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Preface 

Dementia of Alzheimer type (DAT), multiinfarct dementia (MID) 
and dementia occurring in the course of Parkinson's disease (PD +D) 
now make up one of the largest categories of chronic diseases in the 
elderly. In addition to the burden those illnesses impose on the affected 
individuals and their families they consume large socio-economic re
sources. In the light of all the above mentioned features, it seemed to us 
that a Symposium on behalf of the 125th Anniversary of Birth of Aloys 
Alzheimer was particularly well-suited to help to advance research on 
Alzheimer's disease and other dementias. This International Symposium 
combined with a Satellite Symposium about "Clinical Aspects of Alz
heimer Dementias" took place in June 1989 in Wiirzburg and has been 
organized by the Psychiatric Departments of the Universities of 
Wiirzburg and Munich (H. Beckmann, K. Maurer, P. Riederer, H. 
Hippius and H. Lauter) and the Department of Pathochemistry and 
General Neurochemistry of the University of Heidelberg (S. Hoyer). In 
the chapters which follow, thorough reviews of recognized authorities 
in the field of dementia are given in the four main fields of epidemiology, 
neuropathology, neurochemistry and clinics. 

This Symposium and the edition of this book would not have been 
possible without the generous support of E. Merck, Darmstadt. In 
particular we gratefully acknowledge the efforts undertaken by Mr. 
Hernandez-Meyer to organizing this symposium and to publish this 
book. 

Furthermore we are grateful to the secretarial help by Mrs. Moeslein, 
Miss Philipp and Miss Grabner. 

Last but not least, we thank Springer-Verlag Wien New York for the 
excellent production of this book and the excellent cooperation over the 
last months. 

August 1990 K. MAuRER, P. RIEDERER, and H. BECKMANN 
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Aloys Alzheimer 14. 06. 1864-19. 12. 1915 

H. Hippius 

Department of Psychiatry, University of Munich, Munich, Federal Republic of Germany 

What is the reason, to celebrate the inauguration of the first 
Alzheimer bust here in the Department of Psychiatry of the University, 
in Wuerzburg, where Alzheimer has never worked in the field of psychi
atry? Why not in Frankfurt, where Aloys Alzheimer observed the first 
patient, suffering from an illness, which - by a suggestion of Emil 
Kraepelin - was later to be called Alzheimer's disease? Why not in 
Munich, where Alzheimer had his most active and productive period as 
a scientist, where he published his famous studies on Alzheimer's dis
ease and where - up to now - is the location of the house near by the 
charming lake Wessling built by himself for his family? Why not in 
Breslau, where Alzheimer in 1913 took over his first position as Head 
of Department and full professor (ordentlicher Professor) of Psychiatry? 

The reason is that 125 years ago, on the 14th of June, 1864, Aloys 
Alzheimer was born nearby Wuerzburg in Marktbreit. He and his family 
are deeply rooted in this area around Wuerzburg, the Lower Franconia. 

He grew up in Lower Franconia, went to primary school in Markt
breit, then to the Royal Humanistic Secondary School in Aschaffenburg 
until his final school examinations in 1883. After a couple of terms at the 
universities of Berlin and Tuebingen, he completed his medical studies 
at the university of Wuerzburg; in Wuerzburg he took his final medical 
exams at the beginning of 1888. He had been already promoted to doctor 
of medicine with a histological thesis at the University of Wuerzburg a 
year earlier in 1887. Alzheimer remained in Wuerzburg for a further term 
following his medical exams and worked at the Anatomic Institute. This 
step played a significant role in his life and work as a neuropathologist. 
However, Alzheimer's interest in psychiatry can also be traced back to 
this first year after his final examinations: As he wrote himself, he 
became the medical "travelling-companion of a mentally ill lady" 
(Alzheimer, 1895) for a period of five months. 
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Immediately after he definitely left his home-town, where he had 
spent most of time until then. After Wuerzburg, he went to Frankfurt, 
Munich and finally to Breslau, cities which became the great stations of 
his life. 

In the foreground these cities mark Alzheimer's path in life in a 
purely geographical sense, but behind the names of these cities there is 
more than meets the eye - the encounter and work with important 
psychiatrists and researchers. In Frankfurt Alzheimer worked for 15 
years with the clinician Emil Sioli. Here, he also met Franz Nissl. And 
in Munich Alzheimer became one of the closest co-workers of Emil 
Kraepelin. 

Wuerzburg until1888, Frankfurt until1903, a few months in Heidel
berg, Munich until 1913 and the triumvirate of the great teachers Emil 
Sioli, Franz Nissl and Emil Kraepelin - that was the fundament, on 
which Alzheimer was standing, when he was invited to take over the 
professorial chair for psychiatry in Breslau. After taking over his office 
in Breslau in 1913 Alzheimer wanted to complete his work as a clinical 
psychiatrist and researcher. He planned a study on anatomical alterations 
in the brains of patients suffering from endogenous psychoses. Howev
er, he was not able to bring this plan to realization. He became ill soon 
after moving to Breslau; he died at the age of only 51 years on the 19th 
of December, 1915. 

The most important step in Alzheimer's professional life was in 1888 
to leave the Wuerzburg Institute of Anatomy and to become a clinician, 
a psychiatrist. And his whole life he stayed a clinician - in spite of 
becoming prominent and famous as a neuropathologist! With 24 years 
of age he left the university and took on a job as assistant doctor at the 
Municipal Mental Hospital in Frankfurt am Main, the head of which was 
Emil Sioli at that time. Sioli had introduced the principle of "non-re
straint" to this hospital. Therefore the hospital in Frankfurt soon earned 
itself the reputation of a progressive therapeutic institution for mentally 
ill patients. In a review of Sioli's 25-year profession as psychiatrist, 
Alzheimer later praised his achievements emphatically (Alzheimer, 
1913). Alzheimer remained faithful to the Frankfurt hospital and his first 
clinical teacher, Sioli, for more than half of these 25 years (December 
1888-0ctober 1903). 

The stay in Frankfurt was also decisive for Alzheimer's development 
as neuropathologist. When he came to Frankfurt, the pathologist and 
anatomist Karl Weigert had been there since 1884 as director of the 
Senckenberg Institute; Ludwig Edinger, who later became professor for 
neurology in Frankfurt, was also working there at that time. However, 
Alzheimer received his most important impulses during this time in the 
hospital from another young co-worker of Sioli, who was only four 
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years older than Alzheimer: Shortly after Alzheimer had begun to work 
in Frankfurt, in 1889 Sioli fetched a co-worker of Bernhard von Gudden 
and Hubert Grashey from Munich as senior assistant. That was Franz 
Nissl (1860 -1919). 

Nissl described vividly how intensive the exchange of ideas between 
the two co-assistants and later on very close friends Nissl and Alzheimer 
was during their time in Frankfurt: "I was always grateful that fate led 
me to meet colleagues in Frankfurt, who were enthusiastic about science, 
and that Sioli did everything in his means to support our mutual scien
tific endeavours. I showed Alzheimer my technique and convinced him 
with my preparations and experimental results of the accuracy of my -
until now by no means generally accepted - views ... The aim of our 
endeavours was always sharply outlined: The greater part of the patho
logical process in the mentally ill should be found" (Nissl, 1916). 

In April 1894 Alzheimer married the widow Caecilia Geisenheimer, 
nee Wallerstein, in Frankfurt. Franz Nissl was the witness. When Franz 
Nissl went to Kraepelin in Heidelberg in 1895, Alzheimer became his 
successor as senior assistant at the Frankfurt hospital. It was a heavy 
blow for Alzheimer that his wife, by whom he had three children, died 
in 1901. 

During his 15-year employment at the Frankfurt hospital Alzheimer 
obviously did not intend to start a scientific career, although no less than 
Emil Kraepelin offered him a job in Heidelberg. Instead of accepting this 
offer, Alzheimer applied for the directorship of a mental hospital. Krae
pelin said the following in his "Memoirs": "I had heard by chance some 
time previously that this excellent researcher (Alzheimer) was about to 
apply for the job of director of an asylum. A mutual friend intervened 
on my behalf and urgently requested him not to make such a step, but 
to start an academic career. Unfortunately, this advice was not successful 
at first and it was not until Alzheimer's attempts to become director of 
an asylum failed, that he came to me and I persuaded him to join our 
group" (Kraepelin, 1987). Before Alzheimer's promotion in Heidelberg 
took place, Kraepelin was appointed to the professorial chair in Munich 
and Alzheimer came to Munich with him. 

In Munich Alzheimer stayed co-worker of Emil Kraepelin until1912. 
Alzheimer took advantage of the fact that the new hospital building in 
Munich was not complete and would not be opened until November 
1904. As soon as the building was finished, he would have many exten
sive clinical duties. As first assistant doctor he participated decisively in 
the construction and organisation of the new clinic at the Nussbaum
strasse. When Kraepelin's senior doctor, the clinician Robert Gaupp, left 
Munich for Tuebingen in 1906, Alzheimer became his successor. 
Alzheimer was Kraepelin's senior assistant and deputy until 1909. 
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In 1904 Alzheimer was promoted to lecturer at the Munich Medical 
Faculty with a thesis on "Histologische Studien zur Differentialdiagnose 
der progressiven Paralyse" (histological studies on the differential diag
nosis of general paresis) (Alzheimer, 1904). 

Kraepelin wrote the following comments in his "Memoirs" about 
this time: "From Heidelberg I had brought ... Gaupp and Alzheimer to 
Munich, who took over the management of the splendid rooms for 
anatomical work .... Alzheimer started work in the clinic without being 
paid, as I had no position for him and he wanted to spend his time as 
he wished. In order to integrate him into the clinic, I created the class 
of scientific assistants. This class consisted of researchers, who were free 
to use the scientific facilities and equipment. Apart from Alzheimer, 
Ruedin and Plaut were also connected to the clinic in this manner for a 
long time, later also Isserlin. Without the self-sacrificing assistance of 
these gentlemen it would have been absolutely impossible to get the 
scientific work going at all" (Kraepelin, 1987). 

Alzheimer's histopathological laboratory at the Munich hospital soon 
became a centre of research. Co-workers and scholars during this period 
were U. Cerletti, H. G. Creutzfeldt, A. Jakob, F. Lothmar, and G. 
Perusini. 

Apart from the clinical and scientific work, as well as the time-con
suming organisational and administrative tasks in the building phase of 
the hospital, from the summer term 1905 until the winter term 1912/13 
Alzheimer had to give a large number of lectures. In the university 
prospectus of the Medical Faculty one finds his name as a docent for 
many topics: "Introduction in Clinical Psychiatry", "Brain and Soul", 
"Practice in the Exploration of the Mentally Ill", "Forensic-psychiatric 
Practice", "Clinical Demonstrations for Advanced Scholars", "Normal 
and Pathological Anatomy of the Cerebral Cortex". 

A review of the many-sided, scientific work of Alzheimer proves 
impressively his basic attitude: In all his studies he always kept the 
question of the clinical relevance of his research in mind. 

In an orbituary notice about Alzheimer, Spielmeyer points out that 
two main stages in his work differ from one another (Spielmeyer, 1916): 
Until his habilitation thesis about histological studies on the differential 
diagnosis of general paresis (1904), which nowadays is often and justifi
ably considered as classic, Alzheimer worked on clearly organically 
induced psychiatric clinical pictures (mainly with progressive paralysis 
and the so-called "arteriosclerotic mental disorders"). In his second 
productive period (1904 -1915) questions as to the occurrence and rele
vance of anatomical alterations in the brain in endogenous psychoses are 
given more attention. 
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However, Alzheimer's name has become famous through his studies 
on the premature occurrence of demential processes. In November 1901, 
during his time at the Frankfurt hospital, Alzheimer treated a female, 51 
year old patient ("Frau A. D."). This patient had become conspicuous 
because of a restriction in her power of comprehension and memory, 
aphasic symptoms, orientation disorders, incalculable behaviour, and 
paranoid thought contents. After the death of this patient, Alzheimer 
reported in 1906 at the 37. Tagung der Suedwestdeutschen Irrenaerzte 
(37th Conference of the South-West German Psychiatrists) on this par
ticular case with the title "Ueber einen eigenartigen, schweren 
Erkrankungsprozess der Hirnrinde" (on a peculiar, serious disease pro
cess of the cerebral cortex) (Alzheimer, 1906, 107). That was the first 
description of a particular form of the "presenile dementia", which was 
later- following Kraepelin's suggestion- named "Alzheimer's disease". 

As a clinical scientist, Alzheimer by no means only concentrated on 
histopathological problems. For example, already in 1896 he worked on 
forensic-psychiatric topics. In this connection Alzheimer defended the 
concept of the "inherited degenerative mental disorder" (Alzheimer, 
1896). Further important studies dealt with the differential diagnosis of 
imbecility (e.g., the tuberous sclerosis and the amaurotic idiocy). 

The concept of the "degeneration" earns more and more interest and 
scientific attention nowadays; Alzheimer was not only interested in its 
connection with forensic problems. The concept of degeneration was 
believed to have a principal significance for the etiology of all mental 
diseases. 

Other problems, which interested Alzheimer at the beginning of the 
century, are nowadays also of pressing importance. In this context, 
Alzheimer analysed the problem of "Indikation fiir eine kuenstliche 
Schwangerschaftsunterbrechung bei Geisteskranken" (Alzheimer, 1907) 
(indication for an abortion in the mentally ill). He worked on various 
problems connected with epilepsy and was particularly interested in an 
exact definition of epilepsy. 

Alzheimer had always seen the danger that basic research can lose its 
contact to the clinical side. Therefore, he emphasized continually that he 
real aim of psychiatric research was to obtain knowledge, which would 
be of advantage for clinical work. Alzheimer's personal development 
reflects his basic attitude: Alzheimer considered himself to be a clinician. 
Initially, he turned down Kraepelin's offer to start an academic career 
and would have preferred to take over the directorship of a mental 
asylum. It was not until his application for this position was not accepted 
that he decided to go to Kraepelin in Heidelberg! Later, he accepted the 
position as director of the Psychiatric Department of the Breslau Univer
sity instead of continuing with his scientific work in the neuroanatomic 
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laboratory of the Munich Psychiatric Hospital, although he had ideal 
conditions in Munich for his scientific work. In this respect, he differed 
form his 4-years older friend and colleague Franz Nissl: In 1918 Nissl 
gave up his clinical professorial chair in Heidelberg and returned to 
Munich to take over the histopathological department of the Deutsche 
Forschungsanstalt fur Psychiatrie in the rooms of Kraepelin's hospital. 

When Alzheimer left Munich in 1913, Kraepelin had "a lively feeling 
that the best that could be done by him for our science would disappear. 
The new, worrying and time-consuming work, which was awaiting him, 
seemed to satisfy him all the same" (Kraepelin, 1987). 

During his time in Munich, Alzheimer often experienced almost 
bitter quarrels about the demarcation of disease units in the psychiatric 
field. Hoche contrasted the concept of the unspecifity of psychopatho
logical syndromes and symptom complexes with Kraepelin's postulated 
differing disease units. In these arguments Alzheimer usually agreed 
with Kraepelin's point of view. He was of the opinion that the still 
unclear boundaries between various disease units can be increasingly 
better distinguished by research methods of a scientifically orientated 
psychiatry. He could refer to the example of the progressive paralysis, 
which he had worked on thoroughly himself. Alzheimer also criticized 
Wernicke's ideas on a localisation concept, which to a certain extent 
contradicted with Kraepelin's ideas. According to the localization theory 
of Wernicke, a disorder in the brain as far as the manifestation and form 
of a psychiatric disease is concerned is of greater importance than its 
etiology; Alzheimer considered this to be pure speculation and com
plained that this concept neglected etiological research. 

Alzheimer discerned principally between the "organic" and the "en
dogenous" psychoses. He counted progressive paralysis and Kraepelin's 
dementia praecox (schizophrenia) to the organic psychoses. He consid
ered the cause of the "endogenous" psychoses to be "mental degenera
tion" in the sense of the degeneration theory. He included manic-depres
sive illness in the endogenous psychoses as well as the hysterical disor
ders and the psychogenic psychoses. In Alzheimer's opinion there are 
greater differential diagnostic difficulties in the endogenous psychoses 
than in the organic ones. All the same, he thought that the "divided 
stems of the degeneration" must be differentiated; he imputed the exis
tence of Kraepelin's distinct disease units. 

During his last creative period Alzheimer worked intensely on the 
basic problems of psychiatry. Many of the problems he dealt with in his 
programmatic essay (Alzheimer, 1910) on "Die diagnostischen 
Schwierigkeiten in der Psychiatrie" (the diagnostic difficulties in psychi
atry) (1910) remain of pressing importance and interest sill nowadays. 
Alzheimer had long intended to summarize his research in a textbook 
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with a presentation of the histopathology of the psychoses. However, 
because of his early death this plan did not exceed a rough draft. 

Some of Alzheimer's results in research are superseded. But two 
points will last for ever: Firstly his fundamental description of clinical 
picture and neuropathological findings in dementia of Alzheimer-type 
and secondly his prominent example that research in psychiatry must 
have its roots in clinical psychiatry. In spite of becoming more and more 
well-known as a neuropathologist he remained a clinician. 

Therefore it is consequent that the flrst portrait sculpture of 
Alzheimer from today on will have its place in a psychiatric hospital, in 
the Department of Psychiatry of the Wuerzburg University. 
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Some philosophical aspects of Alzheimer's discovery: 
an American perspective 

R. J. Wurtman 

Department of Brain and Cognitive Sciences, Massachusetts Institute of Technology, 
Cambridge, U.S.A. 

We are here to celebrate the 125th anniversary of the birth of Alois 
Alzheimer and to convey to him, posthumously, Society's gratitude for 
his discovery of the disease that bears his name. At present that disease 
remains poorly understood and even less well treated. However, the 
speed with which new insights into its characteristic clinical and patho
logical findings now arise gives us optimism that afflicted patients will, 
someday soon, be better served than they can be at present. 

Dr. Alzheimer's contribution was considerably more than just medi
cal: it also bore on a central concern of Western philosophers since the 
time of Plato and Aristotle, namely the "Mind-Body-Problem." The 
enunciation of Alzheimer's disease - in which a progressive clinical 
disturbance involving the ability to think could be correlated with neu
ropathological changes - provided one of the best proofs then available 
that the distinctly human attributes of consciousness and cognition have 
their origins in specific components of the brain. In the classic debate 
between metaphysical dualists and monists, those who held that the 
mind is best explored via the neurosciences had won a major victory; one 
consequence of this victory was that academic psychiatry in much of the 
world became strongly neuropsychiatric. 

Coincidentally, Alzheimer's period of greatest productivity over
lapped with that of another very different but equally influential thinker 
who had initially been trained as a neurologist- Sigmund Freud. Freud 
focussed on subjective experience and its communication by verbal 
expression as the principal means for understanding and treating diseases 
of the mind; he also proposed a formulation of the mind's structure and 
developmental history that, he well recognized, bore no relationship to 
the brain. For Freud, the brain would someday be paramount in psychi-
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atry, but for the time being this organ was, unfortunately, irrelevant. In 
America, even more psychiatrists became Freudian dualists than 
Alzheimer monists, and the strength of this commitment has diminished 
only in the past few decades, largely because of the discovery of effective 
psychotropic drugs whose clinical actions could be correlated with their 
pharmacologic effects on specific brain neurotransmitters. 

More broadly, much of twentieth century philosophy can be viewed 
as a struggle between the followers of Alzheimer and those of Freud, 
between those who find truth in objective vs. subjective phenomena; 
most individuals now probably utilize a synthesis of the two approaches 
when they attempt to understand themselves and other people. I am 
reminded of an MIT colleague who creates artificial intelligence al
gorithms by day and abstract expressionist paintings by night. 

Medicine's response to Alzheimer's contribution raises questions in 
another domain of philosophy- that of the philosophy of history: when and 
how and why does a new intellectual construct become normative, 
thereafter influencing the professional behavior of the majority of work
ers in the field it attempts to explain? And in the case of Alzheimer's 
disease, why did it take seven decades for his explanation of senility to 
become normative, and what finally caused its widespread acceptance? 
Also, why has this acceptance, like that of Freud's views, come about 
more rapidly in the United States than in Europe? Clearly the general 
increase in longevity and the consequent increase in the number of aged 
people at high risk for developing senile dementia has magnified Soci
ety's interest in age-related cognitive disorders. But this increase in 
interest needn't have changed the way that senility came to be explained, 
i.e., not as an inevitable consequence of aging but as the reflection of a 
specific brain disease. Was the critical factor, at least in the United States, 
the establishment of funding agencies - like the National Institute on 
Aging - able to reinforce high-quality research efforts; or the rise of 
sophisticated consumer groups (like the Alzheimer's Disease and Relat
ed Diseases Association) committed to promulgating this new view of 
senility as a potentially-treatable disease; or perhaps the discovery of a 
specific cholinergic deficit, which brought Alzheimer's disease into the 
mainstream of contemporary neuroscience and vastly increased the pool 
ofleading neuroscientists- especially in America- interested in working 
on it? Probably all of these had some effect. 

Dr. Alzheimer's ideas ultimately did catch on, around the world, and 
they did so, we believe, because they were correct: the neuropathologic 
changes probably do cause the behavioral symptoms (indeed, the idea 
caught on so well that the question now seems to be whether a'!} 

dementia syndromes really exist in the aged other than Alzheimer's 
disease). But the hypotheses that equate cerebral amyloid andfor defec-
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tive cholinergic neurotransmission to senility have yet to pass the critical 
test of engendering a truly effective therapy, or even a reliable diagnostic 
and prognostic tool. That is the unarticulated agenda of scientific meet
ings like the present one. Dr. Alzheimer will always deserve our utmost 
respect and gratitude for having gotten things started. 

Correspondence: Dr. R. J. Wurtman, Department of Brain and Cognitive Sci
ences, Massachusetts Institute of Technology, Room E 25-604, Cambridge, 
MA 02139, U.S.A. 



The aging brain and its disorders 

A. Carlsson 

Department of Pharmacology, University of Goteborg, Sweden 

"Last scene of all, 
That ends this strange eventful history, 

is second childishness, and mere oblivion, 
Sans teeth, sans eyes, sans everything." 

(Shakespeare, As you !ike it, II, vii) 

Summary 

In the search for the meachanisms underlying the aging process and for 
approaches to alleviate the resulting functional losses, the neurotransmitter 
strategy appears to offer great promise. This strategy is based on the hypothesis 
that the biological properties and vulnerabilities of nerve cells depend largely on 
the types of neurotransmitters they produce or are exposed to by innervation 
from other nerve cells. It permits an insight into the complex interactions and 
imbalances between neuronal systems that lead to age related functional losses. 
The aging process may not only cause transmitter deficiencies. Owing to failure 
of regulatory mechanisms neurotransmitters may prove harmful to the cells 
producing them as well as to cells exposed to them by innervation. The former 
mechanism is illustrated by the toxic potential of catecholamine autoxidation, the 
latter by excitotoxins. 

Introduction 

A severe loss of mental functions with age has been recognized for 
a very long time; it was aptly described by Shakespeare, as shown by the 
above quotation. One can wonder how old the demented people de
scribed by Shakespeare were, taking into account the dramatic "squaring 
off" of the survival curve so often referred to. Presumably they were a 
lot younger than the majority of demented people today. This is encour-
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aging, because it gives rise to the hope that the aging process is not 
entirely determined by our genes. In fact, recent epidemiologic studies, 
for example by Svanborg et a!. (1986), indicate that elderly people re
main in good health up to a higher age than before, and this includes 
mental health. This again underlines the importance of environmental 
factors for the aging process. 

There are many research strategies to choose between today, when 
trying to better understand what is going on in the aging brain. Among 
them the neurotransmitter strategy has perhaps proven especially fruitful 
so far. It can be used both for the identification of the substrates imme
diately responsible for functional deficits and of the underlying, long
term processes, and is thus useful for formulating strategies both for 
treatment and prevention. The successful research on Parkinson's dis
ease can be appropriately referred to as a model in this context. 

To illustrate what this approach can lead to in the case of normal 
aging, it seems suitable to start out from a robust indicator of what can 
be considered a normal, age-related functional stigma. I have chosen 
here to discuss the liability to respond to a stressful impact by getting 
into a confusional or delirious state. After discussing this in the short 
perspective, I will discuss the long-term processes underlying this re
duced vitality of the aging brain. I think it is necessary to try to under
stand these normal phenomena before discussing the pathology of aging. 
This viewpoint is supported by the difficulty to draw a distinct demar
cation line between normal and pathological aging. Whereas, for exam
ple, the increased liability to confusion is to be regarded a normal sign 
of aging, pathological dementia conditions are generally characterized 
by a further accentuation of this stigma. 

Confusion liability as an age-related stigma: 
search for the underlying mechanism 

There seems to be consensus that with increasing age, starting per
haps around the age of 60, it takes less and less of a stressful impact to 
bring an individual into a state of confusion or delirium. Once the 
stressful impact has been removed and adequate treatment has been 
given, there seems likewise to be general agreement that the individual 
may return to his normal baseline. One additional reason why this 
particular sign of reduced vitality of the brain appears especially fruitful 
to discuss, is that neuroleptics obviously provide a very efficient treat
ment of confusional and delirious states. The neuroleptics are predomi
nantly antidopaminergic agents. In addition, some of them have alpha
adrenergic blocking properties (see Carlsson, 1978). Although this does 
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not seem to be essential for their therapeutic efficacy, it may contribute. 
In favour of this assumption is the likely involvement of locus ceruleus 
and the central noradrenergic system in stress reactions (see Elam, 1985). 

From the efficacy of the neuroleptics it seems reasonable to conclude 
that there exists in the brains of delirious people an imbalance involving 
an overweight of the dopaminergic system somewhere in the brain. Are 
we dealing with a hyperdopaminergic state in absolute terms? The an
swer is probably no. The level of dopamine goes down with age (see 
Fig. 1). In fact, dopaminergic neurons appear to belong to the most 
age-sensitive neurons of the human brain (see Carlsson, 1981). The 
possible mechanisms underlying this phenomenon will be discussed in 
a later section. The level of dopamine goes down with age in all brain 
regions examined post mortem, and so does tyrosine hydroxylase and 
the cell count of dopaminergic neurons. Recent PET data confirm the 
marked age dependence of the dopaminergic system (Tedroff et al., 
1988). 

The loss of dopaminergic neurons seems to be compensated by an 
increase in the physiological activity of the remaining neurons, as indi
cated by an increased HVAJDA ratio (Fig. 2, see Carlsson, 1988 a). But 
there does not seem to be an overshoot. Admittedly no data are available 
to show how the dopaminergic neurons behave in the acute delirious 
state. This issue will hopefully be a future task for the imaging people 
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Fig. 1. Dopamine (DA) and choline acetyl transferase (CAT) in the hippocampus of three 
age groups of demented patients and controls, examined post mortem. Shown are the 
means and s.e.m. (n) * p <O.OS; ** p<0.01; *** p<0.001 vs. age matched controls or, in 
case of contro ls, vs. 64-year-old g roup (Data from a multicenter study by Gottfries C-G, 

Carlsson A, Eckernas S-A, Svennerholm L; see Carlsson, 1988a) 
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Fig. 2. The age dependence of the ratio of homovanillic acid (HVA) to dopamine (DA) 
in the hippocampus of controls, examined post mortem (Data from a multicenter study by 

Gottfries C-G, Carlsson A, Eckernas S-A, Svennerholm L; see Carlsson, 1988a) 

to resolve. However, in the following the assumption is made that the 
already weakened dopaminergic system is unable to bring about a 
severely hyperdopaminergic state. 

In fact, we can probably not dismiss the possibility that a moderate, 
age-related involution of the dopaminergic system may be favorable by 
reducing the risk of transmitter imbalances, leading to confusion or 
psychosis. This may well be true also of the noradrenergic system, which 
is also markedly age dep~ndent. 

