a non-quantitative model 
as is the fluorodopa injection, to make interindividual and intraindi­
vidual comparisons in the follow-up of the patients. You have to rely 
on the original takeup of the tracer and you have no information on 
the metabolites and on the amino acids which are also important for 
the transport of your tracer into the brain. So, I wonder if we can 
really use fluorodopa for really quantitating the progress of the disease. 
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Caine: I didn't use the word quantitative incidentally, but I would 
say semi-quantitative. But, whatever method of analysis you use, you 
can get substantial separation between the groups. 

Da Prada: I agree completely with Prof. Garattini that we need a 
very early marker, because the problem is also how to prevent the 
progress of the disease. If we don't start something now, we will find 
nothing. Concerning the use of L-dopa, we have now a COMT in­
hibitor, which inhibits the methylation of dopa peripherally and cen­
trally. We can eliminate the formation of 3-methyldopa and improve 
the penetration of dopa. 

Rinne: As I said, if we had drugs preventing the disease, then it 
should be, of course, important to have early markers. But we have 
to realize that the markers presented here today are not specific at all. 

Caraceni: What I would like to remind is that we don't know what 
is the etiology of Parkinson's disease. Therefore, I think that it's very 
important to give a better definition of the early diagnoses of idiopathic 
Parkinson's disease. In this way, I think that the characterization of 
Parkinson's disease with NMR and PET scan, would be of great 
interest, as also the characterization of all neurodegenerative diseases 
which have features similar to Parkinson's disease before initiating any 
kind of early markers. Perhaps it's excessive to say this, but I think 
that we don't know what Parkinson's disease really is. 

Lieberman: One point is whether there's an incubation period for 
Parkinson's disease. We recognize the disease clinically, and we assume 
that there is some sort of preclinical incubation period, in conjunction 
with other neurological diseases. But there may not be. Except for a 
few cases of patients that I've seen, whom I've diagnosed as having 
postural tremors, and who a few years later had Parkinson's disease, 
there may not be an incubation period. The second question goes 
about as to how we examined patients for extrapyramidal diseases. We 
assumed that the examination we do monitors the state of the substantia 
nigra, of the putamen and of the caudate nucleus. But we really do 
not know what we are really doing when we are measuring the function 
of the pyramidal tract as modified by the extrapyramidal system. So, 
really another question may be: do we really understand what it is 
that the basal ganglia do. The basal ganglia probably have something 
to do with subconscious traces of postures and things that we do that 
we would never examine. It would be very nice here to have an early 
marker, but a more central question would be: is there an incubation 
period for the disease? and a second question is to re-examine what 
it is that we do when we examine patients with Parkinson's disease. 
We just apply a specialized program of measuring strength, speed, 
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agility and assume that that's the measurement of the basal ganglia. 
It may not be. 

Przuntek: As Prof. Garattini said, it is necessary to fInd early 
markers in Parkinson's disease, although none of us knows when we'll 
fInd the substance able to slow down the process of the disease. I 
would suggest a preselection be made with very simple and cheap 
methods because you have to investigate a very large population. I 
believe that the motory test could be suited for this preselection because 
this method is very simple, although not so specifIc. And then we 
could use more specifIc methods if we have made this preselection, 
like for example examination of the cerebrospinal fluid or PET scan. 

Caine: There is obviously a debate which is of crucial signifIcance 
to this meeting, which is whether we should be looking for early 
markers. I think there are two issues, and Prof. Caraceni said exactly 
the same thing. We are not just looking for a diagnostic test for a 
drug that we don't have. We are trying to identify the pathogenesis 
of the disease, and if we don't know the longitudinal time course of 
the disease, we can't begin to think about what kind of pathogenesis 
is taking place. As Prof. Lieberman said, does the disease start one 
month or 30 years before we see the symptoms? It is of critical im­
portance to know this in terms of understanding what is going on, 
and also in terms of looking for the actual risk factor. If you're trying 
to get a drug that is going to have some impact on the progression 
of the disease and, possibly, some impact on preventing the disease, 
or if you're looking for some way of reducing the prevalence of the 
disease, clearly the crucial fIrst step is to fInd the cause, or the causes. 
Then you can develop a rational approach towards preventive therapy, 
or towards therapy to slow down the progress of the illness. 

Carvry: In terms of the criterion that you established as to what 
might be an early marker, I would like to offer the dopamine-neuron 
antibody. As far as we hope to, the test would be very easy to im­
plement, very cheap and rapid. If the hypothesis is correct, we should 
be able to identify these patients prior to actual symptom expression. 
I know that MPTP-exposed non-symptomatic parkinsonian patients 
are a dim cult groups to study, but I am really surprised that we haven't 
taken more advantage of that selective group which may tell us a lot 
about the progression of the disease in a presymptomatic population. 

Riederer: I think we'll close this part now. My personal opinion is 
that probably a single early marker will not give us the results that 
we want. Probably, several test batteries will have to be used as a 
better diagnostic criterion. Now, fInally we have some questions and 
comments to therapeutic strategies? 
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Rinne: I think that today, when we are still dealing with the ini­
tiation of symptomatic treatment, we have three main questions. First: 
when; second: what; and third: how. And we have to realize that still 
dopaminergic treatment is the most powerful antiparkinsonian treat­
ment available today. In my opinion, we must realize today that to 

give L-dopa as we have been treating patients in the past few years 
by giving high doses of levodopa alone, is not good at all. As I said, 
we can even increase survival and decrease mortality of the patients. 
But, as we all know, very many patients are dealing with many late 
complications of this treatment, especially different kinds of motor 
fluctuations. I believe that, in trying to prevent these complications, 
it is better not to use levodopa but, vice versa, to initiate with dopamine 
agonists and to try to keep your patients on dopamine agonists as 
long as possible. When it is no longer possible, then it is time to add 
levodopa. I think that, with that kind of combination of dopamine 
agonists and levodopa, you can have a better treatment than by using 
levodopa alone. Thus you can offer extra years to your patients and 
also a better quality of life. 

Da Prada: When you speak about dopaminergic agonists, it's im­
portant to know if the compound should be a Dz, or a Dl or a Dl 
plus Dz agonist. Probably it should be a Dl plus Dz agonist, because 
dopamine stimulates both receptors. Since dopamine is the endogenous 
agonist, probably the best way should be to ameliorate the pharma­
cokinetics of L-dopa, rather than introducing a new agonist. As you 
know, pharmacokinetics of L-dopa is just terrible. So, I think it is 
important to maintain the level of L-dopa by slow-release formulations 
and to reduce the dose, maybe using COMT inhibitors. 

Rinne: I agree with Prof. Da Prada that Dz stimulation is not 
enough. We know from animal experiments that stimulation of both 
Dz and Dl receptors, and maybe a good balance between the stimu­
lation of both receptors, is important; I think that by giving levodopa 
you cannot have a stimulation of presynaptic dopamine autoreceptors 
as good as by using dopamine agonists, which have higher affinity 
for the presynaptic dopamine autoreceptors which control the release 
of endogenous dopamine. 

Poewe: I think that future treatment of Parkinson's disease might 
be simply to improve the delivery of our dopaminergic treatment, so 
as to more closely mimic tonic nigrostriatal impulse flow rather than 
having peaks and troughs as we do have. So I think Prof. Da Prada 
is right in saying that we should concentrate on improving pharma­
co kinetic variables. 

Riederer: Before closing this session, I wish to express my thanks 
to all the participants in the round table and to the auditorium for 
their contribution to the discussions. 
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Summary 

Currently, there are no definitive early markers for Alzheimer's disease 
(AD) or senile dementia of the Alzheimer type (SDAT). Nonetheless, there 
are some interesting marker candidates under evaluation. Several examples 
of candidate markers are considered in this review, including some biochem­
ical, genetic, pharmacological, neuroimaging, and clinical measures. These 
examples are chosen to illustrate some aspects of an ideal marker, as well as 
the needs for such markers in different areas of AD and SDA T research and 
treatment. 

Introduction: early markers, the need 
and strategies in SDA T 

Some of the most apparent needs for early markers of Alzheimer's 
disease (AD) or senile dementia of the Alzheimer type (SDA T) have 
been widely discussed. Early differential diagnosis continues to be a 
problem in this disorder which, until recently, was often regarded as 
a diagnosis only made by exclusion of other types of dementia (Hach­
inski etal., 1974; McKhann etal., 1984; Barclay, 1988; ThaI, 1988). 

Treatable types of dementia obviously need to be differentiated 
from SDA T. While there continues to be debate about whether SDA T 
is distinct from normal aging or can be seen as a continuum including 
age-associated memory impairment or benign senescent forgetfulness 
(Brody, 1982; Berg, 1985; Brayne and Calloway, 1988), the prevalent 
view is that SDA T is a more severe distinct entity with a more rapid 
course of decline in functional capacities. Therefore, a marker for 
SDA T would be useful in establishing an accurate diagnosis or esti­
mating prognosis. 
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Diagnostic uncertainty, which is currently estimated to range from 
10% to 30% when clinical diagnoses are compared to neuropatho­
logical criteria (Ron et aI., 1979; Wade et aI., 1987), presents a number 
of problems for research and treatment of SDAT. A recent review 
pointed out the severe limitations of genetic linkage analysis in apparent 
familial forms of SDA T, which not only include diagnostic uncertainty 
regarding probands, but also the late onset of symptoms and subse­
quent short life span of patients, thereby limiting pedigrees which can 
be directly investigated to a few living affected individuals who rarely 
represent different generations (Tanzi et aI., 1989). These factors, which 
would be obviated by a classic genetic marker, currently render po­
tential identification of gene(s) for familial SDAT by linkage analysis 
alone an extremely difficult proposition. 

In regard to treatment, the inclusion of inappropriate patients in 
treatment trials because of diagnostic uncertainty limits the validity of 
these trials and is currently viewed as a significant factor in slowing 
the identification of useful drugs or other potential treatments. In 
addition, should a treatment be found, for example, among neuronal 
growth-affecting factors under investigation, the availability of an early 
marker could be of great importance in slowing or even preventing 
neuronal damage and loss in SDAT. 

Characteristics of an ideal marker have been frequently described 
for other disorders. These include two main characteristics: (1) spec­
ificity, i.e., the marker is linked to a distinct disorder, and identifies 
the disorder in every case with no overlap or misidentification of 
clinically similar disorders; (2) sensitivity, i.e., the marker detects the 
disorder in its early stages. Other desirable characteristics include the 
following: a definable relationship to the stage or progression of the 
disorder, relatively noninvasive (e.g., brain biopsies are not practical), 
technically feasible, and relatively inexpressive, to permit large scale 
screening. 

Currently, there is no valid, specific and sensitive marker for 
SDA T. As the etiology of SDA T remains unknown, potential markers 
may be of different types. For instance, if SDAT proves to be a 
genetically based disorder, then a marker may be an altered gene 
product or DNA fragment. If SDAT is of infectious or toxic origin, 
then a marker may be an agent or product of infection or toxicity. 
While etiology remains uncertain or if SDA T proves to be a heter­
ogeneous group of disorders, a nonspecific marker that reflects path­
ological severity may still be useful. In any case, a successful marker 
will eventually need to be validated in an autopsy- or biopsy-verified 
patient sample. 

The pessimistic view towards finding a valid marker for SDA T 
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begins with the evidence that SDA T may not be a distinct entity 
distinguishable from normal aging (Brayne and Calloway, 1988) or is, 
at least, a heterogeneous disorder (Friedland et aI., 1988). In the latter 
instance, multiple markers would be required if the markers were 
etiologically based, although this need not be so if the marker were 
of the type that reflected severity of SDA T as a syndrome. However, 
as the clinical diagnosis of SDAT is not completely reliable, a marker 
related nonspecifically to SDAJ' severity may not be useful in distin­
guishing milder demented patients from controls. Finding a marker 
for SDA T is currently confounded by an additional issue: "controls" 
used to define a marker will include a certain proportion of individuals 
with a nonsymptomatic SDA T trait, especially given the lifetime prev­
alence of approximately 10% for SDA T (ThaI, 1988). 

A more optimistic view holds that even if an ideal marker as 
described above may not be found for SDAT as a single distinct entity, 
different specific markers may be found and used in specific families, 
or even in individuals followed over time. It should be noted that 
some clinical characteristics of SDAT are currently being evaluated 
or used as they potentially provide some marker-like information. 
These include the following: (1) age of onset (presenile vs. senile); (2) 
current symptoms and other characteristics of clinical picture (e.g., 
history of head trauma, agraphia); (3) course of illness (rapid vs. slow 
progression); (4) motor deficits (extrapyramidal syndrome, my­
oclonus); and (5) behavioural characteristics (depression, aggression, 
psychosis). Simply administered clinical tests [e.g., clock drawing (Sun­
derland et aI., 1989)] can provide severity measures of visuospatial 
ability or other features of SDA T patients. Some examples of candidate 
neurobiological markers currently under investigations are worth dis­
cussion to illustrate some features of the strategies being used to 
identify potential biological markers. 

Some illustrative examples of candidate markers in SDAT 

Biochem icalj neuropathological 

Some of the earliest and also most intensive efforts to identify a 
biological marker for SDAT focused on the well studied brain cho­
linergic system damage believed to account for the characteristic cog­
nitive and related dysfunctions in patients with SDA T (Davies and 
Maloney, 1976; Gottfries, 1985; Perry, 1988). As reviewed elsewhere, 
candidate markers include cerebrospinal (CSF) acetylcholine, acetyl­
cholinesterase, and choline acetyltransferase concentrations (Thienhaus 
etaI., 1985; Hollander etaI., 1986; Cutler, 1988a, b); these enzymes as 
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well as choline uptake have also been measured in erythrocytes. Most 
studies did not find differences between SDAT patients and controls, 
or, when differences were found, similar changes were also found in 
patients with depression or with non-SDA T neurological disorders. 
In addition, differences in CSF somatostatin between SDA T patients 
and controls were also subsequently found to be equivalent to those 
in patients with multi-infarct dementia and other psychiatric patients 
vs. controls (Beal et aI., 1986; Sunderland et aI., 1987; Davis et aI., 1988; 
Cutler, 1988a, b). 

An interesting example of a neuropathology-based candidate 
marker is the protein A 68 which can be detected in Alzheimer brains 
by Western blot analysis (Wolozin etal., 1986; Wolozin and Davies, 
1987; Tabaton etal., 1988). Extensive studies have revealed abnor­
malities in the protein composition of brain tissues from SDA T patients 
represented histologically in the neuritic plaques, neurofibrillary tan­
gles, and other abnormalities (Tanzi et aI., 1989; Davies, 1988). A 68 
is a 68,000 dalton protein which was originally identified by a mOnO­
clonal antibody, Alz 50, reactive to SDA T forebrain material. A 68 is 
found in low to nonexistent amounts in normal brains, but is elevated 
15- to 30-fold in SDAT patient brains. Only trace amounts of A 68 
are found in brains from patients with the Guam Parkinson dementia 
complex and Pick's disease. However, patients with progressive su­
pranuclear palsy (PSP) have 10% of the A 68 protein that SDAT 
patients have, a change suggested to reflect the quantitatively more 
marked fibrillary pathology in SDA T than PSP (Tab at on et aI., 1988). 
Studies of CSF A 68 in SDA T patients, age-matched controls, and 
neuropsychiatric patient comparison groups are now underway. 

An example of a systemic abnormality that provides an apparent 
genetic marker for a subgroup of approximately 50% of SDA T patients 
is an abnormality in platelet membrane fluidity studied in some detail 
by Zubenko et ai. (1987, 1988) (Chakravarti et aI., 1989). Increased 
platelet membrane fluidity (PMF, defined as fluorescence ansiotropy 
of 1,6-diphenyl-l,3,5-hexatriene < 0.1920 at 37°C, which is a cut-off 
point at the 90th percentile for healthy elderly controls) segregates 
SDA T patients into two subgroups. The subgroup with increased 
PMF has been suggested to have an earlier symptom onset and a more 
rapidly progressing course. Increased PMF is not found in higher 
incidence in patients with multi-infarct dementia or depression. The 
incidence of increased PMF in first-degree asymptomatic relatives of 
SDA T patients with increased PMF was 57% (13/23) vs. 10% (2/20) 
in SDAT patients without increased PMF (p = 0.0015). A 14 pedigree 
study showed increased PMF to be controlled by a single gene locus 
with two alleles that have additive effects. Other more preliminary 
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studies of systemic abnormalities include the finding of elevated levels 
of high affinity antibody to human nerve growth factor in the blood 
of Alzheimer patients vs. normal controls (Roy et aI., in press) and 
moderate differences in platelet monoamine oxidase (MAO) activity 
in behaviourally disturbed Alzheimer patients compared to control 
populations (Schneider et aI., 1988; Funsch et aI., 1989). 

Pharmacological responsiviry to cholinergic and serotonergic agents 

Treatment of SDA T patients with cholinergic agents is under 
intensive study. Of interest as another possible strategy for identifying 
a marker are a series of studies comparing the biological and behav­
ioural responses of SDA T patients, controls, and elderly depressed 
patients to cholinergic agents such as scopolamine, arecoline, and 
nicotine, and to the serotonergic agonist, m-chlorophenylpiperazine 
(Sunderland et aI., 1987, 1988; Tariot et aI., 1988; Newhouse et aI., 
1988; Lawlor et aI., 1989 a, b). Of special interest was the finding that 
SDA T patients, when compared to elderly normal controls and elderly 
depressed patients, demonstrated a markedly greater, dose-dependent 
sensitivity to the cholinergic antagonist, scopolamine, on cognitive 
tests of semantic memory and free recall as well on behavioural meas­
ures, such as the Brief Psychiatric Rating Scale (Sunderland et aI., 1987, 
1988). The differentiation of SDA T from depressed patients was of 
note, because depressed patients can manifest concurrent cognitive 
impairments (i.e., pseudo dementia) (Post, 1975; Wells, 1979; Reifler 
etaI., 1982; Clark etaI., 1985). Cognitive impairing effects of scopol­
amine have previously been characterized in young normal controls 
(Drachman and Leavitt, 1974). Supersensitivity to scopolamine has 
also been found in monkeys with experimentally induced lesions of 
the cholinergic cell bodies in the nucleus basalis of Meynert (Aigner 
et aI., 1987). Our preliminary study of scopolamine testing in nonde­
men ted parkinsonian patients revealed some increased scopolamine 
sensitivity (Dubois et aI., 1987), so the specificity of this test must be 
questioned. Testing other at-risk groups such as those with dementia 
associated with Parkinson's disease and Down's syndrome, and testing 
individuals with a strongly positive family history of Alzheimer's dis­
ease will be of interest. 

Brain imaging and cerebral blood flow measurements 

There have been extensive evaluations of the potential use of brain 
imaging techniques to yield an SDA T marker (Thienhaus et aI., 1985; 
Hollander et aI., 1986; Cutler, 1988 a, b). Computed tomography scans 
alone cannot distinguish among the various etiologies of cerebral 
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atrophy. Preliminary results suggest that positron emission tomog­
raphy (PET) may have some capability to provide early identification 
of SDA T patients, and to differentiate SDA T from multi-infarct de­
mentia (Friedland et aI., 1985 a, b; Kuhl et aI., 1987). Single photon 
emission computed tomography (SPECT) offers the interesting pos­
sibility of quantitatively visualizing muscarinic cholinergic receptors 
using the radiolabeled cholinergic antagonist, 1231-3-quinuclidinyl-4-
iodobenzilate (QNB), as a ligand (Holman et aI., 1985). Preliminary 
studies with QNB binding in SPECT scans of Alzheimer patients 
indicate a decrease in parietal cortex binding compared to controls 
(Weinberger et aI., 1989). Potential techniques such as the use of ra­
diolabeled antibodies reactive to elements of plaques or neurofibrillary 
tangles to locate semi-quantitatively actual neuropathology have yet 
to be evaluated. 

One illustrative example of an evaluation of the use of cerebral 
blood flow measurement as a possible diagnostic marker is a study by 
Prohovnik et ai. (1988) of 36 patients with AD and 12 healthy controls. 
Discriminant function analysis of 133xenon regional cerebral blood flow 
values correctly identified > 90% of both patients and controls. Flow 
was most notably reduced in parietotemporal regions in the AD pa­
tients. However, when only mean global perfusion instead of the 
combined information from regional flow measurements obtained 
from 10 detectors were used in the analysis, 50% of the controls were 
misclassified. An important feature of this study was that a subgroup 
of patients with relatively short illness duration « 2 years) and with 
relatively mild cognitive deficits (modified Mini-Mental Status scores 
> 30) were equally (> 90%) as well identified as were those patients 
with more severe AD. A prior study also found that 133xenon blood 
flow measurements provided good diagnostic discrimination between 
patients with neuropathologically confirmed AD and those with major 
depressive disorder, multi-infarct disorder, diffuse parietotemporal de­
generation, or Pick's disease and normal aging; however, it should be 
noted that the AD blood flow results used for the diagnostic com­
parisons in this study were those from the last year of life of the 
patients (Risberg and Gustafson, 1983). The AD patients in the study 
by Prohovnik et ai. (1988) were carefully clinically classified, but post­
mortem neuropathological confirmation was not available. Further 
studies in more AD patients, other neuropsychiatric patients, and 
controls of the utility of regional blood flow as a valid marker are 
required because discriminant function analysis is a post hoc procedure 
that is designed to maximize differences between groups, and hence 
replication studies are necessary for validation and refinement of the 
elements used in this statistical procedure. 
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Conclusions 

Currently, there is no definitive early marker for SDAT. While 
various biochemical, pharmacological, clinical, and genetic factors have 
been evaluated as potential contributors to the early detection of AD, 
none is as yet established as a completely valid, fully reliable measure, 
either diagnostically or prognostically. There is a great need for such 
a marker. During drug development, for instance, it is important that 
accurate diagnosis be established early in the course of illness so that 
homogeneous diagnostic groups can be assured and unnecessary var­
iance avoided. Today, there is approximately a 20% error rate in 
clinically based diagnostic procedures compared to standard neuro­
pathological criteria for SDA T; this error rate is found even in the 
best neuropsychiatric centers. 

With families, there is tremendous strain and pressure surrounding 
the uncertainty of phenotypic penetrance of the proposed" Alzheimer 
gene". An early diagnostic marker would perhaps help in the coun­
selling of at-risk individuals. Eventually, when more effective phar­
macological agents are available, an early diagnostic marker might also 
allow for prophylactic treatment of individuals even before the de­
velopment of clinical symptoms, or at least at earlier, perhaps even 
reversible stages of the disorder. Candidates for early detection of 
SDA T include brain specific proteins, pharmacological challenges with 
anticholinergic agents, neuroimaging studies with brain mapping or 
regional blood flow measuring techniques, and peripheral cell bio­
chemical markers, just to name a few. If found to be reliable, early 
markers would enable researchers to profile the phenomenological and 
biological changes associated with AD longitudinally. In so doing, 
early markers would contribute to the development of new strategies 
for the treatment of this and other related conditions of the aging 
brain. 
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Summary 

The world population aged 60 years and over was about 415 million in 
1985 and is expected to reach 1.1 billion by the year 2025. Therefore, the 
number of subjects at risk for age-associated disorder of the eNS, including 
dementia, is rapidly increasing. 

In this article, the problems encountered in descriptive and analytic 
epidemiology of Alzheimer's disease in various countries are highlighted in 
an attempt to better define the selection of subjects for assessing the potential 
efficacy of new therapies. 

Introduction 

The world population aged 60 years and over was approximately 
371 million in 1980. By 1985, its number had risen to 415 million and 
is expected to reach 1.1 billion by the year 2025 (United Nations, 1986). 
This phenomenon, due to reduction is fertility, infant mortality and 
deaths from infectious diseases is becoming of great importance in 
both developed and developing countries. In 1980, 6% of the world's 
total population aged 60 years and over, lived in developing countries. 
In 1985, this figure had risen to 6.3%. By the year 2025, people aged 
60 years and over, living in developing regions, are expected to account 
for 11.9% of the world's total population (United Nations, 1986). 

The growing number of elderly people will determine an increased 
number of subjects at risk for age-associated disorders of the nervous 
system, including dementia. Dementia is a clinical syndrome charac­
terized by loss of memory associated with impairment of abstract 
thinking and judgement, disturbances of higher cortical functions and 
personality changes (American Psychiatric Association, 1987). This 
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clinical syndrome may have several causes. Dementing disorders have 
been classified as primary and secondary according to their etiology. 
More recently, the National Institute of Health (U.S.A.) (1988), in the 
report of the Consensus Conference on the Differential Diagnosis of 
Dementing Diseases, held in ] uly 1987, proposed a distinction between 
diseases that appear to be primary in the brain and those which are 
outside the brain and affect it secondarily; a useful distinction for 
clinical purposes was also made between progressive of fixed de­
menting pathological states, and arrestable or revers able causes of 
dementia. 

Arrestable or reversible causes of dementia include intoxications, 
infections, metabolic disorders, nutritional disorders, vascular and 
space-occupying lesions, normal pressure hydrocephalus and affective 
disorders. 

Arrestable or reversible dementias account for 10- 15 % of all 
causes of dementia and efforts must be made to recognize them, as 
they are potentially reversible if appropriate therapy is applied (Mars­
den and Harrison, 1972). 

However, the most frequent causes of dementia, as documented 
by clinical studies (Wells, 1979), post-mortem examinations (Tomlin­
son et al., 1970) and population-based surveys (Lippi et al., 1989) are 
Alzheimer's disease (AD) and vascular dementia, followed by second­
ary dementias. ] orm (1987) observed that the relative prevalence of 
AD and vascular dementia differs from country to country, e.g. vas­
cular dementia is more common in ] apanese and Russian studies, AD 
in West-European countries, while no significant differences were 
found in Finnish and American studies. In Italy, AD seems to be only 
slightly more frequent than vascular dementia (Lippi et al., 1989). 

Descriptive epidemiology of Alzheimer's disease 

Major problems in the descriptive epidemiology of Alzheimer's 
disease are the choice of the population study and the type of sample, 
the methodology for case ascertainment and the accuracy of clinical 
diagnosis. 

The study population may be obtained from the overall population 
by randomization or by complete enumeration of the subjects. Oth­
erwise, in community-based surveys, data will be collected from hos­
pitals, nursing homes and Health Authorities. The latter approach was 
principally used in North-European surveys (Akesson, 1969; Molsa 
et al., 1982). However, the risk of this methodology is to underestimate 
the real frequency of the disease. 

Two general strategies have been proposed for case ascertainment 
in population studies: the one- and the two-phase approach. The former 
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is less expensive, but the latter affords a more accurate diagnosis. In 
the two-phase approach, a brief, highly sensitive cognitive test (a 
screening test) is performed on all the people to be investigated. 
Subjects scoring under the cut-off level at the screening test are ex­
tensively studied from a clinical point of view to confirm the presence 
of mental impairment, to diagnose dementia and classify dementias by 
type. However, for a definite diagnosis of dementing disorders, es­
pecially AD, a pathological examination of the brain is required. 

Several sets of clinical diagnostic criteria have been proposed. 
Recent population-based surveys utilized the NINCDS-ADRDA cri­
teria (McKhann et al., 1984). CAMDEX by Roth et al. (1986) provided 
a useful set of diagnostic criteria for differential diagnosis of mental 
disturbances in the elderly, and was successfully used in some recent 
British surveys (O'Connor et al., 1989). 

Prevalence in Alzheimer's disease 

Available data show that the prevalence of Alzheimer's disease 
ranges between 1.9 and 5.8% of the total population aged 65 and over 
(Rocca et al., 1986). This variability of the prevalence ratios can be 
influenced by different definitions of the disease under study and the 
different case ascertainment procedures adopted. Some investigations 
(Akesson, 1969; Molsa et al., 1982; Sulkawa et al., 1985; Schoenberg 
et al., 1985) considered only severe dementia, whereas in other studies 
also mild dementia was included (Kay et al., 1964; Broe et al., 1976). 
Akesson (1969), who found very low prevalence ratios, adopted very 
restrictive diagnostic criteria: constant disorientation as to time and 
place was required to make a diagnosis of dementia. Case ascertainment 
procedures also differ in various studies. Molsa et al. (1982) in Finland 
and Akesson (1969) in Sweden, who found lower prevalence ratios 
than some of their North-European colleagues, collected data only 
from health and social services. Sulkawa et al. (1985), in a random 
sample representative of the whole Finnish population, utilizing the 
door-to-door approach, found higher prevalence rations that were 
found in previous community-based surveys. 

All the studies carried out until now consistently showed an ex­
ponential increase in the ratios with age. In the Finnish study by Molsa 
etal. (1982) the prevalence ratio increased from 0.025% in the age 
group 45 - 54 years to 6.3% in the age group 85 years and over. In 
an Italian survey, the prevalence ratio was 6.2% for subjects aged 60 
and over rising to 8.4% for those aged 65 and over (Lippi etal., 1989). 

In many studies, age-specific prevalence ratios were consistently 
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higher for women than for men, especially in the older age groups 
(Broe etaI., 1976; Molsa etaI., 1982; Sulkawa etaI., 1985). Molsa etaI. 
(1982) found age-specific prevalence ratios to be higher for men in 
the age group 45 - 54 years and for females in the other age groups. 
Kaneko in Japan (1975) reported prevalence ratios consistently higher 
for males, while a more recent Japanese survey showed a pattern 
consistent with those reported in European and American studies 
(Karasawa et aI., 1982). Finally, Schoenberg et aI. (1985) in a popu­
lation-based survey carried out in Copiah County, Mississippi, found 
consistently higher prevalence ratios for females and blacks. 

Incidence of Alzheimer's disease 

Similarly to the prevalence pattern, the incidence rate of AD rises 
exponentially with age. As summarized by Mas et aI. (1987), the in­
cidence rate can be estimated to be about 0.01 %0 in the age group 
40 - 60 years, rising to 1 %0 in the age group 65 - 74 years and reaching 
10%0 in subjects aged 75 years and over. 

Akesson (1969) in Sweden, in a community-based survey, observed 
that incidence rates rapidly increased with age, from 0.29%0 in the age 
group 60 - 69 years to 4.58%0 in people over 80 years of age. 

Rates were consistently higher for females in all age groups. Molsa 
et aI. (1982) in Finland, in a community-based survey, found that age­
specific annual incidence rates for AD were 0.06%0 in the age range 
45 - 54 years and 11.44%0 in people aged 85 and over. The incidence 
rates were higher in females, except for the age group 45 - 54 years. 
Nilsson (1984) in Sweden, in a sample of 70 to 79 year-old people 
found a rapid age-related increase in the incidence rates, from 3.6%0 
in subjects aged 70 -74 to 13.3%0 in those aged 75 -79, and higher 
rates in men. Treves et aI. (1986) in Israel, using the Israel National 
Neurological Register as source of cases, found lower incidence rates, 
though increasing with age: from 0.01 %0 in the age range 45 - 49 years, 
to 0.87%0 in subjects aged 60 years and over. Higher incidence rates 
were observed for females after the age of 59. Moreover, in this study, 
age-specific incidence rates were higher in the European-American 
born citizens than in the Afro-Asian-born ones. 

No significant variations seem to have been found in AD incidence 
rates across the years. Kokmen (1988) in Rochester, Minnesota, had 
determined the age- and sex-specific annual incidence rates for de­
menting disorders and AD between 1960 and 1974, showing that the 
incidence of dementia as a whole or dementia of the Alzheimer type 
had not particularly increased in this is-year period. 
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Analytic epidemiology of Alzheimer's diseases 

Our knowledge of these risk factors for AD is mainly based on 
findings derived from case-control studies. In these retrospective stud­
ies, one group of AD patients (cases) is compared with one or more 
groups of subjects without AD (controls), with respect to their past 
exposure to one or more potential risk factors. Because demented 
people suffer from memory impairment, information was usually re­
corded from a surrogate respondent and the same procedure should 
be adopted for controls for comparability reasons. Rocca et al. (1986) 
assessed the reliability of surrogate respondents to provide data for 
the specific items of a case-control study of AD conducted by Amaducci 
etal. (1986) in Italy. Agreement was over 80% for the majority of 
questions, lower for alcohol consumption and number of cigarettes 
smoked per day and very poor for information about the use of antacid 
drugs. 

The case-control studies carried out until now pointed out a po­
sitive family history of dementia and head trauma in the subject's 
history as risk factors for AD. 

In the case-control study by Amaducci et al. (1986) the presence 
of dementia in first-degree relatives yielded odds ratios equal to 5 in 
the comparison with hospital controls and over 2 in the comparison 
with population controls, whereas the presence of dementia in siblings 
yielded odds ratios equal to 11 in the comparison with hospital controls 
and over 5 in the comparison with population controls. Other case­
control (Heyman etal., 1984; Graves etal., 1987; Shalat etal., 1987) 
and comparative studies (Heston etal., 1981; Whalley etal., 1982) 
provided similar findings. 

Mortimer (1990), using the Mantel-Haenszel statistical method 
(Schlesselman, 1982) carried out a meta-analysis of case-control studies 
of AD and found an odds ratio (95% c.l.) for the risk factor "family 
history of dementia" equal to 3.96 (2.84 - 5.52). 

Indications as to the role of genetic factors in the etiology of AD 
were derived also form pedigree, twin and genetic studies. Rocca and 
Amaducci (1988) reviewed epidemiologically all the contributors to 
the problem of familial aggregation of AD. The authors suggested 
that at least 3 types should be considered in terms of occurrence of 
the disease: autosomal dominant, familial, and sporadic. The autosomal 
dominant type is linked to a genetic defect located on chromosome 
21, at least in the families studied (St. George-Hyslop etal., 1987). 
The familial type identifies AD cases with familial aggregation but 
without a clear relationship with inheritance. These cases could be of 
polygenic origin. Finally, sporadic cases could be due to environmental 
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risk factors or to a combination of genetic and environmental risk 
factors. 

Among the potential environmental risk factors for AD, a previous 
head trauma in the history of the subject was found to be significantly 
associated with the disease in case-control studies (Heyman et aI., 1984; 
Mortimer et aI., 1985). In some studies (Amaducci et aI., 1986; Chandra 
etaI., 1987 a) head trauma was more frequent in AD patients than in 
controls, but the difference was not considered statistically significant. 
On the other hand, several studies could find no association between 
head trauma and AD. Mortimer (1990) observed that the association 
with head trauma is highly significant (p < 0.001) when considering 
the studies as a whole, despite the fact that most of them reported no 
significant associations with this risk factor. 

The other factors found to be associated with AD in case-control 
studies are smoking (Shalat et aI., 1987) and exposure to aluminium 
(Graves et aI., 1987). These associations were negative in all the other 
case-control studies (Bharucha et aI., 1983; Heyman et aI., 1984; French 
etaI., 1985; Amaducci etaI., 1986; Chandra etaI., 1987 b). 
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Summary 

The concept of Alzheimer type dementia, as used today, does not imply 
a homogeneous group of dementias. There is no scientific basis for sampling 
the presenile form, Alzheimer's disease (AD), with the senile dementia of the 
Alzheimer type (SDAT). The rare form of AD seems to be fairly homoge­
neous. SDAT is much more common than AD and is, evidently, a hetero­
geneous group. The differentiation of the subgroups is made by thorough 
clinical investigation, brain imaging techniques and analysis of cerebrospinal 
fluid and blood. Data indicate that AD is a cortical disorder, while SDA T 
also involves subcortical areas. The differentiation between SDA T and sec­
ondary dementias, such as vitamin B 12 deficiency and leukoaraiosis, is dif­
ficult. The SDAT group is assumed to include also forms of normal aging 
with cognitive impairment. 

Introduction 

Originally, Alzheimer's disease was considered a relatively rare 
presenile, dementing illness. Today, however, Alzheimer's disease is 
regarded as the fourth or fifth most common cause of death in the 
United States and a major public health trap. 

One reason for this change in the prevalence and the diagnosis of 
Alzheimer's disease is that the presenile form of Alzheimer's disease 
(AD) has been combined with the senile dementia of the Alzheimer 
type (SDA T) (Katzman, 1976). One reason for combining the two 
disorders was that the presenile and the senile forms of the dementia 
disorder had very similar clinical phenomenology. The main reason, 
however, was that the Alzheimer lesions, senile plaques and neuro­
fibrillary tangles, were found in both forms at postmortem histological 
investigations of the brain. Investigations by Blessed et al. (1968) also 
suggest that there is a relationship between the amount of structural 
changes in the brain and behavioural disturbances. 
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However, from a scientific point of view, the above-mentioned 
factors cannot be considered sufficient for the sampling of the two 
disorders. As shown below, there are differences in the clinical picture 
of the two disorders. The specificity of the Alzheimer lesions must 
also be questioned. These structural changes are found in several 
dementing disorders and are a form of Alzheimer encephalopathy that 
can be the common pathway for several disorders. Even though there 
is a significant correlation between the level of dementia and the 
frequency of Alzheimer lesions, this does not indicate a causal rela­
tionship between the two phenomena. 

Although the DSM-III-R is based on specific criteria for the di­
agnosis of ADjSDA T, it is obvious that the most important criterion 
is that other diseases which may produce mental impairment must be 
excluded. This means that, in fact, AD jSDA T is an exclusion diagnosis. 

When discussing differential diagnosis it must be kept in mind 
that there is no scientific basis for sampling AD with SDA T. AD is 
a rare form of presenile dementia, while SDA T is a very common 
form of a dementia that may be heterogeneous. The aim of the present 
paper is to discuss differential diagnosis between subgroups of the 
Alzheimer type dementia and between the Alzheimer type dementia 
and other forms of dementia disorders. 

Differential diagnosis between subgroups of the 
Alzheimer type dementias 

Earry versus late onset of Alzheimer dementia 

Early onset AD was originally separated from SDA T. Several 
factors indicate that this separation is still valid. Population studies 
(Sjogren et aI., 1952; Heston et aI., 1981) have shown that there is an 
increased risk of dementia disorder among relatives. The highest risk 
was found among siblings of autopsied Alzheimer patients who had 
a comparatively early onset of the disorder. In this group the cumu­
lative risk was 50: 50. The lowest risk was found in siblings of patients 
who developed a dementia disorder after the age of 70. In the Swedish 
population study by Sjogren etaI. (1952) the familial appearance of 
the two disorders indicated that they must be distinguished. 

One reason for sampling the two Alzheimer dementia disorders 
was a similar phenomenology. This is not quite correct, however. As 
pointed out by Lauter (1970), Gustafson (1985) and Brine et aI. (1989), 
there are differences in the clinical picture of the two disorders. This 
was also confirmed in a prospective investigation at our institute 
(unpublished results). AD is a cortical dementia with a relatively typical 
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parieto-temporal "syndrome". This focalization is far less prominent 
in the SDA T group, in which the manifestation of a "subcortical 
dementia" is more evident. These patients show a psychomotor slow­
ing, forgetfulness and an apathetic, depressed affect, while aphasia, 
amnesia, apraxia and agnosia are less evident. 

Ratings (Brine, 1989) and psychometric investigations have limited 
value in the differentiation between AD and SDAT. The most sensitive 
investigation is a thorough neurological and psychiatric investigation 
of the patient performed by an experienced neuropsychiatrist. 

Brain imaging technique are now greatly improved, and the lo­
calization and degree of morphological changes in the brain, when 
present, can be described relatively clearly. In an investigation at our 
institute (Wallin et aI., 1989 a), morphological changes are presented 
according to the CT scans. The analysis of the data show that the 
frequency of white matter low attenuation (WMLA) was significantly 
lower in the AD group than in the SDA T group. The frequency of 
central atrophy in the AD group was also significantly lower than in 
the SDAT group. There were no significant differences between the 
AD and SDA T groups with regard to cortical atrophy. The lack of 
subcortical findings on CT, as well as WMLA in AD patients, suggests 
that AD is mainly a cortical disorder, while in SDA T there is also an 
involvement of subcortical regions in the degenerative process. It is 
obvious that not only CT scans but also nuclear magnetic resonance 
(NMR), positron emission tomography (PET), single photon emission 
tomography (SPECT), and rCBF should be used in further studies of 
the AD and SDA T subgroups. 

The use of EEG to differentiate between AD and SDAT may also 
be of value. It has been shown that the late positive component of 
the evoked cortical potential is changed in neurophysiological inves­
tigations. Recently it has been shown that cortical and subcortical 
dementias can be distinguished by sensory evoked responses on EEG. 
Patients with subcortical dementias have normal EEGs, while only 
20% of patients with AD have normal EEGs. Sensory evoked po­
tentials are most often abnormal in subcortical dementias, but normal 
in cortical dementias (Verma et aI., 1987). 

Although the structural changes found in AD and SDAT are 
similar, there are differences in the neurochemical findings in the two 
disorders. As pointed out by Rossor et aI. (1984) and Gottfries et aI. 
(1985), there are more severe neurochemical changes in brains from 
patients with AD than from those with SDAT. Brun and Gustafson 
(1976) described structural white matter changes in brains from patients 
with ADjSDAT. These findings were confirmed in neurochemical 
investigations of white matter (Gottfries et aI., 1985; Svennerholm 
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et aI., 1988). However, it was evident that the white matter changes 
in both types of investigation were more pronounced in SDA T than 
in AD. 

In the cerebrospinal fluid (CSF), monoamine metabolites and ac­
tivity of acetylcholine esterase (AChE) can be investigated. Studies in 
patients with AD and SDA T have been performed, and cumulative 
data indicate that the concentration of homo vanillic acid (HV A), of 
5-hydroxyindoleacetic acid (5-HIAA), and the activity of AChE are 
reduced in AD. However, the SDA T group does not differ from age­
matched control groups to the same extent (Gottfries, 1983; Brane 
et aI., 1989). 

When peripheral markers were studied, some differences also 
emerged in the diagnosis of AD and SDA T. Regland et aI. (1988) 
studied a group of patients including AD and SDA T diagnoses. In 
this clinical sample, the concentration of vitamin B 12 in serum and 
the activity of monoamine oxidase (MAO) in platelets were determined. 
In the AD group, the vitamin B 12 levels were normal, while in the 
SDAT group 23% (13 of 56) were found to have significantly reduced 
vitamin B 12 concentrations (below 130pmoljl). A group of demented 
patients with low vitamin B 12 levels had also significantly increased 
concentrations of MAO in platelets. The latter finding indicated the 
presence of immature platelets, possibly due to a mild peripheral de­
ficiency of vitamin B 12. None of the demented patients with patho­
logically low vitamin B 12 levels had pernicious anaemia. According 
to further studies by Regland (unpublished results), the patients with 
low vitamin B 12 levels also had reduced pepsinogen I in serum, 
indicating atrophic gastritis. 

When the above-mentioned data are taken together, it is obvious 
that AD should be distinguished from SDA T. AD appears to be mainly 
a cortical'disease in which the degeneration, at least at the beginning 
of the disorder, is restricted to the parieto-temporal lobes. It can be 
assumed that it is a rare form of dementia and a rather homogeneous 
group. Mayeux et aI. (1985), however, suggested heterogeneity also in 
AD and described some subgroups according to prospective inves­
tigations. This is also partly supported by Kaye et aI. (1988) who found 
a special pattern of monoamine metabolite changes in the CSF of AD 
patients with extrapyramidal features. 

SDA T is a more common and evidently also more heterogeneous 
group in which the brain disturbance is localized not only to the cortex 
but also to the subcortical areas. It is evident that within the SDA T 
group there is a subgroup of leukoaraiosis, and the pathogenetic im­
portance of these white matter changes must be further evaluated. 
Within the SDAT group there also seems to be a subgroup with 
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reduced concentrations of vitamin B 12. As changes in the mucous 
membrane of the gut were found in these patients, it might be assumed 
that in a subgroup of SDA T there are degenerative changes in the 
gut giving rise to brain deficiencies of essential nutrients. This group 
should, of course, be named secondary dementias. 

From population studies (Adolfsson et aI., 1981; ] orm et aI., 1987) 
it is evident that there is a strong relationship between the frequency 
of dementia and age. This is most evident at a very old age. Neuro­
chemical data also indicate that the activity in some neurotransmitter 
systems decreases with the normal aging process. Thus, it can be 
assumed that, in the age groups above 85 - 90 years, the normal aging 
process may cause a mental impairment that is impossible to differ­
entiate from that caused by pathological processes in SDA T. The 
concepts of age-associated memory impairment (AAMI, Crook et aI., 
1986) and benign senescent forgetfulness (Kral, 1962) are indicative 
of different forms or more benign forms of dementing disorders in 
the later part of life. 

Differential diagnosis between ADjSDAT and vascular dementia 

A differential diagnosis between ADjSDAT and multi-infarct de­
mentia (MID) is not difficult to make. The slowly progressing disorder 
of AD jSDA T can easily be separated from the MID disorder with 
acute onset and a stepwise course. However, according to Wallin et aI. 
(1989 b), there are other forms of vascular dementia than MID. Prob­
able vascular dementias (PVD) are forms in which evident risk factors 
are indicative of a vascular dementia. Heart vessel disorders, diabetes 
mellitus, etc. make a vascular disorder probable, although the onset 
is insidious and the stroke attacks are not seen or seen only in the 
final stages of the disorder. In these cases, haemodynami<; disorders 
and small vessel disorders are assumed to be of pathogenetic impor­
tance. Wallin et aI. (1989 b) showed that the neurochemical changes in 
the brains of these patients were similar to those found in patients 
with SDAT. In investigations using CT scans, Wallin et al. (1989 a) 
found that WMLA and atrophy of the brain were similar in SDA T 
and in PVD. Thus, it is obvious that the differentiation between SDA T 
and non-MID vascular dementias may create difficulties. 

Postmortem human brain investigations have shown relatively 
severe disturbances of serotonin metabolism in brains from patients 
with PVD. It is then of interest to find decreased concentrations of 
5-HIAA in CSF from patients with VD, as done at our institute 
(unpublished data). 

The use of rating scales is of importance in the differentiation 
between vascular dementia and AD/SDAT. The well-known ischemic 
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score of Hachinski et al. (1975), the modified version of Portera Sanchez 
et al. (1982), and the modification by Loeb and Gandolfo (1983) can 
be recommended. 

ADjSDAT versus Pick's disease 

Pick's disease belongs to the dementias affecting the frontal and 
the temporal lobes. The clinical picture in this disorder is dominated 
by a destruction of personality, behaviour, and speech, while cognitive 
functions are less affected. Hyperactive, disinhibited, stereotyped be­
haviour may be seen in the early forms. It is of interest that, as reported 
by Gustafson (1985), a frontal lobe dementia is not as uncommon as 
usually assumed. The name has therefore been changed into frontal 
lobe dementia (FLD), as not all of these dementias have the significant 
changes seen in Pick's disease. In FLD, EEG is usually reported to 
be normal even at a late stage of the dementia. The pattern of symptoms 
can be recognized using a rating scale for the diagnosis of Pick's 
disease (Gustafson and Nilsson, 1982). The differentiation between 
AD and FLD is further strenghtened by EEG, rCBF, and psychometric 
data (Gustafson etal., 1981; Johanson etal., 1986). 

ADjSDAT versus other forms of primary degenerative dementia 

The differentiation between ADjSDA T and Huntington's chorea 
usually poses no differential diagnostic problems. Parkinsonism may 
sometimes be combined with dementia. It is obvious that there is 
overlap between ADjSDAT and parkinsonism. 10% of patients with 
AD are sometimes assumed to have parkinsonistic symptoms. On the 
other hand, a subgroup of patients with Parkinson's disease is assumed 
to have dementia symptoms. 

ADjSDAT versus pseudodementia 

Depression in old age may be cornined with cognitive impairment, 
and differential diagnosis of SDA T may be difficult. Usually the two 
disorders can be differentiated by neuropsychological tests. EEG may 
also be of help. According to rCBF studies this method can also be 
used to differentiate the two disorders. The differentiation between 
dementia and depression is important, as the latter can be successfully 
treated using electroshock therapy or psychotropic drugs. 

In DSM-III-R is stated that a diagnosis of dementia must be made 
in the absence of a major confusion state. A differential diagnosis 
between dementia and delirium attacks :with acute onset is usually not 
difficult. Sometimes a dementia syndrome may be hidden behind an 
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acute delirium attack. Then dementia cannot be diagnosed until the 
confusion symptoms have disappeared. 

In studies at our institute we have found that in SDAT, according 
to ratings using the GBS scale (Brine, 1989), the presence of mild 
confusion is frequent. A careful anamnesis reveals that some of the 
SDA T patients have long shown symptoms of a fluctuating mild 
confusion (sundown syndrome), which has been slowly progressing 
over many years. The pathogenetic importance for the dementia syn­
drome of this mild confusion must be further investigated. It cannot 
be excluded that a group of dementias is contaminated with a group 
of patients with mild and slowly progressing confusion. 
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Summary 

Down syndrome is defined by the association of a number of features 
usually observed in patients with trisomy of chromosome 21. Different forms 
of aneuploidy are encountered: free trisomy 21 (the most frequent), partial 
trisomy 21, unbalanced translocation, mosaicism, and microduplications of 
a short chromosomic fragment. Comparison of genotype and phenotype 
permitted us to define a critical region for the pathogenesis of Down syn­
drome, on the proximal part ar 21 q 22.3. Down syndrome is also associated 
with early manifestation of aging and Alzheimer like neuropathology; this 
pathology results from the presence of an extra copy of one or few genes 
on chromosome 21. We hypothesize that Alzheimer's disease might, at least 
in certain patients, be secondary to a chromosome 21 defect susceptible to 
induce the overexpression of this or these genes. Experimental approaches 
for testing this hypothesis have been recently developed, both in familial and 
sporadic Alzheimer's disease. 

Introduction 

The characteristics of Down syndrome are early manifestation of 
aging and Alzheimer like neuropathology. This syndrome, the most 
frequent among birth defects (1 out of 700 newborns), results from 
the presence of an extra chromosome 21 in all cells of affected indi­
viduals (Lejeune, 1959), except for the rare cases that we will discuss 
later. Down syndrome is defined by an association of clinical features, 
the most typical i.e. the most commonly observed of which are: 1) 
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unusual morphological traits of the face (flat nasal bridge, oblique 
palpebral fissures, epicanthic eye fold, brachycephaly, highly arched 
and narrow palate), of the hands (broad and short hands, short and 
in curved 5th finger, transverse palmar crease, and unusual dermato­
glyphic patterns), and of the feet (broad with gap between first and 
second toes), 2) hypotonia and joint hyperflexibility, 3) visceral mal­
formations (mostly heart defect), and 4) susceptibility to infections and 
increased risk of leukemia. 

None of these signs is either constant or pathognomonic but this 
is the association of a number of them in an individual which evokes 
trisomy 21. Thus, Jackson et ai. (1976) proposed a diagnostic index 
based on a cheklist of 25 physical signs of Down syndrome. Com­
parison between karyotypcially normal and trisomy 21 individuals 
indicates that subjects with 13 signs or more can be confidently di­
agnosed as having Down syndrome. Between 5 and 12 signs there is 
an overlapping between normal and trisomy 21 populations. These 
data support the well-known notion that the clinical expression of 
trisomy 21 is variable from one individual to another. This variability 
in Down syndrome expression has three noteworthy exceptions, i.e. 
features considered as constant in trisomy 21: growth retardation, 
mental delay, and Alzheimer like neuropathology. This last aspect of 
Down syndrome is specially interesting in the context of this meeting. 

Dementia is observed in more than 25% of Down patients over 
the age of 30 (Wisniewsky et aI., 1985) and its incidence increases 
progressively with age (Lai et aI., 1987). Besides symptoms related to 
Alzheimer pathology, patients with Down syndrome show a gradual 
loss of their intellectual functions with age (Melyn, 1973). Brain lesions 
similar to those observed in Alzheimer, i.e. senile plaques and paired 
helical filaments (PHF) are present in all Down patients aged over 
30-40 years (Wisniewski etaI., 1985), although PHFs seem to appear 
years after the first diffuse plaques (Mann, 1988). The amyloid plaque 
core protein in Down syndrome shows the same amino acid com­
position as in Alzheimer's disease (Glenner and Wong, 1984). Anti­
bodies against PHF from Alzheimer patients recognize epitopes of the 
PHFs found in Down syndrome (Anderson et aI., 1982). Alz-50 protein 
antigen in brain, specific of Alzheimer's disease, is high in Down 
syndrome (Wolozin et aI., 1988). The same neurochemical changes are 
also observed in both conditions, i.e. decreased choline acetyl trans­
ferase and acetyl cholinesterase activities (Yates et aI., 1980). Thus, 
Down syndrome patients develop neuropathologic features apparently 
identical to those observed in Alzheimer's disease. This data has two 
implications: 

i) one or few genes on chromosome 21, when in 3 copies instead 
of two, can induce Alzheimer like pathology. 
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ii) the hypothesis of a genetic defect on chromosome 21 or/and 
of a dysregulation in the expression of chromosome 21 genes as to be 
tested in Alzheimer's disease. 

We will successively consider recent results related to these two 
lines of research. 

1. Chromosome 21 and Down syndrome 

One or few genes on chromosome 21, when duplicated, are able 
to induce, with 100% likelihood, Alzheimer like neuropathology. It 
can be expected that the discovery of this gene orgenes will be a crucial 
step in our understanding of the pathogenesis of Alzheimer's disease. 
Both the identification of new genes on chromosome 21 and the study 
of chromosome 21 rearrangements in relation to their phenotypic 
expression contribute to advances in this domain. 

1.1 Genes on chromosome 21 and hypotheses on their role in the pathogenesis 
of Alzheimer like neuropathology in DOlvn syndrome 

Among the genes located on chromosome 21 two have been par­
ticularly studied: one coding for the Cu-Zn superoxide dismutase 
SOD 1, and the other coding for the precursor of the amyloid peptide, 
APP. 

Increased activity of SOD 1 in trisomy 21 was the first gene dosage 
effect to be described - i.e. a correlation between a gene copy number 
and the amount of its product (Sinet et al., 1976). Many hypotheses 
(Sinet, 1982) have been formulated on the potential role of an excess 
of SOD 1 in the rapid aging observed in Down patients. It was also 
assumed that excess brain SOD 1 might participate in the pathogenesis 
of Alzheimer's disease through increased production of HzOz. Recent 
experimental observations have reinforced these hypotheses: i) large 
pyramidal neurons which are potentially susceptible of degenerative 
processes in Alzheimer's disease have been shown by immunostaining 
(Delacourte et al., 1988) to contain higher amounts of Cu-Zn SOD 
than other brain cells. ii) In cellular models of SOD 1 overexpression 
(murine L-cells and neuroblastoma transfected with the SOD 1 gene) 
glutathione peroxidase is increased as is also observed in trisomy 21. 
iii) Transgenic mice with high levels of human Cu-Zn superoxide 
dismutase show an abnormal neuromuscular junction in the tongue 
as was observed on the tongue muscles of Down syndrome patients 
(Avraham etal., 1988). 

The APP gene located proximally to SOD 1 gene (Blanquet et aI., 
1987), but distally to the locus for familial Alzheimer's disease (St. 
Georg Hyslop etaI., 1987; Van Broeckhoven etaI., 1988) encodes a 
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precursor of the amyloid peptide which constitutes both in Down and 
Alzheimer patients the amyloid fibril protein of plaques, cerebral ves­
sels, and perhaps enters in the composition of paired helical filaments. 
Two alternative forms of the precursor have been identified with 
insertion of either a 56 amino acid or a 75 amino acid additional region, 
similar in both cases to Kunitz protease inhibitor sites. It is not yet 
possible to understand the implications of the different precursor forms 
in amyloidogenesis. In situ hybridization studies have shown that the 
gene is expressed in large neurons from the hippocampus and cortex 
(Higgins et al., 1988); an overexpression of the gene has been described 
in the Meynert nucleus basalis and locus coeruleus from AD patients 
(Cohen etal., 1988; Palmert etal., 1988). Further studies are needed 
to know whether the increased expression seen in the brain cells of 
Down syndrome patients is linked to the deposition of A 4 protein in 
the plaques and whether there is a similar mechanism in specific cells 
of Alzheimer patients. 

1.2 Chromosome 21 imbalance and Down syndrome pathogenesis 

As described before, Down syndrome is usually the clinical expres­
sion of a trisomy for the whole chromosome 21 in all the cells of 
affected individuals. This definition applies to the majority of Down 
syndrome patients. Exceptions are nevertheless observed and, although 
very rare, some are of considerable interest with regard to the definition 
of one or several regions on chromosome 21, the genetic content of 
which could be crucical for the pathogenesis of specific features of 
Down syndrome. 

1.2.1 Trisomy 21 mosaicism 

Trisomy 21 mosaicism has been observed in lymphocytes and/or 
fibroblasts of Down syndrome patients. 

Although not exceptional (2- 3%) (Grouchy and Turleau, 1982) 
the exact proportion of these cases among the Down population is 
difficult to assess, since some may have a very small number of cells 
with 46 chromosomes, which may not be detected by usual karyotypic 
analysis. Also, mosaicism varies among tissues and with time, at least 
in lymphocytes where there is a tendency to a decreased proportion 
of trisomic 21 cells with age (Taylor, 1968). Therefore, the phenotypic 
expression of Down syndrome in mosaic individuals probably depends 
on the ratio between normal and trisomic 21 cells in certain tissues at 
a certain time of the foetal development. Similarly, mosaicism for 
trisomy 21 may not have a pathological expression, depending on the 
tissue affected by mosaicism. 



Down syndrome, Alzheimer's disease and aging 169 

Indeed, phenotypically normal individuals have been shown to 
have trisomy 21 mosaicism in lymphocytes and/or fibroblasts (Uchida 
and Freeman, 1985; M. Prieur, personal communication) and, in some 
cases, in gonads (Uchida and Freeman, 1985). One might then consider 
the possibility that a somatic trisomy 21 mosaicism affecting specific 
populations of neurons could be a potential etiopathogenic factor in 
some cases of Alzheimer's disease. 

1.2.2 Partial trisomies 21 and definition of a "Down syndrome region" 
on chromosome 21 

The duplication of a specific region of chromosome 21 could be 
responsible for the main features of Down syndrome. Indeed, in very 
rare cases (less than 1/1000), Down syndrome is associated to a partial 
trisomy 21. Karyotypic analysis of such cases has shown that only the 
distal part of chromosome 21, band 21 q 22, is involved in the path­
ogenesis of the syndrome (Aula et aI., 1973). In addition to individuals 
with partial trisomy for the entire band 21 q 22, cytogenetic studies 
have identified two other groups of patients characterized by either a 
duplication including the proximal part of the band 21 q 22 (Poisonnier 
etaI., 1976; Cantu etaI., 1980; Jenkins etaI., 1983) or a duplication of 
only the distal part of 21 q22 (Mattei etaI., 1981; Habedank and Ro­
dewald, 1982). These observations could be explained by a duplication 
of only a portion of the band 21 q 22, adjacent to sub-band 21 q 22.2, 
critical for the expression of Down syndrome (Park et aI., 1987), which 
is present in both groups. We tested this hypothesis by studying, at 
the molecular level, one patient from each group. Both patients (Pois­
sonier, 1978; Mattei et aI., 1981) had many features of Down syndrome 
associated with partial duplication of distinct regions of chromosome 
21, respectively q 11.205 - q 22.300 and q 22.300 - qter (Fig. 1). The 
number of copies of DNA sequences located on chromosome 21, i.e. 
SOD-1, D21S17, D21S55, ETS2, and D21S15 (Fig. 1) was assessed 
by using a "slot blot" method that we designed as an alternative to 
other methods of gene dosage, which does not require DNA digestion 
or Southern blotting (Rahmani et aI., 1989; Blouin et aI., 1989). Results 
indicated that the D21S55 sequence was duplicated in both patients 
(Fig. 1). By means of pulsed field gel analysis and knowing the regional 
mapping of the probes D21S17, D21S55 and ETS2, it was possible 
to estimate the size of the common duplicated region between 400 Kb 
and 3000 Kb. This region, located in the proximal part of 21 q 22.3 
(Fig. 1) is suspected to contain genes, the overexpression of which is 
crucial in the pathogenesis of at least the following features of trisomy 
21: Down facies, hypotonia, short and incurved 5th finger, gap between 
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Fig. 1. Location of human chromosome 21 sequences 

the 1st and 2nd toe and mental retardation. These data are consistent 
with preliminary reports (Korenberg et aI., 1988; Mc Kirmink et aI., 
1988) on the molecular analysis of patients with partial trisomy 21 
suggesting that the "Down syndrome region" includes 21 q 22.3 and 
extends proximally to distal 21 q 22.1. Keeping in mind that Down 
syndrome is a heterogeneous and complex clinical disorder, it is likely 
that other genes, located outside the D21S55 region, may also playa 
role. 

An obvious and crucial question, which has yet to be answered, 
is to know whether both patients or only one or even none of them 
will develop Alzheimer like neuropathology when they get older. The 
first eventuality would occur if the gene(s) involved in this process is 
(are) located within the D21S55 region. The second eventuality would 
correspond to the gene(s) located either proximally or distally to the 
D21 S55 region. The third possibility cannot be excluded if duplication 
of several genes, located on both sides of D21 S55, is required for the 
pathogenesis of Alzheimer like neuropathology in Down syndrome. 
Among known genes or loci on chromosome 21, APP and SOD 1 
genes (see chapter 1.1) and FAD locus (see chapter 2.1), both proximal 
to D21 S55 (Fig. 1) are good candidates for playing a role in this process. 

1.2.3 Down syndrome without visible karyotypic anomaly 

Two observations of patients with features of trisomy 21 but no 
apparent modification of the karyotype have been recently reported 
(Huret etaI., 1987; Delabar etaI., 1987). No mosaicism was detected 
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in the lymphocytes and fibroblasts of these patients. In both cases, 
SOD 1 activity in red cells was within the range of the trisomy 21 
values. Molecular analysis of the DNA suggested a duplication of the 
SOD 1 gene. For one of these patients, SP (Huret et aI., 1987), human/ 
CHO hybrid cells were obtained by fusion of CHO cells with SP's 
fibroblasts (D. Patterson, Eleanor Roosevelt Institute, Denver, CO, 
USA). Two clones, PRC 13 and PRC 20, were selected, each containing 
only one of the two SP's chromosome 21. Gene dosage indicated that 
PRC 13 had two SOD 1 gene copies whereas PRC 20 had only one. 
Another sequence, D21S54, very closely linked to SOD 1 on chro­
mosome 21, was also found to be duplicated in PRC 13. As previously 
suggested (Huret et aI., 1987), these data (Rahmani et aI., 1989 b) in­
dicate that one of the chromosomes 21 in this patient carries a mi­
croduplication of a segment of chromosome 21 containing SOD 1 and 
D21S54. 

Analysis of the DNA of other patients with Down syndrome 
features and normal karyotype (4 unpublished cases under study in 
our laboratory, and Mc Kormik et al., 1988) has failed to show any 
duplication among 14 tested chromosome 21 probes. 

These observations suggest at least two remarks: i) As discussed 
previously, Down syndrome is defined by the association of a number 
of features usually observed in trisomy 21. In the absence of an extra 
chromosome 21, a detailed clinical examination is required to describe 
precisely the phenotype. As suggested (Rahmani et aI., 1989 c), the use 
of the Jackson's checklist plus additional signs (dermatoglyphic pat­
terns, mental retardation, etc.) is the best way to fulfill this task. As 
different genes are likely to be involved in different features of Down 
syndrome, on detailed phenotypic descriptions of the patients will 
allow to establish possible links between phenotype and genotype. ii) 
Karyotypic analysis by high resolution banding techniques must be 
carried out in lymphocytes and fibroblasts of the patients and, when 
possible, their parents in order to avoid two potential pitfalls: - the 
presence in the patient of an unbalanced translocation on another 
chromosome of a sub-band of chromosome 21, the size of which 
represents the limit of detection of a chromosome rearrangement by 
cytogenetic analysis. - the presence of a trisomy 21 mosaicism. Thus, 
two siblings, brother and sister, have been reported to have typical 
Down syndrome and chromosome analyses gave the following results: 
normal karyotype in the lymphocytes (100 counted cells) and fibroblasts 
(150 counted cells) in the boy; normal karyotype in 118 cells and 47, 
XX, + 21 in 3 cells in the lymphocytes of the girl (Parloir et aI., 1979). 
The finding of a limited number of trisomy 21 cells in the sister supports 
the hypothesis that, in both patients, Down syndrome is due to a 
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normal/trisomy 21 mosaicism, not easily detectable in tissues accessible 
to karyotypic analysis. 

Thus, some of the Down patients with normal karyotype may 
have either an unbalanced translocation of a small part of chromosome 
21 or an undetectable trisomy 21 mosaicism. In addition, the obser­
vation of patient SP suggests that microduplications on chromosome 
21 may be associated with a Down phenotype. 