If we are dealing with a transmitter imbalance due to a deterioration 
of a dopamine-antagonistic system, which overrides the dopamine 
deficit, the question arises which this one could be. Presumably we can 
rule out the cholinergic system because it seems to be more resistant to 
the normal aging process than dopamine, thus leading to a relative 
overweight of the cholinergic system (Fig. 1, see Carlsson, 1981 ). (This 
is in contrast to Alzheimer's disease, where the reduction of the cholin
ergic system, compared to age-matched controls, is more severely affect
ed than the dopaminergic system.) Another system to consider is the 
serotonergic system. In support of this are some recent findings of 
Gottfries and his colleagues with serotonin-uptake inhibitory. They 
observed that citalopram is capable of alleviating certain symptoms, 
including confusion, in demented patients (Nyth et al., 1987, 1988). 
However, other systems will also require careful consideration. T his will 
be apparent from an examination of the various pathways interacting 
with the dopaminergic system. 
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The striatum: an important, cortex-controlled inhibitory structure? 

The profound action of neuroleptics on cortical functions, as indicat
ed by their antidelirious and antipsychotic effects, is not necessarily, or 
perhaps only partly, due to a primary effect of these agents on the 
cerebral cortex. In fact, both postmortem and more recently PET data 
indicate that the level of dopamine and the density of dopamine D-2 
receptors, which are the most relevant subtype in connection with most 
of the neuroleptics in current use, are extremely low in the human 
cerebral cortex (for references, see Carlsson, 1988 b). Thus we must 
seriously consider the possibility that not only the extrapyramidal but 
also the mental actions of neuroleptic drugs depend largely, if not 
entirely, on binding to receptor sites in the striatum. "Striatum" is used 
here in a wide sense and will thus comprise both the dorsal and the 
ventral, "limbic" part of this structure (see Nauta, 1989). 

There is an increasing awareness of the important role of the striatum 
as an inhibitory structure, acting on a variety of both motor and mental 
functions. The main targets for the dorsal and ventral striatal complexes, 
which besides the striatum include the dorsal and ventral pallidum, 
which may be looked upon as relay stations, appear to be the thalamus 
and the mesencephalic reticular formation (see Fig. 3). We have pro
posed that the inhibitory function of the striatum is at least partly 
brought about by restricting the flow of sensory information relayed 
through the thalamus on its way to the cortex and by counteracting the 

Cerebral cortex. 

Sense organs 

NBM=Nucleus basalis Meynert 

Fig. 3. Schematic drawing serving to illustrate the hypothesis that the cerebral cortex is 
capable of controlling its sensory input/arousal via a dopamine-modulated feedback loop 

involving the striatal complexes and the thalamus/mesencephalic reticular formation 
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arousal induced by the mesencephalic reticular formation as well as by 
certain thalamic structures with similar function. 

The striatum is controlled by several inputs. One is the mesostriatal 
dopamine system, which appears to be inhibitory on the striatum and 
will thus open up the flow of sensory information to the cortex via the 
thalamus, and increase the level of arousal. The noradrenergic and sero
tonergic systems, which originate in the mesencephalic reticular forma
tion or in its close vicinity, may be part of this arousal-controlling 
system. 

Another, apparently very powerful input to the striatum is the corti
costriatal glutamatergic pathway. (Whenever "glutamatergic" is used in 
this context, it will comprise other endogenous excitatory amino acids 
and related molecules, such as aspartic acid and quinolinic acid.) This 
pathway is excitatory and will thus enhance the inhibitory function of the 
striatum and counteract the dopaminergic influence. It will be apparent 
then, that we are dealing here with a negative feedback loop, arising in 
the cerebral cortex and returning to the cortex, and, in fact largely to the 
same cortical area, via the striatum and the thalamus/mesencephalic 
reticular formation. By means of this feedback loop the cortex should be 
able to control the amount of incoming sensory information as well the 
level of arousal. Moreover, the control is likely to be selective, that is, 
less relevant inputs are filtered off in favor of more relevant and novel 
information (for recent references on the neuranatomy of the striatum 
and its afferent and efferent connections, see Heimer et al., 1985; Sele
mon and Goldman-Rakic, 1985; Goldman-Rakic and Selemon, 1986; 
Bjorklund and Lindvall, 1986; Alexander et al., 1986; Penney and 
Young, 1983, 1986; Nauta, 1989). 

Some recent animal data emphasize the importance of glutamatergic 
mechanisms, and more specifically, those mediated via NMDA 
receptors, for psychomotor activity (Carlsson and Carlsson, 1989 a, b; 
Carlsson and Svensson, 1990). We find that blockade of these receptors 
in mice and rats, by the specific, noncompetitive NMDA antagonist 
MK-801, exerts a pronounced stimulatory action on psychomotor activ
ity, and that this effect, contrary to earlier belief, is largely independent 
of catecholaminergic mediation (see Fig. 4). Moreover, we find that 
already a partial blockade of NMDA receptors will be sufficient to 
induce a considerable increase in the responsiveness to the stimulating 
actions of the dopaminergic agonist apomorphine, the alpha-2-adrener
gic agonist clonidine (see Fig. 5), and the muscarinic receptor antagonist 
atropine. We feel that the corticostriatal glutamatergic pathway is a good 
candidate for the antagonist to dopamine that we were looking for. 

In other words, we propose that the age-related increase in the 
liability to confusional and delirious states could be due to an insufficient 
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Fig. 4. Effects of various doses of the non-competitive NMDA-receptor antagonist MK-
801 on motor activity in monoamine-depleted mice. Reserpine (10 mgjkg i.p.) was admin
istered 18 hand alpha-methyltyrosine (250 mgfkg i.p.) 30 min prior to the i.p. MK-treat
ment. Forward locomotion was registered for 30 min, beginning 60 min after MK-801 
administration. Shown are the means and SEM, N =4. There was a significant correlation 
between dose and number of meters covered in 30 min (r=0.6, p<0.01) (Data from 
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Fig. 5. a Effects of MK-801 (1 mg/kg i.p.) and clonidine (2 mgfkg i.p .), given separately 
or in combination, on forward locomotion in monoamine-depleted mice. b An analogous 
experiment with apomorphine (0.1 mgfkg i.p.) instead of clonidine, *** p<0.001; 
* p<0.02 vs. MK-801 (Mann-Whitney U-test) (Data from Carlsson M, Carlsson A, 1989b) 



14 A. Carlsson 

capacity of the cortiocostriatal glutamatergic system to counterbalance 
the dopaminergic system and other arousal-inducing mechanisms. 
Among the latter, the noradrenergic system is interesting in view of the 
well documented responsiveness of the locus ceruleus to stressful stimuli 
of various kinds. This will lead to hyperarousal and overflow of sensory 
information to an extent overthrowing the integrative capacity of the 
cerebral cortex, that is to a delirious state. Of course the effect of 
atropine in this model is also of considerable interest, given the well
known sensitivity of elderly people to the confusion-inducing action of 
antimuscarinic drugs. 

Whereas our own experiments are so far limited to systemic injections 
of the various drugs, our interpretations concerning the specific role of 
the corticostriatal glutamatergic system are supported by literature data, 
showing that stimulation and blockade of NMDA receptors in the stria
tum by locally applied specific agonists and antagonists will inhibit and 
stimulate psychomotor activity, respectively (Schmidt and Bury, 1988; 
Raffa et al., 1989). 

Long-term aspects of the aging process 

I now wish to switch gears and to discuss, very briefly, some more 
fundamental, long-term processes, underlying the age-related decline of 
brain function. Table 1 gives a list of some of the mechanisms now being 
intensely discussed. Most of them will be discussed in some detail in 
other chapters of this volume by authors more competent than myself. 
I just wish to emphasize that not everything listed in Table 1 is related 
to nerve-cell loss. We have, for example to consider insufficient supply 
of nutrients, not only because of inadequate diets but also because of 
failure of various transport mechanisms. These will include the gas
trointestinal tract, the circulation and respiration, and the transport from 
the blood into the brain. If relevant factors can be identified in this area, 
it means a great advance because of the obvious therapeutic implications. 
Another point to consider is that the various factors shown in the Table 
may interact in a complex manner or operate sequentially. The identifi-

Table 1. Possible causes of age-related brain dysfunctions 

- Free radicals - Failure of membrane transport 
- Endogenous toxins - Malnutrition 
- Exogenous toxins - Circulatory dysfunction 
- Deficiency of antioxidants - Dysfunction of immune system 
- Deficiency of trophic factors 
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cation of such interactions and sequences depends largely on pharmaco
logical interventions, using specific inhibitors of various kinds, for ex
ample, NMDA-receptor antagonists, calcium blockers, and agents caus
ing degeneration of dopaminergic neurons or inhibition of dopamine 
synthesis. These agents have been found capable of protecting brain 
tissue from damage induced e.g. by ischemia or hypoglycemia (for 
references, see Carlsson, 1989). 

One further comment seems to be necessary here in view of the first 
part of this paper, where I proposed that a deficient glutamatergic impact 
on the striatum might be a factor favoring the development of confu
sional states. Here we rather see an increase in the same endogenous 
compounds, that is the excitotoxins. This may look like a contradiction. 
However, if we introduce the concept of a dysregulation of glutamater
gic systems, it will leave room for both hyper- and hypofunctional states, 
occurring on different occasions. In any event it seems clear that the 
glutamatergic and related systems do indeed deserve the considerable 
attention being devoted to them at present. Among other things, the 
development of specific glutamatergic agonists and antagonists, suitable 
for both animal and human studies, are anxiously awaited. 

A new CNS model for studying age-related oxygen toxicity 

The last part of this chapter will be devoted to the area of oxygen 
toxicity, which is of course also attracting a lot of interest at present. I 
wish to focus on one special aspect which has interested us for some 
time. Even if we are dealing here with a rather special case of oxygen 
toxicity, it may have some general implications and may, in fact, serve 
as a model. The study of free oxygen radicals and how they are con
trolled by the complex antioxidant system present in tissues and body 
fluids, is somewhat elusive, implying that there is indeed a need for 
additional experimental models. 

Figure 6 shows the autoxidation of dopamine. This is a dangerous 
reaction for two reasons. Firstly superoxide anions, that is free radicals, 
are formed, and secondly the autoxidation of dopamine leads to the 

Fig. 6. Scheme illustrating the autoxidation of dopamine under formation of quinoids and 
the superoxide anion (For references, see Moldeus et al., 1983) 
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formation of semiquinones and quinones which are also highly reactive 
and toxic species (see e.g. Moldeus et al., 1983). Further processing of 
the quinones is generally believed to result in neuromelanin, the normal 
occurrence of which is thus considered to be evidence in favor of the 
actual existence of this autoxidation process, albeit at a low rate. It has 
been proposed that the autoxidation process may be responsible for the 
age-related loss of dopaminergic neurons as well as for Parkinson's 
disease. It may be speculated that the autoxidation process can be speed
ed up by a failure of the protective antioxidant system. Alternatively 
there could be a failure of the scavenger system detoxifying the 
qmnones. 

To get a handle on the autoxidation mechanism we have made use of 
the well known fact that quinones react very promptly with thiol groups, 
and thus for example with glutathione and cysteine. Figure 7 demon
strates this reaction. We have been able to identify the product 5-S-cys
teinyl-dopamine and some related metabolites, using HPLC (Fornstedt 
et al., 1986). Animal data show that 5-S-cysteinyl-dopamine accumulates 
when dopamine is released intraneuronally by reserpine (Fornstedt and 
Carlsson, 1989), but not when it is released into the extraneuronal space 
by amphetamine. The ratio 5-S-cysteinyl-dopaminefdopamine is higher 
in the human brain than in other species investigated. It is also higher 
in the substantia nigra than in the terminal regions, suggesting at least 
a partial correlation to the occurrence of neuromelanin. In human brain 
analyzed postmortem we have discovered that the ratio of 5-S-cysteinyl
dopamine to dopamine is higher in the brains of individuals with a 
significant loss of dopaminergic neurons as indicated by depigmentation 
of the substantia nigra (Fig. 8, Fornstedt et al., 1989). To examine this 
phenomenon more closely we calculated the ratio 5-S-cysteinyl-do
paminefDOPAC. The rationale for doing so is that both the formation 
of 5-S-cysteinyl-dopamine and DO PAC occur largely, if not exclusively, 
intraneuronally in the cytoplasm of dopaminergic neurons. Thus a 
change in this ratio would indicate a switch from one metabolic process 

R-SH+~CH,N: r§CH,NH, 
Vo R·S~OH 

0 OH 

R·SH =Glutathione, cysteine, etc. 

Fig. 7. Adduct formation from the quinonoid autoxidation product of dopamine and 
thiol-containing molecules, leading e.g. to formation of 5-S-cysteinyl-dopamine 
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F ig. 8. Ratio of 5-S-cysteinyl-dopamine to dopamine in different brain regions analyzed 
post mortem. Comparison is made between a group of individuals with well pigmented 
and a group with poorly pigmented substantia nigra; p<O.Ol (Data from Fornstedt et al., 
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Fig. 9. Ratio of 5-S-cysteinyl-dopamine to 3,4-dihydroxyphenylacetic acid (DO PAC) ver
sus the level of dopamine (DA) in the substantia nigra, analyzed post mortem (Data from 

Fornstedt et al., 1989 b) 

to another. As shown in Fig . 9, there appears, in fact to be such a switch. 
As shown in this Fig. there was a considerable individual variation in the 
dopamine level in the substantia nigra of these individuals, who may be 
considered to have been essentially normal for the age (72 - 91 years), 
with respect to the brain, except for one individual who had Parkinson's 
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disease, and a few patients who had mild dementia, possibly to be 
considered normal for the age. This illustrates a considerable individual 
variation in the sensitivity to the mechanisms leading to the age depen
dent loss of dopamine neurons. As can be seen, low dopamine levels, and 
thus a low number of surviving dopamine neurons, are correlated to a 
high 5-S-cysteinyl-dopamine/DOPAC ratio. In other words, in individu
als with a severe loss of dopamine neurons the metabolism of dopamine 
appears to be in favor of autoxidation. The highest ratio is found for the 
Parkinson patient. 

It is of course impossible to draw any conclusions about causal 
relations from these data, but it is tempting to suggest that the severe 
loss of dopamine neurons in some patients was due to a relatively high 
rate of dopamine autoxidation, leading to the formation of toxic oxygen 
species and quinonoid products. 

Conclusion 

There is a wealth of promising clues in the area of aging and brain 
disorders. This very timely meeting, honoring Alois Alzheimer, will no 
doubt provide us with a host of new data and ideas. The further devel
opment of this exciting research field will hopefully make an ever in
creasing number of people feel inclined to agree with Longfellow (1875): 

"For age is opportunity no less 
Than youth itself, though in another dress, 

And as the evening twilight fades away 
The sky is filled by stars, invisible by day." 

(From Morituri Salutamus) 

References 

Alexander G E, DeLong MR, Strick PL (1986) Parallel organization of function
ally segregated circuits linking basal ganglia and cortex. Ann Rev Neurosci 
9:357-381 

Bjorklund A, Lindvall 0 (1986) Catecholaminergic brain stem regulatory sys
tems. In: Field J (ed) Handbook of physiol- The nervous system IV. Am 
Physiol Soc Washington DC, pp 155-235 

Carlsson A (1978) Antipsychotic drugs, neurotransmitters and schizophrenia. 
Am J Psychiatry 135(2): 164-173 

Carlsson A (1981) Aging and brain neurotransmitters. In: Platt D ( ed) Funk
tionsstorungen des Gehirns im Alter. Schattauer, Stuttgart New York, S 67-
82 



The aging brain and its disorders 19 

Carlsson A (1988 a) Brain neurotransmitters in aging and dementia: recent find
ings. In: Barchas JD, Bunney WE (eds) Perspectives in psychopharmacolo
gy: a collection of papers in honor of Earl Usdin. Alan R Liss, New York, 
pp 209-223 

Carlsson A (1988 b) The current status of the dopamine hypothesis of 
schizophrenia. Neuropsychopharmacology 1: 179-186 

Carlsson A (1989) Neurotransmission and the aging brain: new vistas. In: 
Carlsson A, Kanowski S, Allain H, Spiegel R (eds) Cerebral insufficiency. 
Trends in research and treatment. Parthenon Publishing Group Ltd, Caster
ton Hall Carnforth, pp 1 -15 

Carlsson M, Carlsson A (1989 a) The NMDA antagonist MK-801 causes marked 
locomotor stimulation in monoamine-depleted mice. J Neural Transm 
75:221-226 

Carlsson M, Carlsson A (1989b) Dramatic synergism between MK-801 and 
clonidine with respect to locomotor stimulatory effect in monoamine-deplet
ed mice. J Neural Transm 77:65-71 

Carlsson M, Svensson A (1990) Interfering with glutamatergic neurotransmis
sion by means ofMK-801 administration discloses the locomotor stimulatory 
potential of other transmitter ·systems in rats and mice. Pharmacal Biochem 
Behav 36 (in press) 

Elam M (1985) On the physiological regulation of brain norepinephrine neurons 
in rat locus ceruleus. Thesis, University of Goteborg, Sweden 

Fornstedt B, Carlsson A (1989) A marked rise in 5-S-cysteinyl-dopamine levels 
in guinea pig striatum following reserpine treatment. J Neural Transm 
77:155-161 

Fornstedt B, Rosengren E, Carlsson A (1986) Occurrence and distribution of 
5-S-cysteinyl derivatives of dopamine, dopa and dopac in the brains of eight 
mammalian species. Neuropharmacology 25:451-454 

Fornstedt B, BrunA, Rosengren E, Carlsson A (1989) The apparent autoxidation 
rate of catechols in dopamine-rich regions of human brains increases with the 
degree of depigmentation of substantia nigra. J Neural Transm (PD-Sect) 
1:279-295 

Goldman-Rakic PS, Selemon LD (1986) Topography of corticostriatal projec
tions in nonhuman primates and implications for functional parcellation of 
the neostriatum. In: Jones EG, Peters A (eds) Cerebral cortex, vol 5. Plenum 
Publishing Corporation, New York, pp 447-466 

HeimerL, Alheid GF, Zaborszky L (1985) Basal ganglia. In: Paxinos G (ed) The 
rat nervous system, vol 1. Forebrain and midbrain. Academic Press, New 
York, pp37-86 

Moldeus P, Nordenskjold M, Bolesfoldi G, Eiche A, Haglund U, Lambert B 
(1983) Genetic toxicity of dopamine. Mutat Res 124:9-24 

Nauta WJF (1989) Reciprocal links of the corpus striatum with the cerebral 
cortex and limbic system: a common substrate for movement and thought. 
In: Mueller J (ed) Neurology and psychiatry: a meeting of minds. Karger, 
Basel Miinchen Paris, pp 43-63 

Nyth A-L, Balldin J, Elgen K, Gottfries C-G (1987) Behandlung med citalopram 
vid clemens. Normalisering av DST (with summary in English). Nord Psyki
at Tidskr 41:423-430 



20 A. Carlsson 

Nyth A-L, Gottfries C-G, Elgen K, Engedahl K, Harenko A, Karlsson I, 
Koskinen T, Larsson L, Nygaard H, Samuelsson SM, Yli-Kertula A (1988) 
The effect of citalopram in dementia disorders. A Scandinavian multicenter 
study. Poster, CINP Congress Munich, August 15-19, 1988 

Penney JB J r, Young AB (1983) Speculations on the functional anatomy of basal 
ganglia disorders. Ann Rev Neurosci 6:73-94 

Penney JB Jr, Young AB (1986) Striatal inhomogeneities and basal ganglia 
function. Movement Disordes 1:3-15 

Raffa RB, Ortegon ME, Robisch DM, Martin GE (1989) In vivo demonstration 
of the enhancement of MK-801 by L-glutamate. Life Sci 44:1593-1599 

Schmidt W J, Bury D (1988) Behavioural effects of N-methyl-D-aspartate in the 
anterodorsal striatum of the rat. Life Sci 43: 545-549 

Selemon LD, Goldman-Rakic PS (1985) Longitudinal topography and interdig
itation of corticostriatal projections in the Rhesus monkey. J Neurosci 
5:776-794 

Svanborg A, Berg S, Mellstrom D, Nilsson L, Persson G (1986) Possibilities of 
preserving physical and mental fitness and autonomy in old age. In: Hafner 
H, Moschel G, Sartorius N (eds) Mental health in the elderly. Springer, 
Berlin Heidelberg New York, pp 195-202 

Tedroff J, Aquilonius S-M, Hartvig P, Lundqvist H, Gee AG, Uhlin J, 
U.ngstrom B (1988) Monoamine re-uptake sites in the human brain evaluated 
in vivo by means of 11 C-nomifensine and positron emission tomography: the 
effects of age and Parkinson's disease. Acta Med Scand 77:192-201 

Correspondence: Prof. A. Carlsson, Department of Pharmacology, University of 
Goteborg, P.O. Box 33031, S-40033 Goteborg, Sweden. 



Epidemiology 



Epidemiology of Alzheimer's disease 

H. Hafner 

Central Institute of Mental Health, Mannheim, Federal Republic of Germany 

Summary 

A survey is given of population studies on the prevalence and incidence of 
late-life dementia in general, showing an overall prevalence rate of 5-6% for 
moderate and severe dementia at the age of 65 and over, and of Alzheimer's and 
vascular dementia in particular. In the European countries about 60% of all cases 
of late-life dementia seem to belong to Alzheimer's, about 20% to multi-infarct 
dementia. In Japan and the USSR the share of vascular dementia is obviously 
greater. Both diseases show an exponential increase of prevalence rates with age 
in all populations investigated, starting from 2-3% in the age group 65-70 and 
surmounting 30% beyond 90 years of age, MID and AD doubling about every 
5 years. The incidence rates for late-life dementia also show an exponential 
increase from about 0.3% at the age of 60-69, tripling every ten years of life and 
reaching around 3-4% at the age of 80 and over. Thus the exponential increase 
in prevalence is primarily due to the exponential age-dependent increase in the 
true morbid risk. The sex distribution for both types of dementia is still under 
discussion. The epidemiological study of genetic and environmental risk factors 
indicates that up to now only Down's syndrome and a family history of AD are 
major risk factors for attracting AD in late life. 

Introduction 

On 3rd November 1906, on the occasion of the 37th meeting of 
south-west German psychiatrists in Tiibingen, Aloys Alzheimer de
scribed the case of a 51-year-old woman with a severe loss of memory, 
disorientation, disturbances of language and paranoid ideas, who died 
after four years of the disease in a state of severest dementia. With his 
description he gave an account of the disease which is still valid today: 
the clinical aspect of a progressive loss of cognitive, mnestic and lan
guage functions and the neuropathological aspect of a degeneration of 
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ganglia and an agglomeration of neurofibrillary tangles and plaques in 
the cerebral cortex and in the hippocampus. The establishment of an 
exact diagnosis of dementia of Alzheimer's type still requires positive 
findings in both clinical and neuropathological fields. The latter can 
hardly be obtained from population studies. Peripheral markers which 
would also in population studies allow to screen for possible cases or to 
make a correct diagnosis of Alzheimer's disease, such as the evidence of 
f3 amyloid through monoclonal antibiodies in body fluids or through 
biopsy of nervous olfactorius fibres from the nasal mucosa, are not yet 
at our disposal. 

Prevalence of dementia in later life 

The epidemiology of Alzheimer's disease is currently based on two 
different approaches: first, the assessment of all cases of late-life demen
tia and the subsequent estimation of the share of Alzheimer's disease on 
the basis of neuropathological reference data. These are still founded on 
the findings of Tomlinson et al. (1970, 1976): primary dementia 53%, 
vascular dementia 17%, mixed types of primary and vascular dementia 
16% and the rest representing secondary dementia of different etiology. 
In a prospective clinical and neuropathological study Molsa et al. (1985) 
have essentially confirmed these findings. The method of estimating the 
proportions has some disadvantages. It does not allow individual case 
identification and, in addition, the reference data come from only few 
countries, whereas the relative prevalence of Alzheimer and vascular 
dementia seems to vary across countries. 

The second approach constitutes the identification of cases of 
Alzheimer's disease on the basis of clearly defined clinical criteria such 
as the DSM III R criteria, since the improved methods of diagnostic 
discrimination through brain-imaging techniques (CCT, MRI and PET) 
can hardly be applied in population studies. The most frequently used 
instruments comprising operationalized clinical criteria for diagnosing 
and subclassifying dementia by Alzheimer versus vascular and secondary 
dementia and identifying probable or possible cases of Alzheimer's dis
ease are the NINCDS criteria (McKhann et al., 1984), the Ischaemic 
score of Hachinsky et al. (1975) and CAMDEX (Roth et al., 1988). 

The overall efficiency of these instruments, insofar as they have as yet 
been validated in clinical and neuropathological findings, has been con
siderably improved in comparison with the clinical judgement, but is 
still limited with values of about 80% (Sulkava et al., 1983; Tierney 
et al., 1988). 

Cases of dementia in later life usually begin with slight cognitive 
deficits, which cannot be clearly distinguished from psycho-organic 
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Table 1. Prevalence of dementia in the elderly population: results from field 
studies 

Authors Country Age Sample Prevalence in % 
group size 

Severe or Mild 
moderate 

Essen-Moller eta!. (1956) Sweden 60+ 443 5.0 10.8 
Nielsen (1962) Denmark 65+ 978 * 5.9 15.4 
Primrose (1962) Great Britain 65+ 222* 4.5 
Kay eta!. (1964) Great Britain 65+ 505 * 5.6 5.7 
Kaneko (1975) Japan 65+ 531 7.2 52.7 
Hasegawa (1974) Japan 65+ 4716 3.0 1.5 
Broe eta!. (1976) Scotland 65+ 808 3.8 4.3 
Sternberg and Gawrilowa USSR 60+ 1020 3.6 21.0 

(1978) 
Cooper and Sosna (1983) FRG 65+ 519 * 6.0 5.7 
Campbell et a!. (1983) New Zealand 65+ 541 * 7.7 
Weissman et a!. (1985) USA 65+ 2588 3.4 12.7 
Folstein et a!. (1985) USA 65+ 923 6.1 
Sulkava et a!. (1985) Finland 65+ 1866 6.7 
Copeland et a!. (1987) Great Britain 65+ 1070 5.2 
Weyerer and Dilling (1984) FRG 65+ 295 3.5 5.0 

* Institutionalized elderly included. 
Source: Cooper and Bickel (1989) by permission. Supplemented by the author 

syndromes of different etiology and from normal memory problems in 
old age. Reliable epidemiological data therefore refer to moderate and 
severe dementias, which are defined by significant cognitive deficits 
affecting social competence and individual autonomy and which can 
thus be rather precisely diagnosed. 

Table 1 presents the results of 15 virtually comparable population 
studies. In the ten countries referred to the prevalence rates for severe 
or moderately severe dementia vary between 3.0% and 7.7% of the 
population aged 65 and over with a mean value of approximately 5%. 
The high variability of the rates for mild dementia or psychoorganic 
syndromes from 1.5% to 52.7% reflects the difficulties of case identifi
cation mentioned and the different diagnostic procedures used. 

Exponential increase with age of prevalence figures 
for late-life dementia 

Eight studies from different countries are shown in Fig. 1. The prev
alence for moderate and severe cases of dementia rises from initial values 



26 H. Hafner 

Prtvo ltnct 

X 

40 

35 

30 

25 

20 

15 

10 

60-64 65-69 70- 74 

_, E~un- Moller 1956 - Swoden 
o----<> NY Slale OepL 1~61- USA 
o----o Noelocn 1961- Denmark 
v-----v Kay et al. 1970- G- Britaon 
<>-·-·<> Kaneko 1975 Japan 

75-79 

- Campbell 4t al . 1983 - New Zealand • 
o ....... o Cooptr • Sosna 1983 - FRG 
_.._, Jorm tl al. 1987- Australia 

80-84 85-89 90+ 

Age-group 

Source: Cooper, B, Bickel, H. 
( 1989) 

• supplement by 
the author 

Fig. 1. Age-group related prevalence rates of moderate and severe dementia from 8 
population studies 

of 2 - 3% of the population aged 65-70 to over 20% of those aged 80 
to 89 and to over 30% for those aged 90 and over. 