Conversely, micro duplication of chromosome 21 sequences might 
be present in people without either Down syndrome features or any 
other apparent pathology. Preliminary results (J. L. Blouin et al., un­
published) on DNA analysis of the mother of one of the Down syn­
drome patients with normal karyotype, under study in our laboratory, 
support this hypothesis, showing a duplication for a chromosome 21 
gene both in blood and in fibroblasts. 

2. Chromosome 21 and Alzheimer's disease 

Alzheimer like neuropathology in Down syndrome results from 
the presence of an extracopy of one or few genes on chromosome 21, 
the nature of which is still unknown. As was extensively documented 
for many genes on chromosome 21, gene overdosage is associated 
with gene overexpression in trisomy 21. One can then speculate that 
Alzheimer's disease might, at least in certain patients, be secondary to 
a chromosome 21 defect susceptible of inducing the overexpression 
of this gene or genes. Experimental approaches for testing this hy­
pothesis have been recently developed, both in familial and sporadic 
Alzheimer's disease. 

2.1 Genetic deject predisposing to familial Alzheimer's 
disease (FAD) on chromosome 21 

A link between Down syndrome and Alzheimer's disease has di­
rected the search for a genetic defect in familial Alzheimer's disease 
towards chromosome 21. Using linkage analysis with DNA restriction 
fragment length polymorphism in families in which early onset Al­
zheimer's disease segregates as a dominant character, a genetic defect 
has been localized on chromosome 21. The locus of this defect, or 
F AD locus, is close to the centromere and distant from the APP gene 
and the Down syndrome critical region (Fig. 1). First reported by St 
George-Hyslop et al. in 1987, this data has been confirmed by two 
other groups (Van Broeckhoven et al., 1988; Goate et al., 1989) in 
different early onset families. Meanwhile, two separate studies on late 
onset families were unable to demonstrate a link to chromosome 21 
(Pericak-Vance et al., 1988; Schellenberg et al., 1988). These last results 



Down syndrome, Alzheimer's disease and aging 173 

led to the suggestion that familial Alzheimer's disease is a heteroge­
neous disorder, with different chromosome loci in its late and early 
onset forms. However, no evidence of a second FAD locus has been 
reported yet. 

Families in which Alzheimer's disease segregates as autosomal 
dominant character are rare. Many of the Alzheimer cases appear 
sporadically, that is with no evidence of heritability of the disease. 
This suggests at least two hypotheses. Alzheimer's disease might not 
be the result of a modification of the genome, but could be simply 
due to the action of environmental factors, such as toxins or virus 
infection. Although this cannot be excluded, there is so far no real 
evidence for a predominant role of environment in the pathogenesis 
of the disease. The other possibility is that there is a modification of 
the genome, which, however, may be not expressed as a fully dominant 
trait in all individuals or not transmissible, i.e. restricted to somatic 
cell lineages. As discussed previously, the hypothesis of a genetic defect 
implying chromosome 21 or/and of a dysregulation in the expression 
of chromosome 21 genes has to be tested in sporadic Alzheimer's 
disease. 

2.2 Chromosome 21 imbalance in sporadic Alzheimer's disease 

As a micro duplication of a small segment of chromosome 21 with 
overexpression of the duplicated gene, i.e. SOD 1, has been described 
in patients with Down syndrome with normal karyotype (Huret et aI., 
1987; Delabar et aI., 1987), the hypothesis of similar genetic defects in 
Alzheimer's disease was tested by several groups. Preliminary results 
in a limited number of sporadic cases suggested duplications of SOD 1 
(Schweber et aI., 1987), APP (Delabar et aI., 1987) or ETS 2 (Delabar 
et aI., 1987). Subsequent reports (St George-Hyslop et aI., 1987; Tanzi 
et aI., 1987; Podlisny et aI., 1987; Sacchi et aI., 1988) showed no evidence 
for such duplications in a large number of sporadic and familial Alz­
heimer patients. With the use of our new "slot blot" method for gene 
dosage (Rahmani et aI., 1989 a; Blouin et aI., 1989), we analysed blood 
DNAs from 5 patients with sporadic Alzheimer's disease, two age­
matched controls and one trisomy 21 subject. The clinical diagnosis 
of Alzheimer's disease was based on criteria defined by the NINCDS. 
Evaluation of the copy number of four chromosome 21 sequences, 
APP, SOD1, D21S17, and ETS2 (Table1, Fig. 1) gave no evidence 
of gene duplication. Similar gene dosage experiments on fibroblasts 
DNA from the same patients, control and trisomy 21 individuals are 
in progress. Preliminary results on one patient are intriguing. Two 
skin biopsies were performed and the samples were cultured separately. 
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Table 1. Quantification of the copy number of 4 CHR 21 sequences in blood 
DNA from 5 AD patients (AD), 2 normal controls (N), 1 trisomy 21 patient 

(T21) 

Subjects CHR 21 Probes 

APP SOD1 D21 S 17 ETS2 

1 T21 nd nd 3 3 
2N ni 2 2 2 
3AD 2 nd i i 
4AD 2 2 2 2 
SN 2 2 2 2 
6 AD 2 2 2 2 
7 AD 2 2 2 2 
SAD nd 2 2 2 

The quantification of each sequence was assessed on two different membranes with 
two different reference probes either COL 1 A 1 or COL 1 A2. All the experiments 
were run on coded samples. Nd not determined; i intermediate values for the slope 
of the (X) regression line between the (N) and (T 21) regression lines. ni not informative 

In culture 1, gene dosage was normal for all tested chromosome 21 
probes. In culture 2, all tested chromosome 21 sequences were found 
in 1 copy instead of two. Restriction fragment length polymorphysm 
with D21S11/EcoRI and D21S112/RsaI showed an almost complete 
loss of one of the two alleles, confirming that a monosomy 21 clone 
was predominant in this culture. Further studies are required to know 
whether this monosomic clone resulted from the occurrence of an 
aneuploidy during the culture or pre-existed in the skin of the patient. 
Studies of other patients will be necessary to assess the significance 
of these data with regard to a possible genetic instability of fibroblasts 
in culture or to the presence of aneuploidies for chromosome 21 
(monsomy and/or trisomy) in skin fibroblasts, two events which could 
be linked to the aging process itself or more specifically to Alzheimer's 
disease. 

2.3 Expression of chromosome 21 genes in fibroblasts of patients with sporadic 
Alzheimer's disease: application to SOD 1 

As previously discussed, Alzheimer's disease might be associated, 
at least in certain cases, with overexpression of chromosome 21 genes. 
Recent publications reporting an increase in APP mRNA levels in 
hippocampus (Higgins et aI., 1988) nucleus basalis (Cohen et aI., 1988; 
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Palmert et aI., 1988) and locus coeruleus (Palmert et aI., 1988) neurons 
of Alzheimer patients support this hypothesis. If changes in the expres­
sion of chromosome 21 genes in Alzheimer's disease are due to a 
genetic defect, they should be observed in other tissues besides brain. 
To investigate this hypothesis, we have undertaken studies on the 
expression at the mRNA level of several chromosome 21 genes in 
fibroblasts of patients suffering from sporadic Alzheimer's disease 
compared to age-matched control and Down syndrome subjects. Re­
sults on the quantification of SOD 1 mRNAs have already been ob­
tained. In a first study (Delabar et aI., 1988 a, b), including 5 patients, 
3 controls and 2 trisomy 21 subjects, Northern blot analysis showed 
that the ratio between SOD 1 mRNA and actin mRNA was signifi­
cantly increased in the trisomy 21 subjects and in 4 of the 5 patients 
as compared to controls. Another series of experiments has been re­
cently performed with the same cultures, using a slot blot method for 
the quantification of mRNAs (Table 2). Based on glyceraldehyde-3-
phosphate dehydrogenase (gene on chromosome 12) mRNA levels, 
SOD 1 mRNA amounts were found tube significantly increased in 
Down syndrome patients, comprised between control and Down levels 
in 4 patients and above the Down levels in one patient. Thus, our 
results indicate that fibroblastic SOD 1 mRNA amounts are higher in 
Alzheimer patients than in controls. Several mechanisms are possible 
for explaining such a difference: i) an increase in SOD 1 gene dosage 
resulting from either a trisomy 21 mosaicism or a duplication limited 
to the SOD 1 locus. This last possibility seems unlikely since SOD 1 
gene dosage in blood DNA of these patients was found normal. ii) a 
change in the regulation of mRNA synthesis or stability. In any case, 
these data strongly suggest the presence of a genetic defect in the 

Table 2. CuZn-SOD mRNA quantification: slot blots of mRN A prepared 
from fibroblasts of controls (3), AD patients (5) and trisomy 21 individuals 
(3) were successively hybridized with a CuZn-SOD cDNA and a GAPD 
cDNA probes. The table indicates the slopes of the regression lines obtained 

after the graphical and the statistical analysis of the results 

Subjects C (3) X D (3) 

I 0.26 + 0.006 0.92 + 0.042 0.40 + 0.03 
II 0.15 + 0.005 0.36 + 0.014 1.01 + 0.034 

III 0.07 + 0.005 0.34 + 0.016 0.57 + 0.019 
IV 0.08 + 0.006 0.19 + 0.02 0.85 + 0.038 
V 0.23 + 0.012 0.44 + 0.035 1.7 + 0.15 
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fibroblasts of these Alzheimer patients, the identification of which 
would lead to a significant improvement in our understanding of the 
pathogenesis of Alzheimer's disease. 
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Summary 

At present, PET is the only technology affording the quantitative, three­
dimensional imaging of various aspects of brain function. Since function and 
metabolism are coupled, and since glucose is the dominant substrate of the 
brain's energy metabolism, studies of glucose metabolism by PET of 2esp)­
fluoro-2-deoxy-D-glucose (PDG) are widely applied to the investigation of 
the participation of various brain systems in simple or complex stimulations 
and tasks. In focal or diffuse disorders of the brain, functional impairment 
of affected or inactivated brain regions is a reproducible finding. 

While glucose metabolism slightly decreases with age to a regionally 
different degree, in most types of dementia severe changes in glucose me­
tabolism are observed. Degenerative dementia of the Alzheimer type is char­
acterized by a metabolic disturbance most prominent in the parieto-occipito­
temporal association cortex and later in the frontal lobe, while primary cortical 
areas, basal ganglia, thalamus, brain stem and cerebellum are not affected. 
Thanks to this typical pattern Alzheimer's disease can be differentiated from 
other dementia syndromes, such as Pick's disease (with the metabolic depres­
sion mostly prominent in the frontal and temporal lobe), multi-infarct de­
mentia (with multiple focal metabolic defects), Huntington's chorea (with 
metabolic disturbances in the neostriatum) and other diseases leading to 
cognitive impairment with more or less typical metabolic patterns. A ratio 
calculated form CMRGI of affected (temporo-patieto-occipital and frontal 
association cortex) and non-affected brain regions (primary cortical areas, 
brainstem, cerebellum) enabled us to separate clearly AD patients from age­
matched controls and to discriminate those patients suffering from cognitive 
impairment of other origin in 82% of the cases. The discrimination power 
can be further improved by specific activation studies. In demented patients 
PET can also be used to assess the effects of treatment on disturbed metab­
olism. Such studies demonstrated an equalization of metabolic heterogeneities 
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in patients responding to muscarinic cholinergic agonists, as well as a diffuse 
increase of metabolism during treatment with piracetam and phosphatidyl­
serine. The therapeutic relevance of such metabolic effects, however, remains 
to be proved in controlled clinical trials. 

Introduction 

Since disturbances of cerebral function are followed by changes 
in metabolism and blood flow, and pathological impairments of blood 
supply and energy metabolism themselves lead to functional deficits, 
in many diseases of the CNS these parameters are measurably altered 
without it being possible to draw conclusions with respect to the 
etiology. Dementias, which are clinically manifested primarily as non­
localizable disturbances of cerebral function, can hardly be diagnosed 
by conventional supplementary neurological investigations, which de­
tect mainly localized morphologic lesions. Although regional structural 
cerebral injuries can be demonstrated to occur in many forms of 
secondary dementia, the degree of dementia often depends on func­
tional disorders of cerebral regions not primarily affected by the disease. 
The primary (degenerative) diseases leading to dementia are accom­
panied by atrophic changes in the brain visible at CT only in the late 
stages. Progressive cell loss and reduced cell and synaptic activity lead 
to a reduction of metabolism and blood flow which can be visualized 
with the aid of functional imaging techniques. Since glucose is the 
most important substrate of cerebral energy metabolism, studies of 
glucose metabolism are currently the best method of detecting and 
quantifying functional disturbances of the brain. The glucose metabolic 
rate can be determined regionally and three-dimensionally in the brain 
by means of positron emission tomography. 

Glucose metabolism in healthy subjects 

The different rates of glucose metabolism in various regions of 
the brain depending on their functional activity have been determined 
in a number of studies (review by Heiss et aI., 1984). The overall 
metabolic level depends to a great degree on internal (anxiety, vigi­
lance) and external (illumination, environmental noise) conditions 
(Mazziotta et aI., 1982) so that the resting conditions for the investi­
gations must be defined. In our studies, which were carried out on 
subjects with their eyes closed in a darkened room with low levels of 
noise from equipment and manipulation, the mean glucose turnover 
rate of 42 normal subjects (age 43 ± 19.1 years, 14 women, 28 men) 
was 34.6 ± 3.83Ilmol/100 g cerebral tissue/min. Highly significant re­
gional differences (Fig. 1 a) with values between 40 and 50 Ilmol/100 g/ 
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Fig.t. a PET scans of glucose metabolism (/lmol/100 g/min) according to 
gray scale in cerebral sections at the level of cerebellum, basal ganglia, thalamus 
and semioval centre in young (23 years) and old (67 years) healthy subjects. 
The individual brain structures can be differentiated according to different 
metabolic rates, metabolism decreases slightly in all regions in older patients 

min were detected in the striatum, upper limbic system, insula, frontal 
cortex and primary visual cortex, between 35 and 40 j..I.mol/l00 g/min 
in the other gray structures of the hemispheres, between 30 and 
35 j..I.mol/l00 g/min in the cerebellum and hippocampal structures and 
below 20 j..I.mol/100 g/min in the medullary layer. Our studies confirm 
additionally a certain age dependency: the global rate of cerebral glu­
cose metabolism showed a decline with advancing age which, although 
statistically significant (p < 0.05) represented less than 2% per decade 
(Fig. 1 b). A detailed analysis revealed that the individual brain regions 
were affected symmetrically but to rather different degrees 
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LINEAR REGRESSION ON AGE AND 95% PREDICTION LIMITS FOR SINGLE CASES 
OF CMRglc IN 42 NORMAL SUBJECTS AT REST 
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Fig. 1. b Decrease of mean global glucose metabolic rate in 42 healthy subjects 
with increasing age. The regression line shows a significant relationship 

despite the large range of variation 

(p < 0.0001). After the subjects were divided into three age groups 
each comprising 14 normal subjects, the greatest age dependent 
changes were detected in the frontal cortex, the insula and the upper 
part of the limbic system, as well as in the parieto-temporal region 
and to a lesser extent also in the perirolandic region and medullary 
layer. No appreciable age-dependency could be demonstrated for the 
metabolism of the subcortical gray structures. 

Metabolic disturbances in dementia syndromes 

Dementias are a very heterogeneous group of diseases sharing 
some common features such as deterioration of intellectual function 
and memory and a degeneration of the personality, which are clearly 
differentiable from the usual age-related changes - slight forgetfulness, 
change in the intelligence structures - and greatly exceed them in scope. 
Clinical symptoms include impairment of learning ability and memory 
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and reduction of attention, orientation, critical faculty and judgement. 
These are frequently associated with disturbances of visual-spatial ori­
entation, speech functions and apraxia. 

Primary degenerative dementias 

Primary degenerative dementias of the Alzheimer type (AD) which 
are accompanied by a loss of cortical neurons for unknown reasons 
(Terry et aI., 1981), disturbance of various transmitter systems (Rossor 
et aI., 1982) but also by selective reduction of specific projection systems 
[especially the cholinergic system, (Coyle etaI., 1983)] and also by 
typical pathological changes (plaques and fibrils), account for more 
than 50% of all dementia disorders. Patients with AD show a reduction 
of cerebral glucose metabolism [similar to oxygen utilization and blood 
flow, (Frackowiak etaI., 1981)J proportional to the severity of the 
dementia, in which the reduced metabolism is detectable (Fig. 2) before 
the occurrence of atrophic changes in CT and shows significant re­
gional differences: the bilateral local reductions are especially pro­
nounced in the parieto-temporal and frontal cortex (Fig. 2) and do not 
affect the primary visual and sensorimotor cortex or the subcortical 
structures and the cerebellum (Kuhl et aI., 1983; DeLeon et aI., 1983; 
Friedland et aI., 1983; Duara et aI., 1986). 

In studies which compared results of PET and neuropsychological 
tests, it was possible to demonstrate a relationship between leading 
symptoms and the localization of especially reduced glucose metab­
olism: when an aphasic disorder was predominant, glucose metabolic 
disturbance was more pronounced in the left than in the right parietal 
lobe, when apraxic symptoms predominated this parameter was dis­
turbed more on the right than on the left, while on predominance of 
amnestic deficits no asymmetry was present (Foster et aI., 1983). 

In the second, but much rarer form of primary degenerative de­
mentia, Pick's disease, the first and most marked metabolic changes - in 
analogy to the primary localization of pathological changes - are seen 
in the frontal and temporal lobe (Szelies and Karenberg, 1986). This 
distinctly different pattern of damage allows Pick's disease to be dif­
ferentiated from AD; in moderate cases it is often not possible to make 
this distinction on the basis of clinical findings alone. The typical 
reduction of metabolism in the frequently asymmetrically affected 
atrophic frontal lobes and lower temporal lobes and in the much less 
changed parietal lobes as well as in the basal ganglia and the thalamus, 
is correlated with the degree of gliosis and cell depletion (Kamo et aI., 
1987). 

This pattern of metabolic disturbance is also characteristic of Hun­
tington's chorea which in addition to the extrapyramidal-hyperkinetic 
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Fig. 2. CT and PET scans of glucose metabolism in patients with mild (left) 
and severe (right) Alzheimer's dementia. In mild AD metabolic rates in the 
normal CT are distinctly reduced in the parieto-occipito-temporal region, in 
severe dementia there is diffuse atrophy and pronounced reduction of cortical 
metabolism with recessing of primary somatosensory and visual areas and of 

basal ganglia/thalamus and cerebellum 

syndrome is always accompanied by dementia disorders. The glucose 
turnover rate in the neostriatum is already significantly reduced in the 
early stages of this disease (Fig. 3) and as the severity and duration of 
the disease increase, metabolism is seen to be reduced in the nucleus 
caudatus and putamen, and later (according to the degree of severity 
of dementia) also in the cerebral cortex (Kuhl et aI., 1984). Since the 
metabolic disturbances precede the clinical manifestations of the dis­
ease, PET studies may help to identify persons at risks in chorea 
families, and these studies as well as genetic investigations can be used 
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Fig. 3. CT and PET scans of glucose metabolism of patients with Hunting­
ton's chorea. In still non-pathological CT, metabolism is reduced in the 

neostriatum (caudate nucleus and putamen) 

to establish a prognosis for the subsequent appearance of the disease 
(Hayden etaI., 1987; Mazziotta etaI., 1987). 

In Parkinson's disease, a degeneration of the dopaminergic nigro­
striatal system, glucose metabolism is usually not altered, in contrast 
to the reduction of the dopaminergic endings in the basal ganglia 
demonstrated by means of PET of 18P_dopa (Nahmias et aI., 1985). 
Only on development of a dementia, a frequent concomitant of Par­
kinson's disease, are the metabolic changes typical of AD also in 
evidence (Kuhl et aI., 1985). 
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Vascular dementias 

Focal cerebral lesions caused by blood flow disturbances can induce 
dementia syndromes through two mechanisms in particular: multiple 
lesions in mostly neurologically silent, frequently subcortical regions 
impair cerebral function in the form of dementia (multi-infarct de­
mentia) when they exceed a total volume that cannot be precisely 
defined (80 -150 cm3). In rare cases, relatively small infarcts of critical 
localization can cause a dementia syndrome in addition to the focally 
dependent neurological symptoms. Chronically inadequate blood flow 
in the cerebral tissue which leads to a persisting hypofunction and 
thus to a disturbance of intellectual function which cannot be precisely 

CT CMRGI 

J-Imol/l00g Imin 

Fig. 4. CT and PET scans of glucose metabolism in patients with multiple 
infarcts: several morphological lesions (CT) cause regional metabolic dis­
turbances in the infarcted area or in the superjacent deafferentated cortex 
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localized, is likely to be present only in exceptional cases or to be of 
temporary duration following transient blood flow disturbances. Such 
deficient perfusion syndromes probably are only very rarely a cause 
of dementia since in the usual forms no corresponding disproportions 
between blood flow and oxygen consumption or glucose metabolism 
could be demonstrated (Frackowiak etaI., 1981; Gibbs etaI., 1986). 

Multi-infarct dementias (MID) together with the AD-MID mixed 
forms account for about 30% of all dementia syndromes. A clinical 
differentiation on the basis of rating scales (Hachinski et aI., 1975) is 
often difficult, and diagnostic classification is often easier on the basis 
of morphological lesions demonstrated by CT or MRI. In MID pa­
tients, PET can clearly differentiate mostly multilocular metabolic 
reductions from the pattern typical of AD (Kuhl et aI., 1983). Ischaemic 
lesions in the medullary layer in MID and Binswanger's disease can 
be detected with great sensitivity by means of T rweighted MRI (Heiss 
et aI., 1986; Alavi et aI., 1987), and the regions of reduced metabolism 
will then correspond to the superjacent deafferentated cortical areas 
(Fig. 4). 

Small isolated infarctions in the cerebral regions which are par­
ticularly important for the integrity of the personality lead to dis­
turbances of behaviour, affect, mood and intellectual performance. 
This is especially true of infarcts in the area supplied by the anterior 
cerebral artery, but also for small localized infarcts in strategically 
important regions, for example unilaterally in the anterior centre of 
the thalamus or bilaterally in the median thalamus: they also lead to 
permanent cognitive and amnestic losses. 

Dementias of other etiology 

Various other causes - inflammatory diseases, as herpes enceph­
alitis, HIV encephalopathy, Creutzfeldt-Jakob disease; posttraumatic 
encephalopathy; toxic affections of the central nervous system; com­
municating hydrocephalus - can lead to severe dementias which then 
must be differentiated from those having more frequent etiologies. 
Their representation in PET does not usually follow a typical pat­
tern - as AD or Pick's disease - or metabolic changes are not restricted 
to small areas - as in postinfarction states. Therefore, a differentiation 
from the more frequently occurring forms of dementia - e.g., AD and 
MID - can usually be achieved. 

It is often difficult to differentiate the affective disorders with 
impairment of drive and psychomotor activity seen in depressions 
from similar symptoms in the early stages of dementia. The metabolic 
patterns observed in depressed patients are not comparable to the 
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characteristic changes seen in dementias, particularly in AD. When 
the overall metabolic level is in relation to the mood (Baxter et al., 
1987) there are sometimes regional differences of varying distribution; 
a pattern typical of depression or correlations between the metabolic 
values of certain regions with the severity of specific symptoms or 
function deficits have not so far been described. 

Differentiation of AD from other dementias 

In order to test the value ofFDG-PET in the differential diagnosis 
of dementias, rCMRGl measurements of 19 patients with probable 
Alzheimer's disease according to the NINCDS-ARDA criteria 
(McKhann etal., 1984) were compared to those from 19 age-matched 
healthy subjects and 22 patients with cognitive impairment due to 
other diseases. In comparison to the 19 healthy controls the AD patients 
(age 49 to 71 years, cognitive deterioration for 1 - 5 years, average 
mini-mental status 14.5 ± 7.3, average global deterioration scale 
4.9 ± 0.9) were characterized by significantly lower global cerebral 
metabolic rates for glucose (30.3 ± 3.2 /lmol/100 g/min) and consid­
erable metabolic asymmetries with the most remarkable decrease of 
regional CMRGl (in terms ofZ-transforms) found in the supramarginal 
and angular gyrus, the adjacent parts of the superior temporal gyrus 
and the medial frontal gyrus. While abnormally low metabolism 
(Z < - 2) in supramarginal/angular gyrus was observed in all AD 
patients and is a highly sensitive indicator of the disease, abnormal 
metabolism in temporal and frontal association areas supports the 
diagnosis, but is not mandatory. 

However, despite the decrease of global CMRGl in AD, some 
regions maintained a strikingly normal metabolism even in most se­
verely affected patients. Those regions were the cerebellum, brain stem, 
primary sensorimotor cortex and the occipital cortex including the 
cortex around the calcarine fissure. Notably, relative cerebellar CMRGl 
was normal (within 2 SD of normal range) in all 19 AD patients, and 
even absolute cerebellar rCMRGl was normal in 17 of the 19 AD 
patients. 

Considering the contrast between typically affected and non-af­
fected regions, a ratio R of the rCMRGl in those regions was calculated. 
Its average value in controls was 1.09 (SD 0.084, range 1.01 to 1.15) 
vs. 0.77 (SD 0.11, range 0.60 to 1.00), thus a complete separation of 
the two groups was achieved. 

The diagnostic criteria of AD deduced from the metabolic pattern 
ofFDG-PET-reduced temp oro-parietal metabolism, normal cerebellar 
metabolism, reduced CMRGl ratio of temporo-parietal and frontal 
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assoClatlOn areas to primary sensory areas, brainstem and cerebel­
lum - were fulfilled only by 4 of the 22 patients with cognitive im­
pairment of other origin than AD. One of those suffered from dementia 
in the course of Parkinson's disease, one had multiple infarcts and in 
two cognitive impairment was a sequel of diffuse hypoxic or hypog­
lycemic brain damage. The overall specificity of this diagnostic pro­
cedure in this sample was 82%. FDG-PET reaches a diagnostic sen­
sitivity and specificity unsurpassed by other imaging modalities. 

Since AD affects mainly and primarily parieto-temporo-occipital 
areas involved in the processing of visual information, a test procedure 
was developed to further improve the diagnostic sensitivity of PET 
measurements. When a continuous visual recognition task (Kessler 
et aI., 1989) is performed during metabolic studies a significant acti­
vation is observed in normal controls averaging 24% for global 
CMRGI with the most prominent changes (38%) in occipital regions. 
In AD the global increase during the performance of an adapted visual 
recognition task was only 8%, and the changes mainly occurred in 
areas not primarily affected by the disease. This finding points to the 
impaired functional reserve capacity of the brain in degenerative de­
mentia of the Alzheimer type. The pattern typical of AD -low CMRGI 
in parieto-temporo-occipital regions, high CMRGI in primary cortical 
areas, brain stem and cerebellum - becomes more obvious enhancing 
the diagnostic contrast between AD patients and normal age-matched 
controls or patients with non-AD dementia. 

Evaluation of drug effects 

The effect of therapeutic interventions in dementia syndromes is 
difficult to assess because degenerative diseases often progress slowly 
or intermittently or are interrupted by phases without appreciable 
deterioration. Because of the differences in the disease dynamics, it is 
also very difficult to make comparisons between individuals. Because 
metabolic disturbances show a characteristic distribution particularly 
in degenerative dementias of the Alzheimer type and furthermore are 
correlated with the severity and duration of the disease, and because 
the functional activity is reflected in metabolic values, measurements 
of this kind may be valuable in assessing the effects of drugs. Metabolic 
investigations could then also be useful in providing objective evidence 
of therapeutic results within a relatively short time, when clinical 
improvements or a slowing of the progression of the deficits would 
not yet be apparent. 

In the last few years some principles have been elaborated for 
therapeutic strategies aimed at improving certain clinical deficits in 
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senile or presenile degenerative dementia of the Alzheimer type (AD). 
These concepts include measures for substitution of cholinacetyltrans­
ferase deficiency that is presumed to be specific (Davies and Maloney, 
1976) and the destruction of cholinergic neurons (Coyle et aI., 1983). 
This can be done by inducing a presynaptic increase in the synthesis 
and release of acetylcholine, by inhibiting the breakdown of acetyl­
choline at the synapse and by postsynaptic stimulation of the acetyl­
choline receptors. All these therapeutic approaches centering on the 
cholinergic activity have reportedly brought about improvements in 
the memory disturbances typical of AD, with inhibition of cholines­
terase with physostigmine (Davis et aI., 1978) and the administration 
of tetrahyodroaminoacridine in larger controlled clinical studies yield­
ing successful results in individual cases (Summers et aI., 1986). Mus­
carinic agonists have also been able to improve the symptoms in cases 
that are not so advanced (Szelies et aI., 1986). In contrast, precursors 
of acetylcholine were not effective if given as the sole form of therapy 
(review by Kurz et aI., 1986; Hollander et aI., 1986) although specific 
memory disturbances were improved by a combination with nootropic 
substances which stimulate cerebral metabolism (Ferris et aI., 1982; 
Smith etaI., 1984). 

The use of PET to objectivize the effects of drugs is still rare and 
has so far been limited to small groups of patients. Glucose metabolism 
was monitored for six to twelve weeks in eight patients with AD of 
different severity undergoing therapy with the muscarinic choline ag­
onist (RS 86 Sandoz, 2.5 - 3 mg/d, Szelies et aI., 1986). Over this period 
the global metabolic rate decreased under therapy, but there was a 
compensation of the heterogeneous metabolic pattern typical of AD 
with a particular reduction of the slightly elevated values (sensorimotor 
and visual cortex) measured before starting treatment and there was 
only a slight influence on the typically lowered parieto-occipital to 
temporal values. This effect was especially pronounced in patients who 
became clinically stabilized using this therapy and showed improved 
performance in several functions; this group which profited from the 
therapy originally showed regional glucose metabolic rates diverging 
relatively little from the norm and were also those with less severe 
AD. This study therefore shows the importance of initiating therapy 
at an early stage before severe cell destruction takes place and suggests 
that a metabolic decoupling takes place between different regions of 
the brain as the functional substrate of the specific symptoms. Another 
study (Heiss et aI., 1988) examined whether piracetam, which improves 
memory performance when administered in combination with pre­
cursors of acetylcholine (Ferris et aI., 1982; Smith et aI., 1984) has 
metabolic effects in AD. Of 16 patients with dementia syndrome (DSM-
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III, American Psychiatric Association, 1980) nine fulfilled the criteria 
for AD (McKhann etal., 1984) and the remaining seven were graded 
as MID or unclassifiable and used as a control group. Between the 
PET investigations all patients received 6 g piracetam b.i.d. (Nootrop®, 
Chemie) for 14 days as a rapid infusion. The groups differed signifi­
cantly from each other and from an age-matched control group with 
respect to regional rates of glucose metabolism, the reductions being 
particularly pronounced in the parieto-temporo-occipital regions for 
the AD groups. Under piracetam treatment the glucose metabolism 
values in the AD group increased in the frontal, central, parieto­
occipital, visual, auditory and cingulate cortex, basal ganglia and thal­
amus whereas no significant changes were detected in the non-AD 
group. The differences in the effects of treatment between AD and 
non-AD groups were statistically significant (ANOV A P < 0.02 for 
interactions between regions, treatment and group); on the basis of 
the ANOV A, the increase in the individual regions was checked by 
paired t-test. The results were supported by improvements in five AD 
patients during the short therapy phase with respect to their clinical 
deficits and their performance in tests. Similar results were obtained 
in 8 AD patients under treatment with phosphatidylserine (FIDIA, 
500 mgjd for 3 weeks) which is suggested to have an effect on mem­
brane structure and cell function. In these patients rCMRGI increased 
during the treatment with the most significant effect in occipital areas 
(+ 17%, P < 0.05). For all drugs shown to be effective on one aspect 
of AD - the regional disturbance of metabolism - controlled clinical 
studies will be needed in order to justify their clinical use. 
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Reference-free evaluation of auditory evoked 
potentials-P 300 in aging and dementia 
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Summary 

Latency, field range (amplitude), and topography of AEP-P 300 were 
compared in a young and a geriatric control group vs a group of DA T 
patients, using reference-independent, spatial-related measurements. Latencies 
in the geriatric control group were significantly prolonged and field range 
was diminished in geriatric controls and in the DAT-group as compared to 
younger controls. The topography changed in DA T -patients. 

Introduction 

Auditory evoked potentials (AEP) have been used in research in 
an attempt to discover deficits of brain function due to various diseases 
of the nervous system such as dementia. The most commonly used 
parameters for evoked potentials are latency and amplitude. To de­
termine these values peaks or troughs of the waveforms are selected. 
However, this is an ambiguous method for the description of phys­
iological brain functions, since waveforms are perpetually depending 
on the chosen reference. A description of brain function using ref­
erence-dependent parameters is therefore not meaningful. 

To describe P 300 parameters in normal and pathological aging in 
a physiological and unambiguous way, we used different reference­
independent measurements first describ~d by Lehmann and Skrandies 
(1980). 

The aim of this study was to describe the results obtained with 
reference-independent measurements to determine latencies, ampli­
tudes and topography, and their differences between healthy young 
and aged controls and DA T -patients. 
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Methods 

Suijects 

Three groups were studied, each consisting of eleven subjects (Table 1). 
All volunteers were free of psychiatric or physical illnesses and right-handed. 
Patients were 45 subjects suffering from dementia of Alzheimer type (DAT). 
They were moderately demented according to the Brief Cognitive Rating 
Scale (BCRS Reisberg et aI., 1983) with scores between 24 and 32. To exclude 
multi-infarct dementia (MID) the modified Hachinski scores (Rosen et a!., 
1984) and computer tomographic findings were used. Only 11 exhibited 
evidence of a marked P 300 according to the parameters described later. In 
the DAT-group, all subjects were right-handed. 

P 300 recordings 

The AEP-300 as a late endogenous component of the auditory evoked 
potential was elicited using a bitonal stimulation mode, where a task was 
connected to one of the tones. A low-pitched tone (1000 Hz, 10 ms rise and 
fall time, 50 ms duration) was presented regularly with a frequency of 1 tone 
burst each two seconds. Another high-pitched tone (2000 Hz, 10 ms rise and 
fall time, 50 ms duration), to which a task was connected, was presented 
randomly with a probability of 1: 5, compared to the low-pitched tone. 
Subjects were asked to pay attention to the high pitched tone, and to count 
the number of its occurrences. A short test trial was performed to enhance 
comprehension of the task. Subjects were regarded to have concluded the 
P 300 paradigm correctly, only if the recalled number of the task-connected 
tones was in the range of ± 20% compared to the real number of high 
pitched tones presented. If the subjects did not comprehend the task or forgot 
it during the test, the P 300 paradigm was regarded as not concluded. Re­
cording were performed using 20 channels from the scalp. For electrode 
placement the 10 - 20 system was used (Jasper, 1958). Electrode locations 
were: Fpl, Fp2, F7, F3, Fz, F4, F8, T3, C3, Cz, C4, T4, T5, P3, Pz, 
P 4, T 6, 0 1, Oz, 02. Brain responses to low and high pitched tones were 
separately averaged using a Bio-Iogic Brain Atlas III (Bio-Iogic Systems 
Corporation). Approximately 30 samples of high pitched tones (targets) were 
averaged on line in each subject. The signals were sampled with 250 Hz and 
a bandpass of 0.3 Hz to 70 Hz. Analysis time was 1024 ms; 220 ms were used 
as predelay for baseline control. As reference linked mastoid electrodes were 
used. 

AEP-P 300 identification 

Multilead recordings create statistical problems (Oken et aI., 1986; Kahn 
et aI., 1988). To avoid statistical pitfalls methods for data-reduction are rec­
ommended. Lehmann and Skrandies (1980, 1984) proposed the global field­
power (GFP) as reference-independent method of spatial data reduction. The 
global fieldpower is the spatial standard deviation at each recorded point in 
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Table 1. Summary of demographic and statistical data 

Group Age (years) Latency (ms) Field range (11 V) 

mean std. d. range mean std. d. range mean std. d. 

Young 29 6 290-395 339 32 13.5-33.4 21.6 5.4 
Ger. 71 11 348-580 426 55 10.5-20.6 14.9 3.0 
DAT 69 10 275-572 394 69 9.1-19.9 13.6 2.9 

time and thus a measurement of the field variability in space. By envisioning 
the P 300 component as a model equivalent dipole, this dipole will display 
its maximum strength when GFP, the field variability, reaches its peak. The 
GFP is a reference-independent measurement since the relative differences 
between electrodes at certain points in time will not change whatever reference 
is used due to the fact that the electrical "landscape" generated by the brain 
and not influenced by electrode locations. The latency of P 300 is equivalent 
to the latency where the GFP reaches its maximum in a time window between 
280 and 580 ms after stimulus onset. The spatial amplitude distribution at 
this time corresponds to the electrical field distribution on the scalp of the 
equivalent P 300 dipole. As measurement of the amplitude (strength) ofP 300, 
the range (difference between maximal and minimal value in the field) was 
used. The direction of the P 300 was plotted so as to lie between the location 
of the smallest and that of the largest value in the field at the latency with 
the maximal GFP. 

Statistical analYsis 

Latencies, as determined by GFP, and amplitudes were compared using 
a non-parametric one-way ANOV A (Kruskall-Wallis test). If significance was 
attained the groups were separated with the Mann-Whitney U-test. Topog­
raphy was compared using the Mann-Whitney U-test. 

Results 

The mean GFP, disregarding peaks, was calculated for all three 
groups (Figs. 1- 3). N 100 and P 300 were the two main components 
(Fig. 1). The individual latencies are plotted in Fig. 4. Results of the 
statistical computations are presented in Table 1 and Fig. 5. The one­
way ANOV A indicated a significant difference (p = 0.0013) between 
the three groups (Fig. 5). Statistical comparisons with the Mann-Whit­
ney U-test revealed a significantly (p = 0.004) prolonged latency in 
geriatric subjects compared to healthy young controls. The latencies 
of DAT patients did not significantly differ from those of geriatric 
controls (p = 0.42); however they diverged significantly from the 
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Fig. 1. Mean GFP for 11 young healthy subjects. GFP was calculated on the 
basis of a 20-channel recording of the AEP-300. N 100 and P 300 peaks are 
marked. The distinct P 300-peak of the mean GFP indicates low variance of 
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Fig.2. Mean GFP for 11 geriatric healthy subjects. GFP was calculated on 
the basis of a 20-channel recording of the AEP-300. The broad-based P 300-

peak of the mean GFP indicates high variance of the P 300 latency 
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Fig. 3. Mean GFP for 11 DA T patients. GFP was calculated on the basis of 
a 20-channel recording of the AEP-300. The broad based P 300-peak of the 
mean GFP indicates a high variability of the P 300 latency. The N 100 peak 
of the mean GFP is distinct and appears at the same latency in all three 
groups, indicating low interindividual and intergroup variance (Figs. 1, 2 

and 3) 
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Fig. 4. Individual latencies, determined by GFP, plotted for each group 
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Fig. 5. Mean latency of the P 300 in the three groups (± standard deviation) 
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Fig.6. Mean field-range of the P 300 in the three groups (± standard de­
viation) 

young control group (p = 0.021). The field range, i.e. the difference 
between the smallest and largest value in the spatial field at the latency 
determined by the GFP, was then calculated for each subject in all 
three groups. Table 1 and Fig. 6 show the statistics of the field range 
calculations. A non-parametric one-way ANOVA (Kruskall-Wallis) 
was used to determine statistically significant differences between the 
groups (p = 0.0031). With the Mann-Whitney U-test group differences 
were delineated. Amplitudes in the young control group were signif­
icantly higher compared to those in the geriatric control (p = 0.023) 
and in the DA T-group (p = 0.009). However there was no significant 
amplitude difference (p = 0.56) between the geriatric control group 
and the group consisting of DA T -patients. 

To enable a topographic comparison between groups, the locali­
zation of individual maxima and minima in the spatial fields corre-
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Fig. 7. Mean minimum and mean maximum with standard deviation in trans­
versal and sagittal direction plotted for a the young healthy group, b the 
healthy geriatric group and c the DA T-group. Head seen from above. Arrow 
originates from the mean minimum and ends at the mean maximum giving 

an impression of direction of the model equivalent dipole 

sponding to the latency with maximal GFP were evaluated and mean 
maxima and minima with standard deviation were calculated and plot­
ted (Fig. 7 a - c). The young control group exhibited a clear frontal 
minimum of the P 300 field. The mean maximum was clearly parieto­
occipitally localized with a slight preference to the right side. In ger­
iatric controls a similar mean topography was found; the mean minima 
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were, however, in the right hemisphere compared to a left localization 
in young controls, but due to a high variance this was not significant 
(Mann-Whitney U-test). In DA T patients the topography revealed a 
different pattern. The mean minimum was more occipitally localized 
than the mean maximum. The mean minimum was localized almost 
in the midline in the centro-parietal region (Fig. 7 c). The mean max­
imum was located in the left central region between electrodes Cz and 
C 3. The high variability of the individual localization of minima and 
maxima resulted in no significant difference between minimum and 
maximum localization in the DA T group, which had been the case in 
the young and geriatric control groups. The minima in the DA T group 
were significantly (p = 0.006, Mann-Whitney U-test) more occipitally 
localized compared to the young and geriatric control group. The 
maxima in the DA T group were significantly (p = 0.025, Mann-Whit­
ney U-test) more frontally localized compared to the young control 
group, and almost significant (p = 0.058, Mann-Whitney U-test) com­
pared to the geriatric control group. Thus the topography in DA T 
patients altered in such a way that the model equivalent dipole shifted 
from a marked frontal to parietal direction in both healthy groups to 

a more parieto- to central direction in DAT patients. 

Discussion 

Using stereotaxically implanted electrodes in amygdala, hippocam­
pus, and parahippocampal gyrus in patients with temporal lobe epi­
lepsy, Halgren et aI. (1986) demonstrated that the medial temporal lobe 
(MTL) is involved in generating the scalp P 300. Magnetic encepha­
lographic (MEG) studies (Okada et aI., 1983) also point to MTL as 
the generator of P 300. This generator would equalize a current model 
dipole which is directed toward the parieto-occipital regions. The P 300 
component was negative at the nasopharyngeal wall (Perrault et aI., 
1983) and the corresponding positive fields were found over the parietal 
regions (Maurer and Dierks, 1987; Morstyn et aI., 1983; McCarley et aI., 
1986). 

When trying to motivate demented patients to participate in a 
study which makes demands on their cognitive function, problems 
arise due to their limited comprehension of the task they are asked to 
solve, the difficulty in keeping their mind focused on the paradigm 
and to their forgetting the instructions given. Duffy et aI. (1984) were 
fully aware of this problem, and discussed the possibility that the 
amplitude reduction in demented patients may be better explained by 
differential adequacy of task performance. By interrupting the session 
when necessary and reinforcing the previously given instructions, they 
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tried to keep such artifacts to a minimum. Polich et aI. (1986) also 
tried to avoid this artifacts checking performance by asking the subjects 
to press a button each time an infrequent tone was heard; when not 
correctly done the subject was reminded verbally of the instructions. 

We did not use a button to measure performance, since in our 
opinion this may contribute to time locked artifacts due to activation 
of cortical regions of motor function. The performance was controlled 
by the instruction to count the infrequent tones and only subjects with 
an error range of ± 20% of the number of tones presented were 
included. This strict procedure contributed partly to the relatively high 
(75%) drop-out in the demented group. Another reason was the de­
cision to include only subjects with a clear GFP. The identification 
of the P 300 wave is an issue solved in various ways, one of which 
consists in using the most positive point in a defined time window as 
latency of P 300 (Squires etaI., 1975; Pfefferbaum etaI., 1984; Polich 
et aI., 1986; Gordon et aI., 1986). However, the time window used 
varies to some extent between different authors. Goodin et aI. (1978) 
used the intersection of extrapolated lines from the ascending and 
descending slopes of each peak. Generally the peak was determined 
in one single electrode not taking into account the variable spatial 
distribution of the P 300. A more spatial related method was used by 
Morstyn et aI. (1983) and Duffy et aI. (1984), where the spatial evolution 
of the P 300 was described and features using Significance Probability 
Mapping (SPM) (Duffy et aI., 1981) were delineated between groups, 
allowing integrals to be calculated in fixed time windows disregarding 
individual latency differences. The methods described above may be 
used in studies with a limited number of electrodes; however, when 
recording P 300 with a multilead arrangement more spatial related 
methods have to be applied. From n electrodes n*(n -1) different 
waveshapes can be recorded simultaneously, and by using the common 
average reference (Offner, 1950) additional 2*n waveshapes are pos­
sible. With a 20 lead system this would come up to 420 different 
waveshapes. This demonstrates that the visual definition of the so­
called components, e.g. (N 100, P 300) is a doubtful procedure, with 
results relying on the actual reference, which is pre-selected. For meas­
uring the amplitude of the P 300, most authors used a prestimulus 
time which was averaged and the average set to zero (e.g. Gordon 
et aI., 1986) to determine baseline. The amplitude was then determined 
to be the amplitude between the peak and the averaged baseline. A 
pre-stimulus mean baseline makes a physiological interpretation more 
difficult. Lehmann and Skrandies (1984) are of the opinion that the 
use of a prestimulus mean baseline may produce meaningless results 
in some cases where the brain electrical state at the time of stimulation 
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is not meaningfully related to the evoked activity. It would therefore 
be ideal to use measurements that are independent of reference and 
of prestimulus manipulations and are related to spatial distribution. 
Global fieldpower (spatial standard deviation, Lehmann and Skrandies, 
1980) is one such measurement, attributable to the fact that the relative 
field in time does not change, independent of the reference chosen. 
The reference solely imposes a spatial DC offset to the field, whereas 
the common average reference is a sort of spatial highpass filter. The 
GFP allows a reference-free estimation of latency. The field range, 
difference between minimal and maximal values in the field, is a meas­
urement for the strength (amplitude) of the field and is likewise not 
connected to the choice of reference. By making the simplistic as­
sumption that the P 300 is generated by a model equivalent dipole, 
this dipole can be described in its direction by the location of minima 
and maxima in the field and is thus relatively easy to compare between 
groups or individuals (Skrandies, 1984). 

Our findings of prolonged latencies in aged persons confirm those 
described by many authors. Goodin et aI. (1978) found a prolongation 
of the P 300 in the order of 1.8 ms/year; Pfefferbaum et aI. (1984), 
Syndulko et aI. (1982), Brown et aI. (1983) and Picton et aI. (1984) all 
found age/latency relationships between 0.94 and 1.36 ms/year. The 
study of latency in demented patients did not provide unanimous 
results. Syndulko et aI. (1982) found certain latency prolongations in 
dementia; however, Canter et aI. (1982) and Pfefferbaum et aI. (1984) 
found only slightly prolonged values. Our results show that latencies 
of P 300 vary to a great extent in patients with DAT. 

Our results cannot be compared to those of the multi-lead re­
cordings made by Duffy et aI. (1984), where a totally different way of 
describing P 300-data was used. With regard to the amplitude ofP 300, 
Pfefferbaum et aI. (1984) did not find any correlation between age and 
amplitude; however, this result was obtained when studying exclusively 
the lead Pz. The same authors, however, found that the spatial relief 
measures (difference in amplitude across the 3 used leads) were neg­
atively correlated with age which is in accordance with our results of 
reduced field range in age. In dementia, amplitudes have been described 
by most authors as diminished compared to age-matched controls 
(Pfefferbaum et aI., 1984). However, like in the study by Pfefferbaum, 
the spatial component was not taken into account. Comparing our 
data, using SPM (Duffy et aI., 1981), between geriatric controls and 
demented patients, there were significant differences in amplitudes 
between the two groups. In contrast, when using the field range as a 
spatial related measurement for amplitude, the differences between the 
control and the DA T group were no longer observed. 
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The topographic change in DA T patients compared to that in the 
young and the geriatric control groups can be seen as a reflection of 
neuropathological findings (Brun and Gustafson, 1976) and biochem­
ical and other studies using functional imaging methods (e.g. PET; 
Friedland et aI., 1983) demonstrated the temporoparietal region was 
the most affected part of the brain. Thus, reference-independent and 
spatial-oriented methods of AEP evaluation show methodical advan­
tages and a higher correlation to the results obtained by other functional 
imaging methods such as SPEeT and PET. 
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Summary 

Neurodegenerative diseases may also involve damage to glial cells. An 
apparent glial cell involvement in the neurotoxicity of kainate is, for example, 
demonstrated by the protection afforded by D,L-a-aminoadipate at concen­
trations where it selectively affects glial cells. Immunological determination 
of the serum levels of creatine kinase-BB can be used to monitor astrocyte 
damage following head injury and may also be of value in degenerative 
conditions. The recessive adult-onset form of olivopontocerebellar atrophy 
has been reported to involve a deficiency of a specific membrane-bound 
isoenzyme of glutamate dehydrogenase (GDH). However attempts to -dis­
tinguish this enzyme from the well-studied mitochondrial GDH using po­
lydonal antibodies were unsuccessful. 

Introduction 

The search for early markers for neurodegenerative diseases would 
be easier if the details of their aetiologies were more completely un­
derstood. In the cases of such conditions which result from vitamin 
deficiencies direct analysis of the tissue or urinary vitamin levels may 
be sufficient for identifying the causes. An example would be the 
subacute combined degeneration that results from a deficiency of the 
tissue levels of functional cobalamin (vitamin B12). This is commonly 
due to a defective absorption of the vitamin due to the lack of the 
intrinsic factor although it may also result from the change in the 
oxidation state of the cobalt in cobalamin due to nitrous oxide inhal­
ation (see Scott et al., 1986). Other degenerative processes which in­
volve vitamin deficiencies include the Wernicke-Korsakoff syndrome 
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that results from thiamine deficiency. The symptoms of the earlier 
stages of this disease may be completely reversed by the administration 
of thiamine, but irreversible changes develop as the disease progresses. 
The degeneration which may result from alcohol abuse resembles this 
condition and it has been argued that the alcohol-induced disorder 
may be due to malnutrition rather than to a direct effect of alcohol. 
However detailed studies on the development of the conditions in 
alcoholism and thiamine deficiency have suggested that direct neu­
rodegenerative effects of ethanol are involved although these may be 
exacerbated by malnutrition (see Freund, 1985). 

In neurodegenerative diseases where there is a strong genetic link, 
such as Huntington's disease (Gusella et aI., 1985), direct genetic anal­
ysis may be the most appropriate means of assessing susceptibility. 
However in other cases, such as Parkinson's disease (Ward et aI., 1984) 
any genetic predisposing factors appear to be weak or absent. 

The changes in central enzyme and metabolite levels that occur 
during the normal processes of ageing and their possible relationship 
to Alzheimer's disease have been recently discussed in detail (see e.g. 
Strolin Benedetti and Dostert, 1989). In this contribution attention 
will be focused on physical brain damage as a possible indication of 
early markers for neurodegenerative diseases, the possible relationships 
between glial cell function and such diseases and, in particular, neu­
rodegenerative conditions in which the excitatory neurotransmitter 
glutamate appears to be a contributory factor. 

Materials and methods 

Creatine kinase-BB and -MB were assayed by peroxidase-linked immu­
noassays with pre-coated microtite plates which were a kind gift from Celltech 
Diagnostics Ltd, Slough, U.K. Neurone-specific enolase was determined 
using a double-antibody immunoassay from Pharmacia, Uppsala, Sweden. 
The Student's T-test was used to test the significance of any differences 
between pre- and post-exercise groups. 17 amateur oarsmen and 8 amateur 
boxers (age range 18 - 28 years) took part in the study. They had been training 
for at least 5 months before the test. All subjects abstained from vasoactive 
substances, caffeine, alcohol and smoking from midnight prior to the test 
and did not train on the test day. For the oarsmen a standard 6-minute 
ergometer test, which simulated a 2,000 metre flat water-course was used. 
The boxers each took part in a bout of 6 x 5 min rounds. None were knocked 
out. 

In the studies of the effects of D,L-a-aminoadipate on kainate excito­
toxicity, 100 Ilg of the former compound was injected over a period of 2 min 
in a volume' of 2 III of phosphate-buffered saline, into the left striatum of 
sodium penta barbitone anaesthetized rats using a stereotaxic apparatus. After 
a recovery time of 6 or 24 hours, the animals were sacrificed and striata were 
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dissected. Histological examination was performed after trans dermal infusion 
of the anaesthetized animals with 2% paraformaldehyde -1 % glutaraldehyde 
in 0.1 M phosphate buffer, pH 7.4. Coronal slices of 0.5 mm which included 
the striatum, corpus callosum and part of the cerebral cortex were prepared 
and incubated in perfusion chambers perfused at a rate of 0.5 - 1.0 mljmin 
with oxygenated Krebs' bicarbonate medium at 30°C. After an initial 1 h 
incubation period, the drugs under study were added and incubation was 
continued for up to 60 min before the slices were prepared for histological 
or biochemical analysis. Citrate synthase activity was determined by the 
method of Schousboe (1982). 

Antibodies were raised against purified ox liver glutamate dehydrogenase 
in New Zealand White rabbits. Purification, immunotitrations and Ouchter­
lony double-diffusion studies were carried out according to the procedures 
described by Mayer and Walker (1980). Subcellular fractionation of human 
leucocytes and rat brain were carried out using the procedures of Plaitakis 
et al. (1984) and Colon et al. (1986) with the following modifications. 50 mM 
phosphate buffer, pH 7.4, was used instead of 50 mM Tris-HCl buffer, since 
the mitochondrial enzyme is not stable in that buffer at low ionic strengths 
(see Couee and Tipton, 1988). Freeze-thaw cycles were avoided in the case 
of the rat brain preparation and only carried out once in the leucocyte 
preparation, since the variations of pH, which may accompany freezing and 
thawing, could affect the activity of the mitochondrial enzyme. In the case 
of the rat brain preparation the low-speed supernatant was centrifuged at 
8500 g for 15 min prior to high-speed centrifugation in order to sediment 
any mitochondria left unbroken after the homogenisation procedure. The 
fractions from rat brain were treated with 0.1 % (vol: vol) cetyltrimethylam­
monium bromide and kept at 0 - 4 °C for 60 min prior to assay. The high 
speed pellet from the leucocyte preparation was made 0.16% (vol: vol) with 
Triton X-l00. Both pellets were suspended in 50mM phosphate buffer, 
pH 7.4, prior to detergent treatment. Glutamate dehydrogenase activities in 
the brain preparations were assayed as described by McCarthy et al. (1980) 
in assay buffer containing 0.1 % (vol: vol) Triton X-l00 and O.4mM KCN. 
The activities of the leucocyte preparations were assayed in the presence of 
ADP, as described by Colon et al. (1986), because of the low activities present. 
Other assays used standard methods and distribution studies are presented 
as described by de Duve et al. (1955). 

Results and discussion 

Creatine kinase and head injury 

Creatine kinase (EC 2.7.2.3; CK) is a dimeric enzyme which exists 
as three tissue-specific isoenzymes. CK-BB is found in brain, where 
it is specifically located in astrocytes, CK-MB is myocardial whereas 
CK-MM is present in skeletal muscle. Elevated levels of serum CK­
MB have been used as a diagnostic marker for myocardial infarction 
(Roberts et ai., 1976) and the amounts of this isoenzyme in serum have 
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also been found to be elevated after mild exercise and sharply increased 
in marathon runners after competition (Robinson et al., 1982; Siegel 
etal., 1981). La Porta etal. (1981), who measured the total levels of 
CK in serum after strenuous exercise, suggested that leakage of the 
enzyme from cells might result from membrane damage due to hypoxia, 
the presence of metabolites or mechanical stress. 

Due to its restricted distribution CK-BB has been used as a marker 
for subarachnoid haemorrhage and ischaemic brain damage (Phillips 
et al., 1982 a, 1983), head injury and recovery from concussion (Phillips 
et al., 1980; Thompson et al., 1980) and some neurological disorders 
(Bell et al., 1978). Brayne et al. (1982) reported significantly increased 
levels of CK-BB in serum in boxers after competition and smaller 
increases in cyclists after a 40 mile road race. Elevated serum levels 
of both CK-BB and CK-MB were reported in marathon runners im­
mediately after a race (Phillips et al., 1982 b, 1983) and the levels of 
the former enzyme were comparable with those determined after minor 
head injuries. 

The studies discussed above used polyclonal antibodies and it has 
been suggested that the apparently elevated CK-BB levels might have 
arisen from cross-reactivity with the MB isoenzyme released from heart 
or from the small pool of that enzyme in skeletal muscle (Kaste and 
Sherman, 1982). The possibility that the elevated CK-BB levels might 
result directly from myocardial damage is unlikely, since the levels of 
that isoenzyme in heart are extremely low, comprising only about 
0-3% of the total in normal adult Europeans and Americans (see 
Ogunro etal., 1977; Urdal etal., 1983). However more caution might 
be necessary in studies with Japanese subjects, since the myocardial 
CK-BB contribution appears to be higher (Kato and Shimizu, 1986). 

In order to investigate this problem more precisely, we have ex­
amined the effects of strenuous exercise in the course of two very 
different types of sport, boxing and rowing, on the serum levels of 
CK-BB and CK-MB. The levels of neurone-specific enolase (NSE; yy­
enclose) were also determined. The anti-CK-BB and anti-CK-MB 
monoclonal antibodies did not cross-react, to any detectable extent 
with CK-MB and CK-BB, respectively. Neither antibody reacted with 
the muscle isoenzyme, CK-MM. The results obtained showed that 
there was no significant change in the CK-BB, CK-MB or NSE levels 
in the rowers as a result of their exercise. In contrast the boxers showed 
significant increases in CK-BB (0.18 ± 0.04 before to 0.43 ± 0.1 after, 
Ilg1-1; mean ± s.e.m.) and NSE (7.89 ± 0.74 before to 19.0 ± 3.4 
after, Ilg 1 -1, mean ± s.e.m.) but not in OC -MB levels. Thus, even 
in the short duration of the events studied here, boxing may lead to 
release of CK-BB due to brain damage without there being any sig-
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nificant release of the MB isoenzyme from the heart or skeletal muscle 
pools. Elevated levels ofNSE might suggest that the damage resulting 
from boxing is not restricted to astrocytes. However the possibility 
that the latter enzyme might arise from damage to blood platelets, in 
which it is also located, cannot be excluded. 

Clearly there is a distinction between the direct damage to the head 
that can result from boxing and the absence of any detectable astrocytic 
damage in rowers after strenuous exercise. The latter activity involves 
a smooth action with no obvious effects on the head. In contrast, 
marathon running might result in coup and contra-coup damage in 
the cranial cavity as descent is abruptly interrupted on a hard surface 
by each footfall, accounting for the elevated levels of CK-BB reported 
by Phillips et al. (1982 b, 1983). In studies using the monoclonal an­
tibodies we were, however, unable to detect significant elevations of 
the concentrations of this enzyme in serum after the race. Although 
this may result from the greater selectivity of the monoclonal antibodies 
used in the present study, compared to the polyclonal antibodies used 
by Phillips et al. (1982 b, 1983), it should be remembered that in the 
time since the earlier studies were carried out there has been an in­
creasing awareness of the importance of wearing correctly cushioned 
footwear during such events and this would protect the runner from 
injuries such as these described above. 

Ischaemic brain damage 

The results discussed above suggest that the release of CK -BB into 
the serum may be a useful marker for disease conditions involving 
astrocyte damage. The mechanisms of ischaemic brain damage have 
been reported to involve release of glutamate from nerves as a result 
of the reversal of the neuronal uptake system under hypoxic conditions 
(for review see Nichols, 1989) which in turn leads to excitotoxic 
damage. If this were a valid explanation for the phenomena, the use 
of glutamate-receptor agonists as excitotoxins should provide a model 
for the processes involved, just as the use of antagonists of the N­
methyl-D-aspartate (NMDA) type of glutamate receptor can be used 
to afford some protection (see Huether and Bean, 1988). However a 
possible involvement of glial cells in excitotoxicity has also been re­
ported (Lefebrve et al., 1987). 

In order to investigate the mechanism involved, the effects of the 
glutamate analogue, D,L-a-aminoadipate (DL-AA) have been studied 
in vivo and in tissue slices (McBean, 1990). Although this compound 
is toxic to both rieurones and glial cells at high concentrations, it gives 
a transient gliotoxicity at lower concentrations. This is illustrated in 
Fig. 1, where the direct intra striatal injection of DL-AA caused a 
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Fig.1. Glutamine synthetase activity in rat striatal homogenates prepared 
after striatal injection of D,L-a-aminoadipate (DL-AA) or D,L-aminophos­
phonovalerate (APV). Rats were injected unilaterally into the left striatum 
in vivo with either 100 Ilg DL-AA or 611lg APV and after the indicated 
times homogenates were prepared and assayed for glutamine synthetase ac­
tivity. Results with DL-AA are shown in the first three data pairs, those for 

APV are shown in the last pair 

significant decrease in the activity of the glial cell enzyme glutamine 
synthetase. This decrease was evident in striatal homogenates prepared 
6 hours after in vivo injection of DL-AA, but the levels had returned 
to normal 24 hours after the injection. These results are consistent 
with those of Olney (1982) who showed that the effects of DL-AA 
on the morphology of retinal Muller cells were apparent after 6 but 
not 24 hours following intravitreal application. In tissue slices prepared 
6 hours after in vivo injection of DL-AA there were no detectable 
changes in the morphology of the striatal neurones and there was a 
notable absence of glial cell proliferation around the site of injection. 
In contrast the NMDA receptor antagonist DL-aminophosphonov­
ale rate (APV, 61 Ilg in 12 ml) caused no changes in glutamine synthetase 
activity six hours after intra striatal injection (Fig. 1). 

When slices were prepared from brain 6 hours after intra striatal 
injection of DL-AA and incubated with 300 IlM kainate for 40 min a 
widespread degeneration of striatal cells was evident, by microscopic 
examination, on the contralateral side but there was a marked survival 
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of the neurones on the ipsilateral side, particularly those bordering 
the injection tract. In similar experiments it was found that prior 
injection of DL-AA did not afford protection of tissue slices against 
the neurotoxic effects of quinolinate (500 11M) or NMDA (500 11M). 
When the NMDA receptor antagonist APV was injected 6 hours before 
preparing slices there was no evident protection against kainate ex­
citotoxicity. 

The results suggest that glial cells are involved in the neurotoxic 
effects of kainate. This is consistent with the reports that glial cells 
contain a "neurotoxic activity" which can be released by potassium­
ion depolarisation (Lefebrve et al., 1987). Whether this factor is glu­
tamate itself is unclear, but it has been reported that the kainate-evoked 
glutamate release comes from a non-synaptosomal pool (Krespan et al., 
1982). 

The ability of DL-AA to protect against the toxicity of kainate 
but not that of quinolinate or NMDA indicates that different mech­
anisms are involved in these processes. Kainate is not an agonist of 
the NMDA receptor and the antagonist of that receptor APV does 
not protect against kainate toxicity. The apparent involvement of glial 
cells in the process suggests that more work on neurone-glial cell 
interactions may be necessary for a complete understanding of the 
mechanisms of this excitotoxicity. The possibility that such processes 
may be involved in neurodegenerative diseases suggest that glial cell 
activities may prove to be useful early markers for these conditions. 

Olivo pontocerebellar atrophy (OPCA) 

In its adult-onset recessive form, but apparently not in the auto­
somal dominant form, OPCA has been shown to be associated with 
a partial deficiency of the enzyme glutamate dehydrogenase (GDH) 
(for review see Plaitakis and Bed, 1988). The brain areas undergoing 
degeneration in the course of the disease appear to depend on glu­
tamatergic pathways. This led to the suggestion that the GDH defi­
ciency leads to an impaired catabolism of glutamate and the accu­
mulation of this neurotransmitter results in excitotoxic neuronal de­
generation (Plaitakis and Bed, 1988). 

Such subjects show elevated levels of plasma glutamate after a test 
dose of monosodium glutamate and the glutamate dehydrogenase lev­
els in leucocytes and post-mortem brain samples have been found to 
be lower than normal (Plaitakis and Bed, 1988). It has been reported 
that there are two forms of glutamate dehydrogenase present in human 
leucocytes; the relatively well-characterized mitochondrial enzyme (see 
Couee and Tipton, 1988 for review) and an extra-mitochondrial, mem-
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brane-bound form (Plaitakis and Berl, 1988). Only the latter form of 
the enzyme appears to be missing in the leucocytes of patients suffering 
from OPCA. These two forms of GDH have been reported to be 
present in rat and human brain (Colon etaI., 1986; Grossman etaI., 
1987) and it has recently been suggested that the membrane bound is 
associated with the synaptosomal membrane (Plaitakis and Berl, 1988). 
It is only this form of the enzyme that is lacking in post-mortem brain 
tissue from OPCA subjects. 