By means of a statistical model of estimation J orm et a!. (1987) 
analysed 22 studies on the epidemiology of late-life dementia published 
between 1945 and 1985. Table 2 shows the estimated prevalence rates by 
5 year age intervals from 60 - 64 through 90- 95. According to the model 
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Table 2. Estimated prevalence rates for dementia by 5 year age intervals for 
baseline population 

Age-group 

60-64 
65-69 
70-74 
75-79 
80-84 
85-89 
90-95 

Median age 

62.5 
67.5 
72.5 
77.5 
82.0 
87.0 
91.5 

Source: Jorm eta!. (1987) by permission 

Estimated prevalence 
(%) 

0.7 
1.4 
2.8 
5.6 

10.5 
20.8 
38.6 

of an exponential rise the prevalence rates double every 5.1 years. 
Whether this exponential rise continues theoretically up to the maximum 
of human lifespan, asymptotically approximating a prevalence of 100% 
- thus supporting the assumption of a physiological process of ageing 
- or of only about 50% - in line with the assumption of a dominant 
Mendelian transmission of Alzheimer's disease, which assumptions are, 
however, unlikely to apply to the relatively small proportion of vascular 
dementia - cannot be answered as yet. The presumed flattening of the 
increase beyond the 90th year of age has so far been based on observa
tions of very few cases and is therefore neither proven nor at least likely. 

Differentiation of prevalence data on senile dementia 
of Alzheimer's type and multi-infarct dementia 

J orm et al. (1987) also analysed seven studies containing age-specific 
data for both multi-infarct dementia and Alzheimer's disease with re
spect to the exponential age increase. With the exception of one US 
study, they were found to give a satisfactory fit to the model for both 
types of disease. The prevalence rates of multi-infarct dementia doubled 
every 5.3 years, those of Alzheimer's disease somewhat faster, namely 
every 4.5 years. 

While the age increase of prevalence rates for late-life dementia shows 
a parallel course for all populations studied, the proportions of 
Alzheimer's dementia and multi-infarct dementia seem to vary signifi
cantly from one region to the other. Tomlinsons's reference values of 
approximately 60% of Alzheimer's disease and 20% of multi-infarct 
dementia are apparently applicable to most European studies. However, 
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one US and two Finnish studies analysed by J orm et al. (1987) show 
almost no excess of Alzheimer's disease, whereas four Japanese and two 
Russian studies, i.e. coming from countries with a high mortality of 
stroke, show a significant excess of multi-infarct dementia over 
Alzheimer's disease, although with different odds ratios and partly high 
shares of mixed dementia. 

The gender difference in prevalence rates cannot be finally interpret
ed. In connection with the higher life expectancy of females, the crude 
rates for moderate and severe late-life dementia in all studies were higher 
for females than for males. In the meta-analysis of J orm et al. (1987) the 
small number of studies showing age-adjusted prevalence rates for both 
sexes do not allow to infer a significant gender difference in the overall 
rates for late-life dementia. However, the prevalence rate for Alzheimer's 
disease was significantly higher for females than for males with a ratio 
of 1.3 to 0.77 of the values expected. There is, however, a marked 
variation of the sex ratios for both types of dementia, as shown in Table 
3, which, up to now, does not allow to draw firm conclusions. 

J orm et al. (1988) developed a quantitative model providing detailed 
estimates of the prevalence rates for dementia on the basis of population 
projections up to the year 2025. For the Federal Republic of Germany 
this results in an increase of 40.73% by 2025 (see Table 4). If this estimate 
were to come true, we would have to reckon with a number of 850000 
dementia sufferers in 2025. About 590 000 of these would suffer from 
Alzheimer's disease partly combined with vascular dementia (Table 5). 
Dependent upon demographic trends the figures for the other countries 
vary considerably. To give but a few examples, by the year 2025 the 
prevalence of dementia will have increased in Great Britain by 34%, in 
the United States by 99%, in the USSR by 117%, in Australia by 162% 
and in Japan by 215% (see Table 6). 

Table 3. Prevalence of AD and MID by sex (rates are simple averages of 
reported rates in percent) 

Region n of studies AD MID 

Males Females Males Females 

Japan 4 0.8 1.5 3.3 2.7 
Russia 1 1.1 3.8 6.1 2.1 
Scandinavia 3 1.6 2.2 1.0 1.4 
Britain 3 3.0 4.9 4.4 2.7 
USA 2 0.7 2.1 3.5 0.8 

Source: Jorm et al. (1987) 
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Table 4. Projected increases in the number of dementia cases over the base year 
1980 for the Federal Republic of Germany, moderate and severe cases 60 years 

and over 

1985 5.75% 2010 26.16% 
1990 7.92% 2015 32.63% 
1995 7.64% 2020 38.42% 
2000 11.25% 2025 40.73% 
2005 19.75% 

Total population increase 1980-2025 -13.12% (without migration movement). 
Source: J orm et a!. (1988), modified 

Table 5. Estimated and projected numbers of persons aged 65 and over suffe
ring from dementia and Alzheimer's disease in the Federal Republic of Germany 

Late-life dementia (all forms) 
Alzheimer's disease (only) 

1980 

680000 
420000 

2025 

850000 
590000 

Table 6. Increase in late-life dementia by 2025 over base year 1980 for different 
countries 

Great Britain 
Federal Republic of Germany 
USA 
USSR 
Australia 
Japan 

Source: Jorm eta!. (1987), modified 

Incidence of late-life dementia 

33.50% 
40.73% 
99.36% 

116.90% 
161.90% 
215.40% 

In addition to the difficulties of obtaining the prevalence data, the 
study of incidence rates faces two problems: the small rate of demented 
which requires the study of a large quantity of persons and the difficulty 
of precisely defining the onset of a process of dementia. A simple but 
inaccurate method of calculating annual incidence rates is the division of 
annual prevalence rates by the mean duration of the disease. With a 
prevalence rate of approximately 6% of those aged 65 and over and a 
mean time of survival of about 4 years (based on Cooper and Bickel, 
1989), the resulting incidence rate for this age group is around 1.5%, 



30 H. Hafner 

which is within the range of the results produced by respective field 
studies. 

For directly calculating incidence rates in population studies the 
longest possible period of observation should be chosen. The denomina
tor comprises the number of person years, i.e. the sum total of the years 
that all the persons of the sample survived without dementia. The 
numerator is the number of cases of dementia diagnosed during the total 
period of observation (Table 7). 

The rates for those aged 65 and over vary between 10.7 and 16.3 per 
thousand, as shown in Table 8. The analysis by age decades shows, 
similar to that for prevalence rates, that there is an exponential increase 
with advancing age (Fig. 2). For the age decade 60-69 the incidence rate 
is around 0.3%, for 70-79 it lies between 1.2 and 2.3% and for 80 and 
over it lies between 3.4 and 4.0% . This means that starting from the 60th 
year of age the incidence rate triples about every ten years. The exponen
tial increase in prevalence is therefore not only due to the accumulation 

'1. of 
populal;on 

60 • 

...__ -• Germany- Cooper and Bickel 1989, Mannhcim 1978-86 
- Denmark- Nielsen ct al. 1982. Samsv 1972 -77 
•··· · ···• Sweden- Hagncll ct al. 1981, lundby 1957-72 

Fig. 2. Incidence rates of moderate and severe dementia by age (both sexes) from 3 
population studies 
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Table 7. Incidence of late-life dementia 

Rough estimation: 
point prevalence rate (%) 

Annual incidence rate = -~-~-----'--'-
mean duration of illness (years) 

Calculation: 

6 

4 

Number of dementia cases within population investigated 

Person years = years spent alive without dementia by all persons 
investigated during period of investigation 

31 

1.5% 

of chronic cases, but primarily to the exponential increase in the risk of 
developing late-life dementia. 

Population surveys providing incidence rates for different types of 
dementia have been very scarce so far. The population study carried out 
by Cooper and Bickel (1989) at the Central Institute of Mental Health in 
Mannheim produced the following annual incidence rates 65 and over 
for both sexes on the basis ofCAMDEX criteria: AD 9.4f1000, MID and 
mixed types 6.3/1000, secondary dementia 2.1/1000. These rates corre
spond well to the reference data of Tomlinson et al. (1976) and Molsa 
et al. (1985). 

Duration of the disease 

The survival time of demented people is clearly reduced in compar
ison with the population of the same age (Bickel, 1987). Bickel gave a 
crude estimate of the mean duration of the disease on the basis of data 
from three field studies (Bergmann et al., 1971; Nielsen et al., 1982; 
Cooper and Bickel, 1989) by dividing the point prevalence values by the 
annual incidence values. With 3.7, 4.6 and 3.9 years the results were 
within a narrow range. Studies of deceased where the onset of the disease 
was defined by first signs of cognitive decline and assessed with the help 
of relatives (Barclay et al., 1985; Diesfeldt et al., 1986) obtained estimates 
of 7 to 8 years for the 65 to 80-year-old demented people. The mean 
duration of the disease can therefore be assessed to be approximately 7 
to 8 years from the first occurrence of cognitive decline and about 4 years 
from the first standardized diagnosis of" dementia". In this respect there 
seems to be only little or no difference between vascular dementia and 
Alzheimer's disease. 
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Risk factors 

Genetic determinants 

An important risk factor for developing Alzheimer's disease is triso
mia 21, Down's syndrome. In virtually all Down patients who survive 
the age of 40, characteristic neuropathologic changes and amyloid A4 
deposits can be found in the brain (Heston, 1982; Wisniewski et al., 
1985). This is accounted for by the existence of an additional Alzheimer 
gene or a gene expressing the PreA4 amyloid. 

When the strength of the genetic determination for senile dementia 
of Alzheimer's type is to be assessed, considerable difficulties arise in 
practice, because only a limited number of individuals carrying the gene 
and their family members live until the age of high risk. Therefore we 
do not as yet dispose of large-scale twin studies. Children of affected 
parents are too young to attract the disease (Jorm, 1987; Cooper, 1989). 
Negative findings of family and pedigree studies are consequently of 
little importance. The recent localization of a polymorphism on chromo
some 21 in patients with familial SDAT (St. George-Hyslop et al., 1987) 
has given new stimulation to genetic research. 

Heston et al. (1981) and Whalley et al. (1982) found an increase in 
SDAT rates among the siblings of Alzheimer patients (Fig. 3). Three 
case-control studies (Heyman et al., 1984; Amaducci et al., 1986; Shalat 
et al., 1986) obtained slightly increased rates of Alzheimer's disease 
among the families of SDAT patients in comparison with control groups 
from the general population or from hospital patients. The evidence of 
these studies is only limited, since the samples examined are not very 
large and the statements of relatives about the dementia of long deceased 
are not very reliable (Amaducci et al., 1988). Heston et al. (1981) found 
a strong genetic determination in early-onset patients. Most of the other 
studies quoted also assume a stronger genetic load in cases of earlier age 
of onset (e.g. Amaducci before the age of70). In late-onset cases Chandra 
et al. (1987) found no increase in SDAT among family members. How
ever, with respect to the sources of error mentioned, the findings are not 
yet sufficient to give a clear picture of the strength of genetic determina
tion in relation to age of onset, although very young age of onset is likely 
to be associated with a stronger genetic load. 

In view of the unimodal, exponential distribution across age of the 
risk of first onset, the early Kraepelinian assumption of two diseases, the 
Mendelian inherited presenile dementia and a non-inherited senile de
mentia, must be considered unlikely. 
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The importance of environmental factors 

H ead trauma 

33 

From the dementia pugilistica of former professional boxers it has 
long been known that head trauma is likely to be a risk factor for 
Alzheimer-type changes in the brain (Corsellis et al., 1973; Rudelli et al., 
1982). The findings of retrospective case control studies on this question 
are inconsistent. Some of them obtained an increased rate of severe head 
trauma before the onset of dementia (Heyman et al., 1984; Mortimer 
et al., 1985), whereas Amaducci et al. (1986), Chandra et al. (1987), Bhar
rucha et al. (1983) and Sulkava et al. (1985) found no or only a slight, 
insignificant connection. 
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Toxic substances 

Environmental toxic substances like aluminium or organic solvents 
have also been discussed as risk factors for Alzheimer's disease; alumini
um salts because they are found in low concentration especially in the 
centres of senile plaques (Candy et al., 1986) and because in animals they 
cause the generation of neurofibrillary tangles (Klatzo et al., 1965), 
which, however, differ from the Alzheimer tangles observed in humans. 
Norwegian studies report of an increased death rate due to Alzheimer's 
disease in regions with a higher concentration of aluminium in the 
drinking water (Flaten, 1988; Edwardson, 1988). However, among the 
doctors certifying death there is such a variation in the diagnosis of 
Alzheimer's disease as cause of death that it is of no avail for epidemio
logical studies. The study of Martyn et al. (1989) published recently in 
"The Lancet", which shows a geographical association between the 
number of patients under 70 rated as "probable Alzheimer's disease" by 
CCT-scanning units in England and Wales and the concentration of 
aluminium in drinking water, meets also with serious methodological 
reservations. 

Further sources of aluminium are the chronic ingestion as antacid 
(Shore and Wyatt, 1983) and frequent renal dialysis. But the type of 
dementia identified in these cases is not identical with Alzheimer's dis
ease (Heyman et al., 1984). Thus there is no evidence as yet for an 
increase in the risk of Alzheimer's disease due to increased absorption of 
aluminium. The assumption that long phenacetin abuse may be a risk 
factor for Alzheimer's disease as recently alleged in Australia in connec
tion with a phenacetin epidemic in the 1930s (Murray et al., 1971) still 
needs to be verified. Chronic alcoholism, which may cause encephalo
pathia Wernicke or atrophy of the brain clearly distinguishable from 
Alzheimer's disease, does not seem to be an important risk factor, either. 

In the field of etiology of Alzheimer's disease immune and virus 
theories have also been discussed. Case control studies, however, did not 
confirm the association with a family history of lymphoma, lymphosar
coma, with Hodgkin's disease or other immune system disorders found 
in a comparative study by Heston et al. (1981 ). Neither was there conclu
sive evidence for an association with prior viral diseases Qr possible 
sources of viral infections, as Amaducci et al. (1986) stated in their 
analysis of possible risk factors for Alzheimer's disease. 

Social risk factors 

In the course of their prospective study covering an average period 
of 7.8 years, Bickel and Cooper (1989) applied the "proportional hazard 
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regression model" of Cox and found that neither severe physical impair
ment nor low social status and living alone had a significant influence on 
the risk of developing dementia. But if cognitive deficits are diagnosed 
during the first examination, the probability that dementia will occur 
rises by nearly 300%. This result is presumably trivial: slight cognitive 
decline is often an indicator of beginning dementia and therefore a 
powerful predictor of the occurrence of moderate or severe dementia 
later in life. 

Thus there seem to be no clear associations with social variables over 
medium periods of time, insofar as confounding variables like age and 
physical illness are controlled (Bickel and Cooper, 1989). But replication 
studies with sufficiently large samples and studies on long-term risks are 
still needed. 

Conclusions 

To sum up the state of epidemiological knowledge: there is at present 
no conclusive evidence for the immune hypothesis or for an involve
ment of infectious agents and toxic exposures in the risk of developing 
senile dementia of Alzheimer's type. There is some indication that severe 
head trauma, in particular the dementia pugilistica of professional box
ers, causes changes of Alzheimer's type in the brain; its quantitative 
contribution to the morbid risk has yet to be investigated. 

Confirmed, though not sufficiently clarified, is the genetic hypothe
sis. The somewhat higher age-adjusted incidence of Alzheimer's disease 
with females should be mentioned with reservation. 

The most important risk factor is old age. The exponential increase 
in incidence rates, which does not become obvious until the 7th decade 
of life, and the ensuing accumulation of prevalence rates of Alzheimer's 
dementia clearly indicate that this disease will continue to pose consider
able human as well as economic problems, at least so long as we have 
not succeeded in finding an adequate preventive or therapeutic ap
proach. 

The lack of knowledge in the field of epidemiology of Alzheimer's 
disease, especially of peripheral markers and true risk factors for the 
disease, is still vast. This is partly due to the fact that research into 
late-life dementia has only recently started intensively. The problem 
itself had become evident much earlier with the ageing of populations. 
Apparently, scientists find it hard to quickly react to newly emerging 
problems. But now that the interest of researchers has been awakened 
and the necessary instruments are available, let us hope that govern
ments, too, will react rapidly enough to facilitate the progress urgently 
needed in the research of Alzheimer's disease. 
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Summary 

Alzheimer's disease represents the most frequent cause of dementia in old 
age. Available prevalence ratios (cases per 100 population aged 65 and over) 
range between 0.6 in China (Shen eta!., 1987), and 5.8 in Scotland (Broe eta!., 
1976). This variability can be influenced by different definitions of the disease 
under study and different case ascertainment procedures adopted. All the studies 
consistently showed an exponential increase of the prevalence ratios with age, 
and, in many studies, the age-specific prevalence ratios were consistently higher 
in women than in men. In analogy with the prevalence pattern, the incidence rates 
for Alzheimer's disease raise exponentially with age and are higher in females. 
The rate can be estimated around 0.01 per 1000 in the age 40-60-year group and 
it raises to 10 per 1000 in subjects aged 75 years and over (Mas eta!., 1987). 

As far as risk factors for Alzheimer's disease are concerned, our know ledges 
principally base on findings derived from case-control studies. A family history 
of dementia and a previous head trauma were found to be associated with 
Alzheimer's disease in case-control studies. Indications of the role of genetic 
factors in the etiology of Alzheimer's disease also derived from genetic studies, 
which demonstrated a genetic defect localized on chromosome 21 in some 
families with an high incidence of Alzheimer's disease. Other factors found 
associated with Alzheimer's disease in case-control studies are smoking, and 
exposure to aluminum. The comprehension of these and other hypothesized risk 
factors need further investigations. 

Introduction 

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

The increasing 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 character
ized by memory loss associated with impairment in abstract thinking and 
judgment, disturbances in higher cortical functions, and personality 
change (American Psychiatric Association, 1987). This clinical syndrome 
may have several causes. Dementing disorders were classified as primi
tive and secondary according to the etiology (Wells, 1979). More recent
ly the National Institutes of Health (U.S.A.) (1988) in the report of the 
Consensus Conference on the differential diagnosis of dementing dis
eases, held in July 1987, proposed the distinction between diseases that 
appear to be primary in the brain and those which are outside the brain 
and affected it secondarily; a fruitful! distinction for clinical purposes 
was also made between progressive or fixed dementing pathological 
states, and arrestable or reversible causes of dementias. Arrestable or 
reversible causes of dementia include intoxications, infections, metabolic 
disorders, nutritional disorders, vascular, space-occupying lesions, nor
male pressure hydrocephalus and affective disorders. 

These arrestable or reversible dementias represent 10-15 per 100 of 
all causes of dementia and every effort must be done in recognize them, 
because they are potentially reversible if an appropriate therapy is ap
plied (Mardsen and Harrison, 1972). 

However, the most frequent causes of dementia, as documented by 
clinical studies of dementia (Wells, 1979), post-mortem examinations 
(Tomlinson et al., 1970), and population-based surveys (Schoenberg 
et al., 1987; Lippi et al., 1989) are Alzheimer's disease (AD) and vascular 
dementia, followed by secondary dementias. J orm (1987) observed that 
the relative prevalence of AD and vascular dementia changes across the 
countries: vascular dementia being more common in Japanese and Rus
sian studies, AD in western European countries, while no significant 
differences were found in Finnish and American studies. In Italy, AD 
seems only slightly more frequent than vascular dementia (Lippi et al., 
1989). 
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Descriptive epidemiology of Alzheimer's disease 

In descriptive epidemiology of Alzheimer's disease important prob
lems are the choice of the population study and the type of sample, the 
methodology for cases ascertainment, and the accuracy of clinical diag
nosis. 

The study population may be obtained from the general population 
by randomization or by complete enumeration of the subjects. Other
wise, in community surveys all the data from hospitals, nursing homes, 
and the health authority will be collected. The latter approach was 
principally used in north-European surveys (Akesson, 1969; Molsa et al., 
1982). The risk of this methodology is to underestimate the real frequen
cy of the disease. 

To cases ascertainment in population studies, two general strategies 
have been proposed: the one- and the two-phase approach. The first is 
less expensive, but the latter consents more accuracy in the diagnosis. In 
the two-phase approach a brief cognitive test with high sensitivity (the 
screening test) is administered to all people to be investigated. Subjects 
scoring under the cut-off level at the screening test, are extensively 
studied by a clinical point of view to confirm the presense of mental 
impairment, to diagnose dementia and classify dementias by types. How
ever, the definite diagnosis of dementing disorders, especially AD, need 
of the pathological examination of the brain. 

Several sets of clinical diagnostic criteria have been proposed. Re
cent population-based surveys utilized the NINCDS-ADRDA criteria 
(McKhann et al., 1984). The CAMDEX by Roth et al. (1986) provided 
an usefull set of diagnostic criteria for differential diagnosis of mental 
disturbances in the elderly, successfully used in some recent British 
surveys (Brayne and Calloway, 1989). 

Prevalence of Alzheimer's disease 

Available prevalence ratios (cases per 100 population aged 65 and 
over) of Alzheimer's disease range between 0.6 in the study of Shen et al. 
(1987) in China, and 5.8 in the study of Brae et al. (1976) in Scotland. 
This variability in the prevalence ratios can be influenced by different 
definitions of the disease under study and 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, while 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 
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disorientation to time and place was required to make the diagnosis of 
dementia. Case-ascertainment procedure also differ in various studies. 
Shen et al. (1987) in Beijing, in a small population size, found a low 
prevalence ratio, while a more recent Chinese prevalence survey, carried 
out in a more representative population sample, yielded a prevalence 
ratio of 1.38 per 100 population aged 55 years and over (Zhang et al., 
1990). Molsa et al. (1982) in Finland and Akesson (1969) in Sweden, 
which found lower prevalence ratios than other North-European sur
veys, collected data only from health and social services. Sulkawa et al. 
(1985) in a random sample representative of the all Finnish population, 
utilizing the door-to-door approach, found higher prevalence ratios than 
previous community based surveys. 

All the studies, carried out until now, consistently showed an expo
nential increase of the ratios with age. In the study of Molsa et al. (1982) 
in Finland the prevalence ratio per 100 population increased from 0.025 
in the age-class 45-54 to 6.295 in the age-class 85 and over. In an Italian 
prevalence survey the prevalence ratio was 6.2 per 100 for subjects aged 
60 and over and rose to 8.4 per 100 in those aged 65 and over (Rocca 
et al., 1990). In China Shen et al. (1987) did not find dementia cases 
in the age group 65-74, while all cases were observed in the age-group 
75 years and over. 

In many studies the age-specific prevalence ratios were consistently 
higher in women than in men, especially in the older age-groups (Brae 
et al., 1976; Molsa et al., 1982; Sulkava et al., 1985). Molsa et al. (1982) 
found age-specific prevalence ratio to be higher for men in the age group 
45 to 54 and higher for females in the other age groups. Kaneko (1975) 
reported in Japan 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 al., 1982). 
Finally, Schoenberg et al. (1985) in a population-based survey carried 
out in Copiah County, Mississipi, found consistent higher prevalence 
ratios of AD for females and blacks. 

Incidence of Alzheimer's disease 

In analogy with the prevalence pattern, the incidence rate for AD 
raises exponentially with age. As summarized by Mas et al. (1987) the 
incidence rate can be estimated to be about 0.01 per 1000 in the age 
group 40-60 years. It raises to 1 per 1000 in the age group 65-74 years 
and reaches 10 per 1000 in subjects aged 75 years and over. 

Akesson (1969) in Sweden in a community based survey found inci
dence rates rapidly increasing with age from 0.29 per 1000 in the age 
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group 60-69 years to 4.58 per 1000 in the ages over 80. The rates were 
consistently higher in females in all age groups. Molsa et al. (1982) in 
Finland, in a community based survey, found that the age-specific annual 
incidence rates for AD were 0.06 cases per 1000 in the age-class 45-54 
and raised to 11.44 per 1000 in the age-group 85 and over. The incidence 
rates were higher in females, except for the 45-54 age group. Nilsson 
(1984) in Sweden in a sample of 70 to 79 years old people showed a rapid 
increase of the incidence rates with age, from 3.6 per 1000 in subjects 
aged 70-74 to 13.3 in those aged 75-79, and higher rates in men. Treves 
et al. (1986) in Israel, using the Israeli National Neurological Register as 
source of cases, found lower incidence rates, but increasing with age: 
from 0.01 cases per 1000 in the age class 45-49, to 0.87 per 1000 in 
subjects aged 60 years and over. Females showed higher incidence rates 
after the age of 59. Moreover, in this study the age-specific indicence 
rates were higher in the European-American born citizens, than in those 
Afro-Asian-born. 

No significant variations seem to have been in AD incidence rates 
across the years. Kokmen (1988) in Rochester, Minnesota, had deter
mined the age- and sex-specific annual incidence rates for dementing 
disorders and AD starting between 1960 and 197 4, showing that the 
incidence of dementia overall or dementia due to AD had not particular
ly increased in this 15 years period: Schoenberg and collegues in the 
period 1960-1964 in Rochester, found an annual incidence rate of 123.2 
per 100000 in the population over 30 years. Kokmen in the period 
1970- 197 4 using the same methodology found an incidence rate of 
147.2 per 100000 in the same age-group. Both the studies showed higher 
incidence rates in women than in men. 

Analytic epidemiology of Alzheimer's disease 

Our knowledges on risk factors for AD are principally based on 
findings derived from case-control studies. In these retrospective studies 
one group of subjects with the disease (cases) are compared with one or 
more groups of subjects without the disease (controls) in respect to the 
exposure, in their previous life, to one or more hypothesized risk factors. 
Because demented people suffer from memory impairment, informations 
were usually recorded from a surrogate respondent and the same proce
dure must be used 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 et al. (1986) in Italy. Per 100 agreement was greater than 80 



46 L. Amaducci and A. Lippi 

for the majority of questions. Lower agreement was observed for alco
hol consumption and the number of cigarettes per day, and was very 
poor for information about antacid drug use. 

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

In the case-control study by Amaducci et a!. (1986) the presence of 
dementia in any first-degree relative yielded an odds ratio equal to 5 in 
the comparison with hospital controls and over 2 in the comparison with 
population controls, while the presence of dementia in any siblings 
yielded odds ratios equal to 11 in the comparison with hospital control 
and over 5 in the comparison with population controls. Similar findings 
were found in other case-control (Heyman eta!., 1984; Graves eta!., 
1987; Shalat eta!., 1987) and comparative studies (Heston eta!., 1981; 
Whalley eta!., 1982; Breitner eta!., 1984). Mortimer (1989), using the 
Mantel-Haenszel statistical method (Schlesselman, 1982), carried out a 
meta-analysis of case control studies of AD. He found a summary odds 
ratio (95% C.I.) for the risk factor "family history of dementia" equal 
to 3.96 (2.84, 5.52). Indication of the role of genetic factors in the 
etiology of AD derived also by pedigree studies, twin studies, and 
genetic studies. Rocca and Amaducci (1988) reviewed from an epidemi
ological point of view all the contributions to the problem of familial 
aggregation of AD. The authors suggested that at least 3 types should 
be considered regarding occurrence: 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 et a!., 1987). The familial type individuates cases of AD with 
familial aggregation, but not with a clear inheritance. These cases could 
be have a polygenic origin. Finally sporadic cases could be due to 
environmental risk factors or to a combination of genetic and environ
mental risk factors. 

Among hypothesized environmental risk factors for AD, a previous 
head trauma in the history of the subject was found significantly associ
ated with the disease in case-control studies (Heyman eta!., 1984; French 
eta!., 1985; Mortimer et a!., 1985; Graves et a!., 1987). In some studies 
(Amaducci eta!., 1986; Chandra eta!., 1987 a, b; Shalat eta!., 1987) head 
trauma was more frequent in cases in respect to the controls, but the 
difference not reached the statistical significance. On the other hand, 
several studies were not able to find any association between head 
trauma and AD. However, Mortimer (1989) observed that the associa
tion with head trauma is highly significant (p < 0.001) when considered 
across studies, despite the fact that the majority of studies reported 
no-significant associations for this risk factor. 
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Other factors found associated with AD in case-control studies are 
smoking (Shalat et al., 1987), and exposure to aluminum (Graves et al., 
1987). These associations were negative in all the other case-control 
studies (Bharucha et al., 1983; Heyman et al., 1984; French et al., 1985; 
Amaducci et al., 1986; Chandra et al., 1987b). 
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Summary 

We propose a classification of familial Alzheimer's disease (FAD) based on 
our clinical and pathological analysis of 32 kindreds with multigeneration de
mentia. The classification can briefly be stated as follows I. Early onset FAD 
with mean age of onset before 50 years; II. Late onset FAD with mean age of 
onset after 60 years; III. Intermediate/variable onset FAD; IV Familial dementia 
with atypical Alzheimer changes; V FAD without multigeneration involvement. 