Although the response of plasma glutamate levels after glutamate 
loading may provide a marker for OPCA susceptibility, direct meas­
urement of the lymphocyte GDH levels might be more appropriate. 
The reported differences between the mitochondrial and membrane­
bound GDH forms, which include different responses to activation 
by ADP in the presence of detergents and different thermal stabilities 
(see Plaitakis and Berl, 1988), are rather slight for straightforward 
discrimination. An immunological characterization of these two en­
zymes might thus be valuable for the development of a routine assay 
for this form of OPCA. 

Antibodies were raised in rabbits to ox liver mitochondrial GDH 
purified by the procedure of McCarthy et aI. (1980). Human leucocytes 
were fractionated into the high-speed supernatant and pellet fractions, 
reported to contain the mitochondrial and membrane bound GDH 
activities, respectively (Plaitakis et aI., 1984). Figure 2 shows the dis­
tribution of GDH activities and those of the cytoplasmic enzyme, 
lactate dehydrogenase, and the mitochondrial inner-membrane and 
matrix enzymes, succinate dehydrogenase and citrate synthase in the 
two fractions. 

Immunoprecipitation of the enzyme activities in the two fractions 
by the antibodies raised against the purified mitochondrial enzyme is 
shown in Fig. 3. When the high-speed pellet was incubated at a con­
centration of 3 mg/ml in 50 mM sodium phosphate buffer, pH 7.4, 
containing 2 mg/ml bovine serum albumin at 47.5°C GDH activity 
was completely lost within 40 min. In contrast the activity in the high­
speed supernatant, at a concentration of 3.5 mg/ml, was considerably 
more stable under these conditions with less than 50% being lost after 
60 min. 

When rat brain was fractionated by the procedure of Colon et aI. 
(1986), modified as described above, similar results to those described 
for the activities in leucocytes were obtained. The activity in the high­
speed supernatant, reported to correspond to the mitochondrial en­
zyme, was more stable to incubation at 45°C, than the membrane­
bound activity in the high-speed pellet. However the antibodies raised 
to the mitochondrial enzyme caused complete precipitation of both 
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Fig. 2. Enzyme distributions in human leucocyte subcellular fractions. Leu­
cocyte homogenates were separated into the high-speed supernatant (HSS) 
and pellet (HSP) fractions, as described in the text and these were assayed 
for protein content and for the activities oflactate and dehydrogenase (LDH), 
glutamate dehydrogenase (GDH), citrate synthase (CS) and succinate dehy­
drogenase (SDH). Results are shown in terms of relative specific activity 

(R.S.A.) values (de Duve eta!., 1965) 

actlvitles. Furthermore Ouchterlony double-diffusion showed com­
plete reaction of identity between the precipitin lines given by the 
activities in these two fractions. 

Although the above results confirm the observations of Plaitakis 
et al. (1984) and Colon et al. (1986) that the solubilisable and membrane­
bound GDH activities differ in their thermal stabilities, the use of 
antibodies raised against the mitochondrial enzyme failed to reveal any 
difference in the immunological recognition of these two enzyme forms 
in rat brain or human leucocytes. These results would suggest a close 
similarity, or even identity, between the polypeptides constituting the 
mitochondrial and membrane-bound forms of GDH. Since the mi­
tochondrial enzyme is known to be capable of binding to outer-mem­
brane phospholipids (Dodd, 1983; Couee and Tipton, 1989), it is 
possible that the particulate form of the enzyme may represent a 
proportion of the mitochondrial enzyme that is tightly-bound to mem­
brane material. However the results of Colon et al. (1986) showing 
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Fig.3. Immunoprecipitation of glutamate dehydrogenase from human leu­
cocyte fractions. The solubilised membran-bound (HSP, 350llg, e) and mi­
tochondrial (HSS, 70llg, 0) fractions of human leucocytes were incubated 
with the indicated volumes of a 10-fold diluted preparation of antibodies 
raised against purified ox liver glutamate dehydrogenase overnight. After 

centrifugation the activity remaining in the supernatant was determined 

different allosteric properties of purified preparations of the two forms 
would suggest there to be some differences in their primary structures. 
Clearly any such differences are not sufficient to be detected by this 
immunological approach and studies at the nucleic acid level may be 
required to resolve the problem and, perhaps, to provide a marker 
for susceptibility towards this form of OPCA. 
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Summary 

Parkinson's disease (PD) is characterized by a clear rank order with respect 
to neuropathological findings. Both substantia nigra (SN) and locus coeruleus 
(LC) are severely damaged, whilst nucleus raphe dorsalis (NRD) and nucleus 
basalis of Meynert (NbM) are only moderately affected. In senile dementia 
of Alzheimer's type (SDA T) the rank order is less clearly defined, SN being 
slightly and LC, NRD, and NbM being moderately damaged. The loss of 
neurotransmitter concentrations found in PD and SDA T by neurochemical 
analysis only partly corresponds to the neuronal loss found in SN, LC, NDR, 
and NbM. This may indicate the ability of the neurotransmitter systems to 
compensate neuronal loss. Possible pathomechanisms underlying PD and 
SDA T are discussed. 

Introduction 

Parkinson's disease (PD) is a progressive neurodegenerative pro­
cess the outstanding characteristic of which is a tremendous loss of 
dopaminergic neurons in the substantia nigra (SN) (Table 1) resulting 
in a considerable decrease of dopamine (DA) in nigro-striatal regions 
(Ehringer and Hornykiewicz, 1960). Other neurotransmitter systems 
like the noradrenergic, serotoninergic, and cholinergic systems also 
seem to be concerned in PD, but to a smaller extent (for reviews see 
Birkmayer and Riederer, 1985; Hornykiewicz and Kish, 1986). Senile 
dementia of Alzheimer's type (SDA T) is another neurodegenerative 
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Table 1. Neuropathological findings in Parkinson's disease (PO), dementia 
of Alzheimer's type (OAT) and Alzheimer's disease (AD). Results in % of 

controls 

Neuronal cell loss in different regions of brain stem 
-~-----

substantia locus nucleus nucleus 
nigra coeruleus raphe dors. basalis M. 

PD 79" 83<1 45 g 38 h 

DAT 20 b 58 e 44g 57 i 

AD 25 c 68 f 58g 72i 

"-i Mean value of data from 
" Mann and Yates (1983), Gibb and Lees (1987), Hirsch et al. (1988), 
b Mann eta!' (1983), Jellinger (1987 b), Gibb (1988), 
c Mann et al. (1983), Jellinger (1987 b), Mann et al. (1987), 
d Tomonaga (1983), Mann et a!. (1983), Mann and Yates (1983), 
e Mann et al. (1983), Tomlinson et al. (1981), Bondareff et al. (1982), Jellinger (1987 a), 
f J ellinger (1987 a), Tomonaga (1983), Ingram et a!. (1987), 
g J ellinger (1989), 
h Gaspar and Grey (1984), Whitehouse et al. (1983), Jellinger (1986 a), 
i Jellinger (1987 c), Etienne et a!. (1986), Mann et a!. (1985), Ichimiya et al. (1986), 

Jellinger (1986 b), 
j Etienne eta!' (1986), Ichimiya eta!' (1986), Jellinger (1986 b) 

disease where the degenerative process is mainly localized in the hip­
pocampus and neocortex, with major degeneration of the nucleus 
basalis of Meynert (NbM) (Table 1) and the septum, respectively, with 
additional loss of serotonin (S-HT), noradrenaline (NA) and - to some 
extent - DA. Therefore, we studied various biogenic neurotransmit­
ters, choline acetyltransferase (CAT) activity and thermo stability in 
different regions of brains from patients suffering from either SDAT, 
PD or PD plus SDA T in order to demonstrate overlaps and differences 
between SDA T, non-demented PD and PD plus SDAT by using brains 
from the same sources and which underwent the same neuropatho­
logical, histochemical and analytical procedures. For a more complete 
overview, results were also compared with previous data on PD. 

Material and methods 

If not indicated otherwise, data were obtained from analysis of brains 
and by the methods described below. 

Brains from seven controls and from seven SOAT patients were obtained 
during autopsy and dissected by an experienced neuropathologist (K. J.). 
Post-mortem delay amounted to 6.3 ± 2.1 hours for controls and 3.7 ± 0.8 
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hours for SDAT. Controls were sex- (2 f, 5 m) and age-matched (controls: 
76 ± 3 years; DAT 79 ± 3). Four brains from patients with PD plus SDAT 
(2 f, 2 m; 78 ± 3 years) and eight PD brains (6 f, 2 m; 73 ± 4 years) were 
obtained from the same source. Post-mortem delay ranged from 3 to 15 hours. 
In any case, diagnosis was verified by standard neuropathological and his­
tochemical methods in order to differentiate between SDAT, PD and PD 
plus SDAT. 

Neurotransmitters were determined by high pressure liquid chromatog­
raphy coupled with either electrochemical (BAS-system; 5-HT, HV A, 5-
HIAA) or coulometric (ESA-system; N A, DA) detection as described recently 
(Sofie, 1986). 

Choline acetyltransferase activity was determined by a radiometric assay 
according to Fonnum (1975). 

Thermostability and enthalpy of native brain tissues were analyzed by 
means of a Perkin Elmer DSC 7 differential scanning calorimeter. 

Results 

Post-mortem analysis of SDAT brains showed no significant 
changes in DA levels in basal ganglia, limbic system and cortical regions 
(Table 2). The data, however, possibly imply a slight deficit of DA in 
these regions. This may coincide with the moderate loss of dopami­
nergic cell bodies in the ventral tegmental area (50%, Mann et a!., 
1987). In contrast, PD is characterized by a tremendous, highly sig­
nificant loss of DA levels in the basal ganglia (Table 2) and this parallels 
the extensive degeneration of the SN in PD (Table 1). Slightly reduced 
concentrations of this catecholamine were also found in cortical re­
gions. The limbic system was found to be unaffected and this may 
coincide with an only moderate (55%) loss of dopaminergic neurons 
in the ventral tegmental area (Uhl et a!., 1985). Considering the data 
for SDA T and PD in cortical regions, a decrease of DA should be 
expected. Astonishingly, an about 250% increase was found in PD 
plus SDAT. 

With respect to homovanillic acid (HV A), slightly reduced con­
centrations may occur in the basal ganglia and limbic system of SDA T 
patients. In cortical areas decreased levels were found for SDA T, PD 
as well as for PD plus SDA T. Thus, HV A levels in PD plus SDA T 
resemble those found for either SDA T or PD alone. 

The results obtained for NA levels in SDA T brains were similar 
to those found for DA concentrations. Though hardly any significant 
changes were found, the data - in general- imply a slight decrease of 
NA levels in basal ganglia, limbic system, and cortical regions in SDA T 
(Table 3) probably reflecting the moderate degeneration of the locus 
coeruleus (LC) in SDAT (Table 1). In contrast, in parkinsonian brains 
a significant loss of NA concentrations occurred in the basal ganglia, 



224 P. Riederer et al. 

Table 2. Concentration of dopamine [and its metabolite homovanillic acid 
(HV A)] in selected brain regions of patients with senile dementia of Alzheimer 

type (DA T) and/or Parkinson's disease (PD). Results in % of controls 

Region DAT PD+DAT PD 

DA HVA DA HVA DA HVA 

Basal ganglia 

N. caudatus 
Putamen 

Limbic {ystem 

N. amygdalae 
Hippocampus 

Cortical regions 

Frontal C. 
Parietal C. 
Temporal C. 
Occipital C. 

87 
99 

49 
47 

62 
46 
45 
75 

107 
94 

39 
45* 

39* 210 c 49 
37* 173c 53 
40* 325 c + 50 
45 242 c 60 

a Data from Birkmayer and Riederer (1975). 
b Data from Scatton et al. (1984). 
c Results may be affected by L-dopa treatment. 

3++ 46+ 
115 46 + 
45 60 
67 54 

Statistical analysis: \1Vilcoxon rank sum test: * p < 0.05. Student's t-tests: + p < 0.05; 
+ + P <0.001 

limbic system and cortical regions (Table 3). These results parallel the 
tremendous degeneration of LC in PD (Table 1). Though the loss of 
NA was significant in many brain regions, it did not reach the extent 
of dopaminergic degeneration found in PD. In PD plus SDAT, loss 
of NA in the cortex was found to be more similar to that in PD than 
to that in SDA T. 

Little, if any, changes in 5-HT seem to occur in the basal ganglia 
and limbic system in SDA T brains (Table 4) reflecting the moderate 
loss of serotoninergic neurons in the nucleus raphe dorsalis (NRD) in 
SDAT (Table 1). However, a significant 70% loss of 5-HT was found 
in cortical regions (Table 4). On the other hand, a less severe, but 
significant loss of 5-HT was found in many regions of parkinsonian 
brains which.is likely to mirror the moderate degeneration of the NRD 
in PD (Table 1). However, in cortical areas an increase in 5-HT con­
centrations was noted. Elevated 5-HT levels were also found in cortical 
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Table 3. Concentration of noradrenaline (NA) [and its metabolite 3-methoxy-
4-hydroxyphenylglykol (MHPG)] in selected brain regions of patients with 
senile dementia of Alzheimer type (DAT) and/or Parkinson's disease (PD). 

Results in % of controls 

Region DAT PD+DAT PD 
~~ ... ----

NA NA NA MHPG 

Basa! ganglia 

N. caudatus 63 46 a + + 39 a + + 
Putamen 59 56 a + 20 a + + 

Limbic system 

N. amygdalae 52* 30 a + + 63 a 

N. accumbens 104 62"+ + 35a + + 

Cortical regions 

Frontal C. 63 36 39+ + 
Parietal C. 32 54 32+ 
Temporal C. 35* 23 + 37+ 
Occipital C. 48 193 50+ 

a Data from Riederer et al. (1977). 
Statistical analysis: Wilcoxon rank sum test: * p < 0.05. Student's t-tests: + p < 0.05; 
++ p < 0.01 

regions from patients with PD plus SDA T, similar to the results 
obtained for PD. 

5-HIAA levels in cortex were reduced in SDAT, PD, and PD plus 
SDAT to about 50% (Table 4). Thus, considering both 5-HT and 5-
HIAA, the results for patients with PD plus SDA T are almost identical 
to those for PD alone. 

The most prominent biochemical alteration in SDA T brains during 
our investigation was a tremendous decrease (75 - 90%) of CAT ac­
tivity in frontal regions (Table 5) reflecting the degeneration of the 
nucleus basalis of Meynert (NbM) in SDA T (Table 1). Decreased CAT 
activity was also reported for the cortex of parkinsonian patients, but 
appears to be rather modest compared with the changes in SDAT. 
Loss of CAT activity in PD plus SDA T is more pronounced than in 
PD alone (Table 5). 

The NbM, a locus of major cholinergic degeneration in SDAT, 
was analyzed by differential scanning calorimetry. Decreased ther-
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Table 4. Concentration of 5-hydroxytryptamin (5-HT) [and its metabolite 
5-hydroxyindolyl-acetic acid (5-HIAA)] in selected brain regions of patients 
with senile dementia of Alzheimer type (DAT) and/or Parkinson's disease 

(PD). Results in % of controls 

Region DAT PD+DAT PD 
--"--

5-HT 5-HIAA 5-HT 5-HIAA 5-HT 5-HIAA 

Basal ganglia 

N. caudatus 142 111 42a + + + 
Putamen 96 63 54a + + + 

Limbic {ystem 

Gyrus cinguli 118 89 107' 
N. amygdalae 85 54 70a + + + 

Cortical regions 

Frontal C. 30* 46 199 b 48 182b 47 
Parietal C. 23* 46* 173 b 58 141h 37+ + 
Temporal C. 33* 45* 263 b 34 + 246 h + 54 
Occipital C. 49 55 230 b 36 165 b 41 

a Data from Riederer and Wuketich (1976). 
b Results may be affected by L-dopa treatment. 
Statistical al1af)'Sis: Wilcoxon rank sum test: * p < 0.05. Student's t-tests: + p < 0.05; 
++ P <0.01; + + + p < 0.001 

Table 5. Choline acetyl transferase activity (CAT) in cortical regions of pa­
tients with senile dementia of Alzheimer type (DAT) and/or Parkinson's 

disease (PD). Results in % of controls 

Frontal C. 
Parietal C. 
Temporal C. 
Occipital C. 

DAT 

16* 
26* 

9* 
13* 

a Data from D' Amato et al. (1987). 
* Wilcoxon rank sum test; p < 0.01. 
+ Student's t-test; p < 0.001 

PD+DAT PD 

55 a + 
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Table 6. Thermostability and enthalpy of N. basalis M. (NbM) and substantia 
nigra (SN) in patients with senile dementia of Alzheimer's type or Parkinson's 

disease 

n Sex 

NbM 

Control 4 1 f, 3m 

DAT 4 1 f, 3m 

Age 
years 

68.0 
±12.2 

78.0 
±4,7 

~ H (JIg) 

1554.6 
±68.3 
1628.5 
± 85.4 

Wilcoxon rank sum test: * p = 0.0072. 
Student's t-test: * p = 0.0093 

n Sex 

SN 

Control 6 4f,2m 

PD 4 2f,2m 

Age 
years 

75.5 
±5.7 
76.5 

±0,5 

~ H (JIg) 

-43.7 (exotherm) 
±16.0 
+ 82.3* (endotherm) 
±43.9 

Wilcoxon rank sum test: * p = 0.0095, ** P = 0.038. 
Student's t-test: * p = 0.0001, ** P = 0.033 

Thermostability CC) 

81.1 
±1O.8 

68.4* 
±4.5 

Thermostability CC) 

57.9 
±6.5 
48.4** 

±4.0 

mostability was found in SDA T brains reflecting neuronal loss or/and 
changes in lipid-protein composition (Table 6). When the substantia 
nigra of parkinsonian patients was analyzed, both changes in enthalpy 
and reduction of thermo stability were found compared to controls. 
Again, these alterations are indicative of neuronal loss, changes in 
lipid-protein composition or increased lipid peroxidation which was 
found to occur in SN in PD (Dexter et aI., 1989). 

Discussion 

Summarizing' all the data, there is a clear rank order in neuro­
pathological terms in PD. Both SN and LC are heavily damaged to 
the same extent, whilst NRD and NbM are only moderately affected. 
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From a neurochemical point of view, a less impressive rank order can 
be deduced. Naturally, the degeneration of the SN is accompanied by 
a heavy loss of DA, however, the decrease of NA does not adequately 
reflect the adrenergic neuronal loss in LC compared to dopaminergic 
degeneration. Loss of 5-HT in some brain regions is comparable to 
NA, though cell loss is more pronounced in the LC than in the NRD. 
On the other hand, 5-HT seems to be increased in the cortex of 
parkinsonian brains. However, this result is not fully understood and 
could be a consequence of L-dopa treatment which is known to release 
5-HT from vesicles. Both cholinergic cell bodies in the NbM and CAT 
activity are moderately reduced in PD. 

In SDA T the rank order of neuropathological findings is less 
clearly defined than in PD. Only a slight loss of neurons in the SN 
is found, whilst moderate degeneration ofLC, NRD, and NbM occurs, 
the loss of neurons in the LC and NbM being slightly more pro­
nounced. In Alzheimer's disease, the degenerative process in the LC, 
NRD, and NbM is more severe, again LC and NbM being more 
concerned. Speaking in neurochemical terms, some correlation is found 
between neuropathological findings and post-mortem neurotransmit­
ter analysis. No significant reduction in DA concentrations coincides 
with the neuropathology of the SN in SDAT. A moderate loss of 
noradrenergic neurons in the LC is mirrored by a slight to moderate 
reduction of NA levels. However, though the degenerative process 
in the NRD is comparable to the LC, a greater decrease of 5-HT than 
of NA in the cortex of SDAT brains is found. As reflected by the 
tremendous decrease of CAT activity, loss of acetylcholine is the 
outstanding biochemical characteristic of SDAT. The loss of CAT 
activity in SDA T is comparable to the reduction of DA concentrations 
in PD; however, the extent of neurodegeneration of the NbM in SDA T 
is only moderate and comparable to that of the LC and NRD, whilst 
degeneration of dopaminergic neurons in the SN in PD is extensive. 
On the whole, both in SDAT and PD, neurochemical findings only 
partially reflect the neurodegenerative processes in different transmitter 
systems. This lack of correlation may be indicative of the ability of 
the different systems to compensate the loss of neurons within a wide 
range. 

Cases with PD plus SDA T should be expected to show additive 
changes in neurotransmitters compared to SDA T and PD alone. How­
ever, this was only found for NA in the cortex. Concentrations of 5-
HT in cortical regions of SDA T are almost identical to those in PD, 
but not DAT. DA concentrations in PD plus SDAT were increased 
in cortex, though they were reduced in both SDA T and PD, whilst 
HV A levels were comparable in all three groups. This result is - so 
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far - not fully understood; however, since only intravesicular DA is 
analyzed in post-mortem tissues, an increase of DA in PD plus SDA T 
may indicate diminished release from or elevated uptake into vesicles. 
It is possible that PD plus SDA T has features different from PD or 
SDA T alone. On the other hand, it cannot be excluded that L-dopa 
treatment is responsible for the rise of cortical DA levels. As evident 
from our tables, further investigations are necessary to evaluate the 
loss of neurotransmitters in PD plus SDAT. Probably it may also be 
helpful to create one more subgroup, namely DA T with extrapyramidal 
disturbances with an earlier onset of DAT which could be expected 
to be more similar to SDAT than to PD. 

As evident from the changes in thermo stability and enthalpy in 
the nucleus basalis of Meynert in SDA T and in the substantia nigra 
in PD, multiple biochemical deficits occur in these regions. The reasons 
for the degenerative process are so far not known, but especially the 
brain stem seems to be susceptible to toxic agents and radicals (Cadet, 
1988). The discovery that 1-methyl-4-phenyl-1,2,3,6-tetrahydropyri­
dine (MPTP) causes a parkinsonian syndrome in humans (Davies et aI., 
1979) and primates (Burns et aI., 1983) has emphasized the possibility 
of a toxin being the causative agent in PD. Epidemiological data 
suggested a role of paraquat, a structural analogue of MPTP, in the 
etiology of PD, but the discussion is controversial. Oxygen-derived 
radicals may also be involved in the neurodegenerative process. In PD 
increased lipid peroxidation (Dexter et aI., 1989), decreased activity of 
detoxifying enzymes such as catalase (Ambani et aI., 1975) and glu­
tathione (GSH) peroxidase (Kish et aI., 1985) and reduced levels of 
GSH (Perry et aI., 1982; Riederer et aI., 1989) were found. Unfortu­
nately, no such data are available for DA T at present. If indeed a toxin 
or oxygen-derived radicals are the trigger for the neurodegenerative 
process in SDA T and PD, the question arises why in SDAT mainly 
the cholinergic system is concerned, while in PD the dopaminergic 
system is the main target. So far we have no answer, but some mo­
dulating factors of environmental or genetic origin could be the reason 
for this difference. On the other hand it cannot be excluded that SDA T 
and PD have different underlying pathomechanisms. Though in SDA T 
the cholinergic system and in PD the dopaminergic system is the main 
target of neurodegeneration, other neurotransmitter systems are con­
cerned as well. Whether this is a consequence of cholinergic or do­
paminergic degeneration or indicative of an expanding generalized 
degenerative process is another unresolved question. 
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Summary 

Among the early and most prominent disturbances of dementia of Alz­
heimer type are glycolytic glucose breakdown and pyruvate oxidation, as­
sociated with an excessive protein catabolism in the brain. It is suggested 
that the abnormality in intracellular glucose homeostasis is caused by a de­
ficiency at the insulin/insulin receptor level in the neuron, indicating resem­
blance to non-insulin dependent diabetes mellitus in non-nervous tissues, and 
a genetic influence as well. Therefore, non-nervous markers may help to 
detect AD: reduced activity of phosphofructokinase in skin fibroblasts; ab­
normal glucose tolerance test; abnormal morphology in nasal epithelium. 

Introduction 

Normal brain function is strongly correlated with undisturbed 
cerebral circulation and the supply of the substrates oxygen and glu­
cose, and with the undisturbed utilization of these two substrates. The 
oxidative brain metabolism provides the basis for energy formation 
necessary to maintain function and structure of this organ. Perturbation 
of the oxidative metabolism may thus give rise to the generation of 
abnormal clinical states. 

Cell loss and the formation of paired helical filaments as well as 
neuritic plaques in the brain are considered to be hallmarks of dementia 
of Alzheimer type (DAT) (Terry etal., 1981; Tomlinson etal., 1970). 
However, they may be of value for morphological classifications only, 
but cannot be used for an early diagnostic procedure under in vivo 
conditions. On the other hand, unequivocal and reliable peripheral 
markers to rapidly assure the clinical diagnosis of DAT are lacking 
as yet. Since glucose and related brain metabolism playa pivotal role 
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in maintaining normal neuronal function, it will be discussed whether 
or not early abnormalities in cerebral glucose and energy metabolism 
may serve as early markers of DAT. 

Glucose and related metabolism in normal brain 

With respect to oxidative brain metabolism, the mature, healthy, 
nonstarved mammalian brain uses glucose only to obtain energy as 
ATP to meet its functional and structural requirements (Gibbs et aI., 
1942; Gottstein et aI., 1963; Hoyer, 1970; Siesjo, 1978). Cerebral glucose 
metabolism is controlled by means of various mechanisms: its uptake 
by an obviously insulin-dependent carrier-mediated transport mech­
anism at the blood-brain barrier (Bachelard, 1971; Hertz et aI., 1981; 
Kahn, 1985); its glycolytic breakdown by the enzymes hexokinase and 
pyruvate kinase working in a concerted way under the control of 
phosphofructokinase (Newsholme and Start, 1973); its first step of 
oxidation by the multienzyme complex pyruvate dehydrogenase (Perry 
et aI., 1980); its energy production by the respiratory chain together 
with feedback mechanisms influencing the activity of glycolysis. 

The mitochondrial multienzyme complex pyruvate dehydrogenase 
(PDH) occupies a pre-eminent place in metabolism. It provides acetyl 
groups for subsequent oxidation and energy production on the one 
hand, and for acetylcholine synthesis on the other. The activity of the 
enzyme choline acetyltransferase (CAT) which catalyzes acetylcholine 
formation is closely linked functionally to the PDH complex (Gibson 
et aI., 1975) and is stimulated by means of insulin (K yriakis et aI., 1987). 

Furthermore, there is evidence that cytosolic Ca2 + increases the 
activity of the dephosphorylated (active) form ofPDH after membrane 
depolarization, more extensively in brain mitochondria than in syn­
aptosomes. Calcium accumulation by mitochondria was found to be 
closely linked to PDH activity when fuelled by pyruvate. Phospho­
rylation of the PDH a-subunit may interfere with the calcium-buffering 
capacity of mitochondria, indicating that the activity of PDH con­
tributes to cellular Ca2 + homeostasis. On the other hand, PDH activity 
was markedly reduced when Ca2 + uptake by mitochondria was in­
hibited (Browning etaI., 1981; Hansford and Castro, 1985). Indepen­
dently of the intramitochondrial Ca2 + concentration, PDHC is acti­
vated by the stimulation of its phosphatase by means of insulin (Denton 
et aI., 1986). 

Under normal conditions, glucose carbon is rapidly transferred 
into amino acids via the tricarboxylic acid cycle and the y-aminobutyric 
acid (GAB A) shunt (Sacks, 1957, 1965). Glutamate, glutamine, as­
partate, and GABA are formed most abundantly (Barkulis etaI., 1960; 
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Geiger et a!., 1960; Wong and Tyee, 1983). At least two compartments 
of these acidic, glucoplastic amino acids are assumed in brain, one of 
which is a storage compartment. These amino acids may partly serve 
as a fuel reserve under emergency conditions when glucose is lacking 
(see below). Moreover, glutamate/aspartate function as excitatory neu­
rotransmitters active in nearly the whole of the brain but particularly 
in the cortical entorhinal afferents and the Schaffer collaterals both 
ending in the CAl subfield of the hippocampus, as well as in its mossy 
fibers (Monaghan et a!., 1983; Strange, 1988). Cholinergic neurons 
within the septum, the nucleus of the diagonal band, the nucleus 
magnocellularis basalis, and the substantia innominata receive gluta­
matergic afferents, the first two from the hippocampus (Davies et a!., 
1984; Malthe-Sorensen et a!., 1980; Walaas and Fonnum, 1980). Upon 
K + -evoked depolarization, aspartate, glutamate, and GAB A were 
preferentially released from neocortical tissue, the efflux of glutamate 
being calcium-dependent (Smith et a!., 1983). 

After its release from nerve endings, glutamate binds with high 
affinity to postsynaptic dendritic membranes (Rothman and Olney, 
1986). The regional distribution of glutamate binding sites generally 
exhibits a marked heterogeneity, with the highest levels being found 
in the stratum moleculare and stratum radiatum of the hippocampus 
besides layers I and II in the frontal cortex (Greenamyre et a!., 1984). 
More particularly, the distribution of different glutamate receptors was 
also found to be inhomogeneous in brain areas. The highest densities 
of N-methyl-D-aspartate (NMDA) receptors were found in stratum 
oriens and stratum radiatum of the hippocampal CAl subfield. In 
cerebral cortex, the highest levels were found in frontal, anterior cin­
gulate and pyriform cortices with a dense band of sites in the cortical 
layers I, II and III, and Va. Glutamatergic quisqualate receptors are 
co-localized with NMDA binding sites indicating that these two glu­
tamate receptors may work in concert. On the other hand, glutama­
tergic kainate binding sites displayed a distribution pattern comple­
mentary to that of NMDA sites with high densities in the termination 
zone of the mossy fibers in the stratum lucidum of the hippocampus, 
and in layers V and VI of the cerebral cortex (Cotman et a!., 1987). 
Besides these three main glutamate receptor types (NMDA, quis­
qualate, kainate as agonists), a fourth one is known with L-2-amino-
4-phosphonobutyrate (L-AP 4) as agonist (Cotman and Iversen, 1987). 

Calcium and other divalent cations were found to regulate and to 
increase the maximum number of Na-independent glutamate binding 
sites without changing the affinity of the ligand for its receptor. Mon­
ovalent cations such as, for example, sodium and potassium inhibited 
this binding dose-dependently. The structural analogs of glutamate 
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(NMDA, quisqualate and kainate) increased membrane permeability 
for monovalent cations in hippocampal neurons. Fast excitatory trans­
mission was mediated mainly by quisqualate and kainate receptors, 
whereas NMDA caused large openings for calcium influx (Jahr and 
Stevens, 1987). The response of NMDA was potentiated by means of 
glycine (Johnson and Ascher, 1987). Application of aspartate and 
glutamate to the neocortex and the CAl subfield of the hippocampus 
gave rise to a reduction of extracellular calcium which moved from 
the extracellular space into postsynaptic apical dendrites through chan­
nels activated by amino acid-dependent membrane depolarization (Zan­
otto and Heinemann, 1983). Excess glutamate increased oxygen con­
sumption in hippocampal slices up to 200% of the resting level, in­
dicating a hyperexcitability of the neurons and high energy utilization 
(Nishizaki et aI., 1988). 

During the past three years, it has been well documented that 
insulin and insulin receptors exist in the brain, the former in a con­
centration higher than in plasma. Brain insulin and its receptors ap­
peared to be compartmented towards peripheral insulin/insulin recep­
tors, thus indicating the independence of the latter compartment (Hav­
rankova et aI., 1978). Periventricular hypothalamic cells contain insulin 
mRNA (Young, 1986). Besides some areas of the olfactory system and 
the hypothalamus, insulin receptor density was found to be particularly 
high in the entorhinal cortex, ventral subiculum, nucleus amygdala, 
CAl subfield of the hippocampus, and lateral septum (Werther et aI., 
1987). Brain insulin receptors are composed of insulin-binding a­
subunits, and of ~-subunits, the phosphorylation of which is stimulated 
by insulin and the reactive component of which is a tyrosine kinase. 
The brain insulin receptor differed from insulin receptors in other 
tissues mainly in its a-subunit, which obviously represents a subtype 
with respect to insulin binding whereas the ~-subunit appeared to be 
identical (Gammeltoft etaI., 1984; Kahn, 1985; Roth etaI., 1986). 