Introduction 

Alzheimer's disease (AD) can be briefly defined as slowly progressive 
dementia associated with the neuropathological changes of cortical neu
ronal loss, A4 amyloid plaques and neurofibrillary tangles (NFT). With
in this broad definition there is considerable evidence for both clinical 
and pathological heterogeneity. Examples of such heterogeneity include 
patients with "sporadic" disease, familial disease, early age of onset, late 
age of onset, early and prominent aphasia, myoclonus, rigidity, primarily 
amyloid plaques without NFT, multiple amyloid plaques in the cerebel
lum and severe congophilic angiopathy. The pathogenetic significance 
of these differences remains to be determined. However, the rapidly 
accumulating literature on familial Alzheimer's disease (FAD) lacks a 
consistent manner in which various investigators can contrast and com
pare the various types of kindreds under investigation. The purpose of 
the present study is to propose a classification of FAD that will serve as 
a guideline for investigators evaluating and reporting the results of 
studies concerning a wide variety of FAD pedigrees. 
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Methods 

We have systematically evaluated 32 kindreds with either classical or atypical 
FAD. Additional description of 24 of these families can be found in Bird et at. 
(1988, 1989). The major criteria for inclusion in our study were that each family 
have at least two generations of individuals affected with dementia and at least 
one neuropathological specimen from each family. Therefore, by definition, each 
family had a minimum of two demented individuals. When including only those 
family members for whom we could estimate an age of onset there were 200 such 
demented persons in the 32 families. The number of affected individuals in each 
family with an estimated age of onset ranged from 2 to 17 with a mean of 6.25 
such demented persons per family. We reviewed 62 neuropathological specimens 
or reports from 31 families. A single family (the HD pedigree) has had no 
autopsy as yet, but is related to the other Volga German pedigrees in the study 
and is included for that reason. 

The families in this study were not ascertained at random. They were selected 
from more than 100 kindreds seen in our clinics and referred by colleagues in 
which a proband with the clinical diagnosis of AD had another family member 
with a history of dementia. We were specifically searching for FAD pedigrees. 

Clinical criteria for probable AD were generally those suggested by Mc
Khann et at. (1983) except that complete examination and testing were usually 
not available for persons who died many years ago. Individuals were not consid
ered affected unless the dementia was documented by records or confirmed by 
at least two separate family members. Age of onset was determined to be that 
age at which family members and records agreed that the individual first began 
showing signs of memory loss or behavioral change. Mean age at onset, age at 
death and duration of disease were computed for each family. Comparisons 
between means for the families were performed using Students t test and the 
Newman-Keuls multiple comparison test. 

Results 

Figure 1 shows the mean age of onset, range in age of onset and mean 
age at death for 31 families [1 additional family (EF) is included as 
atypical dementia Type IV A noted below]. The ethnic origin of the 
families were as follows: British Isles - 10, Scandinavia - 8, Volga 
German - 7, German- 2, Eastern Europe - 2, Japanese - 1, French 
Canadian- 1, and Unknown- 2. 

Several observations can be made from the Figure. It is noted that 
some families have a wide range in age of onset, whereas the range in 
age of onset is quite small for other families. Duration of disease tends 
to be less variable than age of onset, both within and between families. 
Mean disease duration for the entire group was approximately 9 years 
with a standard deviation of about four years. Even so, the shortest 
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Fig. 1. Graph showing mean age of onset (small horizontal bar) with range for 31 families 
with FAD. Circle above each range indicates the mean age of death for that family. EF 

kindred not included 

individual duration was one year and the longest was 23 years. Also, the 
total group could be divided into at least two subgroups: one with 
generally early onset and one with generally late onset. There also 
appeared to be a less well-defined intermediate or variable age of onset 
group. A Newman-Keuls multiple comparison test showed this group
ing to be reasonable (although not unique due to overlap of the groups). 
Further, the differences in age of onset between families did not appear 
to be the result of differential longevity between the families unrelated 
to AD. The rank correlation between family age of onset and family age 
of death (excluding affected individuals) was .22 (p = .10). A more care
ful analysis on a subset of these families, using survival analysis methods 
to control for differential longevity, revealed essentially the same group
ings (Cupples et al., 1989). 

Eight families seemed to define an early onset FAD group. The mean 
age of onset was 42.9 years±4.9, with a range of 30 to 54 years. The 
mean age of death was 50.0 years± 5.8, with a mean disease duration of 
7.4 years± 3.0. 

A second group consisted of 12 families with generally late onset. The 
mean age at onset was 69.3 years ± 5. 7, with a range of 59 to 83 years. 
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Note that there was no overlap in age of onset for any of the individuals 
in the early and late groups. Mean age at death in the late group was 77.5 
years±5.9, with a mean disease duration of 8.7 years±3.9. 

There also appeared to be a less well-defined intermediate or variable 
age of onset group. This included 7 Volga German families (Bird et al., 
1988) and 4 other families. The mean age of onset for the 7 Volga 
German families was 56.8 years± 7.9, with a range of 40 to 75 years. The 
mean age at death was 65.4 years± 7.3, with a mean disease duration of 
9.9 years±4.9. The other four families had a mean age of onset of 57.1 
years± 11.7, with a range of 36 to 84 years. The mean age at death was 
68.5 years± 11.0, with a mean disease duration of 9.5 years± 5.1. (Note 
that in some families there were a few persons for whom only age at 
death was known.) 

One kindred (the BK family) had familial dementia clinically diag
nosed as AD. They were atypical in three ways (Sumi et al., 1988; Bird 
et al., 1989). First, the disease frequently began with an antisocial person
ality and a diagnosis of schizophrenia. Second, the disease duration was 
greater than 20 years in several individuals. Third, microscopic examina
tion of the brain in two brothers demonstrated NFT but no amyloid 
plaques. The BK family is included in the statistical analysis of the 
intermediate onset families but could also be classified as a Type IV 
atypical dementia kindred. 

The CSF family had late age of onset but also clinical and neuropatho
logical evidence of indolent anterior horn cell disease (Bird et al., 1989). 
Such a family could be classified as either a Type II late onset kindred 
or a Type IV atypical family. 

The EF family is not included in the Figure but would also be 
classified as a Type IV atypical dementia kindred. This family had mul
tiple generations of individuals affected with slowly progressive demen
tia but there was early and prominent aphasia associated with asymmet
rical brain atrophy. In addition, neuropathological examination has 
demonstrated amyloid plaques without NFT and neuronal degeneration 
in several subcortical nuclei including much of the basal ganglia. Al
though several members of this family had the clinical diagnosis of AD, 
they were atypical both clinically and pathologically. 

Several small family clusters were seen in which 2 to 4 relatives had 
the clinical diagnosis of AD, but multigeneration involvement was not 
documented. That is, only siblings or cousins were demented, without 
clear parent to child transmission of disease. 
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Discussion 

The results of our investigation lead us to propose the following 
classification of familial Alzheimer's disease: 

I. Ear!J onset FAD 

A. Multigeneration involvement with mean age of onset in the family 
prior to SO years with no individuals, or only rare persons, with onset 
after the age of 59. (Rare instances of late onset may be seen because 
of the coincidental occurrence of "sporadic senile AD" in any given 
family.) Amyloid plaques and NFT are documented in cerebral cortex 
in at least one person. Because these are only guidelines, a family with 
mean age of onset between SO years and 55 years would probably be 
acceptable in this category especially if the majority of the family 
members had an onset prior to the age of 50. 

B. Same criteria as I A but no available neuropathologic specimen. 

II. Late onset FAD 

A. Multigeneration involvement with mean age of onset after 60 years 
and no person with onset of dementia prior to age 59. Amyloid 
plaques and NFT are documented in cerebral cortex. 

B. Same criteria as II A but no neuropathological specimen available. 

III. Intermediate/variable onset FAD 

A. Mean age of onset usually in the SO's but with a wide range of onset 
observed in the family without consistent clustering in early or late 
ages. Amyloid plaques and NFT are documented in cerebral cortex. 

B. Same criteria as III A but no neuropathological specimen available. 

IV Familial dementia with atypical Alzheimer features 
or with additional rystem involvement 

A. Cortical amyloid plaques andfor NFT associated with additional mul
tisystem degeneration (eg. basal ganglia degeneration). Examples 
would be family EF noted above and the family reported by Morris 
et al. (1984). 

B. Cortical changes of AD associated with lower motor neuron degen
eration. Example includes the CSF family noted above and in Bird et 
al. (1989). 
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C. Dementia with cortical NFT but without amyloid plaques. Example 
includes the BK family noted above and described in Sumi et al. 
(1988) and Bird et al. (1989). 

D. Other additional "atypical" kindreds. 

V. FAD without multigeneration involvement (eg. sibs or cousins without 
clear documentation of affected individuals in two or more generations) 

It should be noted that this proposed classification represents guide
lines and not hard and fast rules. Some of the families falling within Type 
IV are so atypical that not all investigators would call them AD, but it 
should be noted that this category is carefully designated only as "famil
ial dementia" with atypical Alzheimer features (not FAD). Excluded 
from category IV would be other well-recognized genetic causes of 
dementia such as Huntington's disease, Gerstmann-Straussler disease, 
familial CJD and hereditary spinocerebellar degenerations. 

This classification has numerous advantages. It takes into consider
ation clinical, genetic and pathological criteria and is based on a system
atic and detailed evaluation of 32 kindreds. Additional pedigrees and 
variants can be incorporated into the classification as they are reported. 
The classification of any given family can be changed as additional 
clinical or pathological material becomes available. Also, one or more 
categories may become irrelevant and can be incorporated into another 
category. For example, Type III Intermediate/variable onset FAD repre
sents the least well-defined group, and early onset FAD and late onset 
FAD may eventually prove to be the only useful categories. Neverthe
less, our family material presently best fits these five subgroups. 

A shortcoming of this classification is that it is based on a non-ran
domly ascertained set of pedigrees. This may lead to various selection 
biases which cannot be completely quantified. For instance, there is a 
higher probability that families with earlier mean age at onset will be 
recognized and included in our sample. Consideration of the method of 
ascertainment is especially important in segregation analysis but may 
also effect estimates of age at onset (Sobel et al., 1988). For these reasons, 
the observed classes reported here cannot be construed as evidence for 
true biologic heterogeneity. Rather, the biological significance of this 
classification will depend upon accumulating biochemical and molecular 
evidence for and against heterogeneity in AD. 
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Summary 

The diagnosis of Alzheimer's disease (AD) can made with certainty only by 
histological examination of the brain, either on biopsy or at autopsy, using 
current criteria that are critically discussed. The morphologic diagnosis of AD 
is based on the finding of more than certain minimum age-related numbers of 
neuritic plaques (NP) and neurofibrillary tangles (NFT) that may occur indepen
dently from each other and show specific, often bilaterally symmetrical distribu
tion patterns. Although both NFT and NP represent useful diagnostic markers 
and their concentrations in neocortex correlate reasonably well with certain 
mental status tests and some biochemical data, progressive loss of neurons and 
synapses in cortex and brainstem appear to be more correlated with both demen
tia and neuromediator changes, but their causal relationship with amyloid depo
sition and cytoskeletallesions is not clear. Cortical atrophy with 40 to 60% loss 
of large neurons and 45 to 55% decline of synaptic density in frontal, temporal, 
parietal cortex and hippocampus are probable correlates of progressive demen
tia. Many mediator specific brainstem nuclei show progressive neuronal loss and 
presence of NFT with severe involvement of cholinergic nucleus basalis of 
Meynert (15 to 90% cell loss and atrophy of large neurons), pedunculopontine 
and Westphal-Edinger nuclei, serotonergic dorsal raphe nucleus (10 to 76% cell 
loss), noradrenergic locus ceruleus (40 to 80% cell loss in topographic relation 
to temporal targets) and, less, the dopaminergic striatonigral system. The mor
phologic heterogeneity of AD shows overlaps with Parkinson's, diffuse Lewy 
body disease, cerebrovascular and other brain lesions. In autopsy series, the 
accuracy rates for clinical diagnosis of AD are about 80 to 85%, but more 
standardized morphologic criteria are needed. 

Introduction 

There is general agreement that histopathologic evaluation of the 
brain, either on biopsy or at autopsy, is an essential prerequisite for the 
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definite diagnosis of Alzheimer's disease (AD). The long accepted view 
as to the cerebral morphology of AD is that it is featured by extracellular 
deposition of amyloid forming part of the neuritic plaques (NP) or in the 
cerebral vasculature, preceded by deposition of A4 precursor protein 
(A-4P) or P-amyloid peptide (/1-AP), and abnormalities of neuronal 
cytoskeleton producing neurofibrillary tangles (NFT) formed by paired 
helical and straight filaments containing phosphorylated microtubule-as
sociated tau epitopes. Brain amyloidosis is not necessarily accompanied 
by NFT formation, and the development and distribution of NP and 
NFT are independent from each other (Moossy et al., 1988; Probst et al., 
1989). Jhe histopathologic diagnosis of AD must be based on the 
finding of more than certain age-related minimum quantities of NP and 
NFT in the neocortex andjor hippocampus (Ball, 1989), the quantitation 
of which, at least in part, depends on the staining methods used: The 
Bielschowsky and other silver techniques and immunostaining methods 
have been shown to be most sensitive for detecting both types of AD 
markers (Davies et al., 1988; Delaere et al., 1989; Wisniewski et al., 1989; 
Braak et al., 1989; Lamy et al., 1989), although not all silver-positive NP 
in neocortex contain A-4P (Ferreiro et al., 1989). 

The present overview will discuss the following problems of AD: 

a) Current criteria for the histological diagnosis of AD; 
b) Quantitative morphology related to dementia and neurochemistry; 
c) The morphologic heterogeneity or overlaps with other disorders. 

a) Diagnostic criteria of AD 

Although AD is featured by neocortical, hippocampal and subcor
tical pathologies, the criteria for the histological diagnosis of AD sug
gested by the NIH/AARP Working Group are based on age-related 
neocortical NP counts and do not include assessment of cortical NFT 
numbers for all age groups, since the committee noted that NFT may be 
found in individuals of 75 years or older fulfilling the clinical criteria of 
AD who had large numbers of neocortical NPs. These morphologic 
criteria (Khachaturian, 1985) have been widely but not universally ac
cepted, since numerous neocortical NP with no or only very few neocor
tical NFT have been seen in one or two-thirds of non-demented subjects 
aged 75 to over 85 years (Katzman et al., 1987; Crystal et al., 1988). 
While Tomlinson and Henderson (1976) saw occasional NFT in the 
neocortex of 10 to 20% of intellectually normal elderly, they may be 
absent in 16 to 30% of demented DAT subjects, most being over age 75 
and all showing large numbers of NFT in hippocampus (Terry et al., 
1987; Morris et al., 1988; Joachim et al., 1988). These patients with 
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"plaque-only" AD are similar to non-demented elderly with cerebral 
amyloidosis, but do not significantly differ in clinical, other morpholog
ical and neurochemical data from the more typical cases with both 
cortical NP and NFT, although the latter are associated with a tendency 
toward greater severity. PHF-type neuritic degeneration is accepted as 
a defining feature of AD (Crystal et al., 1988; Dickson et al., 1989; 
Delaere et al., 1989), but histopathologic criteria of AD are not uniform 
(Ball, 1989). Tierney et al. (1988) suggested those for diagnosis of "pure" 
AD excluding cerebrovascular lesions that may occur in 28 to 63% of 
AD cases, while concomitant Parkinson's disease (PD) pathology is seen 
in 15 to 85% of definite AD (Joachim et al., 1988; ]ellinger, 1989; Mirra 
et al., 1989). Hence, more standardized histopathologic criteria for the 
diagnosis of definite AD are needed. Both NFT and NP that may occur 
independently from each other show a rather specific distribution pat
tern that is bilaterally symmetrical in most brain regions except for the 
density of NFT in hippocampus (Moossy et al., 1988), suggesting 
spreading of lesions from mediotemporal-hippocampus via connective 
pathways to neocortical midfrontal and parastriatal parietal areas, while 
somatosensory and visual cortex remain intact even in late stages of the 
disease. The density of NFT and, much less, of the NP correlates reason
ably well with many mental status tests (Delaere et al., 1989; Lassmann 
et al., 1990) and some neurochemical data, e.g. reduction of cortical 
choline acetyltransferase (ChAT) or somatostatin, particularly in young 
AD cases, while very old SDAT patients show no or very little differ
ences towards non-demented controls (Hansen et al., 1988; Katzman et 
al., 1988). Consecutive biopsy and autopsy studies show no significant 
changes in the density of NP and NFT in frontal and temporal cortex, 
but continuing loss of pyramidal cells related to progressive dementia 
(Mann et al., 1988). From recent data can be concluded that the demon
stration and quantification of NP and NFT are useful morphological 
markers of AD, but may represent epiphenomena of the disease process 
that are of limited value as measures for the clinical or biochemical 
deficits. At present, not only the etiology of AD is obscure, but it is not 
clear whether and how the pathologic findings of amyloid, NFT and NP, 
or some or all of the associated neuronal losses, cause impairment of 
memory, cognition and behavior in patients with AD (Tomlinson, 
1989). 

b) Quantitative morphology changes of AD (see Table 1) 

They include 1. a significant reduction of fresh brain weight by 7.5 
to 10% of age-matched controls or 16 to 18% of young adults, decrease 
of hemispheral volume by 13-18%, with marked atrophy of medial 
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temporal lobes and hippocampus, macroscopically prominent in about 
25% of the AD cases, less frequently in frontal and parietal lobes, the latter 
being particularly involved in rapidly progressive AD. Ventricular vol
ume is increased by 35 to 55%. Weight loss of cerebral cortex is largest 
in parietal lobe (45-58%), amygdala (45%), hippocampus (53-57%) 
and temporal cortex (31-45%), less in striatum (26%), while frontal and 
occipital cortex are not reduced. This is associated with decreased thick
ness of the cortex by 10-12% and loss of large neurons by 43 to 57% 
in hippocampus and 40-46% in midfrontal cortex in younger AD as 
compared to 25% in very old DAT cases (Katzman et al., 1988). Signif
icant decrease of middle parts of corpus callosum corresponds to in
volvement of parietal and temporal commissural fibers (Weis et al., 
1989). 2. In hippocampus, the total loss of neurons is correlated to the 
density of NFT (see Ball, 1989). It mainly affects the subiculum with 
total loss of the lamina II and III of the entorhinal cortex of the parahip
pocampal gyrus, the origin of the perforating pathway, the major source 
of synaptic terminals in the outer portion of the molecular layer of the 
dentate gyrus causing severe synaptic loss in this area (Hamos et al., 
1989). NP formation in this area is related to the severity of neocortical 
NP due to deranged input from glutamate-aspartate neurons in the 
entorhinal cortex entering the dentate gyrus via the perforant pathway 
(Purohit et al., 1989), a major connection to the neocortex. Isolation of 
the hippocampus is considered a major cause of cognitive dysfunction in 
AD (Hyman et al., 1987; Kalus, 1989). 3. Cortical neuronal loss is 
associated with shrinkage of neurons and reduction of DNS, loss of 
dendrites and dendritic spines by 17 to 35%, mainly in layers III and IV 
(Coleman and Flood, 1987), and a fourfold increase of fibrillary astro
cytes in frontal cortex replacing neuronal losses. Presynaptic axons show 
lesions in and around NP, which accumulation of pathologic structures. 
While ultrastructural studies showed no decrease in cortical synapsis 
numbers (Adams, 1987), recent immunostaining using synaptophysin 
demonstrating presynaptic vesicles displayed a constant decline of opti
cal density of synapses in normal aging, with 45-55% loss of immunore
activity in layers II-V of midfrontal and parietal cortex in AD (Masliah 
et al., 1989). The causes of synaptic loss are unknown, but Wegiel et al. 
(1989) suggest that, at least around NP, it may be secondary to synaptic 
damage due to amyloid deposition. 4. In the brainstem, many projection 
nuclei show progressive cell loss and presence of NFT that often are 
related to neuronal loss and AD lesions in cortical target areas and 
neuromediator changes. 

a) Cholinergic .rystem: Significant neuronal loss with frequent NP and 
NFT are seen in nucleus basalis of M rynert (NBM) ranging from 15 to 90% 
with average overall loss of 15·-30% and much greater loss of large 
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Table 1. Quantitative morphology of ADfSDAT (for ref. see ]ellinger, 1989) 

Type of change Reduction in % 

Brain weight 7.5-18 

Hemispheral volume 13 -18 

Ventricular volume 35 -55 

Weight cerebral cortex 
Inferior parietal 45 -58 
Temporal 20 -45 
Amygdala 47 

Thickness of cortex 10 -15 

Numbers of neurons (>90 Jlm) 
Hippocampus 43 -57 
Super.Temporal 22 -40 
Frontal 25 -60 

Dendritic spines (n) 
Frontal cortex 17 
Temporal cortex 36 

Synapses - midfrontal • 
45 -55 

parietal 

Astroglia Frontal cortex plus 400 

Subcortical nuclei 
N. basalis Meynert N neurons 15/33 -90 

(cholinergic) density 
Locus ceruleus N neurons 30 -85 

( noradrenergic) 
Dorsal raphe nucl. N neurons 36 -77 

( noradrenergic) 
Dorsal vagal nucl. N neurons 44 ±12 

( noradrenergic) 
Pedunculopent. nucl. N neurons 29 -34 

(cholinergic) 
Supraoptic nucl. N neurons 65 
Substantia nigra N neurons 6 -38 

( dopaminergic) 

• see Masliah et a!. (1989) 

neurons in intermediate and posterior parts (Ch4p ). It is more severe in 
young AD than in old SDAT cases and similar to that in PD, where it 
is more severe in demented than in non-demented patients (Table 2). 
NBM cell loss shows significant correlation with neuronal loss, density 
of NP and NFT and of presynaptic M 2 muscarinic receptors in temporal 
cortical target areas suggesting retrograde or anterograde degeneration, 
while shrinkage of large NBM neurons suggests reduced enzyme synthe
sis or failure of transport due to neurotrophic factor dysfunction (Allen 
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Table 2. Neuronal loss in nucleus basalis Meynert in AD/SDAT versus age-
matched controls 

Disorder N Mean Neuron Max. cell Authors Year 
age loss% density% 

AD 1 74.0 90.0 Whitehouse et a!. 1981 
5 64.0 75.0 Whitehouse et a!. 1982 
3 56.6 62.0 Wilcock et a!. 1982 

14 60.9 70.0 54.0 Arendt eta!. 1983 
4 50.5 57.3 Taglia vini and Pilleri 1983 

66.0 Nagai eta!. 1983 
3 64.0 67.0 Rogers eta!. 1985 
7 67.0 59.0 Jacobs and Butcher 1986 
7 67.2 55.8 Ichimiya et a!. 1986 

15 63.9 69.5 68.0 ]ellinger 1987 
64.0 Rinne eta!. 1987 

7 70 61.0 (large) Allen eta!. 1988 

SDAT 3 84.7 38.6 Wilcock et a!. 1982 
5 81.0 35.0 Candy eta!. 1983 
6 82.0 33.0 Perry eta!. 1983 
5 75.6 57.3 Taglia vini and Pilleri 1983 

22 75.4 59.9 Mann eta!. 1984 
5 80.0 43.0 Jacobs and Butcher 1986 

10 79.1 50.1 Mann eta!. 1986 
43 80.9 46.6 39.3 ]ellinger 1987 
11 15.0 (total) Vogels eta!. 1989. 

36.0 (Ch4p) 

Mix 9 83.8 30.0 Mann eta!. 1986 

Parkinson D. 47-77 46-77 Tagliavini and Pilleri 1984 
Rogers eta!. 1985 

PD (non demented) 32-49 34-49 ]ellinger 1986 
Ezrin-Waters 1986 

PDjSDAT 11 82.6 47.0 J ellinger ( unpubl.) 

(for ref. see ]ellinger, 1989) 
a not included. 

et al., 1988). Oyanagi et al. (1989) reported similar loss of large neurons 

in NBM and striatum, where many diffuse {3-AP plaques are present 

(] oachim et al., 1989). Although the basal forebrain heavily projects to 
the reticular thalamic nuclei, in AD these show normal cytoarchitecture 

with no NP of NFT, but Alz-50 terminal staining that may be related to 

forebrain lesions (Tourtellotte et al., 1989). The cholinergic parabrachial 

pedunculopontine nucleus, pars compacta, in the dorsolateral part of caudal 

mesencephalic tegmentum having major projections from basal ganglia/ 

thalamus to cortex, in AD shows a 30 to 40% neuronal loss with 
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Table 3. Dorsal raphe nucleus: quantitative changes in A.D. 

Disease Neuron loss nucleol. vol. NFT Author Year 
(percent of controls) %cells (for ref. see ]ellinger, 1989) 

AD 17.4± 6 a 34.4 b Mann eta!. 1984 
36.6 (23 -48) c 14.6 Tabaton et a!. 1985 

SDAT 6.1± 1.6 22.9 b Mann eta!. 1984 
14.6± 4 a (total) 2.25 Curcio and Kemper 1984 
27.3± 5 a (large) 
76.9±15. 90.9 Yamamoto and Hirano 1985 
21.0 b Ichimiya eta!. 1986 
55.5± 9 c ]ellinger 1987 
10 restral 
15 mid Zweig eta!. 1988 
36 caudal c 

49.4 c ]ellinger (unpubl.) 

PD 29-43.7 c 4.5 ]ellinger 1989 

a p<0.05; b p<0.01; c p<0.001 

frequent involvement of cells by NFT (Mufson et al., 1988); more severe 
damage of this area involved in locomotor activities and regulation of 
sleep-waking cycles, is seen in PD and supranuclear palsy (PSP) 
(]ellinger, 1989; Zweig et al., 1989). The supraoptic nucleus in AD is 
relatively preserved but also has frequent occurrence of NFT that may 
cause effects on sleep-waking rhythm (Stopa et al., 1989). 

b) In the serotonergic dorsal raphe nucleus, neuronal loss in AD ranges 
from 10 to 76%, most severe in the caudal parts with many NFT that 
may involve up to 91% of the DRN cells (Table 3). 

c) The noradrenergic locus ceruleus, in AD - less than in PD - shows a 
significant 40-80% loss of neurons with most severe involvement and 
greatest density of NFT in the rostral or mid part projecting to 
hippocampus (Table 4), suggesting retrograde degeneration due to pri
mary damage to its cortical projection areas (Zweig et al., 1988). Most 
severe lesions in LC occur in AD with major depression (Chan-Palay and 
Asan, 1989) and 10 to 20 fold decrease of norepinephrine (Zubenko 
et al., 1989). 

d) The dopaminergic striatonigral system that in PD suffers cell losses 
from 63 to 96%, in AD is less involved with neuron losses ranging from 
6 to 36% and less reduction of tyrosin hydroxylase immunoreactivity, 
while cell loss in ventral tegmental area (VTA) shows cell loss similar to 
PD ranging from 40 to 70% (Table 5). In the brainstem, there is close 
relationship between nerve cell losses and the distribution and density of 



68 K. J ellinger 

Table 4. Locus ceruleus: quantitative changes in Alzheimer disease 

Disease N Mean Neuron loss nucleol. vol. Author Year 
age (percent of controls) 

AD 67 79 c Tomonaga 1983 

7 67.2 68.6 c I chimi ya et al. 1986 

66 68 c 72 central Ingram et al. 1987 
15 ventral 

22 72 70 c rostral Zweig et al. 1988 
81 c mid 
67 c caudal 

61.3c ]ellinger (unpubl.) 

SDAT 15 81 51-56 c Tomlinson 1981 

24 74-87 40 c Vijayshankar and 1979 
Brody 

20 78± 7 80 c Bondareff et al. 1982 

19 84.7 54.4 c 82.3 c Mann et al. 1983 

22 74.5 70.3 c 68.5 c Mann et al. 1984 

5 75.6 41.2 (30-86) c Chui et al. 1986 

9 75.8 33 c (neuron atrophy) Burke et al. 1988 
55 c (mitog. activ.) 

18 82.4 50.3 c ]ellinger (unpubl.) 

3 76 3.5-87.5 Chan-Palay and Asan 1989d 

PD 72-85 c Mann et al. 1984 
52-74 c )ellinger 1989 

PD-PDJAD 26-94 Chan-Palay and Asan 1989d 

a p<0.05; b p<O.Ol; c p<0.001; d (for ref. see ]ellinger, 1989) 

NFT that particularly involve nuclei projecting to the cortex, with 
following descending order of intensity (German et al., 1987; ]ellinger, 
1989): raphe nuclei (dorsal raphe/supratrochlear nucl. ), central superior 
nucl., pedunculopontine nucl., locus ceruleus, nucl. paranigralis pigmen
tosus and nucleus paranigralis, interpeduncular, magnocellular reticular 
nuclei, midline thalamus and lateral hypothalamus, while substantia nigra, 
zona compacta, thalamic relais and motor nuclei, trochlear and oculomo
tor complex (except for the Westphal-Edinger n.), and medullary motor 
nuclei are rarely involved. These data suggest secondary involvement of 
most brainstem nuclei due to primary cortical AD pathology, while the 
distribution of NP does not always coincide with that of NFT; it shows 
the following descending order of intensity (Iseki et al., 1989): periaque
ductal gray, superior colliculi, floor of the third and fourth ventricle, 
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Table 5. Substantia nigra: quantitative changes in Alzheimer disease 

Disease 

AD 

SDAT 
SDAT+AD 
SDAT+AD 
SDAT 
SDAT 
SDAT 
SDAT 

PD 

N Mean 
age 

12 66 
4 63 
1 70 

19 85 
22 74.5 
5 75.6 

16 82 
24 82.4 
37 74.5 
22 72.7 

Neuron loss nucleol. vol. 
(percent of controls) 

11.8±3.7a 23.8±4 c 

38.1 (18-54) c 

47.4 c 

6.3±3.6 8.4±3.9 
7.5 a 13.0 b 

16 ( 3-72) a 
28.1 (22-48) b 

25.5 (20-40) b 

25.0 a 
17.0 a 

63-85 c 

a p<0.05; b p<0.01; c p<0.001 

Author Year 
(for ref. see ]ellinger, 

1989) 

Mann et al. 
Tabaton et al. 
]ellinger 

Mann et al. 
Mann et al. 
Chui et al. 
]ellinger 
J ellinger ( unpubl.) 
Gibb and Lees 
Gibbet al. 

Mann and Yates 
Bogerts et al. 
Gibb and Lees 

1983 
1985 
1987 

1983 
1984 
1986 
1987 

1989 
1989 

1983 
1983 
1987 

mamillary bodies and tuberomamillary nuclei, superior central nucl., less 
severe in reticular formation, substantia nigra, pontine tegmentum and 
inferior olives. The cerebellum is frequently involved by {3-AP contain
ing diffuse NP that differ from PHF-containing NP and amyloid plaques 
in spongiform encephalopathies (Yamaguchi et al., 1988; Braak et al., 
1989; Joachim et al., 1989). 

c) Morphologic heterogeneity of AD 

The morphologic heterogeneity of AD is increasingly recognized, 
and other cytoskeletal and neurodegenerative lesions or brain pathology 
may occur in cases fulfilling the histologic criteria of AD. Lewy bodies 
(LB), the anatomical hallmark of PD, easily seen by ubiquitin immuncy
tochemistry (Bancher et al., 1989; Dickson et al., 1989), are found in 
varying numbers in both brainstem and cererbral cortex (Table 6): LB 
in brainstem, present in 8 to 25% of normal brains over age 60, are found 
in 18 to 66% of all cases of ADfDAT with or without considerable nigra! 
damage. They may represent incidental age-related degeneration, pre
clinical PD (Gibb and Lees, 1988), AD with incidental LB or true 
combination of ADfPD. Concomitant PD pathology, i.e. nigra! damage 
and LB in various sites, occur in 15 to 85% of definite AD cases 
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Table 6. Age-specific prevalence of Lewy bodies (percentage) in controls and 
Alzheimer disease 

Age 
group 
years 

Controls (1) 
Gibb (1989) ]ellinger 

(N=210) (N=274) 

Alzheimer disease (2) 
Gibb-Lees ]ellinger 
(N = 106) (N = 558) 

Sub. nigra S.N. L.C. S. nigra S.N. L.C. 

30-49 0 0 
50-59 3.8 0 0 
60-69 4.9 3.7 3.7 
70-79 8.3 9.1 27.3 
80-89 12.8 15.4 32.3 
90-99 11.1 12.5 12.5 

>60 yr 8.2 12.7 24.0 

(1) Comparison: Lipkin (1959) 6.8% > 60 yrs 
Woodward (1962) 12% > 60 yrs 

0 
15.4 
13.9 
12.9 
14.3 

14.0 

(2) Comparison: Morris eta!. (1988) 10/ 26 AD= 38% 
Joachim eta!. (1988) 23/131 AD= 18% 
Crystal et al. (1988) 5/ 10 AD= 50% 
Dickson eta!. (1989) 11j 21 AD = 52% 

S.N. substantia nigra; l-.C. locus ccrulcus 

100 (3) 100 
62.5 (24) 66.7 
58.5 (94) 68.0 
53.7 (205) 64.9 
61.6(211) 66.8 
42.9 (21) 61.9 

57.3 (531) 66.1 

(Joachim et al., 1988; Mirra et al., 1989; Morris et al., 1988; ]ellinger, 
1989), and was present in 32% of a personal autopsy cohort of 564 
ADjDAT cases (Table 7). On the other hand, in autopsy series of PD 
individuals, the incidence of additional AD markers ranges from 7 to 
47%, and was 53.5% in a series of 306 PD cases (Table 7). Cortical LB 
are seen in 7-8% of all AD brains (Morris et al., 1988) and in 2.3% of 
aged controls (Perry et al., 1990). The close relationship between AD 
and PD is further confounded by diffuse Lewy body disease (DLBD) 
and various subsets of AD showing a variety of overlapping neu
ropathologic changes, those of PD, DBLD and localized spongiform 
changes similar to Creutzfeldt-Jakob disease (]CD) (Burkhardt et al., 
1988; Hansen et al., 1989). Vacuolation in AD may be similar to that in 
]CD, but occurs in proximity to NP with {3-AP and PHF-filled neurites, 
while negative transmission experiments give no evidence for a trans
missible spongiform encephalopathy. 

Widespread LB in both cortex and brainstem occur in DLBD, an 
increasingly recognized form of dementia with or without clinical signs 
of parkinsonism (Kosaka et al., 1988), often associated with AD lesions 
and similar biochemistry with decreased cortical ChAT activity and 
somatostatin-like immunoreactivity (Dickson et al., 1989). DLBD, in a 
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Table 7. Brainstem and other brain lesions in Alzheimer disease, senile demen-
tia, Parkinson's disease, and controls 

Type of lesion Alzheimer SDAT Parkinson Controls 
disease disease 
N=140 N=424 N=306 N=286 

Mean age (yr ± SEM) 65.0±0.5 81.6±0.6 74.0±0.9 75.0±0.8 

S. nigra (Numbers indicate percent of total cases) 
Neuron loss 3 + 8.8 2.8 93.8 0 

2+ 6.1 6.6 6.2 2.1 
1+ 71.2 81.9 0 27.0 

Lewy bodies 66.3 56.2 99.5 6.0 
NFT 82.1 73.8 17.6 1.8 

L. ceruleus 
Neuron loss 100 100 100 13.4 
Lewy bodies 66.3 65.7 99.2 18.3 
NFT 85.6 84.0 16.7 4.1 

N. basalis m. (N=70) (N=276) (N=94) (N=43) 
Lewy bodies 8.0 15.0 97.7 7.5 
NFT 100 98.6 36.2 7.5 

Westphal-Edinger nucl. (N=22) (N=58) (N=30) 
Lewy bodies 10.0 11.0 96.7 N.E. 
NFT 100 98.3 16.7 N.E. 

Pontine tegmentum 
N. plaques 87.5 87.4 16.3 1.8 
NFT 98.0 87.4 21.3 1.9 
Lacunes, Basal 31.3 31.5 20.8 
Ganglia 11.4 
Old infarcts 6.0 8.1 8.2 4.6 
Amyloid angiopathy 99.6 98.6 12.1 0.9 
Cer. hemorrhages 7.2 10.3 5.3 1.0 
Large 5.3 7.0 4.3 0 
Small (multiple) 1.9 3.3 1.0 1.0 
Cort. Lewy bod. 2.9 1.9 7.0 0 
PDf AD 14.9/16.9 
( <70 yrs) clinjanat. 18.6 0 
PDjDAT 17.0j9.6 
(>70 yrs) clinjanat. 35.0 0 

Values given in percent of total cases; NE not examined; NFT neurofibrill. tangles; 
N plaques= neuritic plaques 

recent series of 216 degenerative brain diseases, was the second most 
frequent cause of primary degenerative dementia after AD (Dickson et 
al., 1989), while it is rare in other autopsy series of dementia (Morris et 
al., 1988; Joachim et al., 1988; Boller et al., 1989; ]ellinger, 1989). Perry 
et al. (1990) suggest that senile dementia of Lewy body type may com-
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prise up to 20% of hospitalized demented old people. Most of the DLBD 
cases show neocortical plaques with lack of PHF-type neuritic changes 
in the gray matter, thus representing "plaque only" AD with extensive 
amyloid angiopathy but sparing of the hippocampus, while only a mi
nority show neocortical NFT, possibly representing combination of AD 
and DLBD. Within the disease spectrum including AD, PD and DLBD, 
at one end is AD, a cortical degeneration with extensive cytoskeletal 
aberration of microtubule-associated tau protein, at the other end is PD, 
a subcortical degeneration with neurofilament aberration (Bancher et al., 
1989). DLBD is the broad middle ground with some features of PD and 
AD, yet differing from both diseases by having widespread cortical LB 
and NP but lack of PHF-type neuritic changes in the neuropil and 
sparing of hippocampus despite widespread amyloid deposition that 
distinguishes DLDB from true ADjDAT. 

The morphologic heterogeneity of AD is further associated with or 
superimposed by cerebrovascular lesions: multiple lacunes in the basal 
ganglia are seen in about one-third of definite cases of AD and brain 
infarcts are present in 8 to 35% of AD brains (Table 7; Joachim et al., 
1988; Morris et al., 1988; Tierney et al., 1988; Mirra et al., 1989), but they 
rarely reach the extent of true combination with multiinfarct dementia 
(MID), representing mixed type dementia. Cerebral hemorrhages, pres
ent in 5 to 11% of AD brains (Table 7), are often caused by cerebral 
amyloid angiopathy, occurring in up to 100% of all AD cases (]ellinger, 
1989). It may also induce cerebral infarctions and leukencephalopathy 
(Vinters et al., 1989). 

The morphologic heterogeneity of AD, its association with other 
brain pathologies and the lack of uniform criteria for the diagnosis of 
AD and its distinct separation from "normal" brain aging are document
ed by varying coincidence rates for the clinical and pathological diagno
sis of AD and other degenerative dementias. In various prospective or 
retrospective clinico-pathological studies the accuracy rates for the diag
nosis of AD range from 70 to 100%, with reasonable mean values of 80 
to 85% (Table 8). Retrospective clinico-pathological analysis of 675 
consecutive autopsy cases of dementia disorders in the aged revealed that 
the histologic criteria of AD were fulfilled in 77%, only 60% represent
ing "pure" forms, while 8% with additional cerebrovascular lesions 
represented "mixed" type dementia, and 9% had additional PD markers 
(PD/AD). MID pathology was present in 16%; 7% were other entities, 
and 0,3% showed nothing abnormal. The general coincidence rates for 
clinical and pathologic diagnosis of ADjDAT were 85.2%, for PDjAD 
76%, for MID 72%, and for mixed AD/MID only 47% (]ellinger et al., 
1990). These data and the results of other recent studies emphasize the 
need for better and more standardized clinical and morphological criteria 
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Table 8. Accuracy of clinical diagnosis in autopsy series of demented patients 

Author Year NJCases Agreement AD 
(for ref. see Boller et al., 1989) a (Percent) 

Retrospective studies 

Todorov et al. (1975) 776 (AD) 43 
Perl et al. (1984) 26 (AD) 81 
Wade et al. (1987) 65 (AD) 85 
Alafuzoff et al. (1987) 55 (AD) 63 
Kokmen et al. (1987) 32 72 
Joachim et al. (1988) 150 87 
Boller et al. (1989) 54 63/79.7 
J ellinger et al. (1990) 675 (AD) 85.2 

Prospective studies 

Sulkova et al. (1983) 27 (AD) 82 
Molsa et al. (1985) 58 (AD) 71 
Neary et al. (1986) 24 (AD) 75 
Martinet al. (1987) 11 (AD) 100 
Morris et al. (1988) 25 (AD) 100 
Crystal et al. (1988) 19 (AD) 85 
Sulkova et al. (1989) 53 (AD) 87 

AD brains with ADJSDAT alone; no other CNS lesions, i.e. "pure" ADJSDAT (Tierney 
et al., 1988) 
a not included 

for the classification of AD and other dementia disorder of the aged in 
order to increase the diagnostic accuracy rates. 
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Summary 

Dementing disorders are not only caused by grey matter alterations but also 
by white matter lesions, either together with grey matter changes or as the sole 
change. In dementia of Alzheimer's type white matter disease in the nature of a 
selective incomplete white matter infarction was found in around 60% of cases. 
It was regarded as being most likely due to regional hypoperfusion of the white 
matter and might therefore be prevented, halted or even partly reversed by 
therapy. 

Introduction 

Dementias are usually thought of as cortical diseases, with a small 
group of subcortical dementias affecting basal ganglia or brain stem. The 
role of rarely considered or little known white matter diseases remains 
disregarded. They seem, however, to be common and may be an impor
tant component of a syndrome or even the sole disease behind a demen
tia. However, they are submerged among the rather poorly defined 
subcortical dementias. Nevertheless, on the basis of their frequency and 
importance they deserve an anatomical plateau of their own, the result
ing disease logically termed white matter dementia, and are to be regard
ed as a distinctive part of the subcortical dementias. This definition is 
used in the following. Subcortical white matter lesions of the type under 
consideration here is the white matter disease encountered in 
Alzheimer's disease. 
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Material 

The material consists of 50 cases of presenile and senile dementia of 
Alzheimer's type (AD and SDAT respectively) aged 52 to 90 years. For a 
comparison were used normal age-matched cases, cases of frontal lobe dementia 
of non-Alzheimer type (FLD), (Brun et al., 1987), Pick's disease, multi-infarct 
dementia (MID), Binswanger's disease, incomplete white matter infarction as 
well as occasional cases of Jacob Creutsfeldt's disease (JC), AIDS and multiple 
sclerosis (MS). 

Method 

In the neuropathological study whole brain semiserial frontal sectioning was 
consistently employed. 5-micra thick sections from paraffin-embedded slices 
were stained according to a wide variety of methods including hematoxylin and 
eosin, Luxol fast Blue for myelin, Naoumenko and Bielschowsky for plaques and 
tangles, Kongo red and thioflavine S for amyloid and gliofibrillar acid protein 
with PAP-technique for astroglial protein. On templates of such sections the 
grey and white matter changes were recorded as to type, distribution and 
severity. In this way also non-relevant additional important lesions could be 
detected, sometimes disqualifying for inclusion in respective groups. This meth
od also allowed a close comparison between topography of the various lesions. 
As reported earlier (Englund et al., 1987, 1988) 50 small samples were also taken 
from the white matter, both normal and pathological, for a small piece in vitro 
MR study, analysis of water and myelin lipids as well as microscopical assessment 
of type and severity of lesions. The samples where identical for all these studies 
which allowed a close correlation between the results. 

The primary dementia cases all belong to a large prospective study why 
relevant clinical features such as blood pressure variations, dementia symptoms, 
regional cerebral blood flow changes and other signs and symptoms could be 
derived from the clinical records. 

Results 

Reported here are only the findings in the white matter of cases with 
primary degenerative dementia of the Alzheimer type. 

White matter changes were found in 30 out of 50 DAT cases. They 
were located in the deep white matter periventricularly, sometimes 
spreading to more superficial strata. They were most common frontally 
and seen less often parietally and centrally. 

The changes were not circumscribed but irregularly and diffusely 
outlined with a gradual transition between damaged and non-damaged 
areas. On myelin-stained sections they appeared as pale areas. On parallel 
sections stained differently these same areas were checked for cellular 
reactions: If not present the myelin paling was regarded as an artefact. 
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Cell changes found consisted of an attenuation of the tissues with a 
partial loss of axons and myelin together with oligodendroglia! cells, 
accompanied by mild astrocytic gliosis and a few macrophages. There 
was no swelling or water increase, no inflammatory changes and no 
cavitation or complete loss of axons or myelin sheaths. Vessels within the 
changed areas showed fibrohyaline wall thickening with severe narrow
ing of the lumen but no hypertensive changes. The basomeningeal 
arteries displayed only mild arteriosclerosis and amyloid angiopathy was 
limited to meningocortical vessels. 

The white matter changes were graded with regard to the severity of 
loss of normal constituents and appearance of reactive changes. The 
severest degree of white matter change was found in Ij5 of the material, 
slight to moderate degree in 2/5 and no changes in the remaining 2/5 • There 
was no regional correspondence between the cortical encephalopathy 
with plaques and tangles etc. on the one hand and the white matter 
changes on the other hand, neither with regard to location nor to 
severity. 

The small sample study showed an MR T-1 and T-2 time prolonga
tion and reduction of cerebroside and ganglioside by up to 50%. These 
changes parallelled each other and also the microscopical grade of sever
ity. Morphological, MR and biochemical changes were found only with
in these white matter areas, whereas outside the morphology, MR and 
lipid values were normal. Thus there was never any diffuse involvement 
of the white matter. 

The clinical records showed cardiovascular disorders and hypoten
sive attacks to be 3 times as common in cases ofDAT with white matter 
changes as in cases without. Hypertension was rare. From a symptomat
ological point of view DAT with white matter changes had more symp
toms such as lack of insight and disinhibition and also more prominent 
symptoms of a cerebrovascular type such as vertigo, fainting spells or 
syncope and a fluctuating course, as compared with DAT without white 
matter changes. Classical DAT symptoms were rather subdued to some 
extent. 

Discussion 

The white matter changes described may have a component of Wal
lerian degeneration. They are, however, not mainly of this type since 
white matter was normal outside the lesions and the changes may in 
non-DAT cases exist as the sole brain disorder and also since there was 
no correlation between cortical and white matter changes (Brun et al., 
1986). Neither do the latter appear as part of a generalized metabolic 
oligodendroglia! disorder since they are focal. They are also clearly 
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different from those in multiple sclerosis and from regular complete 
infarctions. From a morphological point of view they appear as incom
plete infarctions with varying attenuation of the tissue and mild cellular 
reaction. Against this background they are most likely due to hypoper
fusion caused by the local vascular changes in combination with general 
cardiovascular factors inducing hypotensive attacks. This may be sup
ported by the partly cerebrovascular type of symptomatology. 

The changes are called selective incomplete white matter infarction 
(SIWI) due to the microscopical appearance of the changes, the pro
posed etiology and the fact that the changes selectively engage the white 
matter. 

The frequent association between DAT and SIWI may indicate a 
connection between the two disorders. This connection could be in the 
nature of a wide-spread transmitter deficit affecting also the cerebral 
vascular innervation or the common meningocortical amyloid angiopa
thy with consequences for the perfusion of the underlying white matter. 

In DAT the white matter lesions may be expected to block the 
transport routes for acetylcholine between nucleus basalis Meynert and 
the cortex, and might hypothetically in a retrograde fashion cause degen
erative changes in this nucleus. 

The ventricular widening most likely is mainly due to this white 
matter disease. A tendency to a frontal accent of the white matter 
changes appears to coincide with the frontal component of the symp
tomatology. Probably only severe changes produce symptoms. Symp
toms related to the white matter by other authors (Filley et al., 1989) 
include inattention, forgetfulness and emotional changes whereas amne
sia, aphasia and movement disorders are more characteristic of cortical 
disorders. The histologic type of the lesions and the reflection in MR 
relaxation times may indicate that the changes are visible on MRI as also 
proposed by some authors. This is in agreement with a preliminary MR 
study of later series of cases in this material (unpublished results), the 
frontal white matter bearing the brunt of the SIWI. 

A few other groups have since presented similar findings e.g. Gott
fries et al. (1985) and George et al. (1981 ). White matter disease is not 
unique to Alzheimer's dementia. Changes, though of a different type, are 
found also in Pick's disease and a leucoencephalopathic form of Jacob 
Creutsfeldts's disease and are also a part of multi-infarct dementia. They 
are even more prominent in several other disorders and then in some 
instances the main change such as in Binswanger's disease and progres
sive subcortical gliosis (PSG). In still other disorders they are the only 
change such as in AIDS, multiple sclerosis and some cases affected by 
SIWI alone. They may also be the sole or main lesion in alcoholic 
dementia, normal pressure hydrocephalus and toluene intoxication (Fil-
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ley et al., 1989). White matter alterations may also be the dominant 
change in the ageing brain. 

Thus in dementia white matter lesions may arise as an important field 
of research and an important correlate to dementing symptoms. If the 
white matter lesions in OAT are of a hypoperfusive etiology a preventive 
or even partly reversing therapy may be considered. 
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Summary 

The hallmarks of Alzheimer's disease are extracellular amyloid deposits and 
intraneuronal neurofibrillary changes. The distribution pattern of amyloid is 
different from that of neurofibrillary changes. Plaque-like deposits of amyloid 
should carefully be distinguished from the well known neuritic plaques. The 
brunt of the cortical pathology is borne by the entorhinal region, the hippocam
pal formation, and the isocortical association areas. The early occurring destruc
tion of the entorhinal cortex disrupts the transport of information from isocor
tical association areas to the hippocampal formation. 

The cerebral cortex represents the dominating structure of the human 
brain. It is divided into the more or less uniformly built isocortex and 
the heterogeneously composed allocortex (Braak, 1980, 1984). The phy
lo- and ontogenetically late developing association areas occupy most of 
the total area of the isocortex (Fig. 1 a, white areas). The allocortex is 
small in comparison to the isocortex. Its central portion is the hippocam
pal formation. A further component is the entorhinal region that is 
located in the anterior portions of the parahippocampal gyrus and the 
gyrus ambiens. The entorhinal cortex exhibits a particularly complex 
lamination pattern (Stephan, 1975; Braak and Braak, 1985). 

Recent investigations in the primate brain have shown that stout fibre 
bundles originating from all isocortical association areas converge on the 
entorhinal region hereby providing it with abundant somato-motor, 
somato-sensory, acoustic, and visual information (Fig. 1 a; van Boesen, 
1982; van Boesen et al., 1972). The outer cellular layers of the entorhinal 
region generate the perforant tract which in turn transmits the informa
tion to the hippocampus (Fig. 1 b). This information transfer from iso-



86 H. Braak and E. Braak 

cortical association areas - via the entorhinal region - to the hippocam
pal formation is of significance for maintaining mnestic functions. 

All of the three territories under consideration: the isocortical associ
ation areas, the entorhinal region, and the hippocampal formation exhib
it characteristic and thoroughgoing structural changes during the course 
of Alzheimer's disease. 

A large amount of unsoluble fibrous material that normally does not 
occur in the central nervous system is both extracellularly and intraneu
ronally deposited. The extracellularly located amyloid deposits should 
carefully be distinguished from the intraneuronal components which 
make up the neurofibrillary changes. 

Modern silver techniques which take advantage of physical develop
ment of the latent image are available for the demonstration of both the 
amyloid (Campbell et al., 1987) and neurofibrillary changes (Gallyas and 
Wolff, 1986). The sensitivity and specificity of these advanced silver 
stains is comparable to that seen in immunostained preparations (Braak 
et al., 1989). 

Amyloid deposits 

In Alzheimer's disease, large numbers of plaque-like amyloid deposits 
are more or less evenly distributed throughout all layers and all areas of 
the isocortex. Most of the amyloid plaques remain devoid of patholog
ically changed argyrophilic neurites. Furthermore, the tissue within the 
range of many of these plaques does not reveal any conspicuous neuropil 
distortions in Nissl stained material. It has to be emphasized that large 
numbers of amyloid plaques occur in layers that never or only occasion
ally harbour neuritic plaques, among these are the molecular layer and 
the multiform layer (Fig. 1 c). In addition to that, many amyloid deposits 
are also present in the white matter and there even at a considerable 
distance to the cortex. Thus, it appears inappropriate to consider the 
amyloid plaques as forerunners of neuritic plaques or as structures that 

Fig. 1. a, b Fibre bundles from isocortical association areas converge upon the entorhinal 
cortex which in turn projects via the perforant path to the hippocampal formation. 
c Schematic lamination pattern of an isocortical area (striate area, Brodmann field 17) 
and its Alzheimer-related pathology as seen in preparations stained for amyloid and 
neurofibrillary changes. Note the difference in the distribution pattern of amyloid plaques 
and neuritic plaques. d Distribution of Alzheimer-related cortical changes. The black area 
represents the most severely affected region. e Neurofibrillary changes consist of three 
kinds of lesions, namely the neuritic plaques, neurofibrillary tangles, and neuropil threads. 
f The transport of information from isocortical association areas to the hippocampal 
formation is bilaterally interrupted by destruction of the cells of origin of the perforant 

tract 
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inevitably transform into neuritic plaques. Figure 1 c demonstrates the 
thoroughgoing differences in the distribution pattern of amyloid plaques 
on the one side and neuritic plaques on the other. The conclusion to be 
drawn from this comparison is that most amyloid plaques do not corre
spond to and should carefully be distinguished from the various types 
of neuritic plaques (Braak et al., 1989). 

The material examined does not contain isocortical areas rich in 
neurofibrillary changes and poor in amyloid. However, several areas rich 
in amyloid and poor in neurofibrillary changes have been noted - sug
gesting that the deposition of amyloid precedes the development of 
intraneuronal changes (Braak et al., 1989). Nevertheless, it should be 
stressed that the extracellular deposition of amyloid does not necessarily 
induce the development of intraneuronal changes. 

Neurofibrillary changes 

Sections stained with a silver technique specific for neurofibrillary 
changes reveal the presence of three kinds of lesions, namely neuritic 
plaques, neurofibrillary tangles, and neuropil threads (Fig. 1 e; Braak and 
Braak, 1988 a). 

Neuritic plaques are partly composed of a dense feltwork of argy
rophilic neurites (Mann, 1985; Price, 1986). The density of neuritic 
plaques changes frequently and it may even change within the 
boundaries of a certain cortical area. Moreover, they tend to be particu
larly crowded in the depth of the sulci and, therefore, the plaque density 
appears to be more closely related to the configuration of the sulci than 
to architectonic units (von Braunmuhl, 1957; Braak et al., 1989). 

Initial stages of neurofibrillary tangles develop within the lipofuscin 
deposits of nerve cells. Mature tangles fill large portions of the cell body 
and may even extend into the proximal dendrites, however, they will 
never extend into an axon. Tangle-bearing cells will ultimately die. After 
disintegration of the cell body the extracellular remnant of the tangle is 
slowly decomposed by astrocytes (Probst et al., 1982). Within the isocor
tex, tangle-bearing neurons do all belong to the class of pyramidal cells. 
Interneurons appear to resist the development of tangles. 

Neuropil threads are loosely scattered throughout the cortical grey 
(Braak et al., 1986). Within the isocortex, they were observed within 
dendrites of pyramidal cells only (Braak and Braak, 1988 b). Interneu
rons as well as glial cells remain devoid of these specific alterations. In 
some areas and layers of the cortex- such as in layer V of the striate area 
- a particularly pronounced density of neuropil threads is noted 
(Fig. 1 c). Neuropil threads represent a substantial part of the total 
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amount of neurofibrillary changes and should thus justify more efforts 
to elucidate the conditions responsible for their development and pattern 
of distribution (Braak et al., 1989). 