Although the function of brain insulin and insulin receptors has 
not yet been elucidated, it may be supposed that insulin in the brain 
acts in the same way as in non-nervous tissue. Insulin has an effect 
on glucose transport across membranes, as suggested for the blood 
brain barrier (Hertz etaI., 1981). As detailed above, insulin increased 
the activities of PDH (Denton et aI., 1986), and CAT (K yriakis et aI., 
1987). Furthermore, it inhibited the expression of phosphoenolpyru­
vate carboxykinase (Chu et aI., 1987) which can be activated in emer­
gency conditions such as ischemia (Hoyer and Krier, 1986). In the 
cell, insulin' showed anabolic effects, and insulin deficiency induced 
catabolism with proteolysis and lipolysis (Kahn, 1985). 

It thus becomes obvious that the cerebral glucose metabolism and 
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its control, as well as the metabolism of releated compouhds may play 
a central role in maintaining normal neuronal function. Disturbances 
in glucose metabolism and its control may, therefore, give rise to 
neuronal damage causing abnormal mental states, e.g. dementia of 
Alzheimer type (DA T). In the following sections, it will be discussed 
whether or not abnormalities in glucose and related brain metabolism 
contribute to changes indicative of early stages of DAT, and if so, 
whether they can be used as reliable markers of this brain disorder. 

Glucose and related metabolism in DA T brain 

In early-onset DA T, an early and predominant disturbance was 
characterized by a 44% reduction in the cerebral metabolic rate (CMR) 
of glucose whereas cerebral blood flow and CMR oxygen were un­
altered (Hoyer et ai., 1988). The diminished CMR glucose cannot be 
attributed to an insufficient glucose supply to the brain, since nor­
moglycemia was observed. A diminution of CMR glucose of similar 
extent in Alzheimer patients with dominant inheritance had been re­
ported (Polinsky et ai., 1987). 

CMR oxygen is not compromised in early-onset DA T and may 
be expected to be unchanged as can also be deduced from either the 
normal or elevated respiration rate and oxygen uptake rate of mito­
chondria of freshly sampled homogenates of frontal DA T neocortex 
(Sims et ai., 1985 b, 1987). Furthermore, the normal CO2 production 
and the nearly normal A TP formation as measured in the same tissue 
samples, may indicate an undisturbed substrate oxidation in the tri­
carboxylic acid cycle, the working enzymes of which are largely mi­
tochondrial (Sims et ai., 1983 b). Interestingly, the mitochondrial area 
in tangle-bearing pyramidal neurons of temporal cortex from DA T 
patients was found to be preserved, indicating a normally maintained 
oxidative metabolism (Sumpter et ai., 1986). Therefore, the reduction 
of cerebral glucose utilization in DA T resulting in neuronal starvation 
may have other causes than a perturbation in substrate oxidation. 

Several findings clearly demonstrated reduced activities of enzymes 
acting in glycolytic glucose breakdown. The flux-controlling enzyme 
phosphofructokinase has been found to be decreased to 10% of control 
values (Bowen et ai., 1979; Iwangoff et ai., 1980). Pyruvate formation 
may then diminish. This decrease and the reduced activity of the 
pyruvate dehydrogenase complex (PDHC) in DA T (Perry et ai., 1980; 
Sorbi et ai., 1983), may further decrease the formation of acetyl CoA 
for oxidation and acetylcholine production (Sims et ai., 1980, 1983 a, 
1985 b). Reduced PDHC activity may induce increased lactate for­
mation, as was found in early-onset DA T (Hoyer et ai., 1988). Since 
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the abnormalities in glucose metabolism were intense even at the 
beginning of early-onset DAT, the primary metabolic disturbance may 
be suggested to consist in the glycolytic breakdown of glucose and 
its first step of oxidation at the PDHC level, whereas the subsequent 
oxidative breakdown in the tricarboxylic acid cycle may be assumed 
not to be altered (De Leon et aI., 1988; Hoyer et aI., 1988). 

In early-onset DAT, the diminished CMR glucose was accom­
panied by a severe loss of amino acids and ammonia from the brain 
indicating catabolic proteolysis (Hoyer et aI., 1988). In ante-mortem 
frontal and temporal cortices of DA T patients, an increased concen­
tration of aspartate was found, whereas glutamate was reduced in 
temporal cortex but was unchanged in frontal cortex (Procter et aI., 
1988). These findings coincided with data from early-onset DA T pa­
tients in whom aspartate and glycine were released from the brain in 
significantly high concentrations whereas glutamate did not show to 
undergo any significant changes (Hoyer and Nitsch, 1989). From these 
results, it may be deduced that the deficiency in neuronal glucose may 
be partly substituted by endogenous glutamate which is used in the 
aspartate aminotransferase reaction. Aspartate may accumulate in and 
be released from the brain in high concentrations. When the neuron 
was starved of glucose under the different condition of arterial hy­
poglycemia causing slow waves-polyspikes in EEG, or depression of 
CNS functions in behaviour, respectively, CMR glucose fell to 54% 
of controls, whereas CMR oxygen and the concentration of energy­
rich phosphates in brain cortex remained unchanged (Norberg and 
Siesjo, 1976). The brain cortical concentrations of glutamine and alan­
ine decreased, and that of aspartate rose, whereas that of glutamate 
did not vary under the above conditions. In the hippocampus, glu­
tamate and glutamine diminished, and aspartate increased (Butterworth 
et aI., 1982). The concentration changes in the tissue were reflected in 
the amounts of amino acids released from the brain: the extracellular 
concentration of aspartate rose the most, followed by rather moderate 
increases in glutamate, taurine and y-aminobutyric acid, whereas glu­
tamine fell (Butcher et aI., 1987). It may thus be concluded that, ir­
respective or the cause, the disturbed intracellular glucose homeostasis 
is followed by proteolytic changes with glutamate and aspartate being 
most severely involved. 

From these early changes in DAT which may be assumed to be 
typical ones, as early changes in chronic diseases generally are, the 
question may be raised as to whether or not these abnormalities in 
cerebral glucose and related metabolism are reflected outside the brain, 
too, so as to be used as reliable peripheral markers in the diagnosis 
of early DAT. 
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Glucose metabolism related peripheral markers 

Because morphological abnormalities are confined to the brain 
(Terry etal., 1981; Tomlinson etal., 1970), and as supported by the 
clinical syndrome of dementia, DAT appears as a uniquely neuropsy­
chiatric brain disorder. However, different metabolic variations at­
tributable to DA T have also been found in peripheral tissues, thus 
supporting the view that DA T may be a systemic disorder with its 
most predominant abnormalities in the brain. With respect to glucose 
metabolism, fibroblast phosphofructokinase activity was reduced in 
Alzheimer's disease and Down's syndrome (Sorbi and Blass, 1983). 
However, in a repeated study, this finding could only be partially 
confirmed (Sims and Blass, 1986). On the other hand, a reduced gly­
colytic flux and thus a decreased activity of phosphofructokinase may 
be deduced from the significant increase in fibroblast lactate production 
in patients suffering from morphologically confirmed DA T (Sims et aI., 
1985 a), the lactate production pointing to a reduced activity of the 
PDH complex. 

As pointed out above, there is a close relationship between both 
glucose and Caz + -metabolism mediated by glutamate/aspartate. Be­
cause of the increased extracellular aspartate concentration in DAT, 
the neuronal Caz+ homeostasis may be severely impaired. In cultured 
skin fibroblasts, total bound calcium nearly doubled in DA T as com­
pared to controls (Peterson and Goldman, 1986), which may explain 
the reduced calcium uptake in the same kind of cells (Peterson et aI., 
1985). On the other hand, cytosolic free calcium was found to be 
decreased. The molecular basis of this finding remained unexplained 
as yet (Peterson et aI., 1986). 

Other data pointing to an abnormal regulation of glucose metab­
olism were reported by Bucht et al. (1983). In a retrospective study, 
no diabetes mellitus coexisted with DAT. On the other hand, fasting 
blood sugar was lower, and insulin levels were higher in the oral 
glucose tolerance test in DAT patients than in elderly healthy controls. 
The oral glucose tolerance test area was smaller in DAT as compared 
to vascular dementia patients and controls. These data may indicate 
an insulin resistance at the insulin receptor or postreceptor level. 

At first sight, two more findings may be considered as being 
curious when attributed to glucose metabolism: olfactory tests deficits 
and abnormal morphology in nasal epithelium. Early-stage DA T pa­
tients who underwent the smell identification test and the olfactory 
match-to-samplediscrimination task revealed impaired abilities to iden­
tify common odors and made significantly more errors as compared 
to controls (Kesslak et aI., 1988). 
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Nasal epithelium neurons which are of central origin and which 
derived from autopsied material of DA T patients showed increased 
reactivity to neurofilament antibodies and abnormal neuronal struc­
tures. They also were strongly immunoreactive for phosphorylated 
forms of neurofilaments and exhibited extensive neurite accumulation 
(Talamo et aI., 1989). 

These two findings may point to a severe functional abnormality 
in the olfactory cortex obviously due to severe and maximal morpho­
logical involvement in DAT (Pearson et aI., 1985). Interestingly, high­
est densities of insulin receptors were found in olfactory structures 
(Werther et aI., 1987). If insulin in the brain functions on glucose 
metabolism as in non-nervous tissues, an early perturbation at the 
insulin/insulin receptor level in the brain may be assumed to occur in 
the pathogenesis of DA T (Hoyer, 1988). The insulin/insulin receptor 
mediated control of glucose metabolism may then become deficient 
causing the abnormalities in cerebral glucose utilization as detailed 
above. These pathobiochemical changes in glucose metabolism and 
related pathways are found to be most prominent in the brain, but 
may also become detectable outside the brain as reliable peripheral 
markers for DA T. 
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Summary 

For diagnostic and therapeutic purposes, it would be very important to 
have reliable early markers for Alzheimer's disease. Since there's still a lack 
of agreement between clinical diagnosis and histopathological examinations, 
we must try to find new diagnostic markers which allow us to characterize 
the course of the disease and determine the specificity of the dementia. 
Cholinergic deficits characterize Alzheimer brains and, recently, attention has 
been focused on the presence of cholinergic receptors on peripheral elements 
and on their role as peripheral markers for Alzheimer's disease. A decrease 
in the number of muscarinic and nicotinic receptors has been measured in 
lymphocytes from Alzheimer patients. Another interesting finding is the 
presence of cholinergic neuron antibodies in serum and CSF (see McRae, 
this symposium). 

In vivo imaging techniques, such as positron emission tomography 
(PET), are promising techniques for the study of cholinergic receptor activity 
in human brain. In the atteme to visualize nicotinic receptors in vivo, the 
( +) and the (-) isomers of IC-nicotine were given intravenously to Alz­
heimer patients and a lower uptake of both isomers (especially the ( + ) form) 
has been observed in the cortical areas of the brain compared to age-matched 
healthy volunteers. This observation prompts further PET studies in patients 
with a different progression of Alzheimer's disease, as well as in other types 
of dementia and following different therapeutic strategies. An in vitro ace­
tylcholine release model using autopsy human brain tissue allows studies on 
functional cholinergic activity and its interaction with potential drugs in 
pathological tissue. This model will be a useful tool for the development of 
new drugs of potential use in the treatment of Alzheimer's disease. 

Introduction 

Alzheimer's disease and senile dementia of Alzheimer type (ADI 
SDA T) are the most common types of primary dementias with an 



246 A. Nordberg 

insidious onset and gradual regression of intellectual functions. For a 
definitive diagnosis both a clinical and a histopathological diagnosis 
is required, though a lack of agreement still exists between these two 
forms of examination (Todorov et aI., 1975), which emphasizes the 
need for improved diagnostic resolution. Novel therapeutic strategies 
in AD/SDAT also highlight the need for early markers of the disease. 

Neurochemical studies in AD/SDAT brains indicate deficiencies 
in several transmitter systems (for review see Hardy et aI., 1985; Gott­
fries, 1985). The most consistent and pronounced changes have been 
found to occur in the cholinergic nervous system (for review see Perry, 
1986). The acetylcholine synthesing enzyme choline acetyltransferase 
(CAT) was the first cholinergic marker reported to be changed in AD/ 
SDAT (Davies and Maloney, 1976; Perry etaI., 1977; White etaI., 
1977). Later, deficits in several presynaptic markers, such as high 
affinity choline uptake (Rylett et aI., 1983), acetylcholine (ACh) syn­
thesis (Sim et aI., 1980), release (Nilsson et aI., 1986), and number of 
nicotinic receptors (Nordberg and Winblad, 1986 b) have been ob­
served in AD/SDAT brains. The muscarinic cholinergic receptors 
which are mainly supposed to be postsynaptically located are preserved 
in AD/SDAT (for review see Nordberg and Winblad, 1986 a) but a 
loss of muscarinic Mz receptors cannot be excluded (Mash et aI., 1985). 
Figure 1 illustrates a cholinergic synapse and its pre- and postsynaptic 
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Fig. 1. Schematical drawing of a cholinergic synapse with its presynaptic and 
postsynaptic elements. ChAT choline acetyltransferase; ACh acetylcholine; 
AChE acetylcholinesterase; M-ree muscarinic receptor; N-ree nicotinic re-

ceptor 
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Fig. 2. Neural and non-neural tissues and techniques used in neurotransmitter 
studies in ADjSDAT 

components. Neurochemical data for ADjSDAT brains have mostly 
been obtained from in vitro studies in autopsy or biopsy brain tissues 
and restricted to transmitter levels, enzyme activities, and receptor 
densities. New neurochemical techniques are being developed which 
will enable us to measure the functional physiological mechanisms in 
diseased brain tissues. Brain imaging techniques, such as positron 
emission tomography (PET), are promising techniques for in vivo 
studies of brain transmitter and receptor activity in ADjSDAT patients 
(Burns et al., 1989). For the cholinergic system some attempts have 
already been made (see below). 

There is growing evidence that ADjSDAT might not be exclu­
sively confined to the brain. Major efforts have been made to inves­
tigate whether human peripheral tissue elements such as blood cells 
(Adem et al., 1986; Zubenko et al., 1987) and skin cells (Peterson et al., 
1986) can be used as models. The advantage of peripheral tissues is 
that they can easily be obtained from patients. It is still an open question 
whether changes in peripheral markers can correlate with the progress 
of the disease. 

Figure 2 illustrates different tissues and techniques used in cho­
linergic transmission studies in ADjSDAT. This presentation will 
focus on the measurement of cholinergic markers in lymphocytes and 
brain of ADjSDAT patients using in vitro and in vivo techniques. 

Choline markers in non-neural tissues of AD/SDAT patients 

Choline 

Endogeneous choline (Ch) content in plasma of ADjSDAT pa­
tients has been measured in several studies. Although findings are 
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Table 1. Changes of cholinergic markers in neural and non-neural tissues of 
patients with ADjSDAT 

Non-neural tissue Neural tissue 

Lymphocytes Erythrocytes Plasma Brain CSF 

Ch content i l-+i 
Ch uptake i 1 
ACh synthesis 1 
ACh release 1 
AChE activity 1 1-+ 
ChE activity i 
ChAT activity 1 
Muse. rec. 1 H-+ 
Nic. ree. 1 1 

i increase, 1 decrease, -+ no change 

somewhat conflicting, observations indicate an elevated level of Ch 
in the plasma of elderly compared to young individuals (Sherman et aI., 
1986) (Table 1). No distinction, however, could be made between AD/ 
SDA T patients and healthy age-matched controls. The temperature 
dependent accumulation of choline in red blood cells was also higher 
in elderly and AD/SDA T patients compared to young volunteers (Glen 
etaI., 1981; Sherman etaI., 1986). It may therefore be assumed that 
observations probably indicated an aging process rather than a path­
ophysiological process in AD/SDAT. 

Cholinesterase activity 

Plasma cholinesterase activity has been reported to increase (Smith 
et aI., 1982) and erythrocyte acetylcholinesterase activity to decrease 
(Chippenfield et aI., 1981) in Alzheimer patients. Subsequent studies 
showed no changes either in plasma cholinesterase or erythrocyte 
acetylcholinesterase activities (Marquis et aI., 1984; Adem et aI., 1986 a), 
whereas a significant lower plasma cholinesterase activity was measured 
in patients with Parkinson's disease (Adem et aI., 1986 a). These ob­
servations should be compared with decreased (Soininen etaI., 1984) 
or unchanged (Davies, 1979; Wood etaI., 1982) acetylcholinesterase 
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activity in the CSF and loss of acetylcholinesterase activity (Pope et aI., 
1965; Davies, 1979; Perry, 1986; Attack etaI., 1983) and increase in 
butyrilcholinesterase activity (Perry, 1980) in autopsy ADjSDAT brain 
tissue. A decreased ratio of CSF acetylcholinesterase to butyrilcholi­
nesterase activity has been reported (Arendt etaI., 1984). Although 
CSF acetylcholinesterase activity correlates with certain cognitive dys­
functions (Soininen etaI., 1984) it probably is a poor marker for the 
progression of the ADjSDAT disease (Riekkinen etaI., 1987). 

Cholinergic receptors 

The presence of muscarinic binding sites (Strom et aI., 1981; Adem 
et aI., 1986 b) and nicotinic binding sites (Adem et aI., 1986 a) has been 
demonstrated on intact lymphocytes and lysed lymphocyte membranes. 
The muscarinic binding sites on lymphocytes may have functional 
relevance since they are modulated by GTP proteins (Bering et aI., 
1987). It is also possible that they represent a subset of muscarinic 
receptors (Adem etaI., 1986a; Bering etaI., 1987). Evidence for func­
tionally distinct nicotinic receptors on human lymphocytes had been 
provided already in 1979 (Richman and Amason, 1979). The number 
of both muscarinic and nicotinic binding sites was found to be de­
creased (Adem etaI., 1986a) in lymphocytes from ADjSDAT patients 
compared to age-matched controls, whereas no change was observed 
in patients with multi-infarct dementia (MID). In lymphocytes from 
patients with Parkinson's disease the muscarinic but not the nicotinic 
binding sites were reduced (Adem et aI., 1986 a). Our observations 
concerning the muscarinic receptors in lymphocytes from patients with 
Alzheimer's and Parkinson's diseases have recently been confirmed by 
Ravizza et ai. (1988). In a comparative study of institutionalized and 
non-institutionalized patients, a significant reduction in muscarinic and 
nicotinic binding sites was only found in the lymphocytes from in­
stitutionalized ADjSDAT patients while no changes in receptor bind­
ing sites were found in the lymphocytes from non-institutionalized 
patients, who were not so heavily affected by the disease (Nordberg 
et aI., 1987). In an ongoing longitudinal study we are currently in­
vestigating a larger patient population. Receptor changes are moni­
tored and correlated with severity and progression of ADjSDAT. The 
possibility that lymphocyte cholinergic receptors can act as an ante­
mortem marker in ADjSDAT deserves further investigation. 

Positron emission tomography studies in AD/SDAT brains 

Positron emission tomography (PET) is a non-invasive in vivo 
imaging techniques which gives cross-sectional images of tissue ra-
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dioactivity in the brain, following administration of short-lived po­
sitron emitting tracers. PET studies in ADjSDAT patients with la­
belled deoxyglucose have shown abnormalities in the temporal and 
parietal cortex (Friedland etaI., 1985; Jagust etaI., 1988). Very few 
PET studies have been performed regarding ADjSDAT and functional 
neurotransmitter activity. In order to study the cholinergic system in 
brain, PET studies with 11C_Ch were performed in humans (Gauthier 
et aI., 1985). llC-Ch has the disadvantage that a very small proportion 
of the llC-Ch compound is taken up by the brain after intravenous 
injection. Ch is also partly metabolised to acetylcholine but also phos­
phorylcholine. Holman et ai. (1985) using SPECT technique and 1231_ 
3-quinuclidinyl-4-iodobenzilate observed signs of preservation of the 
muscarinic receptors in the brain of one Alzheimer patient. This is in 
agreement with earlier in vitro binding studies (Nordberg and Win­
blad, 1986 b). Attempts to measure nicotinic recptors by PET technique 
and llC-nicotine have been made in monkeys and healthy volunteers 

nCi fern 3 
dose. bw- 1 

5 

(+)11C-NICOTINE TEMPORAL CORTEX 

40 

Alz 1 

Alz 2 

Ctr 1 

Ctr 2 

Ctr 3 

MINUTES 
Fig. 3. Uptake and time course of l1C-radioactivity in temporal cortex fol­
lowing intravenous injection of (+) llC-nicotine to Alzheimer patients (mean 
age 66 ± 2 ys, duration of disease 4 ± 1 ys) and age-macthed healthy vol-

unteers 
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(Nordberg et al., 1989 a; Nyback et al., 1989). Following intravenous 
injection of a tracer dose, llC-nicotine is rapidly taken up by the brain 
and distributed to various parts of the brain with a distribution pattern 
similar to the one observed by in vitro nicotinic receptor binding 
techniques. When the two isomers of llC-nicotine, the (-) (L) and 
(+) (R) forms, are given intravenously to Alzheimer patients, a lower 
uptake of both isomers is observed in areas such as frontal and temporal 
cortex, compared to age-matched healthy volunteers (Nordberg et aI., 
1990). Especially, a much lower uptake of (+) llC-nicotine to cortical 
regions is observed in Alzheimer patients compared to controls (Fig. 3). 
Preliminary parallel studies using llC-butanol as a flow marker points 
to the conclusion that the difference observed in (+) llC-nicotine 
uptake between Alzheimer patients and controls is due to a change in 
nicotinic receptor binding rather than simply to a change in blood 
flow. The observation of a lower uptake of (-) and especially (+) 
llC-nicotine in Alzheimer brains compared to age-matched controls 
might indicate a change in the subtypes of nicotinic receptors. In 
studies of postmortem AD/SDAT brain tissue a shift in the ratio of 
high to low affinity sites has been observed (Nordberg et al., 1988 a). 
Further studies are needed to clarify the underlying mechanism for 
the difference in uptake of (+) and (-) llC-nicotine in Alzheimer 
brains revealed by PET and its significance as a marker for nicotinic 
receptor changes. 

Functional transmitter studies in autopsy AD/SDAT brains 

Metabolically and functionally preparations can now be obtained 
from human brain after considerable postmortem delay and used for 
functional transmitter studies (for review see Dodd et al., 1988). The 
agonal state of the tissue is of the outmost importance. Normally, 
viable preparations can be obtained from control human brain tissue 
up to 24 h postmortem if the subject suddenly died. In AD/SDAT 
subjects, whose death is often slow, tissue respiration declines faster 
postmortem. 

A model has been developed which allows measurement of syn­
thesis and release of acetylcholine (ACh) from thin human autopsy 
brain slices (Nilsson et aI., 1986). The release of ACh is enhanced with 
high potassium concentrations (35 mM) and lowered in the absence 
of calcium. A significantly lower potassium-induced release of ACh 
is observed in AD/SDAT cortical tissues compared to control tissues 
(Nilsson et al., 1986). The amount of ACh released in different human 
cortices positively correlates with the number of nicotinic and mus­
carinic receptors measured in the same preparation (Nordberg et al., 
1987; Nordberg and Nilsson-Hakansson, 1989). A parallel reduction 
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in potassium-evoked ACh release and in the number of nicotinic bind­
ing sites is measured in the frontal cortex of ADjSDAT brains, while 
no such parallel change can be found between ACh release and number 
of muscarinic receptors. The potassium-evoked release of ACh is mark­
edly diminished in cortical autopsy ADjSDAT tissue and comparable 
with earlier observations for the ACh synthesis in brain biopsies (Sim 
et aI., 1980). An advantage of this release model is that the mechanisms 
of potential cholinergic drugs can be evaluated in ADjSDAT brain 
tissue. This is important since no reliable animal model is yet available. 

Among the different therapeutic agents with various cholinergic 
effects that have been clinically tested in Alzheimer's disease, only the 
acetylcholinesterase inhibitors physostigmine and tetrahydroaminoac­
ridine (THA) have shown some positive effects. Therefore, further 
investigations of their underlying mechanism of action are justified. 
The in vitro ACh release model is quite suitable. In cortical tissues 
from control subjects both physostigmine and THA decrease ACh 
release. This effect is expected since it can be explained by a negative 
feedback mechanism via presynaptic muscarinic autoreceptors. In ADj 
SDA T cortical tissue however, the acetylcholinesterase inhibitors en­
hance the release of ACh and restore it to control levels (Nilsson et aI., 
1987). Thus both physostigmine and THA facilitate the release of ACh 
in ADjSDA T tissue while it has an opposite effect in control tissue. 
Further studies indicate that both muscarinic and nicotinic receptors 
must be directlyjindirectly involved in the mechanism of action of the 
acetylcholinesterase inhibitors in ADjSDAT brain tissue (Nordberg 
etaI., 1988 b, 1989 b, c; Nordberg and Nilsson-Hakansson, 1990). We 
believe that the ACh release method in human autopsy brain tissue is 
a valuable method for studying the effects and underlying mechanisms 
of some drugs of potential use in neurodegenerative disorders such 
as Alzheimer's disease. 
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Summary 

Our recent investigations demonstrated that antibodies in the cerebro­
spinal fluid (CSF) of some AD patients recognize cholinergic neuronal pop­
ulations in the rat central nervous system (CNS). The present study correlated 
immunocytochemical markings produced by AD and control CSF samples 
in a cholinergic brain region with clinical and CSF protein parameters. There 
was a higher incidence of positive markings produced by AD CSF compared 
to control CSF. No correlation was noted with basic clinical data. However, 
the blood-brain barrier function was significantly correlated with immuno­
cytochemical markings produced by AD CSF. 

Introduction 

Alzheimer's disease (AD) is a neurodegenerative disorder char­
acterized by loss of memory, and impairment of other higher cortical 
functions. Although a number of factors have been considered to play 
a role in the pathogenesis of AD, to date the etiology of the disease 
is obscure. Recent evidence suggests that the pathogenesis of AD may 
be related to aberrations in the immune system. This concept is sup­
ported by the presence of amyloid, immunoglobulins and complement 
in senile plaques (Ishii and Haga, 1976) and findings of antibrain 
antibodies directed against cholinergic neurons in the sera (Chapman 
etal., 1986; Fillit etal., 1985) and CSF (McRae-Degueurce etal., 1987) 
in AD patients. To further investigate the involvement of immuno­
logical factors in the pathogenesis of AD the present study was carried 
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out to evaluate antibrain antibodies in the CSF of AD patients and 
correlate their presence with clinical and CSF parameters. 

Material and methods 

Patients and controls 

The Alzheimer's disease (AD) group consisted of 68 patients consecu­
tively admitted to the Department of Psychiatry and Neurochemistry St. 
Jargen's Hospital. The clinical investigation included medical history, phys­
ical, neurological and psychiatric examination, screening laboratory tests, 
EEG and CT -scan of the brain. Patients with major psychiatric or neurological 
disorders, alcohol or drug abuse or major head trauma were excluded from 
the study. The diagnostic criteria were those of "probable Alzheimer's dis­
ease", outlined in the NINCDS-ADRDA Work Group (McKahn etal., 1984). 
The severity of dementia was evaluated according to DSM-III-R (Am Psy­
chiatry Ass, 1987). In the AD group clinical vascular factors (mild hyper­
tension, mild non-insulin dependent diabetes, mild ischaemic heart disease) 
were recorded. This course of action was taken since vascular factors in AD 
patients have been suggested to influence the blood-brain barrier (BBB) 
function (Blennow et aI., submitted). The control group (n = 13) was ob­
tained from persons admitted for minor urologic surgery under spinal an­
aesthesia. Individuals with histories or signs of psychiatric or neurological 
diseases and individuals with malignant diseases, systemic disorders (e.g. 
rheumatoid arthritis), or infectious diseases were excluded. The cognitive 
status was examined using the "Mini-Mental State" (Folstein et aI., 1975). 
Scores of 28 - 30 were inclusion criteria for controls. Table 1 depicts the 
clinical data and CSF and serum parameters for the 2 groups of patients. 

AnalYtical methods of serum and CSF 

Lumbar punctures were performed in the morning under standard con­
ditions in the L 3/L 4 or L 4/L 5 interspace. A volume of 12 ml was collected 
and gently mixed to avoid gradient effects. A blood sample was taken at the 
same time. CSF samples from both AD patients and controls with more than 
500 erythrocytes/ill were excluded. 

Quantitative determinations of albumin and IgG in serum and CSF was 
performed by rocket immunoelectrophoresis (Laurell, 1972). The albumin 
ratio, calculated as the ratio of CSF albumin to serum albumin, was used as 
an indicator for BBB function. The IgG index was calculated according to 
the formula: CSF /serum ratio for IgG divided by CSF /serum ratio for albumin 
and was employed as an indicator for intrathecal IgG synthesis (Link and 
Tibbling, 1977). 

Immunorytochemical approach 

Male adult rats (Sprague Dawley) were perfused with a mixture of 5% 
glutaraldehyde and allyl alcohol (1 M) in a cacodylate buffer (0.5 M, pH 12) 
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Table 1. Clinical data and CSF parameters in AD and controls 

Alzheimer's Controls Significance * 
disease (n = 13) 
(n = 68) 

Clinical data 

Age (yrs) 70.8 ± 8.1 64.6 ± 6.7 P < 0.01 

Severity 
mild 25 (37%) 
moderate 28 (41 %) 
severe 15 (22%) 

Sex 
males 29 (43%) 13 (100%) P < 0.001 
females 39 (57%) 0(0%) 

CSF parameters 

S-IgG (g/l) 9.9 ± 1.9 10.7 ± 1.8 NS 

CSF-IgG (mg/l) 37.0 ± 15.5 28.7 ± 10.7 NS 

Albumin ratio 7.2 ± 2.7 5.5 ± 1.8 P < 0.05 

IgG index 0.52 ± 0.09 0.49 ± 0.05 NS 

(Values in mean ± SD, or number and percentage of patients.) 
* Wilcoxon 2-sample test 

as previously described by McRae-Degueurce et a!. (1987). Our former find­
ings indicated that the CSF from some AD patients contained an antibody­
like factor which recognized cholinergic-like neurons located in the medial 
septum (MS) region (McRae-Degueurce eta!., 1987). For this reason the MS 
region was selected to further evaluate the presence of this antibody in the 
CSF samples from these patients. Serial frozen sections (10 Ilm) of the MS 
region were mounted on gelatine coated glass slides and pre-incubated with 
2% normal goat serum for 30 minutes. The serial sections of the MS were 
incubated overnight with the CSF from patients (1 : 1) diluted in TRIS meta­
bisulfite buffer (pI! 7.6) containing 1 % normal goat serum and 0.5% Triton­
X-I00. Control sections were incubated with only biotinylated anti-human 
IgG serum, excluding the CSF. The sections were processed for immuno­
cytochemistry using the avidin biotin peroxidase complex method (Vector 
Lab, Burlingame, California). 

The immunocytochemical stainings were rated as positive, weak, nega­
tive, or unspecific in a blinded fashion: the observer did not have knowledge 
of the clinical diagnosis. 
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Correlations 

The ratings of the immunocytochemical reaction produced by the CSF 
samples were then correlated with some basic clinical and CSF parameters. 
The following parameters were selected: (A) basic clinical data 1) age and sex, 
2) duration of disease, 3) severity, 4) history of disease with involvement of 
the immune system (e.g. major infectious and autoimmune disease), 5) vascular 
factors consisting of hypertension, minor/major coronary stroke, heart dis­
ease, diabetes mellitus and peripheral arteriosclerosis; (B) protein analysis of 
the CSF and serum (IgG levels, CSF/serum albumin ratio, the CSF IgG index, 
and signs of IgG production within the CNS). 

Statistics 

For comparison between quantitative parameters the Wilcoxon 2-sample 
test was used for comparisons of two groups and the Kruskal-Wallis test 
(Lehman, 1975) was used for comparisons of three or more groups. 

The investigation was approved by the Ethical Committee in Goteborg 
and all patients had given their consent to the study. 