Distribution pattern 

Amyloid deposits, neuritic plaques, neurofibrillary tangles, and neu
ropil threads are by no means distinguishing features of Alzheimer's 
disease, since they also occur - although in considerably lesser number 
-in the brain of the aged and non-demented individual (von Braunmiihl, 
1957; Mann, 1985; Price, 1986; Braak and Braak, 1988a). This is also 
why the neuropathological diagnosis is only an easy one in severe cases. 
Recognition of early stages of the disease is extremely difficult and 
requires extended and time-consuming quantitative analyses of a large 
number of cortical areas. In this context, it should be emphasized that 
the advanced and highly reliable silver techniques mentioned above 
permit the processing of numerous preparations such as sections run
ning through entire hemispheres. All structures containing the patho
logical material are specifically marked. They are clearly visible against 
an almost unstained background and thereby enable the immediate 
recognition - even by the unaided eye - of the pathology and of the 
striking differences in the severity of the change. 

Figure 1 d shows the distribution of the pathological changes, as 
compiled from data available in the literature (Brun and Gustafson, 
1976; Brun, 1983). Isocortical association areas are particularly heavily 
involved in Alzheimer's disease, nevertheless the brunt of the pathology 
is borne by the allocortex with severe destruction of the entorhinal 
cortex and hippocampal formation. The pyramidal cells within the su
perficial layers of the entorhinal cortex are extremely susceptible to the 
development of tangles (Braak and Braak, 1985). Advanced stages of 
Alzheimer's disease show that all projection cells of the second layer are 
affected. The projection cells within this layer are also the first cortical 
neurons affected by the pathology. When focusing on the initial stages 
of the disease, neither the temporal isocortex nor the hippocampal for
mation show the presence of large numbers of neurofibrillary tangles 
and neuropil threads while the second layer of the entorhinal region is 
already severely and specifically affected. The projection cells of this 
layer generate important portions of the entorhinal-hippocampal con
nection, the perforant path. Therefore, the transport of isocortical infor
mation via the entorhinal region to the hippocampal formation becomes 
bilaterally hampered or interrupted (Fig. 1 f). The lamina-specific de
structive process leads to a "disconnection syndrome" in the sense of the 
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late american neurologist Geschwind; isocortex and allocortex become 
disconnected from each other (Hyman et al., 1984, 1986). 

This disruptive process which already occurs in the initial stages of 
Alzheimer's disease might serve as an explanation for the early impair
ment of intellectual capabilities of individuals suffering from this disor
der. In the next stage, the hippocampal formation itself as well as the 
association areas of the isocortex become gradually destroyed, so that 
ultimately, the three cortical regions necessary for maintaining mnestic 
functions are subject to thoroughgoing pathological changes. 
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Summary 

In a quantitative study on thick frozen sections stained by the Gallyas' silver 
impregnation method neurofibrillary tangles (NFT), neuritic plaques (NP) and 
neuropil threads (NT) in the entorhinal as well as transentorhinal area (Braak and 
Braak, 1985) have been evaluated. The amount of NT exceeded by far that of 
NFT and NP. 

Introduction 

Since the first description by Alois Alzheimer (1907) there has been 
much debate on the significance of neurofibrillary tangles as well as 
neuritic plaques. Alzheimer stressed that "within an otherwise normal 
looking cell you first find one or more fibrils which impress by their 
thickness and impregnability".- "Miliar cores" were mentioned only as 
concomitant changes throughout the cortex. Simchowicz (1911) recog
nized the ammonshorn and the frontal cortex as the predilection areas for 
neurofibrillary tangles. Mutrux (1947) estimated the neuritic plaques to be 
less significant. Hirano and Zimmerman (1962) noted a special topograph
ic distribution of neurofibrillary tangles in allocortical areas. Kemper 
(1978) stressed the heavy involvement of the lateral entorhinal region, 
more precisely described later by Braak and Braak (1985). Blessed, Tom
linson and Roth (1968) tried to set up a correlation of an overall plaque 
count with an overall dementia score (1968) being heavily criticized by 
Dayan (1970). Recently Braak et al. (1986) described numerous tubular 



94 H. Heinsen et al. 

argyrophilic profiles in histologic sections from patients with AD or 
SDAT using Gallyas' silver impregnation. These thread-like processes 
representing either fine dendrites or axons were designated neuropil 
threads by Braak et a!. (1986). The intention in the present study is to 
quantify the presence of NFT, N P and NT using a novel method based 
on thick sections (500 mikrometer) and a modified Gallyas' silver im
pregnation for the demonstration of pathologic fibrils. 

Materials and methods 

Twenty brains from patients older than 60 years at death were fixed in 4% 
formalin, embedded in gelatine, frozen, cut into consecutive series of 0.5 mm 
thick sections, and stained following the procedure described by Gallyas (1971 ). 
Point-counting was performed, using an ocular grid at 1000 x magnification, on 
microscopically identified sections through the Area entorhinalis and Area 
transentorhinalis. 
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Results 

In general, neuropil threads were more frequently encountered than 
neurofibrillary tangles or neuritic plaques ( cf. Figs. 1, 2) yielding togeth
er maximal values of 7%. With NT density up to 2.5% in both regions 
(Fig. 1) the density of NT in the transentorhinal region generally exceeds 
that in the entorhinal region. NT densities higher than 2.5% appear to 
be distributed equally in both regions. Neuritic plaques have been en
countered in the two regions under investigation only in cases with the 
most massive histological changes. The rostral parts of entorhinal region 
which cover the amygdaloid body were crowded with neuritic plaques 
in these latter cases. Similar changes were also observed in the adjacent 
isocortex, yet not estimated. Two of the control cases showed lesions 
confined to the transentorhinal area. Neuropil thread density exceeded 
in both cases the density of neurofibrillary tangles. Neuritic plaques were 
completely absent. 
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Discussion 

The present point-counting estimations of argyrophilic tissue in cases 
with Alzheimer's disease, senile dementia and control cases show an 
hitherto unexpected excess of neuropil threads. Interpreting our results 
one is inclined to designate both forms of dementia principally as a 
disease of neuropil threads. Previous quantitative studies emphasized the 
number of neurofibrillary tangles and neuritic plaques. By means of new 
stereological methods (reviewed by Gundersen et al., 1988) it has be
come easy to estimate the volume density of small structures like neu
ropil threads. The second uncommon feature which so far has only been 
described by Matsuyama et al. (1978) is the early affliction by senile 
changes of the transentorhinal area in subjects with no clinical known 
history of dementia. Our results represent an extension of Kemper's 
(1978) description with generally higher concentrations of senile changes 
in this latter area in demented subjects. These two observations, the 
prevalence and excess of neuropil threads and the time course and 
topographical distribution of argyophilic material, are of special interest. 
In a previous HRP study in the cat (Room and Groenewegen, 1986) the 
transentorhinal region has been shown to represent the main entrance 
gate of information coming from the association cortices and passing 
towards the hippocampus. In Hyman's et al. (1984) opinion Alzheimer's 
disease is characterized by deteriorated entorhinal input to the 
hippocampus due to cytological pathology oflayer II cells in the entorhi
nal region. Our results are in agreement with Hyman's conclusions but 
we want to emphasize early and massive changes in nerve cells processes 
of the transentorhinal region. Point-counting methods together with 
serial sectioning and staining with Gallyas' silver impregnation give us 
a potent instrument for the combined topographical, quantitative, neu
rochemical and psychobiological investigation in Alzheimer's disease 
and senile dementia. 
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Summary 

Quantitative morphological examination of nerve cell number of the medial 
septal nuclei (area CH1) and of the vertical limb of the diagonal band of Broca 
(area CH2) and of spine density of fascia dentata dendrites was performed in DAT 
and control cases. The data revealed that compensatory axonal sprouting of 
surviving axons seems to replace lost cholinergic afference of fascia dentata cells 
after degeneration of the basal forebrain nuclei. Changes of fascia dentata inner
vation may be an additional pathogenetic factor in dementia of Alzheimer's type. 

Introduction 

The loss of acetylcholinesterase and choline acetyl transferase in the 
cerebral cortex and the loss of cholinergic source neurons within the 
basal forebrain nuclei (bfn) (CH1-CH4) are consistent features in cases 
of dementia of Alzheimer's type (DAT). In order to elucidate the influ
ence of the loss of subcortical cholinergic neurons on postsynaptic 
morphology of the cholinergic innervated cortical nerve cells we inves
tigated the septa-hippocampal pathway (SHP). The fibers originate from 
the cholinergic neurons of the nuclei of the medial septum (CH1) and of 
the vertical limb of the diagonal band of Broca (CH2) and are believed 
to provide a laminar organized cholinergic innervation of the hippocam
pus and the fascia dentata (FD). 

Material and methods 

Fourteen brains of autopsied patients were examined. Seven patients had 
clinically assessed severe dementia, their age being 91.1 ± 1.95 years (mean± S.D.). 
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Seven age matched controls (age 91.5 ± 3.60) had been mentally unimpaired. All 
had died from internal diseases. Postmortem delay ranged between 2 and 14 h 
(mean 7.4±4.9) in DAT and between 3 and 6 h (mean 7.7±4.63) in controls. 
The brains were removed and fixed in formaldehyde 4% for more than half a 
year. 

Tissue blocks containing the area CH1 and CH2 were embedded in celloidin, 
cut in serial coronal sections of 20 J!m und stained with Cresyl-fast-violet. At 
intervals of 400 J!m cell counts were performed. In area CH1 all nucleated nerve 
cells measuring more than 20 J!m and in area CH2 all nerve cells measuring more 
than 30 J!m were counted. The total cell number of both nuclei was calculated 
by the simple addition of the cell numbers of the separate levels, multiplied by 
20, because every 20th section had been counted. Tissue blocks of the hippocam
pus were stained by a modified Golgi impregnation technique. After staining the 
blocks were embedded in paraffin and cut in 75-J!m sections. 

The total length of the apical dendrites of the granular cells of the FD was 
measured. The dendrites were subdivided into 10-J!m segments starting from the 
soma, and the spines were counted. Twenty 10-J!m segments were studied so that 
a total length of 200 J!m was evaluated. Fifteen granular cells of FD per brain, 
i.e. 105 cells per group, were examined. 

Results 

The mean number of neurons in areas CH1 and CH2 differed signif
icantly between the two groups. The total length of the dendrites of FD 
granular cells was 229 ± 25 11m in DAT and 238 ± 32 11m in controls. It 
did not differ significantly between the two groups (Mann-Whitney 
U-test, P > 0.5). Figure 1 shows the spine density per group (n = 105 
cells) along the apical dendrites of the granular cells of FD as a function 
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Fig. 1. Graphic representation of spine number of dendrites of FD granular cells as a 
function of the distance from the cell body. Filled circles: mean spine number ofDAT cases; 

open circles: mean spine number of controls. Vertical bars show SD 
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of the distance from the cell body. In the most proximal part, spine 
density was not significantly different between the two groups (Mann
Whitney U-test, P > 0.05). Starting from the 4th segment, there was, 
however, a statistically significant decrease in spine density (by 25.4% on 
the average) in the DAT group as compared to controls (Mann-Whitney 
U-test, P < 0.001 ). Spine density was not significantly correlated to nerve 
cell number in CH1 and CH2 (Spearman rank correlation; P > 0.05). 

Discussion 

Our findings of nerve cell loss of CH1 and CH2 are in agreement with 
previous reports on the bFN (Whitehouse et al., 1981; Wilcock et al., 
1983; Lowes-Hummel et al., 1989). 

Our data on the total dendritic length of FD granular cells are in part 
in agreement with those of Flood et al. (1987) and De Ruiter et al. (1987) 
who found a slight tendency for DAT cases to have shorter FD dendrites 
than age matched controls. The significant reduction of spine density in 
the distal part of the dendrites is probably due to the fact that the source 
neurons of the perforant path, i.d. neurons of lamina II of the area 
entorhinalis are strongly affected and decreased in SDAT (Hyman et al., 
1984). The perforant path innervates the outer % of FD molecular layer. 

It is of particular interest that, in the proximal segments, the differ
ences between DAT and control cases were not statistically significant. 

Septa-hippocampal fibers from a dense supragranular innervation 
immediately above the granular cell layer (Mosko et al., 1973). The 
cholinergic synapses of the hippocampus and FD have shown to be 
axodendritic (Shute et al., 1966). There is sufficient evidence that gran
ular cells are excited by cholinergic boutons mainly located on apical 
dendrites near the soma (Fonnum, 1970). 

Disappearance of dendritic spines is shown to follow presynaptic 
interruption. In cases of specific afferents, spines along only a portion of 
the dendrites are affected (Paranavelas eta!., 1974). One might therefore 
have expected that the reduction of nerve cells in CH1 and CH2 should 
lead to a pronounced reduction of spines in that part of the dendrites 
where cholinergic afferents form synapses, i.e. in the most proximal part. 
But in this dendritic region, spine density actually remained unchanged. 

A possible explanation for our findings might be found in compensa
tory axonal sprouting of surviving axons (Gertz eta!., 1987). It is known 
that terminals lost to a structure after injury to one of its afferents are 
replaced in part or wholly by sprouting of undamaged input (Cotman et 
al., 1981 ). Our data are consistent with replacement of the lost choliner
gic afferents in DA T. Two possible mechanisms are suggested: (1) The 
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remaining cholinergic neurons of CH1 and CH2 sprout collaterally to 
maintain the number of synapses with the granular cells to the FD. This 
is in agreement with the findings that cholinergic muscarinic receptors 
do not change in number in DAT (Lang and Henke, 1983). On the other 
hand, the loss of the presynaptic marker ChAT in DAT (Henke and 
Lang, 1983) may indicate a qualitative change in the axon terminals 
rather than a loss of synapses. (2) Decreased cholinergic input to the 
hippocampus might have been substituted by a monoaminergic one as 
in experimental animals (Crutcher et al., 1981). This suggestion is sup
ported by the finding that in DAT MAO-B activity is significantly 
increased in the hippocampus (Adolfson et al., 1980). MAO-B is accu
mulated in synaptosomal fractions (]ellinger and Riederer, 1984). 

Our findings indicate that neuronal plasticity plays a role in SDAT. 
At present it is unclear if collateral sprouting provides additional 

stability of neuronal circuits, and leads at least in part to functional 
recovery of damaged neurone function. 

In case transmitter changes actually occur it cannot be excluded that 
neurone plasticity causes additional irritation within the neuronal net
work and may be an important factor in the pathogenesis of dementia. 
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Summary 

Abnormal filaments (PHF) accumulate in neurons in Alzheimer's disease in 
target areas. They fill the pericaryon but are also found in dendrites and axons. 
Their presence is associated with a disappearance of microtubules and neurofil
aments, and an accumulation of dense bodies, altered mitochondria and smooth 
endoplasmic reticulum. Their ultrastructure differs from normal cytoskeletal 
fibers but one of their main components are the tau proteins. Senile plaques are 
composed of a core of amyloid fibers surrounded by abnormal neurites contain
ing PHF and accumulations of organelles, reactive astrocytes and microglia. 

Introduction 

Neurofibrillary tangles and senile plaques are the hallmark neu
ropathological lesions of Alzheimer's disease. In quantitative studies, 
their number has been repeatedly correlated with the severity of demen
tia (Blessed et al., 1968; Wilcock and Esiri, 1982; Duyckaerts et al., 
1987). Although their primary role as the causal factors leading to the 
dementia syndrome has been questioned (Katzmann et al., 1988) great 
numbers of neurofibrillary tangles and plaques are never observed in 
normal people. Unraveling the mechanisms leading to their formation 
will undoubtedly provide insight into the etiology of this disease. 

Although neurofibrillary tangles and senile plaques were first de
scribed early this century (Alzheimer, 1907; Fisher, 1907), the mapping 
of their distribution in human brain in Alzheimer's disease was not 
investigated in detail until relatively recently. Initial electron microscopy 
studies (Kidd, 1963; Terry, 1963) demonstrated especially the unique 
ultrastructure of abnormal filaments in tangles; the ultrastructure of 
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tangles and plaques has since been investigated by many authors. Nu
merous biochemical data concerning the composition of neurofibrillary 
tangles and the amyloid of senile plaques has also been obtained in the 
last years. 

Morphological studies, especially in electron microscopy, of 
Alzheimer's brain tissue and immunocytochemical studies of neurofibril
lary tangles and plaques have been performed in our laboratory and we 
present some of these data in this paper. 

Material and methods 

Photonic microscopy 

Brain tissue samples obtained post-mortem are fixed in 4% formaldehyde and 
embedded in paraffin. Congo red, Holmes and Bodian's staining methods are 
used to demonstrate neurofibrillary tangles and senile plaques in tissue sections. 

Brain biopsies 

Six brain biopsies from the frontal lobes of patients with senile dementia of 
the Alzheimer type were fixed in 4% glutaraldehyde, post-fixed in 1% osmium 
and embedded in Epon. Ultrathin sections were counterstained with uranyl 
acetate and lead citrate, and studied by transmission electron microscopy. 

Isolation of neurofibrillary tangles 

Neurofibrillary tangles insoluble in sodium dodecyl sulfate were isolated 
from post-mortem brain tissue by the method of Ihara et a!. (1983). Isolated 
abnormal filaments were adsorbed on carbon-formvar coated grids and negative
ly stained with 1% phosphotungstic acid. Abnormal filaments adsorbed on 
formvar coated grids were rotatory shadowed with platinium: iridium. 

Preparation of antisera 

An antiserum was raised using the enriched fraction of neurofibrillary tangles 
previously prepared (anti-PHF serum). Other antisera were raised against several 
cytoskeletal proteins: the microtubule-associated proteins tau and MAP2, pre
pared by thermodenaturation of microtubules polymerized in vitro, and separat
ed on SDS-polyacrylamide gels. A serum was also raised against a /3-galactosi
dase fusion protein corresponding to a MAP2 eDNA. The anti-ubiquitin serum 
was prepared in Dr. B. H. Anderton's laboratory. 
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Immunocytochemistry was performed with these sera on paraffin sections 
using the PAP method (Sternberger, 1979). The immunogold labeling method 
(Demey et al., 1981) was used for labeling isolated PHF for electron microscopy. 

Results 

Photonic microscopy 

Neurofibrillary tangles are observed in the neocortex, hippocampus, 
amygdala, Meynert nucleus basalis, locus coeruleus and raphe's nuclei 
(Tomlinson et al., 1981; Mann, 1985). Senile plaques are observed chiefly 
in neocortex and hippocampus and occasionally in subcortical areas and 
cerebellum. Silver staining (Fig. 1) demonstrates the greatest number of 
lesions, but after Congo red staining neurofibrillary tangles and some 
plaques can also be observed due to their birefringence when observed 
under crossed Nicolls filters. 

Ultrastructural observations 

The neurofibrillary tangles are made of bundles of 20-25 nm wide 
abnormal filaments showing regular constrictions up to 10 nm wide 
every 80 nm and are known as "paired helical filaments" (PHF). Elec
tron microscopy indicates that they are located in the neuronal pericarya, 
in axons and in dendrites. They are more frequent in non-myelinated 
processes but are also present in myelinated fibers (Fig. 2). Morpholog
ically normal synapses make contact with these fibers (Fig. 3). A striking 
observation in these biopsies is that in the neurites full of PHF, there is 
almost a complete disappearance of the normal microtubules (Flament
Durand and Couck, 1979; Dustin and Flament-Durand, 1982) associated 
with accumulation of osmiophilic dense bodies, altered mitochondria 
(Figs. 4 and 5), and smooth endoplasmic reticulum (Richard et al., 1989). 

After platinium: iridium shadowing of isolated PHF, a regular right
handed twisting is clearly visible (Fig. 7 A) (Brion et al., 1984). 

The "classical" senile plaque is composed of an extracellular core of 
amyloid surrounded by reactive glial cells, microglia and neurites filled 
with PHF (Fig. 6). Here also, electron microscopy clearly indicates that 
these abnormal neurites contain accumulation of dense bodies, altered 
mitochondria and smooth endoplasmic reticulum. The amyloid core is 
made of packed 10 nm wide amyloid fibrils which do not show the 
regular constrictions of PHF. 
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Fig. 1. Paraffin section. Silver staining demonstrating numerous intraneuronal tangles 
and neuritic plaques. X 650 
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Fig. 2. Electron microscopy. Myelinated axon filled by paired helical filaments. Dis
appearance of normal microtubules and neurofilaments. x 48 000 
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Fig. 3. Electron microscopy. A morphologically no rmal synapse makes contact with a 
dendrite full of paired helical filaments . x 48 000 
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Fig. 4. Electron microscopy. Close to a neurite full of normal microtubules (!) an en
larged neurite is seen full of paired helical filaments and accumulation of multilamellar 

osmiophilic bodies. X 28 800 
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Fig. 5. Electron microscopy. Enlarged neurite containing paired helical filaments cut 
transversally(*) surrounded b y numerous multilamellar osmiophilic bodies and abnormal 

mitochondria. X 7650 
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Fig. 6. Electron microscopy. Part of a neuritic plaque showing the core of amyloid (A) 
surrounded by abnormal neurites containing paired helical filaments and accumulation of 

dense osmiophilic bodies. x 5520 
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Fig. 7. Electron micrographs of isolated paired helical filaments. A After shadowing with 
platinium: iridium, the right-handed helix with a periodic torsion every 80 om is clearly 

demonstrated. X 360 000. B Immunogold labeling with an anti-tau serum. X 120 000 
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Fig. 8. Paraffin section. Immunolabelling of neurofibrillary tangles ( .. ) and plaque neu
rites ( .. ) with the anti-PHF serum. A Congo red counterstaining shows the unlabeled 
amyloid core(*) of the plaque. x 1250 (Reprinted from Flament-Durand J, Brion JP. 
In: Interdisciplinary topics in gerontology, vol 26, pp 56 - 62, with permission of 

Karger, Basel) 
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ln7n7Unohistochen7ist~ 

The anti-PHF serum strongly labels NFT in situ and isolated PHF. 
The abnormal neurites of many plaques are also labeled but not the 
amyloid core (Brion et al., 1985 a) (Fig. 8). Double-immunolabeling with 
this anti-PHF and an anti-GFAP (glial fibrillary acidic protein) demon
strated that astrocytes are surrounding the neuritic plaque with long 
processes embracing its periphery. 

The anti-tau serum also strongly labels NFT in situ and after isolation 
(Fig. 7 B) (Brion et al., 1985 b). The serum raised against the MAP2 
fusion protein labels a subpopulation of NFT (Brion et al., 1989 a), but 
not the serum raised against the whole MAP2 protein. The anti-ubiqui
tin serum labels a subgroup of NFT in situ but most of them after 
isolation in presence of SDS (Brion et al., 1989 b). 

Discussion 

Subcellular distribution of PH F 

Our electron microscopy studies of brain biopsies in Alzheimer's 
disease have emphasized the wide distribution of PHF in all neuronal 
compartments, i.e. the pericaryon, the dendrites and axons (myelinated 
and unmyelinated), and even at the synaptic level. Small neurites filled 
with PHF are also observed in electron microscopy, and they could 
correspond to the numerous small-sized abnormal neurites described 
recently in photonic microscopy (Braak et al., 1986; Kowall and Kosik, 
1987). 

Disturbances of axoplasn1ic transports 

The accumulation of PHF in neurons and neurites is associated with 
a disappearance of microtubules and accumulation of various organelles. 
These membranous organelles are normally transported antero- and 
retrogradely along axons and dendrites, this transport belonging to the 
"quick axoplasmic flow"; this transport is dependent on the integrity of 
the microtubule network. Accumulations of smooth endoplasmic reticu
lum similar to those observed in PHF-bearing neurons can be experi
mentally induced by microtubule poisons and acrylamide (Chretien 
et al., 1981). Thus these observations strongly suggest that the presence 
of PHF is associated with disturbances of axoplasmic flows (Flament
Durand and Couck, 1979; Dustin and Flament-Durand, 1982; Gray 
et al., 1987; Richard et al., 1989), especially the transport of membranous 
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organelles. If the formation of PHF directly induces these disturbances 
of axoplasmic flows, this would primarily impair neuron metabolism. 

The senile plaque 

In electron microscopy the abnormal neurites surrounding the amy
loid core of senile plaques show the same accumulation of organelles in 
association with PHF and have been observed by other authors (Gonatas 
et al., 1967); they suggest the existence of flow disturbances also at the 
level of these neurites. According to the classical view some plaques do 
not contain amyloid core and others would consist of amyloid without 
or with very few abnormal neurites; very "immature plaques" have also 
been described recently in light microscopy (Probst et al., 1987). The 
exact evolutionary relationship, if any, between these different aspects of 
plaques is still hypothetic. We thus do not yet know whether these 
abnormal neurites in plaques develop primarily, after amyloid fiber 
deposition or simultaneously. Although some neurites cross senile 
plaque apparently without being affected, others show morphological 
changes which could correspond to "sprouting" phenomena (Probst 
et al., 1983). 

Ultrastructurally amyloid fibers (6-10 nm wide filaments) are clearly 
different from PHF, nor do they share the same antigenic cross-reactiv
ities (this volume) and are essentially composed of a 42 aminoacids 
polypeptide (A4 polypeptide) (Masters et al., 1985). The same polypep
tide accumulates in the walls of small cerebral blood vessels (Con
gophilic angiopathy) (Glenner and Wong, 1984). Amyloid deposits in 
plaques could be often in close relationship with vascular amyloid 
(Miyakawa et al., 1982). 

Substructure of PH F 

Initial studies by Kidd (1963) and Terry (1963) indicated that abnor
mal filaments constituting the neurofibrillary tangle are made of two 
filaments intertwined around each other or of a "twisted tubule" or 
ribbon (Hirano et al., 1968). Using a goniometric stage, Wisniewski 
et al. (1976) confirmed the helicoidal nature of these abnormal filaments. 
Differences in the periodicity of PHF constriction and the presence of 
straight filaments in Alzheimer's disease and in other diseases where 
neurofibrillary tangles develop (supranuclear palsy, Down's syndrome) 
have been reported by other authors (Monpetit et al., 1985). These 
different types of filaments however keep the same antigenic cross-reac
tivities. 
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A protofilamentous substructure ofPHF has been described by some 
authors (Brion et al., 1984; Wisniewski et al., 1984). Shadowing ofPHF 
allowed to demonstrate that these filaments exhibit mainly a right-hand
ed helix, although a mixture of right- and left-handed PHF has been 
reported. In a study using image analysis and reconstruction, Wischik 
et al. (1985) and Crowther and Wischik (1985) have proposed a high-def
inition structural model of PHF: they would be made by the stacking of 
globular units aligned perpendicularly to the long axis of the filament 
and would give a general shape evoking rather a twisted ribbon. The 
volume of the subunit would account for a 100 kDa polypeptide. 

All these ultrastructural studies point to the morphological differ
ences between PHF and the normal microtubules and neurofilaments. 

I mmunolabeling of neurofibrillary tangles 

Neurofibrillary tangles are labeled by antibodies against several cy
toskeletal proteins. A detailed account of these immunoreactivities is 
presented elsewhere in this volume. The more consistent finding is the 
labeling of neurofibrillary tangles, in situ as well as after isolation with 
strong detergents, by all antibodies raised against the microtubule-asso
ciated tau proteins (Brion et al., 1985 b; Kosik et al., 1986; Delacourte 
and Defossez, 1986). Tau proteins have also been identified as a compo
nent of PHF by aminoacid sequencing of peptides obtained from pure 
preparation of PHF (Goedert et al., 1988). PHF share also epitopes with 
neurofilament (Miller et al., 1986) and MAP2 (Kosik et al., 1984; Brion 
et al., 1989b). Tau proteins incorporated in PHF could be abnormal; 
since these proteins are involved in the polymerization and the stability 
of the microtubules, they could be unable in PHF-bearing neurons to 
participate in microtubule polymerization and turn-over (Iqbal et al., 
1986). This would lead to the morphological changes of the cytoskeleton 
observed in these neurons. 

There is a significant correlation between the number of neurofibril
lary tangles detected by the anti-PHF and the anti-tau antibodies and the 
gravity of dementia (Duyckaerts et al., 1987; Delaere et al., 1989). 

In our experience there is no antigenic cross-reactivity between the 
amyloid component of plaques and neurofibrillary tangles. Their com
mon property of birefringence after Congo red staining is related to the 
presence of polypeptide chains in /1-pleated sheet conformation. 

Ubiquitin is also a component of PHF, at least a proportion of them 
(Mori et al., 1987; Perry et al., 1987; Brion et al., 1989a). Since ubiquitin 
is involved in a non-lysosomial proteolytic pathway, the presence of this 
molecule on PHF could witness an attempt by the affected neurons to 
remove these abnormal fibers. 
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Summary 

We have recently reported that two abnormally phosphorylated Tau proteins 
(Tau 64 and 69) were systematically present in Alzheimer brain areas which are 
affected by the neurofibrillary degeneration (NFD). We suggest here that these 
likely early markers of the NFD might define an in vitro model for the study of 
the NFD. A such model might be useful to verify the different etiopathogenic 
hypothesis which have been proposed up to here. 

Introduction 

Alzheimer's disease (AD) is characterized histopathologically by the 
presence of numerous neurofibrillary tangles (NFT) and senile plaques 
(SP) in the brain of affected individuals (Hansen et al., 1988). NFT 
consist ultrastructurally of the accumulation of bundles of paired helical 
filaments (PHF) in the cytoplasm of neurons (Kidd, 1964). Tau proteins, 
the promoting factor of microtubule assembly, have been shown to be 
the major antigenic component of these PHF (Brion et al., 1985; Dela
courte and Defossez, 1986; Grundke-Iqbal et al., 1986a; Kosik et al., 
1986; Nukina and Ihara, 1986; Wood et al., 1986). Nevertheless, the 
reason for the incorporation of these normal cytoskeletal components in 
such insoluble structures remains unknown. Indeed, even if an abnormal 
phosphorylation of Tau proteins has been suggested (Grundke-Iqbal 
et al., 1986 b; Ihara et al., 1986; Wood et al., 1986), this theory is still 
discussed (Ksiezak-Reding et al., 1988). 

We have reported recently (Flament and Delacourte, 1989), that two 
abnormally phosphorylated Tau proteins (Tau 64 and 69) are always 
found in Alzheimer brain areas containing NFT and SP. These proteins 
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might appear at early stages of the disease and the phosphorylation of 
Tau proteins might be the trigger that enhance their incorporation into 
insoluble PHF structures (Flament and Delacourte, 1989). 

We suggest here that using such early markers of the NFD, experi
mental models for the study of the NFD might be established and that 
the different hypothesis about the etiopathogenesis of AD might be 
verified. 

Material and methods 

Clinical datas about the 10 patients with AD and the 10 age-matched controls 
have been published (Flament and Delacourte, 1989). 

1) Immuno-histochemical studies: one cerebral hemisphere (randomly left or 
right) was fixed in formalin and different brain areas were then dissected. 
After paraffin embedding, serial sections were cut at a thickness of 7,5 J.tm 
and were examined immunohistochemically for the presence ofNFT and SP. 

2) Immuno-blot studies: the other cerebral hemisphere was frozen. Brain areas 
corresponding to those previously described for histology were dissected and 
treated for the analysis by western-blotting as in Flament and Delacourte 
(1989). 

3) Antisera: the anti-PHF was raised against PHF extracted from the brain of 
a patient with AD (Delacourte and Defossez, 1986). For the anti-human Tau 
antiserum, the immunogen was a heat-stable preparation of Tau proteins 
obtained from a control brain and further purified by preparative SDS-PAGE 
(Defossez et al., 1988). These two antisera have identical biochemical and 
histochemical properties as shown by numerous studies (Delacourte and 
Defossez, 1986; Defossez et al., 1988). 

4) Alkaline phosphatase treatment: a heat-stable preparation of Tau proteins 
extracted from the temporal cortex of a patient with AD was dialyzed against 
adequate buffer and mixed with calf intestine alkaline phosphatase as de
scribed in Flament and Delacourte (1989). A control was done by addition 
of sodium pyrophosphate at 100 mgfml. 

Results 

On immunoblots of control brain homogenates, only the normal set 
of Tau proteins with molecular weight (MW) ranging from 45 to 62 kDa 
was detected by our two antisera. This pattern was found whatever the 
area (for example see lane 1 on Fig. 1: temporal cortex), except in the 
hippocampus of an eighty years old control where two additional Tau 
variants were detected at 64 and 69 kDa. On immunoblots of AD brain 
homogenates corresponding to areas such as thalamus, cerebellum or 
caudate nucleus (lane 3 in Fig. 1 ), the Tau staining pattern was quite 
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Fig. 1. Immunodetection and characterization of Tau 64,69. Lane 1: temporal cortex from 
a control patient; lane 2: temporal cortex from a patient with AD; lane 3: caudate nucleus 
from a patient with AD; lane 4: frontal cortex from a patient with AD; lane 5: the same 
sample than in lane 4 after four hours of incubation with the alkaline phosphatase; lane 6: 
same sample where sodium pyrophosphate was added. In homogenates of Alzheimer brain 
areas that are affected by the process of neurofibrillary degeneration, two additional Tau 
variants were detected by the anti-PHF at 64 and 69 kDa (arrowheads). After alkaline 
phosphatase treatment, Tau 64,69 disappeared whereas the immunostaining profile did not 
change when sodium pyrophosphate was added to the sample; their heavy MW is due to 

an abnormal phosphorylation. Standard MW markers are expressed in kDa 

similar to those usually seen in control brains. In areas such as hippocam
pus, frontal (lane 4 in Fig. 1) or temporal cortex (lane 2 in Fig. 1 ), two 
additional Tau variants were detected at 64 and 69 kDa. 

In order to know if the heavy MW of these pathological Tau variants 
was the result of an abnormal phosphorylation (Baudier and Cole, 1987), 
we have dephosphorylated a heat-stable preparation of Tau proteins 
extracted from the brain of a patient with AD where Tau 64 and 69 had 
already been detected (Fig. 1 lane 4). After four hours of incubation with 
the calf intestine alkaline phosphatase, the two Tau variants disappeared 
while the bands between 45 and 62 kDa were more strongly stained 
(Fig. 1 lane 5). In the sample where sodium pyrophosphate had been 
added, Tau 64 and 69 were still detected at the end of the incubation time 
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Fig. 2. Tau 64,69 and neurofibrillary degeneration. Tissue sections and corresponding 
immunoblots stained with the anti-PHF. Cl: temporal cortex from a 52 years old control; 
C2: hippocampus from an 80 years old control; Alz: frontal cortex from a 73 years old 
Alzheimer patient; Biopsy: frontal biopsy from a 58 years old patient who began to develop 
an unusual dementia. In autopsic pieces, Tau 64 and 69 (arrowheads) are more strongly 
detected in areas which contain a much higher density of NFT and SP. In the frontal 
biopsic ti ssue, Tau 64 and 69 are more strongly detected than in the frontal autopsic tissue 
though the density of NFT and SP is not higher (compare Alz and Biopsy). Therefore, it 
seems that the phosphorylation of Tau proteins might appear before their incorporation in 
PHF and that Tau 64 and 69 are early reliable markers of the neurofibrillary degeneration 

-
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(Fig. 1 lane 6). These results demonstrated that the decrease of the MW 
of Tau 64 and 69 was due to their dephosphorylation rather than to 
proteolysis (proteases often contaminate phosphatase preparations). 

When the results of the immuno-histochemical study were correlated 
with those of the immuno-blot study, it appeared that the detection of 
Tau 64 and 69 closely followed the presence of the neurofibrillary degen
eration. Indeed, Tau 64 and 69 were only found in areas showing NFT 
and SP and were more strongly detected in the regions that are more 
seriously affected during the disease (compare Cl, C2 and Alz in Fig. 2). 

We had the opportunity to analyze a frontal biopsy from a 52 years 
old patient who began to develop an unusual dementia with atypical 
clinical signs. Tau 64 and 69 were present at a much higher level than in 
all the autopsic brain tissue which were studied up to here (Fig. 2 
biopsy). We concluded to the presence of NFD in this area, which was 
later confirmed by the histopathologist (Fig. 2 biopsy). Therefore, Tau 
64 and 69 have a reliable diagnostic value for the presence of the NFD 
in brain tissue. 

Discussion 

Progress in the etiology of AD are hampered by the lack of either in 
vitro or animal models. Indeed, most of the investigations are done on 
post-mortem material which reveals only the ultimate stages of the 
pathological changes. The discovery of Tau 64 and 69 that are likely 
early markers of the NFD (they are always detected in conditions that 
are not able to solubilize the PHF -low amounts of SDS- and besides 
they are present in higher amounts in the biopsy than in autopsic tissue), 
opens up the possibility that experimental models for the study of the 
NFD might be established. 

At first, the phosphorylation of heat-stable preparations of human 
Tau proteins from control brains might be attempted using different 
kinases. This further characterization of Tau 64 and 69 will get clues 
about the enzymes that are involved in the process of neurofibrillary 
degeneration. 

Given such data, it will be attempted to induce as precisely as possible 
the formation of Tau 64 and 69 in nerve cell cultures by an activation of 
the kinase that is responsible for the decrease of the electrophoretic 
mobility of Tau proteins. 

Moreover, it will be easy to verify the different etiopathogenic 
hypothesis that have already been presented for AD. 

Glutamate, an excitatory amino acid neurotransmitter that has been 
shown to be implicated in learning and memory (Lynch and Baudry, 
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1984), has neurotoxic properties and might be involved in the patho
physiology of AD (Maragos et al., 1987). 

Aluminosilicates are found in SP (Candy et al., 1986) and NFT (Perl 
and Brody, 1980) in the brain of patients with AD; hence, it has been 
proposed that Aluminium might play a role in the etiopathogenesis of 
AD. 

Therefore, it will be possible to see if Tau 64 and 69 are produced in 
nerve cells growing in a medium containing Glutamate or Aluminium 
salts. 

All persons with Down's syndrome who live past the age of 35 years 
show within their brains NFT and SP (Mann, 1988). Therefore it is likely 
that protein or enzyme changes associated with the additional chromoso
mal material might be involved in the formation of SP and NFT both 
in adult DS and possibly in AD. 

For example it has been shown that the genetic locus for the CufZn 
dependent superoxide dismutase is situated on the long arm of chromo
some 21 which is duplicated in DS. Increases in oxidative reactions 
catalysed by this enzyme may lead to neuronal damages (Delacourte 
et al., 1988). 

It has also been shown that the gene coding for the p amyloid A4 
precursor was localized on chromosome 21 (Kang et al., 1987). It seems 
that amyloid deposits precede the NFD (Duyckaerts et al., 1988). There
fore, it will be interesting to know if Tau 64, 69 may be produced in 
transfected cells with the gene of superoxide dismutase or with those of 
protein A4 precursor. Another approach would be to obtain the produc
tion of Tau 64 and 69 in the brain of transgenic animals for these genes. 
A such model might help to spot the first biochemical events that 
enhance the abnormal phosphorylation of Tau proteins and later their 
accumulation into insoluble PHF structures leading to neuronal death. 
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Summary 

Immunocytochemical studies have shown that changes in amyloid process
ing and in proteoglycan core proteins occur in senile plaques. Western blotting 
studies have shown that an extra tau species is present in Alzheimer brain and 
tangle-reactive neurofilament antibodies were found to be more selective to
wards phosphorylated neurofilaments than those that do not recognise tangles. 
A fragment of MAP2 was found to be present in tangles. 

Introduction 

It is now accepted that the microtubule-associated protein, tau, and 
the protein ubiquitin are integral components ofPHF (Brion et al., 1985; 
Grundke-Iqbal et al., 1986; Wood et al., 1986; Kosik et al., 1986; Mori 
et al., 1987; Perry et al., 1987; Cole and Timiras, 1987; Shaw and Chau, 
1988). The presence of other proteins in PHF, particularly neurofila
ments and MAP2, is still controversial (Anderton et al., 1982; Kosik 
et al., 1984; Miller et al., 1986; Haugh et al., 1986; Lee et al., 1988; 
Ksiezak-Reding et al., 1987; Nukina et al., 1987). However, this sug
gests that there is a cytoskeleton - PHF transition which would have 
serious consequences for affected neurones. 

Senile plaques display apparent maturational stages. One of us has 
described a new type of plaque, possibly representing an earlier stage 
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than previously recognised, which appears as an alteration in neuropil 
texture with a central putative microglial cell (Probst et al., 1987). These 
plaques, termed plaques A, may be similar to diffuse plaques which are 
stained with antibodies to the amyloid A4 or /3-protein following pre
treatment of brain material with formic acid (Tagliarini et al., 1988; 
Yamaguchi et al., 1989). Plaque cores also have an inorganic component 
of aluminosilicate (Candy et al., 1986) and other proteinacous con
stituents have been described, including alpha-1-anti-chymotrypsin and 
basement membrane heparan sulfate proteoglycan core protein (Abra
ham et al., 1988; Snow et al., 1988; Dale et al., 1989). 

In this article, we describe recent findings concerning cytoskeletal 
involvement in neurofibrillary tangles and the immunohistochemical 
characterisation of plaques A. 

Materials and methods 

Immunohistochemical investigation of plaques A 

Plaque A-rich tissue sections were stained with a rabbit antiserum to A4 
protein (residues 1-42) (kindly provided by C Masters) and a monoclonal 
antibody to heparan sulfate proteoglycan core protein. Immunohistochemistry 
was performed using the streptavidin-biotin-horseradish peroxidase procedure. 

Investigation of phosphate-dependent N F and tangle epitopes 

A synthetic peptide ofNF-H was conjugated to keyhole limpet haemocyanin 
(KLH) by the method of Liu et al. (1979) and chemically phosphorylated as 
previously described (Otvos et al., 1988). Antibody binding was assayed by 
ELISA, using phosphorylated KLH as a control (Coleman and Anderton, sub
mitted). To investigate phosphate-dependence of the antibodies some purified 
NF-H was dephosphorylated by alkaline phosphatase as in Carden et al. (1985) 
and antibody reactivities towards phosphorylated and dephosphorylated NF-H 
were compared by ELISA. 

Western blotting 

Brain homogenates (in PBS containing 1% wfv SDS, 1 mM DTT) were 
heated in a boiling water bath for ten minutes and then spun at 6,500 rpm 
(4000 g.v) for 30 minutes (Sorval SS34 rotor). The resultant supernatants were 
then further spun at 100,000 rpm (300,000 g.v) for one hour (Beckman TL100.3 
rotor). These final supernatants were used for Western blotting experiments 
from 12.5% (wfv) polyacrylamide gels. Nitrocellulose filters were blocked in 
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TBS buffer containing skimmed milk powder (6% wfv) and Tween 20 (0.2% 
wfv) for eighteen hours at 4 ac before probing with a polyclonal antiserum to 
tau. 

Results and discussion 

Neurofilaments and tangles 

It is well established that only some antibodies to neurofilaments 
label Alzheimer neurofibrillary tangles in situ; those that do label tangles 
all preferentially recognise phosphorylated forms of either NF-H and/or 
NF-M, the two larger neurofilament triplet polypeptides (Anderton 
et al., 1982; Kahn et al., 1987; Sternberger et al., 1984; Miller et al., 1986; 
Lee et al., 1988; Haugh et al., 1986). It has been reported that tangle
reactive neurofilament antibodies also recognise tau and that their stain
ing of tangles is probably a result of this neurofilament-tau cross-reactiv
ity (Ksiezak-Reding et al., 1987; Nukina et al., 1987), tau being an undis
puted component ofPHF (Brion et al., 1985; Grundke-Iqbal et al., 1986; 
Wood et al., 1986; Wischik et al., 1988). We therefore undertook a study 
of the epitope specificity of a panel of neurofilament antibodies some of 
which label tangles. 

Four monoclonal antibodies which label tangles (RT97, 1215, 8D8 
and SMI-31) bound strongly to a serine-phosphorylated synthetic pep
tide Glu-Ala-Lys-Ser-Pro-Ala (Coleman and Anderton, submitted) 
which corresponds to a multiple phosphorylation site in the C-terminal 
tail domain of NF-H (Breen et al., 1988; Geisler et al., 1987). This 
suggests that in tangles the antibodies bind either to an identical se
quence or to similar Lys-Ser-Pro containing sequences, such as those 
occurring in tau (twice) and elsewhere in NF-H (34 times). 

Two monoclonal antibodies which do not label tangles (147 and 
RS18) also bound strongly to the same phosphorylated synthetic pep
tide, but there seems to be a subtle difference between how they and the 
tangle-reactive antibodies recognise this sequence, since 147 and RS18 
bind both the synthetic peptide and NF-H in a less phosphate-dependent 
manner than RT97, 1215, 8D8 and SMI-31. 

Our results show that of the antibodies investigated, those which 
label tangles are more phosphate-dependent than those which do not, 
although all antibodies studied are capable of recognising the same 
neurofilament epitope. Unfortunately, this does not elucidate why only 
some of these antibodies label tangles in situ. 
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Western blotting with tau antibodies 

Western blots of brain homogenates labelled with a polyclonal anti-tau 
serum is seen in Fig. 1. Labelling was predominantly in the 50- 60 kD 
range. Intensity of tau staining appeared to vary from case to case but 
in three of the four Alzheimer cases studied, an extra band of molecular 
weight 68 kD was seen (marked with a small arrow in Fig. 1); this band 
was not seen in any of the old controls used in the study. A 68 kD band 
was seen, however, in the young control case (marked YC in Fig. 1). 
This extra band may correspond to A68 described by Wolozin et al. 
(1986) using the monoclonal antibody Alz 50. These authors also report
ed some staining of the antigen in a juvenile brain (Wolozin et al., 1988). 
Our results are similar to those of Flament and Delacourte (1989). 

MAP2 

Certain antibodies to MAP2 have previously been reported to label 
neurofibrillary tangles in situ (Kosik et al., 1984). It has been shown that 
MAP2 and tau cross-react and indeed they share sequence homology in 

YC 
97.4 ... 
58.1 ... .... .... 

39.8 ... 
29.0 ... 

14.3 ... 

A c 
Fig. 1. Western blot of Alzheimer (A) and control (C) samples using 300,000 gav superna
tants. T he blot was stained using a polyclonal anti-tau antibody. An additional 68 kD 
species in 3 of the Alzheimer cases studied as well as in the young contro l (YC) is marked 

with an arrow head. Molecular weight markers are shown on the left of the blot 
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Fig. 2. Labelling of isolated, SD S extracted PHF with antiserum to MAP2 fusion protein. 
x 48,000 
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places (Lewis et al., 1988). These data are reminiscent of those for neu
rofilaments described above. We have isolated a partial eDNA for rat 
MAP2. Sequencing has shown that this eDNA corresponds to nucle
otides 691-3006 of mouse MAP2 and is a region not showing any 
obvious sequence homology with tau (Wang et al., 1988). A polyclonal 
antiserum to the fusion protein generated from this eDNA labels den
drites in rat brain sections like MAP2 antibodies. The antiserum labels 
tangles in situ and about 15- 20% of isolated PHF (Fig. 2). We conclude 
that at least a fragment of MAP2 is a constituent of PHF 

Senile plaques A 

We have examined plaques A with a polyclonal antiserum to A4 
protein and a monoclonal antibody to heparan sulfate proteoglycan core 
protein. We found that plaques A stained positively with both types of 
antibody (Fig. 3). The anti-proteoglycan core protein monoclonal anti
body besides showing diffuse staining of the plaques A, also gave a 
stronger punctuate staining within the plaques A and in the surrounding 
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Fig. 3. a Plague A stained with antiserum to A4 protein x 240 (outlined by arrows). 
b Plague A stained with antibody to heparan sulfate proteoglycan core protein x 240 

( ou dined by arrows) 
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neuropil. The latter may represent abnormal synaptic elements and im
munoelectron microscopic studies are in progress to investigate this 
possibility. 

The labelling of classical senile plaques by heparan sulfate proteogly
can core protein antibodies has been described by others (Snow et al., 
1988). Our results suggest that if plaques A represent very early stage in 
senile plaque development other changes in the extracellular matrix, 
including cell membrane surfaces, may occur in addition to changes in 
the processing of the A4 precursor protein. 

It may therefore be more fruitful to look for extraneuronal factors 
which may play a role in plaque formation rather than focusing on 
neuronal synthesis and processing of A4 precursor. The obvious candi
date for investigation is the central microglial cell in the plaques A. 
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Summary 

Macaques develop age-associated cognitive/memory impairments as well as 
brain abnormalities (particularly senile plaques) similar to those occurring in the 
brains of older humans and individuals with Alzheimer's disease (AD). Some of 
these abnormalities can be clarified by investigations of aged nonhuman pri
mates. Brain tissues from animals (ranging in age from 4-35 years) were exam
ined by RNA blotting techniques, in situ hybridization, immunoblotting, and 
immunocytochemistry. These approaches allowed analysis of the evolution of 
some of the structural/chemical alterations (formation of neurites, amyloid depo
sition, and neurofibrillary tangles [NFT]) that occur in these animals. These 
investigations have relevance for understanding some of the behavioral, neu
ropathological, and neurochemical abnormalities that occur in older humans and 
in individuals with AD. 

Introduction 

Characterized by the presence ofNFT and senile plaques in brain, AD 
preferentially affects specific brain regions and certain populations of 
nerve cells in the brainstem, basal forebrain, amygdala, hippocampus, 
and neocortex (Kemper, 1983; Price et al., 1986). Affected neurons 
develop two types of neurofibrillary pathology: enlarged distal axons, 
dendrites, and nerve terminals (neurites in plaques); and NFT (Price et 
al., 1986; Selkoe, 1989; Kosik, 1989). These two types of neurofibrillary 
abnormalities are associated with intracytoplasmic accumulations of fila-
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ments in neuronal processes (neurites) and perikarya (NFT), which 
appear to be related to perturbations of the neuronal cytoskeleton, 
particularly tau, and, possibly, neurofilaments (Anderton et al., 1982; 
Brion et al., 1985; Cork et al., 1986; Grundke-Iqbal et al., 1986; Wischik 
et al., 1988 a, b; Kosik, 1989). Associated with neurites in senile plaques 
are extracellular deposits of amyloid that contain fJ/A4, a 42-43 amino 
acid polypeptide (Glenner, 1983; Masters et al., 1985; Wong et al., 1985) 
derived from an amyloid precursor protein (APP) (Kang et al., 1987; 
Weidemann et al., 1989) coded for by a gene on chromosome 21 
(Goldgaber et al., 1987; Kang et al., 1987; Robakis et al., 1987b; Tanzi 
et al., 1987). At least three APP transcripts exist: APP-695 mRNA codes 
for a membrane-spanning glycoprotein (Goldgaber et al., 1987; Kang et 
al., 1987; Tanzi et al., 1987; Robakis et al., 1987a, b); and APP-751 and 
APP-770 mRNAs code for glycoproteins with a protease inhibitor do
main (Kitaguchi et al., 1988; Ponte et al., 1988; Tanzi et al., 1988). 
APP-695 mRNA is enriched in brain (Ponte et al., 1988); APP-751/770 
mRNAs are present in brain and in a variety of other organs (Kitaguchi 
et al., 1988; Ponte et al., 1988; Tanzi et al., 1988). All APP transcripts are 
present in neurons (Bahmanyar et al., 1987; Goedert, 1987; Allsop et al., 
1988; Cohen et al., 1988; Higgins et al., 1988; Koo et al., 1988; Palmert 
et al., 1988; Shivers et al., 1988; Zimmerman et al., 1988), and APP 
isoforms have been identified in nerve cells (see below). Although much 
has been learned concerning the brain abnormalities that occur in AD, 
the evolution of the pathology (i.e., neurite formation, deposition of 
amyloid, and development of plaques and NFT) is not yet well under
stood. 

Because aged nonhuman primates develop some of the brain abnor
malities that occur in aged humans and in individuals with AD (Wis
niewski et al., 1973; Schlaepfer and Freeman, 1978; Kurucz et al., 1981; 
Struble et al., 1982; Struble et al., 1984; Kitt et al., 1985 a, b; Selkoe et 
al., 1987; Walker et al., 1988a, b; Abraham et al., 1989; Cork et al., 1989), 
these animals can be used to study the temporal and spatial evolution of 
these age-associated brain lesions. To illustrate this approach, we outline 
our studies of the development of amyloid deposits in senile plaques. 
First, we review the results of our investigations of the normal biology 
of APP in brain and then we discuss studies of abnormalities of APP that 
occur in the cortices of older animals. 

Materials and methods 

Brain tissues from rhesus monkeys (ranging from 4-35 years of age) were 
examined with classical histological techniques, Northern blotting methods, 
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RNase S protection assays, immunoblotting, in situ hybridization, and immuno
cytoche~istry (Struble et al., 1982; Casella et al., 1983; Kitt et al., 1984; Struble 
et al., 1984; Kitt et al., 1985 a, b; Struble et al., 1985; Walker et al., 1985; Walker 
et al., 1987; Walker et al., 1988a; Martinet al., 1989; Sisodia et al., 1989; Koo 
et al., 1990, in press). 

Results 

Cortices of young controls 

APP-751/770 and APP-695 transcripts were present in cerebral cor
tices, and the ratio of APP-695 mRNA to APP-751/770 mRNA was ca. 
one (Koo et al., 1990). Neurons expressed APP-695 and APP-751/770 
mRNAs, and the distribution of different transcripts in cortex was 
similar. Immunoblots showed APP-like immunoreactivity in cerebral 
cortex, and APP isoforms in brain tissue comigrated with APP synthe
sized in vitro (i.e., in APP minigene transfected cell lines) (Sisodia et al., 
1989). APP-like immunoreactivity was present in perikarya, proximal 
dendrites, and axons of cortical neurons; large pyramidal neurons (layers 
III and IV) showed the highest levels of immunoreactivity. The localiza
tion of APP within axons is consistent with our recent investigations 
demonstrating that APP is carried by rapid anterograde transport in 
axons of rat dorsal root ganglia (Koo et al., in press). 

Cortices of older animals 

Older animals exhibited a variety of age-associated abnormalities of 
brain. Abnormal, irregular varicose axonsfneurites were visualized by 
silver-impregnation methods and by immunocytochemistry with anti
bodies that recognized several transmitter markers, synaptophysin, 
phosphorylated neurofilaments, tau, A68, and APP. Neurites were often 
present in proximity to P/A4-positive plaques. P/A4-positive deposits 
appeared to cap some of these neurites. The demonstration of APP-like 
immunoreactivity in neurites and the presence of PJA4 in immediate 
proximity to these neurites are consistent with the concept that neurite
derived APP may be abnormally processed to form some of the PJA4 
deposited in the neuropil. Amyloid was also present in the walls of some 
blood vessels but, in aged Macaca mulatta, there is not a striking corre
lation between the presence of amyloid in plaques and blood vessels. In 
addition, older animals showed patterns of abnormal immunoreactivities 
in cortical perikarya. For example, a number of these animals exhibited 
A68 immunoreactivity in some cells. One old animal developed argy-
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rophilic NFT associated with the presence of tau, A68, phosphorylated 
neurofilaments, and epitopes of paired helical filaments (PHF) (Cork 
et a!., 1989). 

Discussion 

Rhesus monkeys have a potential lifespan of > 30 years, and some 
older animals are impaired on a range of tasks including visual recogni
tion memory, spatial memory, habit formation, and visuospatial orienta
tion (Presty eta!., 1987; Walker eta!., 1988b). Among animals of the 
same age, there were some differences in performance on specific tasks 
(Struble et a!., 1982; Casella et a!., 1983; Kitt et a!., 1984; Struble et al., 
1984; Kitt et al., 1985 a, b; Struble et al., 1985; Walker et al., 1985; Walker 
eta!., 1987; Walker eta!., 1988a; Martinet a!., 1989; Sisodia eta!., 1989; 
Koo eta!., 1990, in press). 