Results 

The results from the immunocytochemical investigation revealed 
that incubations of the MS with CSF samples from these patients 
produced 4 different types of staining patterns in this region: positive, 
weak, negative and unspecific. A positive reaction was considered as one 
that distinctly labeled neurons limited to the MS region. This type of 
staining labeled more neuronal elements than small sized cells. The 
neuronal cell body appeared to be labeled and it was rare to observe 
labeled processes. No labeling was observed in the striatum. Most 
samples labeled cortical cells and occasionally cortical neuronal proc­
esses. A weak reaction was judged as one which produced a faint and 
hazy labeling of neurons limited to the MS region. A negative staining 
was devoid of an immunocytochemical reaction in the MS. An unspecific 

Table 2. Number and percentage of immunocytochemical reactions produced 
by CSF from Alzheimer's disease patients and controls 

Negative Weak Positive Unspecific Significance * 

Alzheimer's 
disease 23 (34%) 17 (25%) 23 (34%) 5 (7%) P <0.05 

Controls 10 (77%) 1 (8%) 2 (15%) 0 P <0.05 

* Kruskal-Wallis test 
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Fig, 1. Photomicrographs of cryostat sections (10 J.lm) of the medial septum 
region following incubations with AD patient CSF samples. This Fig. depicts 
examples of the different immunocytochemical stainings produced by AD 
CSF samples. A Positive, B Weak, C Negative, or D Unspecific. The im­
munocytochemical procedure is described in the text. Magnification x 64 
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reaction produced a dotted type of labeling which virtually stained 
every cell on the entire section including the striatum and cortex. 
Examining the immunocytochemical staining produced by the eSF 
from the different patient groups revealed distinct markings in the 
MS region. Examples of these immunocytochemical markings are de­
picted in Fig. 1. Table 2 compares the immuncytochemical reactions 
produced by AD and control patient eSF and demonstrates that the 
immunocytochemical reaction produced by the patient eSF varies. 
There was a statistically significant difference between immunocyto­
chemical reactions produced by the AD group compared to the control 
group. 

As indicated in Table 3, no significant differences were found when 
the immunocytochemical markings were compared to basic clinical 
data. However (Table 3) when the eSF markings were compared to 
protein analysis in the eSF and serum 3 parameters were highly sig­
nificantly correlated with the immunocytochemical ratings, namely: 
serum IgG, eSF-IgG and eSF/S albumin-ratio. The eSF IgG index 
as a parameter for IgG synthesis within the eNS was not correlated 
to the markings produced by eSF. 

Discussion 

Our previous findings have suggested that the antibody in the 
eSF from some AD patients recognizes cholinergic neuronal popu­
lations in the rat brain (McRae-Degueurce etaI., 1987). Recently we 
have extended these findings by demonstrating that the eSF antibody 
recognizes cultured cholinergic neurons (Dahlstrom et aI., 1990). These 
immunocytochemical investigations add support to the ongoing con­
cept that immunological factors may be playing a role in the patho­
genesis of this disease. Even so in these previous studies no correlation 
was made between the presence of an antibody and the disease process. 
The results from this investigation further suggest that the presence 
of an IgG in the eSF of some AD patients is correlated with BBB 
function. This is of interest since some investigators have suggested 
that the BBB may be damaged in patients with AD (Wisniewski and 
Kozlowski, 1982). Furthermore recent studies by Filit et aI. (1985) and 
Filit et aI. (1987) have demonstrated the existence of anti-cholinergic 
and anti-vascular antibodies in the serum of some AD patients. The 
immunocytochemical results from this investigation suggest similar 
findings in the eSF from some AD patients. Firstly, there was a higher 
incidence of p6sitive immunocytochemical reactivity in a cholinergic 
eNS region produced by AD eSF compared to controls. Secondly, 
this investigation revealed that serum IgG, the eSF /serum albumin 
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ratio as a parameter for BBB function, and the CSF IgG level were 
highly significantly correlated with the immunocytochemical ratings 
(Table 3). Our findings could be interpreted to mean that antibodies 
produced outside the CNS, pass through the BBB and once inside the 
CNS interact with components of the neuronal network. With an 
increased serum level of IgG or an increased BBB permeability an 
increased amount of antibody (represented by an increased CSF IgG 
level) is available, thus producing a more pronounced immunocyto­
chemical reaction. The higher frequency of this IgG in some AD 
patients compared to controls suggests that the IgG could playa role 
in the pathogenesis of this neurodegenerative disease (Table 1). This 
is further supported by the fact that the clinical vascular factors re­
corded in AD patients did not influence the frequency of appearance 
of the different CSF immunocytochemical staining patterns. 

Conclusions 

Questions remain concerning the relevance of these antibodies in 
the CSF to AD. Are they early markers for the disease, or indicators 
of a degeneration process, or do they delineate a sub-population of 
AD patients that could benefit from novel treatment strategies? Further 
experimentation in progress should provide answers to these questions 
and help to establish how antibodies existing in the CSF of AD patients 
are related to the disease process. 
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Summary 

MAO-B activity increases with age in the human brain and is further 
increased in ADjSDAT, Huntington's chorea, and Parkinson's disease. The 
cause is likely to be a reactive gliosis, presumably astrocytosis. 

Demented patients with low serum B-12 levels have high platelet MAO­
B activity. Evidence is presented favouring the hypothesis that low B-12, 
causing an increased level of homocysteic acid, an excitotoxic compound, is 
involved in the etio-pathogenesis of neurodegenerative states. 

Introduction about monoamine oxidase 

Monoamine oxidase (MAO; E.C. 1.4.3.4.) is the most well-studied 
enzyme associated with central monoamine transmitter systems. Based 
upon its sensitivity to clorgyline it is divided into two forms; a highly 
sensitive A-form and a less sensitive B-form (Johnston, 1968). The 
oxidative deamination of serotonin and noradrenaline in the brain is 
mainly brought about by MAO-A. Since dopamine is an equally well 
preferred substrate for MAO-A and -B, the oxidation of this transmitter 
substance is catalyzed by the two forms in proportion to their con­
centrations and to the concentration of dopamine exposed to the 
respective form (Oreland et aI., 1983 a). MAO is present in almost all 
tissues in the body and, at the subcellular level, is localized mainyl to 
the outer mitochondrial membrane and to the nuclear membrane. Some 
MAO activity can also be found in the endoplasmic reticulum, where 
it is synthesized. In the mammalian brain both MAO-A and -B are 
present, whereas only the B-form is found in human platelets (Fowler 
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and Oreland, 1982). The biochemical characteristics of MAO-B in 
human brain and platelets are very similar, although probably not 
identical (Fowler and Oreland, 1982). 

When considering the physiological function of the MAO localized 
in the nervous tissue, it is of importance to distinguish between MAO 
activities in different compartments, such as extra- and intra-neuron­
ally. In the monoamine system the intra-neuronal portion of the enzyme 
is small, less than 1 % of the total amount (Oreland et aI., 1983 a). 
Therefore it is not measurable with the conventional high substrate 
concentration (> 10 11M) techniques used with brain tissue homoge­
nates, which mainly estimate extra-monoamine-synaptosomal MAO. 
However, in vivo, the monoamine membrane pumps increase the intra­
neuronal monoamine substrate concentration hundredfolds, which in­
creases the relative importance of this intra-axonal oxidative deami­
nation. By using such a system in vitro with physiologically low amine 
concentrations (0.1 11M), allowing the membrane pumps to increase 
the intra-monoamine-synaptosomal concentration and by using various 
specific uptake blockers, an estimate of the contribution of the intra­
neuronal (intrasynaptosomal) deamination in the single monoamine 
system can be obtained (Demarest et aI., 1980; Fagervall and Ross, 
1986; Oreland etaI., 1983a; Stenstrom etaI., 1987). E.g. in Oreland 
et ai. (1983 a) are given the proportions of extra- and intrasynaptosomal 
oxidation of dopamine by MAO-A and -B in rat and human nucleus 
caudatus. 

Brain MAO and aging 

It has long been known that there is a selective increase in the 
activity ofMAO-B with age in the human brain (Fowler etal., 1980; 
Mann and Stanley, 1984). Several investigators (Leung etaI., 1981; 
Mantle etaI., 1976; Strolin-Benedetti and Keane, 1980) also found a 
selective increase in MAO-B activity in the rat brain, while Petkov 
et ai. (1987) and Navarro et ai. (1987) found an increase in MAO-A 
activity. Arai and Kinemuchi (1988), however, in a recent paper showed 
that MAO-A in the rat forebrain decreased, while MAO-A activity in 
the striatum increased with age. The rate of increase in human brain 
MAO-B activity varies in the different regions of the brain (Table 1) 
and the increase was found to be paralleled by an increasing concen­
tration of otherwise unchanged MAO-B molecules (Fowler et aI., 
1980). 

In contrast to MAO-B activity, MAO-A activity is remarkably 
steady with age in the human brain (Fowler etal., 1980), while there 
are reports both of an increase and a decrease in the rat brain (see 
above). 
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Table 1. Increase in MAO-B activity in various regions of the human brain 
(controls without neurological or psychiatric disorders) 

Brain region 

Centro Semiov. (white matter) 
Hypothalamus 
N. Accumbens 
Thalamus 
N. Amygd. 
S. Nigra 
Putamen 
N. Caud. 
Hippocampus 
Cort. G. Cinguli 
Pons 
Cort. Precentralis 
C. Frontalis 
Medulla Oblong. 

Increase in MAO-B activity (%(decade) 

30% 
30*** 
28-30** 
25-30** 
25-30** 
23-29** 
18-29*** 
18-24*** 
19** 
17-18* 
15* 
8-11 * 
8* 
4 

Data from Fowler et al. (1980) and Gottfries et al. (in preparation). 
* p < 0.05, ** P < 0.01, *** P < 0.001 as compared with control 

In another study (Oreland and Gottfries, 1986), MAO activities 
in white matter from centrum semiovale were analyzed in control 
brains. Mean MAO-A activity was in the order of 1/3 that in nucleus 
caudatus. In contrast to the absence of any relation between MAO-A 
and age when the various regions consisting mainly of gray matter 
were investigated, a significant increase in MAO-A with age of about 
10% per decade (p = 0.02) was found in the white matter. White 
matter MAO-B activity was about half of that in the nucleus caudatus 
and increased by about 30% per decade (p = 0.001) (Table1). 

When the "low substrate technique" (see above) for estimation of 
extra- and intra-synaptosomal MAO activities was applied on young 
(7 weeks) and old (107 weeks) rats, it was found that, in the striatal 
tissue, the total oxidation rate of dopamine was decreased by approx­
imately 13%. This decrease was mainly due to a decreased oxidation 
rate within the DA synaptosomes by MAO-A (from 76% to 64%). 
There was, however, a significant increase in extra-synaptosomal 
MAO-B acitity of about 30% (from 3% to 4%) (Arai etal., 1985). 
The increase in extra-synaptosomal MAO-B activity explains the in­
crease in MAO-B'activity found when a conventional method is used 
(e.g. Strolin-Benedetti and Keane, 1980), since intra-synaptosomal con­
tribution to the activity measured in this way is negligible. 
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A reasonable explanation of the results with brain tissue MAO-A 
and -Bin relation to aging is that the degeneration of nerve terminals 
reflected in many other biochemical variables (see Gottfries, 1985), at 
least in the rat brain, can also be measured as a decrease in intra­
neuronal MAO activity. This activity, which in the dopaminergic and 
noradrenergic cells mainly derives from the A-form of the enzyme 
(Demarest et aI., 1980; Fagervall and Ross, 1986; Oreland and Engberg, 
1986), is relatively high in the rat brain and relatively low in the human 
brain, which may explain why the decrease with age is usually rec­
ognized in the rat brain, but rarely so in human brain tissue. The 
increase in MAO-B activity is extra-neuronal in origin and is supposed 
to occur as a result of a reactive gliosis (Demarest et aI., 1980; Oreland 
etaI., 1980, 1983; Riederer and Jellinger, 1983). Gliosis has been re­
ported to develop with aging (Brizzee etaI., 1976; Geinisman etaI., 
1977). There is, however, no definite answer as to which type of glial 
cells might be connected with the increased MAO-B activity. Astro­
cytes have been shown to be rich in MAO-B activity (Levitt et aI., 
1982) and astrocytosis has been demonstrated at least in senile brains 
(Ravens and Calvo, 1966; Schechter etaI., 1981). 

Brain MAO after experimental lesions 

The hypothesis that the increase in MAO-B activity with age indeed 
reflects an increase in the proportion of a cell population, probably 
glial, rich in MAO-B activity, finds some further support in experi­
ments involving lesions of various kinds. Thus, after hemitransection 
of the rat brain, with the resulting loss of the transected neurons, it 
was found, in a series of reports, that there was a selective increase 
in MAO-B activity, as well as in MAO-B concentration, on the operated 
side (Fowler etaI., 1979; Oreland etaI., 1980; Stenstrom etaI., 1985). 
An increase in fibrous astrocytes is usually seen in cerebral scar for­
mations (Duffy et aI., 1980). 

Also biochemical lesions have resulted in a selective increase in 
cerebral MAO-B activity (Melamed et aI., 1985; Schoepp and Azzaro, 
1983). Francis et ai. (1985) injected kainic acid locally into rat striata 
and found a persistent 15 - 20% loss of MAO-A activity, whereas 
MAO-B activity initially decreased, but then increased to more than 
twice the control value after about 2 months. Although in their paper 
there was no direct evidence for an astroglial proliferation, kainic acid 
had previously been shown to induce growth of astrocytes (Coyle 
et aI., 1978). Recently it has been shown that also the selective cho­
linergic neurotoxin AF64A could induce a selective increase in the 
activity of the B-form of MAO. In this case, however, the increase 
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Table 2. Effect of long-term nitrous oxide (N20) exposure (4 weeks, about 
20%) on brain monoamine oxidase (MAO) activity in rats (n = 7) 

Specific MAO activity (nmol/mg protein/min) 

MAO-A (Mean ± S.E.M.) MAO-B (Mean ± S.E.M.) 

Control N 20 Control N 20 

Striatum 1.29 ± 0.06 1.40 ± 0.06 0.61 ± 0.02 0.67 ± 0.01 * 
Hippocampus 2.01 ± 0.09 1.84 ± 0.04 0.89 ± 0.02 0.85 ± 0.02 
Cortex 1.80 ± 0.09 1.61 ± 0.08 0.77 ± 0.02 0.81 ± 0.01 + 

n 7 7 7 7 

Data from Hiraga eta!' (in manuscript). 
+ 0.05 < P < 0.10, * P < 0.05 as compared with control 

was obvious already after 2.5 weeks (J ossan et aI., 1989 a). Of particular 
interest for the possible relation between vitamin B-12 deficiency and 
neurodegnerative changes (see below), are recent studies on the effect 
of chronic administration of nitrous oxide (NzO) on brain MAO 
activities (Hiraga et aI., in manuscript). Nitrous oxide induces a change 
in the valency state of cobalt in vitamin B-12, thereby inactivating the 
compound. The activity of the brain enzyme methionine synthetase, 
for which vitamin B-12 is a cofactor, was dramatically reduced by 4 
weeks of continuous exposure (about 80%) and there was also a slight 
increase in striatal MAO-B activity (Table 2). 

Thrombocyte MAO activity and aging 

There are some reports about an increase in thrombocyte MAO 
activity with age, however, of a modest order of magnitude (Robinson 
et aI., 1972). There are also a number of reports on the absence of 
such a correlation (e.g. Danielczyk etaI., 1988; Murphy etaI., 1976). 
Thus, if there is an increase with normal aging, it occurs at a very 
low rate. 

Brain MAO activity in primary degenerative disorders 

Biochemical stt/dies 

In our first study on MAO activities in the brains from patients 
with Alzheimer's disease or senile dementia of Alzheimer's type (ADI 
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SDAT), we found a significant selective increase in MAO-B activity 
in two out of the four regions investigated when compared with age­
matched controls (Adolfsson et aI., 1980). In a later study, so far only 
preliminarily reported (Oreland and Gottfries, 1986), this findings was 
confirmed in the only region studied, the nucleus caudatus. When 
MAO acitivity in white matter from centrum semiovale was investi­
gated, there was no difference with regard to MAO-A activity, while 
there was a dramatic increase of about 70% with regard to MAO-B 
activity in comparison with the controls. A kinetic analysis revealed 
that there was no significant difference between white matter MAO­
B in the AD/SDAT brains and the control brains with regard to Km 
values towards B-phenylethylamine. The V max values, however, dif­
fered fivefold with higher activities for the AD/SDAT brains (Oreland 
and Gottfries, 1986). There are a number of studies showing gliosis 
and in particular astrocytosis in Alzheimer's disease (Ravens and Calvo, 
1966; Schechter etaI., 1981). Microglia and/or astrocytes have recently 
been suggested to have a regulatory function for amyloid deposition 
in the brain (Hauw et aI., 1988). 

Autoradiographical studies 

Histochemical and immunocytochemical techniques have been ap­
plied to investigate the cellular localization of MAO in the brain 
(Kishimoto etaI., 1983; Levitt etaI., 1982; Westlund etal., 1985). Fur-

Table 3. Percent increase in MAO-B binding sites in various parts of the 
brain from Alzheimer's patients compared with controls 

Brain region 

Caudate nucleus (head) 
Caudate nucleus (tail) 
Globus pallidus (lateral) 
Globus pallidus (medial) 
Putamen 
Frontal cortex 
Occipital cortex 
Temporal cortex 
Corpus callosun 
Frontal white matter 
Occipital white matter 

MAO-B increase (%) 

33 
49 
23 
25 
41 
28 
40 
26 
71 
54 

110 

Level of significance 

0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.02 
0.02 
0.01 
0.01 
0.001 

The increase in human brain MAO-B binding sites was measured in three controls, 
aged 71, 62 and 70 years and three patients with Alzheimer's disease, aged 80, 77 and 
78 years, respectively 
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thermore, positron emission tomography using [l1C)-labelled suicide 
inactivators of both forms of MAO have been utilized to study the 
regional distribution of the enzyme in the human brain (Fowler et aI., 
1987). eH]- or [l1C)-labelled, selective irreversible inhibitors of MAO 
can also be used to investigate, in detail, the regional distribution of 
both forms of MAO in brain and other tissues by means of autora­
diography. We have developed an autoradiographical method to vis­
ualize the topographical localization of MAO-B in large cryosections 
from postmortal human brain using eH]-labelled l-deprenyl with the 
main purpose of investigating the changes in MAO-B activity asso­
ciated with aging and Alzheimer's disease (Jossan etaI., 1989b). 

In Table 3, the increase in the specific binding of [3H]l-deprenyl 
in various regions of the brain in the Alzheimer's patients is shown 
as percentage of the binding in the control brains. The rate of increase 
in MAO-B binding sites varied in different regions of the human brain. 
White matter had the highest increase while cerebral cortex and globus 
pallidus had the lowest increase. 

Thrombocyte MAO activity in primary dementia disorders 

Patients suffering from AD/SDAT have, in several studies, been 
shown to have higher mean thrombocyte MAO activity than age­
matched controls (Adolfsson et aI., 1980; Alexopoulos et aI., 1984, 1987; 
Danielczyk et aI., 1988; Smith et aI., 1982). This increase was due to 
an increased V max value, rather than to a change in the properties of 
the enzymes active site (as estimated by Km value) both in male and 
in female patients (Oreland and Gottfries, 1986). Furthermore, Dan­
ielczyk et aI. (1988) found a positive correlation between the degree 
of dementia and MAO activity. Oreland and Shaskan (1983) and Al­
exopoulos et aI. (1987) have speculated whether high platelet MAO 
activity is caused by the disease or rather is a constitutional trait 
reflecting a predisposition to the development of a dementia syndrome. 
For the subgroup of patients with AD/SDAT, in which high throm­
bocyte MAO activity is associated with a functional deficit of vitamin 
B-12 (see below), a causal connection, however, seems obvious. Re­
cently, another "radical" hypothesis has also been presented (Konradi 
et aI., 1986). This hypothesis is based on the ability of hydrogen per­
oxide to enhance MAO-B activity together with its alleged neurod­
egenerative ability. 

MAO activities in other neuro-degenerative disorders 

A selective increase in MAO-B activity in the brains from patients 
with Huntington's chorea (Mann et aI., 1980, 1986; Riederer and J el-
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linger, 1983) and possibly also Parkinson's disease (Riederer and Jel­
linger, 1983; Schneider et al., 1981) has been reported. This would 
further support the idea that an increase in brain MAO-B activity is 
a rather non-specific marker for degenerative processes, which might 
induce a reactive gliosis. In their 1986 paper, Mann et al. argue that 
the finding of Lange etal. (1976) of no change in the absolute number 
of glial cells in the striatum in Huntington's disease would support 
the idea that the increase in MAO-B in the caudate is intraneuronal. 
There are, however, reports of gliosis in the striatum in Huntington's 
disease (see Riederer and J ellinger, 1983). 

With regard to thrombocyte MAO activity in Huntington's disease, 
Mann and Chiu (1978) reported a higher activity as compared to 
controls. Also Norman et al. (1987) found higher activity in patients 
with Huntington's disease than in controls, though with some res­
ervations for the possible influence of environmental factors. Of par­
ticular interest in this context is the finding of Belendiuk et al. (1980) 
of higher thrombocyte MAO activity in the at-risk offspring of patients 
with Huntington's disease. This finding seems to indicate that, at least 
in this variety of degenerative disorder, high thrombocyte MAO ac­
tivity serves as a marker for increased disposition. 

Also in Parkinson's disease an increased thrombocyte MAO ac­
tivity has been reported by Daniekzyk et al. (1988), though with res­
ervations for the possibility that drugs might have affected the result. 
In their material, increased thrombocyte MAO activity was found 
regardless of whether dementia was present or not. The latter finding 
is not surprising, since thrombocyte MAO activity ought rather to be 
correlated to the degree of predisposition or to the factors inducing 
the neurodegenerative changes than to a specific clinical symptom. A 
likely explanation for high thrombocyte MAO activities in patients 
with Parkinson's disease would be the over-representation of individ­
uals with a premorbid personality profile (Poewe et aI., this volume) 
typical of "high thrombocyte MAO activity" probands (Schalling et aI., 
1987) among such patients. 

Another disorder, which is of considerable interest in connection 
with AD/SDAT, is Down's syndrome (Schapiro etal., 1988; Yatham 
et al., 1988; Delabar et al., this volume). The two disorders share some 
of the characteristic histopathological changes in the brain. With regard 
to thrombocyte MAO, however, the activity was found to be consid­
erably lower than in controls (Fowler et aI., 1981). An interesting 
opportunity for further studies on brain MAO in various neurode­
generative disorders would be to investigate brains from patients with 
Down's syndrome. 
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Vitamin B-12 deficiency in neurodegenerative disorders 

Vitamin B-12 is an essential nutrient, and is considered to be 
necessary for maintaining normal function of the nervous system. The 
brain contains considerably high concentrations of vitamin B-12, which 
seems to be almost uniformly distributed throughout the brain (Inada 
etaI., 1982a). 

Neuropathological findings 

Schrumpf and Bjelke (1970) found that the levels of vitamin B-12 
in CSF of patients with severe atrophy were slightly lower than those 
in a group of patients with moderate atrophy. This is well in accordance 
with the results ofInada et aI. (1982 b), who found a decrease of vitamin 
B-12 levels in demented brains with severe neuronal loss, myelin de­
generation, brain atrophy, and ventricular dilatation in comparison 
with controls. Furthermore, Kosaka et aI. (1989) recently reported on 
significantly lower levels of methyl-cobalamin in some brain areas of 
patients with senile dementia of the Alzheimer type. 

Structural white-matter changes in senile dementia of the Alzheimer 
type (SDA T) are rarely discussed. White-matter changes, however, 
seem to be frequent in SDA T. Microscopically they involve a partial 
loss ofaxons, myelin sheaths, and oligodendro-glial cells, accompanied 
by a mild reactive gliosis and a fibrohyaline arteriolosclerosis (Englund 
et aI., 1989). Low centrum semiovale concentrations of white-matter 
lipids in SDA T have been reported by Gottfries et aI. (1985). In a 
discussion about an association between the white-matter changes and 
brain nutritional deficiency of vitamin B-12, it is interesting that vi­
tamin B-12 deficiency is known to cause a "subacute combined de­
generation" (SACD), most often seen in cases of myelopathy, but also 
in cases of encephalopathy in patients with pernicious anaemia (Adams 
and Kubic, 1944; Ferraro et aI., 1945). Notably, very similar lesions 
are often seen also in patients with AIDS dementia (Petito et aI., 1985). 

Agamanolis et aI. (1978) performed experimental B-12 deficiency ex­
periments in rhesus monkeys. Prolonged deprivation of vitamin B-12 
made it quite clear that experimental SACD is primarily a demyelinating 
condition. At a later stage, there was degeneration and loss ofaxons 
and marked gliosis. These findings were confirmed by Scott et aI. 
(1981), who administered nitrous oxide, known to cause a functional 
B-12 deficiency (above and Banks etaI., 1986), to rhesus monkeys. 
Scott et aI. (1981) also showed that dietary methionine had a preventive 
effect on the deg"enerative changes in the spinal cord. From this ex­
periment the attention was focused on methionine as an important 
factor for myelin production in the white matter. 
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Siddons et ai. (1975) found no pathological brain lesions in ba­
boons, who had been deprived of dietary vitamin B-12 for 2.5 to 4 
years. After administration of cobalamin analogues to the vitamin B-
12 depleted baboons, however, neuropathological examination dis­
closed several striking abnormalities on microscopy of the cerebral 
hemispheres and spinal cords. There were also extensive scattered areas 
of demyelination and fibrillary gliosis. 

Clinical findings 

Vitamin B-12 deficiency leads to two major clinical syndromes. 
One is the classical syndrome of megaloblastic pernicious anaemia with 
a defective proliferation of all rapidly dividing cells, with such sequelae 
as glossitis and hypospermia. The other is the neurological syndrome, 
often with serum B-12 levels only slightly lowered and without me­
galoblastic anaemia. In fact, several recent studies show that borderline 
levels of vitamin B-12 require attention and should not be dismissed 
by the physician (Carmel and Karnaze, 1986; Carmel etaI., 1987; Lin­
denbaum etaI., 1988; Magnus, 1986). Anyhow, low B-12 levels in 
serum are known to be common in patients with senile dementia and 
confusion (Cole and Prchal, 1984; Droller and Dossett, 1959; Regland 
et aI., 1988). Also in the cerebrospinal fluid low B-12 levels have been 
reported in cases with SDAT (Tiggelen et aI., 1983). It seems likely 
that the main cause for a vitamin B-12 deficiency is an atrophic gastritis 
(Reg land et aI., in manuscript). 

Deficiency of vitamin B-12 affects the metabolism of methylma­
Ionic acid (MMA), as well as the methylation of homocysteine to 
methionine, and leads to increased serum levels of MMA and hom­
ocysteine and decreased levels of methionine. Lindenbaum et ai. (1988) 
recently reported on vitamin B-12 deficiency and increased levels of 
MMA and homocysteine in patients with various neuropsychiatric 
disorders, including dementia; MMA and homocysteine in serum were 
normalized after vitamin B-12 therapy. With regard to methionine, 
Reynolds et ai. (1989) have reported on significantly lowered levels of 
S-adenosylmethionine in CSF of patients with Alzheimer's disease. 

Relationship between platelet MAO activity 
and vitamin B-12 

In 1980 Glover et al. presented data on highly increased throm­
bocyte MAO activities in patients with megaloblastic anaemia. They 
also observed a significant correlation between thrombocyte MAO 
activity and the severity of bone marrow megaloblastic change, assessed 
by the deoxyuridine suppression test and bone marrow morphology. 
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In a retrospective study (Regland et al., 1988), we found a significantly 
negative correlation between serum B-12 levels and platelet MAO 
activity (r = 0.33; P < 0.002) in patients with dementia disorders. 

To further test the causal relationship between platelet MAO ac­
tivity and vitamin B-12 status, we investigated 14 patients with SDAT 
and relatively low serum B-12 levels, and 4 patients with pernicious 
anaemia (Regland et al., 1989 a). The patients with SDA T were treated 
intensively with intramuscular injections of hydroxocobalamin. In all 
SDA T patients with high thrombocyte MAO activity a considerable 
decrease in this activity was obtained within a short time after treat­
ment. The patients with pernicious anaemia had a very high throm­
bocyte MAO activity, which was normalized after adequate treatment. 

The "excitatory amino acid" hypothesis 

Recently the role of excitatory amino acids, especially glutamate, 
in neurodegenerative processes has been extensively studied. With 
respect to neuronal toxicity of glutamate, N-methyl-D-aspartate 
(NMDA) receptors are the most important among the 3 subtypes 
(NMDA, kainic acid, quisqualic acid) of glutamate receptors (Robinson 
and Coyle, 1987). Excessive release of glutamate causes influx of cations 
such as Ca + +, K + and Na + into nerve cells followed by abnormal 
cell firing. After these processes, gradual dying of neurons occurs. It 
has been suggested that such a series of neurodegenerative processes 
is expected to be involved in cerebral ischaemia and neurodegenerative 
disorders such as Alzheimer's, Huntington's and Parkinson's disease 
and amyotrophic lateral sclerosis (ALS). In brains from patients with 
Alzheimer's disease, L-eH]glutamate or [3H]TCP (which is also a 
selective ligand of NMDA receptors) binding, was significantly re­
duced (Greenamyre etaI., 1987; Maragos etaI., 1987; Simpson etaI., 
1988). Furthermore, the number of presynaptic uptake sites of glu­
tamate, which was estimated with D-eH]aspartate, was also decreased 
in patients with Alzheimer's disease (Cowburn et al., 1988; Cross et aI., 
1987; Simpson et aI., 1988). A similar decrease in NMDA receptors 
and presynaptic uptake sites was observed in brains from Huntington's 
disease patients (Cross et aI., 1986; Young et aI., 1988). These findings 
indicate that abnormal functioning of glutamatergic systems may play 
an important role in neurodegenerative processes. 

Another line of evidence for the excitatory amino acid hypothesis 
was obtained from the experiments with selective NMDA antagonists. 
To date several selective NMDA receptor antagonists (e.g. CGS 19755 
and MK-801), which are effective even after systemic administration, 
have been synthesized. These substances have been shown to have a 
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protective effect on cell loss in experimental cerebral ischaemia, induced 
by carotid or middle cerebral artery occlusion in rats, gerbils and cats 
(Boast et aI., 1988; Ozyurt et aI., 1988; Park et aI., 1988) and in NMDA­
induced neurotoxicity (Foster et aI., 1987, 1988; Olney et aI., 1987 a). 

In addition to the evidence described above, the possibility has 
been suggested that some endogeneous agonists of NMDA receptors, 
such as quinolinic acid and L-homocysteic acid (HCA) may be pro­
duced in the brain and cause nerve cell degeneration (Do et aI., 1988; 
Robinson and Coyle, 1987). HCA even seems to be a neurotransmitter, 
since it can be released from brain slices in a transmitter-like fashion 
(Do et aI., 1986 a, b). An endogeneous production of HCA in the brain 
is especially interesting in relation to our working hypothesis about 
the etiopathological mechanisms behind Alzheimer's disease. Thus, 
HCA shows a more potent exciting action on neurons than does 
glutamate (Do et aI., 1988); furthermore, the neurotoxic potency of 
HCA has been demonstrated in cultured cortical neurons (Kim et aI., 
1987) and in the retina (Olney et aI., 1987 b). 

Our working hypothesis 

We have shown, as mentioned above, that increased thrombocyte 
MAO activity in patients with primary dementia disorders is connected 
with some deficiency in the utilization of vitamin B-12 (Regland et aI., 
1988). Furthermore, in the experimental vitamin B-12 deficiency model 
with long-term NzO treatment, we found an increase in brain MAO­
B activity (Table 2; Hiraga et aI. in manuscript). These findings, in 
combination with the methionine transsulfuration metabolic pathways 
shown by Do et aI. (1988), form the basis of our current working 
hypothesis about the etiopathological mechanisms of primary dementia 
disorders. Homocysteine is metabolized to 3 different metabolites; (1) 
to methionine by methionine synthetase, (2) to cystathionine by cys­
tathionine ~-synthetase, (3) to HCA through homocysteine sulfinic 
acid (Do et aI., 1988). If long-term N20 exposure blocks the metabolic 
pathway to methionine as a result of methionine synthetase inhibition, 
the synthesis rate of HCA may be supposed to be accelerated. Then, 
as a consequence of such accelerated HCA synthesis, excessive cell 
firing and progressive neuronal death may occur. This assumption is 
supported by the findings of increased levels of homocysteine in plasma 
and brain tissue in patients with cystathionine ~-synthetase deficiency 
(Sprince et aI., 1969), in patients with serum folate or cobalamine 
(vitamin B-12) deficiency (Kang etaI., 1987; Stabler etaI., 1988) and 
in rats with folate deficiency (Lin et aI., 1989). There are, indeed, some 
studies confirming low levels of vitamin B-12 and methylcobalamin 
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in the brains of patients with Alzheimer's disease (Inada et aI., 1982; 
Kosaka et aI., 1989). Some clinical support for the hypothesis was 
provided by Lindenbaum et aI. (1988), who showed increased levels 
of serum homocysteine in patients with neuropsychiatric disorders. 
Furthermore, the levels of homocysteine were decreased after vitamin 
B-12 supplementation. 

If our hypothesis of a key role of a vitamin B-12 functional de­
ficiency in a subgroup of patients with primary dementia disorders 
should be correct, the decrease in methionine synthetase activity should 
also result in low levels of methionine. A state of methionine deficiency 
could theoretically result in a wide variety of symptoms, but of im­
mediate interest with regard to primary dementia disorders is a recent 
report about low levels of S-adenosylmethionine in CSF from patients 
with Alzheimer's disease and an improvement in a variety of symptoms 
in a pilot double-blind cross-over study on the effect of oral admin­
istration of S-adenosylmethionine (Reynolds et aI., 1989). 
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Round table on Alzheimer's disease 

Participants: c.-G. Gottfries (moderator), L. Amaducci, A. Brun, 
M. Da Prada, D. W. K. Kay, D. L. Murphy, S. Sorbi. 

Gottfries: Summarizing the day very roughly, I think we can say 
that we don't have yet the perfect marker for Alzheimer's disease, and 
that for several reasons. But what I would like to comment first is 
the rationale for making epidemiological studies when we can hardly 
define the disorder, as is the case in Alzheimer's dementia. In fact, 
Alzheimer's disease is a very heterogeneous disease. Therefore, what 
can be the rationale for making epidemiological investigations for such 
a disorder and how to go further from here? I wonder if Dr. Kay 
could start the discussion. 

Ka)': I really wanted to talk about something slightly different 
which has a bearing on this. I wonder whether I could approach this 
problem by making other remarks and then perhaps we can come 
around to discuss epidemiology. Talking about markers, I'd just like 
to start by a remark made by Sir M. Roth. He remarked that the most 
powerfully discriminating ante-mortem marker of all is the clinical 
diagnosis provided, of course, this is based on adequate observations 
and information. This, I think, certainly doesn't apply to early dementia 
assuming that's mild dementia. And it also seems to me that the clinical 
approach has been already put to the test in assessing dementia of 
advanced age. 

I would like to mention the results obtained by Larsson and col­
leagues in Sweden and published in their massive work in 1963. I 
regard that as the start of the study of senile dementia. They did a 
detailed family study of quite a large number of probands, and came 
to the very interesting conclusion that Alzheimer's disease and senile 
dementia were not so connected in any way. And that, in fact, was 
the current idea. And then quite soon in the following years, it came 
to be generally agreed that it would be best to look upon these con­
ditions as a single disorder; this was partly based on the similarities 
in the neuropathology and partly on the finding that the clinical features 
that were thought to be typical of Alzheimer's disease were also to 
be found in patients of senile dementia if you looked carefully enough. 
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And these features were the instrumental type of disorders sometimes 
called disorders of higher function, aphasias, agnosias, and apraxias. 
Subsequently, when people reported studies of senile dementia or 
Alzheimer's disease, they usually reported senile dementia of Alzhei­
mer's type in which a pathology was often presumed to be of Al­
zheimer's type. But the other aspect, the clinical findings, often seems 
not to be fully described. And then the next stage, that seemed to me 
important, was a paper by Breitner and Folstein in which they returned 
to the importance of the Alzheimer's type features and proposed that 
agraphia would be a good thing to look at, really proposed it as a 
marker for a sort of genuine Alzheimer's disease, agraphia being an 
easy way to measure the presence or absence of this instrumental 
disorder. 

Coming back now to the present times, what interests me very 
much is Prof. Gottfries' observations and also some observations made 
yesterday, in which we were led to consider the possibility that neither 
idiopathic Parkinson's disease nor idiopathic Alzheimer's disease might 
possibly exist; that would be an extreme position; but, at any rate, 
there are many difficulties before you get down to these core condi­
tions, idiopathic Parkinson's and Alzheimer's diseases. And the sug­
gestion that Prof. Gottfries made, was that, at any rate, if senile 
dementia of Alzheimer's type does exist, at least it is often misdiag­
nosed. Personally, I haven't really the belief that Alzheimer's disease 
is overdiagnosed; I tend to feel it's underdiagnosed. This raises the 
question of what has happened to the condition which one can call 
"senile dementia" not of Alzheimer's tpye. Is there really a senile 
dementia which is not of Alzheimer's type? I think this is of great 
importance for prevalence and incidence studies, because it is now 
quite clear that the prevalence or incidence of Alzheimer's disease 
increases markedly with age and reaches a high point in about the 9th 
decade. So it seems to me that the question we need to answer is: 
what proportion of late-onset cases really do have typical Alzheimer's 
features? What is their cause? Do they differ from those without 
Alzheimer's type features, and what is the neuropathology? I don't 
think that we have a clear answer to this question and people who 
'have looked at this have come up with the notion that there are two 
types of Alzheimer's disease, type A and type B, in which there are 
differences depending on the age of onset or even the age of death 
of the patients. But they haven't made any attempt to relate this to 
the clinical features, as far as I'm aware. 

And then, of course, if there is a case of non-Alzheimer's type 
senile dementia, what are the features of that condition? In what way 
is it similar to, or different from, age-related memory impairment? 
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Only a little while ago, it seemed possible that molecular genetic studies 
were going to show that there was a gene on chromosome 21, but 
now it seems that only a proportion of cases of families, and mostly 
those with early onset, have a gene of chromosome 21 and the rest 
do not. So, we seem to be right back to the position of Larsson and 
his colleagues. What we urgently need is further clinical, pathological, 
and chemical observations particularly in late-onset cases. Of course 
the research into the possible markers is made more difficult by the 
fact that Alzheimer's disease appears to be heterogeneous. But at the 
same time, further research into possible markers may help to provide 
the solution, always provided that we're getting adequate clinical de­
scription of the patients. I don't think that age of onset itself is an 
adequate way to separate Alzheimer's type and non-Alzheimer's type 
senile dementia patients. Age of onset is unreliable and not always 
easy to assess. What I suggest we need is to try and link up studies 
into markers with a careful clinical description which would include 
a full description of whether the patients satisfy the criteria for the 
classical Alzheimer's type disease. 

GottJries: Thank you very much, you really answered my question, 
too. Prof. Amaducci, what do you say about the epidemiologic studies? 

Amaducci: This morning I showed in one slide that an etiological 
hypothesis stems from different sources, which are descriptive epi­
demiology, clinical observation, and basic research. With all those, 
you identify some putative etiological hypotheses that you have to test 
in the two methodological approaches of analytical epidemiology: 
retrospective case control studies and prospective longitudinal studies. 
However, after the case control study is completed, you may find out 
that your working hypothesis is wrong and you might have to start 
a new case control study or prospective study. Sometimes there are 
very simple questions that you will never be able to answer when 
you're doing a case control study to identify the risk factors. For 
instance there are traditional parameters, such as smoking or drinking; 
but, although the family knows how many bottles of wine they drink 
in the week, nobody can say who drinks the wine. In a longitudinal 
study it is easier to identify the right questions. I think that, if there 
are major prevalence data in a certain population, then you may identify 
the possible risk factor. But, if not, then you have to carry out very 
expensive, time-consuming, longitudinal studies. Sometimes it is a 
matter of resources, not a matter of ideas. In conclusion, as mentioned 
by Dr. Kay, I would say that the first sign or marker in any disease 
is clinical observation. There are very simple tests on psychomotor 
activity, that may give you very important hints that something is 
really going on and may be one of the indications of the beginning 
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of the disease. The problem with those tests is that they are not yet 
completely standardized and the inter rate reliability between clinicians 
is extremely poor. I think the problem of the clinicians is that they're 
not able to agree on the standardization of simple neuropsychological 
tests. 

Sorbi: Just to add some of our data to the problem of heterogeneity 
of Alzheimer's disease, I would just like to comment some results on 
lactic production and glycolytic enzymes activities in leukocytes and 
skin fibroblasts in two families with Alzheimer's disease. In both 
families a genetic defect on chromosome 21 was observed. As you 
know, in the New England Journal of Medicine it has recently been 
published that lactic production may be increased in fibroblasts from 
Alzheimer patients. In one family, there was no change in lactic pro­
duction between patients and controls, whereas in the other family 
there was an increase in lactic production in the patients. This shows 
that there is some difference between families with the same genetic 
lesion of chromosome 21. We also studied all the glycolytic enzymes, 
and found a decrease in hexokinase activity in one family, but not in 
the other. This shows that metabolic changes, which have been clearly 
demonstrated in the brain of patients with Alzheimer's disease, are 
not confined to the brain and also that the phenotypical expression 
of the genetic defect may be different within the same subpopulation 
of patients. 

Concerning the differentiation between presenile dementia and 
senile dementia of the Alzheimer's type, Prof. Gottfries suggested in 
his lecture that there is a difference based on clinical features. I must 
confess that, to me, this does not appear to be a very strong argument, 
because many diseases manifest in a different way at different ages. 
One can take as examples rubella or hypothyroidism, whose manifes­
tation is age-dependent. So, it doesn't surprise me at all if the same 
dementing process will manifest differently, perhaps at ditTerent rates, 
perhaps with different expressions, in younger and in older people. I 
don't think that this should be an argument for separating presenile 
dementia and senile dementia of Alzheimer's type. The best argument 
against separation of presenile and senile dementia lies in the epide­
miological data that we have. Prof. Amaducci showed that if you look 
at the incidence rates for presenile and senile dementia, they are, in 
fact, continuous. There is no reason to believe there are two different 
processes. Of course, you can say that there is heterogeneity in each, 
but if there is heterogeneity, it is not age-specific according to the 
epidemiological data. 

Gottfries: I agree with you that the onset of age is only one variable. 
I think, indeed, that the findings of Larsson and colleagues in Sweden 
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really confirm that these were two age-related, independent disorders. 
If you study the familial aggregation of the disorders, they really behave 
like two disorders separated from each other. Dr. Kay have you got 
any comments on this? 

KC0I: The conclusions that Larsson and his coworkers drew are 
certainly that they were separate disorders. But other people have 
reworked the data, which they published in great detail, and have 
shown that you could reach an opposite conclusion. So, careful re­
working of the data is compatible with the opposite, and I don't know 
which is the correct view; I think it's still open. 

GottJries: Prof. Amaducci, do you want to comment, too? 
Amaducci: We certainly could agree that there are differences be­

cause age is only one parameter. But the explanation could be simply 
related to the severity of the disease. It might be that the genetic 
component is stronger in the early form, and that the environmental 
component is much stronger in the late form in the sense that phen­
otypic expression appears at a later time. As you know, homozygous 
twins have only a 60% concordance. So, I think that the environmental 
factors may play an important role. As we were saying this morning, 
the amyloid process can induce overproduction of amyloid either 
because of an activated gene or because environment can stimulate a 
promotor and eventually lead to the same result but at a later time. 
The severity of the disease may better explain the qualitative difference 
between the two forms of the disorder. 

Brun: I entirely agree with Prof. Amaducci that the difference 
between presenile and senile dementia is not qualitative from a pa­
thoanatomic point of view. We observe exactly the same changes in 
the two cases, although in the senile variety focalization is much less 
pronounced and it is more severe in the early form. There may be 
another difference, and that pertains to the white matter. The changes 
are more frequent in the senile variety of the disease and that may be 
connected with vascular factors in general. 

GottJries: May I suggest that we switch over to brain imaging. I 
would just like to raise this question: why has the white matter not 
been pointed out before? Neuropathologists have been discussing se­
nile plaque and fibrillary tangles for decades, but the problem of white 
matter changes has not been tackled until the last few years. Why is 
it so, and how can we use these changes in brain imaging? Prof. Brun, 
how should we interpret the white matter changes? Are they epiphe­
nomena or are they of pathogenetic importance? 

Brun: It's a difficult question. We assume they are due to hypo­
perfusion in the concerned areas. They are very often combined with 
Alzheimer's disease. The amyloid angiopathy does not concern the 
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white matter as a whole, but only the cortex and the meninges; but 
still it may influence the regulation of the perfusion of the brain. And 
there are also the various transmitter deficits in Alzheimer's disease, 
with possible disturbances of vascular innervation. So, there may be 
some factors connecting Alzheimer's disease and the white matter 
lesions. This is important because, if the white matter changes are not 
connected with Alzheimer's disease, there will be a common cerebro­
vascular lesion making most cases of Alzheimer's disease mixed cases. 

GottJries: Dr. Murphy, can we use brain imaging to separate a 
group which Hachinsky calls leucoaraiosis and would it be rational 
to do that? 

Murphy: I've been talking with some people who are doing imaging 
studies but I'm not convinced at this point that there is enough data 
to do that. 

Lieberman: Only the widespread use of NMR has made everybody 
very conscious of white matter changes. Using NMR, you see these 
unidentified bright objects (UBO's) in non-demented and in demented 
people, as well. There is no clear understanding of what these UBO's 
are. So, any attempt to relate these white matter changes to the ones 
seen in Alzheimer's disease is premature. For instance, the diagnosis 
of Binswanger's encephalopathy ten years ago was a rarity. No one 
knew it was a pathological entity, and now with NMR every fifth day 
you're diagnosing the Binswanger's. So, I think the first question 
really is: what do these UBO's represent? Until we know that, I think 
it's premature to make speculations about their possible involvement 
in Alzheimer's. 

GottJries: My question to Prof. Brun was that the neuropathologists 
have not found the white matter changes until now and they are not 
using NMR; Alzheimer discovered the senile plaque and fibrillary 
tangles in 1906, but Prof. Brun reported on the white matter changes 
in 1976. Why haven't they been discovered earlier? Don't you think 
that it is of value to try to delimit this group and study it, as we have 
studied entities according to the senile plaque and fibrillary tangles? 

Lieberman: In one of the very few post-mortem studies in which 
a brain with a known UBO has undergone pathological examination, 
these UBO's were examined and the result was not very clear. Some 
of these UBO's were not even seen by the naked eye. 

Brun: You are quite right; we don't see them with the naked eye 
and that's what makes our study blind and reliable. We saw that there 
was something wrong with the white matter. The new brains were 
sampled and· studied biochemically and microscopically and we cor­
related the biochemical findings with the microscopical findings. So, 
you are certainly right in the sense that you don't see them grossly, 
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and that is one reason why they have not been observed too frequently 
in the past. But they can be all intensities. So, I wonder to what extent 
NMR sensitivity allows that method to discover these changes. 

Lieberman: I think it's even more complex, because it also depends 
upon how NMR is performed. In other words, depending upon the 
field strength of the magnet used, the cut used, and the various lengths 
of the T 2 used, these UBO's can be seen or not. So, even in the MR 
literature there is a lot of confusion because there is no uniformity as 
to how we're going to look for them. I think the first step should be 
to set some uniform NMR standard. 

GottJries: Anyone else who wants to comment upon white matter 
or brain imaging used as markers for early-onset Alzheimer dementia? 

Fariello: I just wondered if anyone has any experience with 31p 

MR imaging. I think that this is something that should give us some 
information in terms of the energy consumption in the brain, probably 
more refined than the one that we have obtained so far. 

Lieberman: The problem of images with phosphorous is that there 
are just few institutions that do them. We haven't started to do them 
in a comprehensive way and there are a couple of problems. First, the 
resolution with phosphorous is not good. The pictures seen are very 
fuzzy. The results with this technique are premature. 

Brun: Just a short comment. That touches upon my thoughts about 
the threshold levels. Can we still not definitely decide the metabolic 
levels in the cortex that acts normally and, on the other hand, the one 
area that has started to fail? I'm thinking about the Down series that 
we are studying. We plan to correlate the flow values determined with 
the xenon method with the pathology, in order to grade the severity 
of the encephalopathy. But, so far, we haven't reached that stage. 

GottJries: Leaving brain imaging and going to laboratory findings, 
I would like to ask Dr. Nordberg if lymphocytes and cholinergic 
receptors on the lymphocytes can be good markers to be used in 
clinical practice. 

Nordberg: What I presented here was just the start of a study. It 
will be interesting to try to follow the progress of the disease in certain 
patients and see if there is a change in the number of cholinergic 
receptors. In fact, we are doing this in a small sample of patients and 
there is some evidence of changes in those patients who have clinical 
progression of the disease. It will be very important to carry out these 
studies on a very large number of individuals and try to divide them 
into different subclasses. This is just an early attempt. 

GottJries: Prof. Oreland, what about the use of platelet MAO as 
biological marker for some forms of dementia? 
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Oreland: I would like to say that times are premature to come up 
with a definite statement. Platelet MAO as such can hardly ever be 
used as a marker because there is such a great overlap between controls 
and patients. But, it might be interesting to investigate whether an 
effect of B12 on the slightly elevated MAO activity might be a marker 
for some kind of B12 deficiency. If so, it might be a valuable tool for 
diagnosis of this particular subgroup, if it exists. 

GottJries: Prof. Riederer, do you have any comments on this? 
Riederer: According to my experience, I would say that platelet 

MAO-B activity is not a good measure. In earlier times a number of 
investigators have shown that there is a change in MAO-B activity in 
psychiatric diseases, such as depression and schizophrenia. I think, 
MAO-B platelet activity would be an unspecific marker. It would be 
nice to know why MAO-B activity is increased in such conditions, 
but as long as we don't know that, I wouldn't use it as a marker. 

Strolin-Benedetti: I remember some papers concerning MAO-B ac­
tivity in women compared to men. And as today I was impressed by 
Prof. Amaducci's remark concerning the prevalence of Alzheimer's in 
white females and even more in black females, in order to answer the 
question of whether MAO activity in platelet is a reliable parameter, 
I wonder ifMAO-B activity has now been better studied in the different 
male and female, white and black population. 

Oreland: Unfortunately, I don't know anything about black and 
white, females and males. But to reply to Prof. Riederer, I would say 
that, in my mind, a correlation between B12 levels and platelet MAO 
activity is quite different from the previous results which established 
a correlation between personality traits and platelet MAO activity. In 
the latter circumstances platelet MAO activity obviously expressed its 
native levels. We have for example genetic heritability factor of 0.98 
in a twin study. But the relation between MAO-B activity and B12 is 
interesting because, if we supplement this deficiency of B12, we could 
use the change in activity as a measure. 

Murphy: Just in response to Dr. Strolin-Benedetti's question, I 
would like to say that in our study of 680 normals, which we undertook 
about 10 -12 years ago, we did find very definitely a 13% or so higher 
values of platelet MAO activity in females, and we didn't find differ­
ences between black and white females. I think one way to think about 
this on a continuum hypothesis idea, is that perhaps there is an ag­
gregation of risk factors. If MAO should in fact be considered a 
potential risk factor, as it is something that does increase with age and 
is higher in Alzheimer's patients, it could be an additive factor with 
age. But, concerning blood cell markers in general, one of the reasons 
why we gave up trying to use them is that many parameters can 
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influence the production and manifestation of activities in blood cells; 
except for the cases, that we've just studied in the last year, of indi­
viduals who lack the gene for MAO and have totally zero MAO-B 
activity, in whom I think it's a definite marker, anything else is going 
to be in a hazy field for some time. 

Youdim: As Dr. Murphy said, trying to measure MAO in throm­
bocytes is extremely difficult because you have to control so many 
factors. I'll give you one example. We measured platelet monoamine 
oxidase activity and expressed it in terms of serum iron. We got a 
very good correlation between serum iron level and MAO activity. 
But there is something very odd about MAO-B. We don't know what 
are the endogeneous substrates for this enzyme. MAO-B metabolizes 
phenylethylamine and maybe dopamine, but also many other substrates 
like N-acetylputrescine. 

Histamine is not metabolized by MAO-B but N-methylhistamine 
is a substrate. We have recently found that only MAO-A activity is 
regulated by steroids, while MAO-B activity has defied all attempts 
to be regulated by any sort of hormones. What actually regulates it? 
Looking at the developmental aspects of MAO-A and -B in the brain 
and other tissues of the rat, MAO-A activity appears well before MAO­
B activity. So, there is something regulating these enzymes, which we 
don't know. Therefore, it may well be that some factor regulates the 
enzyme in Alzheimer's disease. This could possibly be some sort of 
marker. 

Riederer: Coming back to Prof. Oreland's last statement, I wish to 
say that we cannot confirm the data on vitamin B12 deficiency in 
Alzheimer patients. None of our patients showed that. I would agree 
that MAO-B estimation would be a nice parameter in correlation with 
vitamin B12, if there is a dose-dependent change in MAO-B activity 
with this vitamin. Is there any evidence of that? 

GottJries: I am surprised that you didn't find any vitamin BI2 
deficiency in your material of Alzheimer's dementia. Did that material 
include patients with an onset above the age of 75? As I said, it was 
in this group we found the decreased levels of vitamin B!2' As shown 
by Prof. Oreland, when we measured MAO-B in patients with per­
nicious anemia, with very severely reduced vitamin B12, MAO-B ac­
tivity was 3 or 4 times higher than in the controls and went steeply 
down to normal when compensating this deficiency. This really con­
firms that there is a correlation between megaloblastic anemia and 
MAO activity. In fact, we're not searching for a marker for Alzheimer's 
disease; what we are searching for is a marker for a subgroup of senile 
dementia, where we assume that there are disturbances in the form of 
atrophic gastritis, which cause a reduced absorption of vitamin BI2 
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and, eventually, a reduced absorption of other essential nutrients. So, 
I very much agree with the one who said: are these Alzheimer's 
dementia? I don't think they are. It would be better to call them 
secondary dementias, but they fulfill the criteria we today use for senile 
dementia of Alzheimer's type. 

Oreland: I would just like to say that maybe we shouldn't over­
emphasize the importance of MAO; to us, the importance of this MAO 
finding is that it has opened up the possibility to further investigate 
the role of B12 in this deficiency. 

Kay: I was just going to say how interesting was this discussion 
about vitamin B12. In the UK, the studies that have been done have 
tended to come to the conclusion that vitamin B12 deficiency in patients 
with senile dementia are usually regarded as secondary to the senile 
dementia and there has been, in most cases, no improvement with 
treatment. What I wanted to ask was: have these patients, or some of 
them, shown to have pathological changes typical of Alzheimer's dis­
ease in the brain? That seems to be the critical question. And I wonder 
whether I could ask another question: Prof. Nagatsu, unlike in other 
countries, in Japan multi-infarct dementia is said to be commoner than 
Alzheimer's disease. Can one say that this is due to an excess of multi­
infarct dementia or is it due to a deficiency of Alzheimer's dementia? 

Gottfries: Before Prof. Nagatsu answers your question, I would 
like to say that the total percent of dementias is the same in Japan 
and in other countries. 

Nagatsu: In Japan it is said that 70% of dementias are of vascular 
type and 30% are of Alzheimer's type, which is different from what 
you are finding in USA and Europe. However, the percent of cases 
of Alzheimer's type dementia is really increasing in Japan, possibly 
due to the change in the diagnostic criteria used. It seems now that 
50% of dementias is really of the Alzheimer's type in Japan. 

Gottfries: I would like to come back to your question, Dr. Kay. 
Regarding malnutrition, as I said before, folic acid was not reduced 
in the demented patients and that's usually the best marker for mal­
nutrition. These patients had no clinical signs of malnutrition. So, we 
don't think that is an explanation to the finding. Concerning the 
improvement of the patients with B12, many have claimed that, by 
giving vitamin BI2, the patients do not improve. But there are case 
reports indicating that there are improvements. I think that if we have 
a disorder due to vitamin B12 deficiency, you have come so far as to 
have a degeneration, for instance of white matter, causing a dementia. 
Then you are so far away down the road that you cannot expect that 
this disorder is reversible; or you have to treat the patients during a 
very long time to estimate a possible improvement. Take for instance 
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Korsakoffs syndrome: as you know, this is due to thiamine deficiency; 
however, when you give thiamine, the patients are not improved at 
all. The question about Alzheimer's changes in crucial. We are fol­
lowing our patients and, hopefully, we will be able to answer that 
question. 

Da Prada: I am just wondering whether MAO-B activity plays a 
role in Alzheimer's disease and I would like to ask Dr. Murphy if he 
has observed some improvement in Alzheimer patients treated with 
MAO-B inhibitors. I agree with Prof. Youdim when he said that we 
don't know the role of this enzyme and even its distribution in the 
brain. We have performed some autoradiographical studies with a very 
selective MAO-B inhibitor and the distribution is very puzzling. We 
found a nice localization in very specific regions, different from that 
of MAO-A; for instance, in the neurohypophysis there is only MAO­
B. 

Murphy: In some studies, which have now been published, based 
on the idea that deprenyl as an MAO-B inhibitor might be safer to 
use in depressed Alzheimer patients, we in fact did observe some 
behavioural improvement in those patients without hypotension or 
other problems. Probably because we were wondering about the im­
portance of the increase in MAO-B with age and in Alzheimer's, and 
also to examine whether simply a treatment trial in the absence of any 
other effective drugs, essentially as a way to continue following our 
patients and having them on some form of treatment, we initiated a 
study, six months of deprenyl vs. six months of hydergine, and then 
we will cross over for a two-year period of time; and we won't know 
anything until this September. But we will be interested in whether 
there may have been any evidence of a plateau. In this case, we would 
use this model study for future studies, with what, I hope, might be 
more effective drugs in the future. 

Bianchine: Dr. Herbert, who has worked with vitamin B12 for a 
long time, has spoken of the importance of the vitamin B12 transport 
system. He has defined that as vitamin B12 capacity. Could it be that 
there is a transport trouble with vitamin B12 in this setting? After all 
this is an inducible protein. Could there be an inhibition of this protein? 
My question then is: have you looked at this aspect of B12? 

Gottfries: We are going to look into that issue in a cooperation 
with a research group in Norway where they can measure the tran­
scobalamins, the carrying proteins. They argue that it may be a question 
of reduced carrying proteins in these patients. I very much agree with 
you when you say there might be a reduced transport of vitamin B12. 
The transport from the gut into the blood is decreased and, according 
to the pepsinogen findings, there is an artrophic gastritis, as is expected 
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in these cases. But the transport into the brain over the blood-brain 
barrier, which also is an active transport, must also be investigated. 
Now we have a method to measure vitamin B12 in eSF. According 
to our preliminary findings, there is a group which is still lower in 
eSF, indicating that the serum vitamin B12 is not a very good marker. 
Therefore, we also have to investigate the eSF for its content. 

Oreland: I would just like to reemphasize that just a few months 
ago a Japanese group reported on a study which was initiated by our 
results. They found a lower concentration of methylated BI2 within 
the brain tissue in demented patients. 

Gottfries: I think we'll stop the discussion about MAO and vitamin 
B12. It's exciting but more work has to be done there. Now, I would 
like to close this session. Thank you to the panel members for their 
cooperation and the discussions and to the people of the auditorium. 
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R. Guillemin 

Distinguished Scientist 

The Whittier Institute for Diabetes and Endocrinology, 
La Jolla, California, USA 

As you all know I am not directly working in the field of the 
studies of this Symposium. The closest I ever came to that was after 
we had isolated somatostatin some years ago, synthesized it, made 
antibodies to it and distributed those antibodies to quite a few col­
leagues, when it was found that somatostatin was co-localized with 
the dopaminergic neurons in the basal nuclei and when, later on, the 
group at Albert Einstein reported that somatostatin appeared to be 
dramatically decreased in its concentration in the cortex of patients 
with Alzheimer's, while other kinds of neuropeptides were not. So, I 
come here only as the neuroendocrinologist that I am and I am sure 
that you will have already thought yourselves about much of what I 
will say regarding this symposium. 

My closing remarks will be very brief. First of all, I personally 
think that the purpose of such a meeting was highly meaningful. I 
personally think and agree that, establishing a consensus about early 
markers of Parkinson's and Alzheimer's diseases is very important, 
not only in terms of early diagnosis, but also in terms of the early 
application of therapies which, I also understand, are still to come, 
but will come. One should thus be prepared for such a time. 

In my opinion, this is obviously a field in which clinicians and 
basic science people will have to work together in great harmony to 
ascertain and expand the current knowledge on these possible early 
markers. It seems to me also that, practically, for early markers to be 
useful to the clinicians, which is the whole idea, they will have to be 
relatively simple, as well as relatively inexpensive, in other words easily 
available and affordable. In this context, I think that the powerful 
physical methods, like positron emission tomography and the MRI's 
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in their present and future forms will probably come as a second step, 
probably in confirmation and refinement as the powerful methodology 
that they are, being involved in the clinical definition or classification 
of what these early markers will have recognized, or observed. 

It seems to me that the ideal methods for early markers will thus 
be mostly based on relatively simple measurements of one molecule 
or another in CSF or in plasma, or, more likely, rather than one 
molecule, several molecules. Before I say a few more words about 
these, let me say that I was impressed by so many statements made 
by several speakers about the heterogeneity, the multiple forms of 
both Parkinson's and the dementias. We heard about Parkinson's 
diseases and senile dementias and Alzheimer's type dementias and so 
on. Thus probably some of these early markers will be multiple mol­
ecules, I repeat, which in a second step, will lead either to physical 
methods or to more specific molecular markers for one type of disease 
or the other. 

It seems to me that some major efforts should be directed to 
understand much better the control of the function of some of the 
genes on chromosome 21, for reasons known to all of you and as 
elegantly recalled during this meeting by Dr. Delabar. 

I was surprised that so little was said about the constituents of the 
Alzheimer's plaque. The molecular biology of the amyloid-~-protein 
and its precursor as such, is now very well known if not totally 
understood. I'm referring particularly here to the overall contribution 
from the group at the NIH around Carleton Gajdusek. One marker 
I would look for myself, if I were busy at the laboratory in this field, 
is the calcitonin gene-related peptide, CGRP, or a closer small peptide 
(those can easily be synthesized with many variants, easily generating 
antibodies). I'm referring to the recent discovery, again by Gajdusek's 
group, of the constant presence of this small peptide or a related very 
close homologue of CGRP as a fragment of all precursors of the 
amyloid-~-protein. Moreover, there's even the more recent discovery, 
just a few months ago, of the amino acid sequence of this new peptide 
recently characterized in the pancreas, called amylin, apparently co­
secreted with insulin by ~-cells, and which is a constituent of the 
amyloid proteins of the pancreas and, at the end of the syndrome, of 
the spleen. With an 80% homology between CGRP, calcitonin and 
amylin, it is hard for me to believe that such a small peptide would 
not be involved in the constitution of the amyloid plaques and, to me, 
this would constitute a relatively easy marker to look into, both in 
plasma and, more likely, in eSF. These small peptides can be measured 
by highly quantitative radio-immunoassays, which are already available 
or can be available in the next few months. The same proposal could 
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be made for the hybridization of the mRNA of these peptides. It may 
also well be that these small peptides are more important than I've 
just intimated in the etiology of the dementia, if the proposals by 
Gajdusek's group are confirmed, which would make these a new type 
of nucleic acid free viruses, to induce a sort of crystallization or 
triggering point for the polymerization of the proteins in the senile 
or Alzheimer plaques. 

Let me also, in closing, drop a small pebble or plant a small seed 
in the minds of all of you. That of the existence of neurosteroids, this 
new class of steroids that are unquestionably made in the brain, spe­
cifically in the brain, probably by some neurons, certainly by glial 
cells. The role of these neurosteroids in the etiology or in the mech­
anism of either Parkinson's or Alzheimer's dementias is totally un­
known at the moment. To my knowledge, no-one has even started 
studying the field or asking questions related to them. 

Well, coming back to the first sentence of my concluding remarks, 
I think that a meeting like this was highly meaningful and very well 
worth all the efforts of organizers and participants. It was also well 
conducted, well organized. There are few meetings of this sort, where 
as much discussion and intercourse between the speakers and the 
audience actually take place as it did here. I personally enjoyed all 
parts of it. Thank you very much. 
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The book "Alzheimer's Disease - Epidemiology, Neuropathology, 
Neurochemistry, and Clinics" is derived from an International Sympo­
sium on the occasion ofthe 125th Anniversary of Birth of Alois Alzhei­
mer (14. 6.1864-19.12.1915). 
Over the past decade, as the elderly have become the fastest growing 
segment of the population in industrial countries, Alzheimer's disease 
has emerged as one of major mental health problems. The contributors 
to this book represent internationally recognized authorities in the field 
of dementia and present new information about epidemiology, neuro­
pathology, neurochemistry, and clinics in Alzheimer's disease. This book 
comprises a rich and valuable up-to-date resource for psychiatrists, 
neurologists, scientists working in the field of neuropathology, neuro­
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physicians and all who share an interest in understanding and treating 
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