On the basis of our studies of nonhuman primates (Martin et al., 
1989), we have postulated a possible sequence for the development of 
some of the structural abnormalities that appear in the brains of these 
animals (Fig. 1). In normal neurons (A), transcription and translation 
occur in perikarya; a variety of proteins are then translocated to target 
sites by fast and slow transport. For example, APP is rapidly transported 
in axons (Koo et al., in press), whereas cytoskeletal elements (neurofila
ment proteins, tau, tubulin, etc.) are transported slowly. The initial 
age-associated structural abnormalities are still uncertain (B). Early man
ifestations of disease appear to be the formation of neurites (i.e., enlarged 
distal axons and nerve terminals) and the appearance of preamyloid 
deposits, detected with newly available antibodies to {3jA4. The cellular 
source of amyloid is not known: some investigators believe that f3/A4 is 
derived from APP synthesized in neurons (Price, 1986; Price eta!., 1989); 
others suggest that APP and f3/A4 are derived from the blood stream or 
from endothelial cells (Glenner, 1983). Early plaques (C) show both 
neurites and amyloid. APP- and phosphorylated neurofilament-im
munoreactive neurites are observed in a subset of plaques that exhibit 
f3/A4 immunoreactivity. Some APP-immunoreactive neurites were also 
capped by deposits of {3jA4 (Martinet a!., 1989). The presence of APP
like immunoreactivity in some neurites within /3/ A4-containing classical 
plaques (D) provides indirect evidence for a possible neuronal origin of 
some of the amyloid deposited in the brains of these aged animals. One 
source of parenchymal {3jA4 may be abnormally processed neurite
derived APP. Alterations in levels of proteases or protease inhibitors in 
proximity to the surface of neurons in the microenvironment of the 
neuropil (associated with nonneuronal cells [i.e., microglia, astrocytes, 
etc.]) could play roles in the processing of APP. {3jA4 associated with the 
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Fig. 1. Hypothetical sequence for the development of some of the structural abnormalities 

that appear in the brains of aged nonhuman primates (Figure described in text) 

membrane does not appear to self-assemble into fibrils, and it is likely 
that self-assembly of amyloid fibrils will only occur when the f3fA4 
fragment is liberated from neuronal membranes. A neuronal origin for 
parenchymal deposits of f3JA4 is favored by several lines of evidence: 
APP mRNAs and isoforms are present in neurons; APP is rapidly 
transported to distal nerve terminals; f3/A4 is deposited in brain (gray 
matter, not white matter); amyloid in cortical parenchyma has an 
anatomical (laminar) distribution; APP-positive neurites are present in 
proximity to f3JA4 deposits (plaques); and there is only a weak correla
tion between the presence of plaques and the presence of congophilic 
angiopathy. 

As the degenerative process continues, axons may degenerate (E). 
Some plaque neurites are degenerating elements (F), whereas others may 
be reactive sprouts (G). End-stage plaques show amyloid cores (H). 
Some neurons (I) develop abnormalities in perikarya, including the 
presence of tau, phosphorylated neurofilaments, and A68 immunoreac
tivities. Some cells may become atrophic, and NFT develop in a few cells 
(]). The final stage of disease is marked by evidence of neuronal degen
eration, leaving behind "ghost" tangles (K) and end-stage plaques (H). 

It should be emphasized that the evidence for a neuronal origin for 
f3JA4 is indirect and does not exclude other sources of amyloid (i.e., 
APP) derived, in part, from other cells in brain or from the serum. A 
systemic (or endothelial) origin for vascular amyloid is suggested by 
several mechanisms: APP mRNA and isoforms are present in vessels and 
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some systemic organs; f3(A4 deposits appear outside brain parenchyma 
(meningeal arteries); amyloid is deposited in capillary walls at centers of 
some plaques; and several circulating proteins (i.e., IX1-antichymotrypsin, 
etc.) are closely associated with f3(A4 in plaques. In humans, vascular or 
serum sources for some f3(A4 is suggested by the presence of amyloid 
deposits within walls of blood vessels in several disorders, including 
hereditary cerebral hemorrhage (Dutch type) (van Duinen et al., 1987), 
sporadic cerebral amyloid angiopathy (Castano and Frangione, 1988), 
and cerebral arteriovenous malformations that occur in some older indi
viduals (Hart et al., 1988). These sources of APP are particularly likely 
to contribute to congophilic angiopathy. Thus, amyloid deposits in the 
parenchyma may be related to APP synthesized within neurons, whereas 
amyloid deposits in blood vessels may be derived from other sources. 

In conclusion, the similarities of the brain abnormalities in nonhuman 
primates to those that occur in older humans indicate that aged monkeys 
can serve as a useful model for future investigations of a variety of 
age-associated abnormalities in brain. 
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Summary 

The morphology, incidence and distribution of plaques and diffuse amyloid 
deposits in the brains of seven old dogs (18.5-26.5 years of age) were examined 
on tissue sections immunocytochemically stained with two monoclonal anti
bodies to two distinct epitopes of the beta-protein. Amyloid deposits were 
found in all seven brains examined. Amyloid occurred in three morphological 
forms: 1. focal amyloid deposits (plaques), 2. large diffuse amyloid deposits and 
3. amyloid angiopathy. The number of these deposits was comparable to the 
numbers of all three types of amyloid deposits seen in the brains of people with 
Alzheimer's disease. The number and type of morphological forms of the amy
loid deposits depends on topography and the age of the animals. The number 
of plaques was highest in the brains of the animals 18.5-21 years of age. The 
oldest animals (21.5, 24 and 26.5 years of age) had a smaller number of amyloid 
deposits. With age, the number of plaques decreased in superficial layers of the 
cerebral cortex (II- III) and increased in the deeper layers (IV-VI). In the oldest 
animals, diffuse amyloid deposits in the deeper layers of the cortex predominat
ed. Our studies suggest that the frequency and the extent of amyloid deposits in 
the brains of aged dogs are much wider than so far appreciated. It thus appears 
that aged dogs may be suitable as an animal model for the study of pathomech
anisms involved in beta-protein amyloidogenesis. 

* ]. M. is a visiting scientist from the Department of Anatomy, Medical Acad
emy of Gdansk, Poland. C. B. is a visiting scientist from the Neurological 
Institute, University of Vienna, Austria. Z. S. Veterinary Faculty of Higher 
Agricultural School, Wroclaw, Poland. 
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Introduction 

Studies on the sequence of changes which lead to neuritic (senile) 
plaque (NP) formation in scrapie, Down syndrome and Alzheimer's 
disease (AD) lead us to the conclusion that amyloid deposits initiate the 
neuropil pathology and are the nidus of the plaque formation, the cause 
of neuronal loss and, in AD, probably also the cause of neurofibrillary 
changes. Whether the amyloid deposits in AD destroy the brain in such 
a way that the liver and kidneys are destroyed in systemic amyloidosis 
or whether beta-protein pathology induces other changes in neuronal 
functions remains to be determined. However, in our opinion under
standing of the sequence of events leading to brain amyloidosis in AD 
is of critical importance for future therapy and prevention of this devas
tating disease. Animal models of human diseases usually bring closer the 
day when we can help affected people. The need for an animal model for 
AD is particularly pressing considering the number of people who are 
suffering or will suffer from this disease. Amyloid deposits similar to 
those observed in human brains have been described in aged non-human 
primates (Dayan, 1971; Kitt et al., 1984, 1985; Price et al., 1985; Struble 
et al., 1985; Walker et al., 1986, 1987; Wisniewski et al., 1973; Wis
niewski and Terry, 1973). Numerous plaques were also observed in the 
brains of aged bears (Cork et al., 1988). Vaughan and Peters (1981) 
showed plaques in the cerebral cortex of three aged rats. 

Senile plaques and cerebrovascular amyloidosis in the brains of dogs 
were observed by von Braunmuhl (1956) and Osetowska (1966). Von 
Braunmuhl described structures resembling NPs in the brains of three 
out of 20 old dogs between 14 and 20 years of age. In five aged dogs 
studied by Wisniewski et al. (1970), occasional NPs were noted. Their 
ultrastructure was similar to that of the human plaques. However in 
detailed morphological studies of the brains of 25 beagle dogs, varying 
in age from one year to over 16 years, Ballet al. (1983) did not find NP. 

An immunocytochemical study revealed the presence of NPs in five 
species of aged mammals, including dogs, and showed that the amyloid 
deposits that are part of these NPs consist of the beta-protein (Selkoe 
et al., 1987). 

In this paper, we present data on the spectrum of morphological 
appearance of amyloid deposits in the brains of aged dogs. This study 
shows that the extent of brain amyloidosis in aged dogs is much greater 
than previously reported and that the number of amyloid deposits is 
comparable to the number of NPs found in the brains of people with 
AD. Aged dogs, therefore, may become the animal of choice for study
ing the genesis of beta-protein amyloidosis, the type of brain amyloidosis 
that affects the victims of AD. 
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Material and methods 

The brains of seven dogs 1B.5 to 26.5 years of age were used in this study. 
According to information obtained from the owners, in the last months of life, 
all dogs had been inactive and the three oldest were almost completely immobi
lized. All dogs were unable to control stool and urination. Loss of sight was 
observed in all animals, and three dogs were completely blind as a result of 
bilateral cataracts. Hearing difficulties ranging from poor audition to complete 
deafness were also reported. 

The brains were fixed in 10% formalin for four to six weeks. Brains were cut 
in a coronal plane into 11 ~ 12 five-mm thick slabs. The slabs were embedded in 
paraffin. Six-11m-thick sections were prepared and stained with cresyl violet, 
Bielschowsky's silver impregnation method and by immunocytochemistry using 
monoclonal antibodies (mAbs) raised against the following antigens: (1) A 
synthetic peptide corresponding to amino acids 1 to 24 of the amyloid beta
protein (4GB, IgG2 b, 1 :4000, Kim et al., 19BB; Bancher et al., 19B9); the epitope 
recognized by this mAb resides of amino acids 17 ~ 24. (2) A synthetic peptide 
corresponding to amino acids 1 to 17 of the amyloid beta-protein (6E10, IgGI> 
1:4000, Kim et al., unpublished); the epitope recognized by mAb 6E10 is likely 
to be located in the vicinity of amino acid 11. (3) Bovine tau (Tau-1, IgG2 a, 

1:50000, Binder et al., 19B5; Grundke-Iqbal et al., 19B6); the epitope recognized 
by mAb Tau-1 is located between amino acids 131 and 149 of the human tau 
sequence, i.e., in the central part of the molecule (Kosik et al., 19BB). This mAb 
was used to assess the presence of neurofibrillary tangles and PHF-containing 
neurites. 

Immunocytochemistry was performed using the avidin-biotin method. Sec
tions were deparaffinized in xylene/graded alcohols, and endogenous peroxidase 
was inactivated by 0.2% hydrogen peroxide in methanol for 30 min. Sections 
were then incubated in 10% fetal calf serum in PBSfTBS for 30 min, followed 
by the primary mAb at the above-mentioned dilutions. As a detection system, 
biotinylated species-specific anti-mouse immunoglobulins (Amersham, 1 : 200) 
and horseradish peroxidase-labelled avidin (Extravidin, Sigma, 10 11g/ml) were 
employed. Primary antibody incubation was performed at 4 oc overnight. All 
other incubations were done for 1 hour at room temperature. Peroxidase was 
visualized with diaminobenzidine (500 11g/ml in PBS, pH 7.4, 0.01% H20 2). 

Sections were counterstained with hematoxylin. 
To enhance the immunoreactivity of amyloid deposits on paraffin sections, 

the tissue was treated with concentrated formic acid before immunostaining 
(Kitamoto et al., 19B7). To obtain staining ofPHF with the mAb to tau, sections 
had to be treated with alkaline phosphatase (Sigma, Type VII-L, 400 11g/ml in 
0.1 M Tris-HCI, pH B, for 2.5 hrs. at 37 °C) before antibody incubation (Grund
ke-Iqbal et al., 19B6). 

Hemispheric sections (11 ~ 13 from one brain) stained for amyloid beta
protein using mAb 4GB were used to determine the number of plaques per mmZ. 
Measurements were performed with a final magnification of B9 X in a projecting 
microscope (Pictoval, C. Zeiss). The cortex of one hemisphere was represented 
by 260~300 test areas. 
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Results 

On sections immunostained with the mAb to the beta-protein, amy
loid appeared in three morphological forms: focal amyloid deposits 
(plaques), diffuse amyloid deposits and amyloid angiopathy. Because 
immunohistochemistry for the beta-protein selectively visualizes amy
loid deposits, comparison with the various types of NP seen with classi
cal histopathological methods is not always possible. The immunohisto
chemical staining method used in this study does not label all the struc
tures that participate in the plaque formation. Thus, it is necessary to 
define the terms "focal amyloid deposits" (plaques) and "diffuse amyloid 
deposits", which will be used in the following description. 

Focal amyloid deposits (plaques) are usually round or oval circum
scribed lesions with a diameter ranging from 10-140 Jlm. They stain 
darkly by immunohistochemistry, and the intensity of the reaction de
creases gradually from the center to the periphery of the plaque. The 
morphology of these lesions, as seen by beta-protein immunostaining, is 
reminiscent of the primitive and classical type of plaques described in 
humans (Wisniewski and Terry, 1973). 

In contrast to the focal amyloid deposits (plaques), diffuse amyloid 
deposits are usually irregular in shape and much larger in size. The 
staining intensity within an individual lesion is even, but it is lower than 
that of the plaques. 

The number, type (focal or diffuse) and topography of the amyloid 
deposits are subject to extensive interindividual variability. 

All types of amyloid deposits (plaques, diffuse deposits and amyloid 
angiopathy) were visualized with both beta-protein antibodies. The fol
lowing description is based on observations made on sections immuno
stained with mAb 4G8. Similar results were obtained with mAb 6E10. 
MAb 4G8, but not mAb 6E10, also reacted with neuronal lipofuscin 
(Grundke-Iqbal et al., 1989; Bancher et al., 1989). 

Cerebral cortex 

Immunohistochemistry with mAb 4G8 revealed amyloid deposits in 
the cerebral cortex of all seven dogs investigated. The most common 
form of lesions were focal amyloid deposits (plaques). In every brain 
studied, it was possible to find test areas with the number of plaques 
exceeding 10jmm2 . In four brains, the number of plaques exceeded 
15jmm2 in many test areas. The average number of plaques as deter
mined in the entire cerebral cortex was more than 14jmm2 in three cases 
19, 20 and 21 years of age. However, in the three oldest dogs (21.5, 24 
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Fig. 1. Gapless serial sections from the cingulate gyrus stained for beta-protein with mAb 
4G8 (a) and Bielschowsky's silver method (b). The number of plaques detected with the 

silver method is significantly lower ( x 90) 
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and 26.5 years of age), the average number of plaques was belo·w 3.5/ 
mm2. 

When adjacent sections were stained with Bielschowsky's silver 
method, no plaques could be detected in most cases. In only two dogs, 
plaques were identified, and their number was significantly lower than 
that seen on immunohistochemically stained sections (Fig. 1). 

The number and morphological features of the plaques varied in 
different cortical layers. In contrast to the human brain, the molecular 
layer (layer I) of the cortex was almost free of amyloid deposits 
(Figs. 1, 2). Layers II and III usually contained numerous relatively small 
plaques. On beta-protein immunostaining, they appeared dense and well 
demarcated from the surrounding tissue. The deeper cortical layers 
(layers IV-VI) were also heavily affected. Often, neighboring plaques 
seemed to fuse and to form large aggregates. The density of the im
munostained material in these aggregates was usually lower than in the 
plaques in the superficial layer (Fig. 3). 

Fig. 2. Parietal medial gyrus of 19-year-old dog. Beta-protein immunostain. Amyloid 
deposits are seen in the form of relatively small primitive plagues in layer II - III and large 
plagues in layers IV-VI of the cortex. Confluence of the primitive plagues into large 
amyloid deposits (arrows). D arkly stained material within neurons corresponds to lipofus-

cin. Amyloid is also seen in the walls of meningeal vessels ( x 90) 
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Fig. 3. Scattered and confluent primitive plaques (a and b) in the putamen of 19-year-old 
dog. Granular staining in neurons represents lipofuscin ( x 300). Fusion of the plaques into 
large aggregat of amyloid in layers V-VI of the orbital gyrus (c) ( x 150). Large, diffuse 

amyloid deposit in layer VI of the suprasylvian gyrus (d) ( x 300) 
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Fig. 4. Diffuse amyloid deposits in deeper layers of the cingulate gyrus (a) and piriform 
cortex (b) of a 24-year-old dog ( x 80) 

The second form of amyloid deposits in the cerebral cortex were 
diffuse infiltrations of the brain tissue (Fig. 4). These lesions usually 
appeared in the deeper cortical layers (layers IV - VI). At this location, 
they coexisted with large but relatively scanty focal amyloid deposits 
(plaques). The shape of the diffuse deposits was very variable and irreg
ular. The borders of these lesions were often ill-defined. Generally, they 
appeared pale on anti-beta-protein immunostaining, giving them a 
cloud-like appearance. The staining intensity with one individual lesion 
was relatively homogeneous. These areas contained neurons, glial cells 
and blood vessels. The size of the diffuse amyloid deposits varied within 
an extremely wide range. Their diameter could reach up to several 
hundred ~m. Some of these lesions appeared to spread into neighboring 
cortical layers. In the deep cortical layers, the diffuse amyloid deposits 
occurred together with large focal deposits (plaques) . Often, these 
plaques seemed to fuse and to form aggregates. The staining density of 
these aggregates was decreased. Therefore, it was not always possible to 



Aged dogs: an animal model to study beta-protein amyloidogenesis 159 

Fig. 5. Homogeneous, diffuse (a) and non-homogeneous, diffuse (b) amyloid deposits in 
the molecular layer of the hippocampus of an 18.5-year-old dog. Sharp border of the 

amyloid deposits between molecular layer and stratum radiale ( x 100) 
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make a clear distinction between aggregates of several plaques and 
diffuse amyloid deposits. Morphologically, there appeared to be inter
mediate forms between these two typical lesions. 

Hippocampus 

In all brains studied, amyloid deposits were observed in the 
hippocampus. The predominant form was the diffuse amyloid deposit 
(Fig. 5). These deposits were usually homogeneous in texture, had a 
ribbon-like shape and filled most of the molecular layer of the hippocam
pal formation. The border with the stratum radiale (which was always 
unaffected) was very sharp (Fig. 6). Within the molecular layer, the 
diffuse amyloid deposits were in continuity with regions containing 
plaques and aggregates of plaques which seemed to be undergoing 
fusion into homogeneous amyloid masses (Fig. 5). 

White matter 

In the dog brain, plaques in the white matter developed only sporad
ically. Massive amyloid deposits in the deep layers of the cerebral cortex 
appeared to infiltrate the adjacent subcortical white matter. Occasional
ly, few plaques were observed in the anterior part of the internal capsule. 

Basal ganglia 

Amyloid deposits in the basal ganglia are usually presented in the 
form of plaques. Their number, size and shape were very variable be
tween different basal ganglia. Great differences could even be observed 
within specific nuclei or regions of these structures. 

In the caudate nucleus, amyloid deposits were found in six of the 
seven brains investigated. Plaques were numerous in the ventrolateral 
part (Fig. 7 a). Sometimes, they were also present in the dorsolateral and 
periventricular parts. 

In all brains, plaques were seen in the claustrum. They were especially 
numerous in the ventral region of the anterior and central parts 
(Fig. 7b). 

Amyloid deposits were found in the putamen of five dogs (Fig. 7 b), 
in the amygdala (usually in the basolateral and basomedial nucleus) of 
four and in the globus pallidus of two of the seven dogs examined. 
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Fig. 6. Homogeneous diffuse amyloid deposit in molecular layer of the hippocampus. 
Note the sharp border with stratum radiale ( x 350) 

Diencephalon 

In three cases, plaques were observed in the thalamus. They were 
especially numerous in the ventrolateral nucleus but could also be found 
in the mediodorsal and reticular nuclei and the lateroposterior part of the 
thalamus. Only sporadically did they occur in the lateral geniculate body. 
Plaques in the hypothalamus were very rare. 
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Fig. 7. Primitive plaques in caudate nucleus (CN) (a), claustrum (CL) and putamen (P) (b) 
of 19-year-old dog. Many nerve cells filled with lipofuscin are also stained ( x 80) 

Cerebellum 

In the cerebellum, plaques were found in one case only. Most of them 
were located in the granular cell layer, but a few were also seen in the 
dentate nucleus. 

Amyloid angiopatl!J 

Amyloid deposits in the walls of blood vessels were very common in 
all investigated brains in both meningeal and parenchymal vessels 
(Fig. 8). In the cerebral cortex of the younger dogs, vessels with amyloid 
deposits were arranged in clusters. Vessels affected by amyloid angiopa
thy were seen mainly in areas free of amyloid infiltrates. In the oldest 
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Fig. 8. Amyloid angiopathy in parietal medial gyrus ofl9-year-old dog. Amyloid deposits 
are seen in the walls of meningeal and cortical vessels (arrows) ( x 80) 

dogs (24 and 26.5 years of age), the number of affected vessels was 
highest. In these cases, they were more diffusely distributed and were 
present mostly in areas with focal and diffuse amyloid deposits. With 
age, amyloid angiopathy increased not only in the cerebral cortex but 
also in the basal ganglia and the thalamus. In the withe matter, amyloid 
angiopathy developed only sporadically, generally in the larger vessels. 

Neurofibrillary changes 

No immunoreactivity with the mAb to tau could be observed in any 
of the seven dog brains investigated. The absence of neurofibrillary 
tangles was confirmed by the examination of sections stained with 
Bielschowsky's silver method. 

Discussion 

Using two mAbs (4G8 and 6E10) to different regions of the beta
protein molecule, we have shown large numbers of lesions displaying 
the morphology of primitive and classical plaques and diffuse amyloid 
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deposits in the brains of aged dogs. The immunocytochemical character
istics of these lesions, combined with their morphological appearance, 
suggest a strong similarity to the human type of lesions and make it 
likely that, as in the human, the beta-protein (Glenner and Wong, 1984) 
or A4 (Masters et al., 1985) is the main proteinaceous constituent of the 
plaques and diffuse amyloid deposits found in aged dogs. 

Large numbers of NP have been proposed as a diagnostic criterion 
for the neuropathological diagnosis of AD (Khachaturian, 1985; Wis
niewski and Merz, 1985). Application of this criterion to the dog brains 
examined in this study would yield a positive diagnosis in four cases. 
Two points, however, have to be kept in mind: (1) no neurofibrillary 
tangles were detected in the brains investigated and (2) NIH criteria for 
diagnosis of AD are based on sections stained with silver. In our expe
rience, the Bielschowsky stain demonstrates a number of plaques com
parable to that seen with immunohistochemical methods in human ma
terial (Wisniewski et al., 1989 a). However, in the dog brain, the 
Bielschowsky stain showed only few if any plaques. Whether this fact 
represents a difference in sensitivity between these two methods or other 
differences between the amyloid deposited remains to be determined. 
The reported absence of plaques in 25 dogs 1 to 16 years of age studied 
by Ball et al. (1983) and the low incidence of plaques in 20 dogs between 
14 and 20 years of age studied by von Braunmuhl (1956) are probably 
the result of these investigators using silver methods for the detection 
of plaques. 

The spectrum of morphological appearance of focal (plaques) and 
diffuse amyloid deposits in the dogs showed a high degree of similarities 
with the lesions found in humans (Wisniewski et al., 1989 b). However, 
there were also important differences such as presence of few, if any, 
classical plaques with a clear central core surrounded by an unstained 
zone and peripheral wisps of amyloid fibers. Also, the dog plaques were 
negative when the tau antibody was used, indicating that the neurites of 
the primitive plaques in the dogs do not contain neurofibrillary aggre
gates made of paired helical filaments. In this respect, these plaques 
resemble the type of lesions found in young cases of Down syndrome 
(Mann and Esiri, 1989) and some aged non-demented people (Katzman 
et al., 1988; Crystal et al., 1988; Barcikowska et al., 1989) rather than the 
type of plaque typically associated with AD (Dickson et al., 1988; Shin 
etal., 1989): 

The deeper layers of the cortex were more extensively affected in 
dogs than in humans. Unlike in humans, the molecular layer in dogs was 
almost completely free of amyloid deposits. Plaques in layers IV to VI 
were larger and more numerous than in superficial layers. They showed 
a tendency to form larger conglomerates mixed with diffuse amyloid 
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deposits. In the human cortex, the preferential location of NPs in the 
second, third and fifth layers has been noted by several authors (Tomlin
son et al., 1970; Pearson et al., 1985; Duyckaerts et al., 1986; Rafalowska 
et al., 1988). 

In dog brains, we found individual differences in the number of
plaques, diffuse amyloid deposits and amyloid angiopathy, e.g., one 
21.5-year old dog had many lesions, whereas the other 21-year-old dog 
had very few. Of interest was the fact that the three oldest dogs had 
fewer plaques and less diffuse amyloid infiltration than the dogs 18.5 to 
21 years of age. If confirmed on a larger series of dogs, this observation 
may indicate that there are individual or breed differences in susceptibil
ity to brain amyloidosis or that with age, the rate of parenchymal amy
loid formation is reduced. On the other hand, with age, there seemed to 
be a trend for progressive amyloid angiopathy. 

The analysis of the distribution of amyloid deposits in the entire 
cortical ribbon on 11-12 serial slabs showed differences in the density 
of lesions in cortical lobes and gyri. Marked differences in density of 
lesions between adjacent gyri suggest that cytoarchitectonics may play a 
role in determining the distribution of plaques. Some authors observed 
that the distribution of NPs changes at the border of cytoarchitectonic 
fields (De Lacoste et al., 1989) and varies in cortical lobes (Struble et al., 
1985). The variability observed in the dog cortex probably not only 
reflects local anatomical and functional specificity but is also related to 
the age of the animals. 

In dogs, as in humans, some plaques appeared to be associated with 
vessels and others not. There was no correlation between amyloid angio
pathy and diffuse amyloid deposits. 

In summary, the presence of beta amyloid deposits in the form of 
numerous plaques, extensive diffuse amyloid deposits and amyloid an
giopathy in all aged dogs studied, together with the fact that the dog is 
more available than aged monkeys, makes this animal an excellent model 
for studying beta protein amyloidogenesis. 
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Summary 

Neurofibrillary tangles in Alzheimer's disease were analysed by light and 
electron microscopic immunocytochemistry using antibodies against cytoskele
tal antigens and ubiquitin. Our studies indicate that the antigenicity of paired 
helical filaments is profoundly changed during the stages of tangle formation and 
maturation. In addition, tangle formation may lead to changes in other neuronal 
cytoskeletal elements. A comparison of Alzheimer neurofibrillary tangles with 
cytoplasmic fibrillary inclusions in other CNS diseases indicates that ubiquitin 
binding to abnormal proteins rna y be a common denominator of such cytopatho
logical conditions. 

Introduction 

Neurofibrillary tangles are one of the main pathological alterations in 
Alzheimer's disease (Alzheimer, 1907). They consist of bundles of patho
logical argyrophilic filaments, located in the cytoplasm of affected neu
rons. Recent immunocytochemical and biochemical studies have identi
fied microtubule associated tau protein and ubiquitin as essential compo
nents of the paired helical filaments (PHF) or straight tubules (ST), 
which ultrastructurally build up the neurofibrillary tangles (Brion et al., 
1985; Wischik et al., 1988; Mori et al., 1987; Perry et al., 1987). In PHF, 

* The study was partly funded by a grant from the Ministry for Science and Research, 
Austria. 
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tau proteins appear to be pathologically phosphorylated (Grundke Iqbal 
et al., 1986 b). In addition to tau and ubiquitin, epitopes of phosphory
lated neurofilaments (Anderton et al., 1982; Sternberger et al., 1985) and 
high molecular weight microtubule associated protein 2 (MAP 2, Kosik 
et al., 1984) have been identified. Besides these protein components 
sulfated glycosaminoglycanes or glycoconjugates were found (Snow et 
al., 1987; Szumanska et al., 1987). 

It is at present controversial as to what exent other components than 
those listed above are constituents of PHF. Several "PHF-specific" anti
bodies have been raised (Ihara et al., 1983; Wang et al., 1984; Wolozin 
et al., 1986). However many of them, in the course of a more detailed 
immunological characterization, turned out to recognize epitopes of tau 
(Nukina et al., 1988) or ubiquitin (Perry et al., 1987, 1989). Furthermore, 
the incorporation of amyloid /3-peptide into neurofibrillary tangle mate
rial (Masters et al., 1985) remains controversial. 

In the present study we have analysed the antigenic profile of PHF 
in the course of tangle formation and maturation by immunocytochem
istry, focusing on the following specific questions: 

1. Are there differences in the antigenic profile between early, mature 
and late (extracellular, "ghost") tangles? 

2. Are there changes in the normal neuronal cytoskeletal elements dur
ing tangle formation and maturation? 

3. How do different stages of neurofibrillary tangles quantitatively cor
relate with the clinical expression of the disease? 

4. What is the relationship to other central nervous system diseases with 
cytoskeletal pathology? 

Material and methods 

Our studies on Alzheimer's disease were based on autopsy material obtained 
from a prospective study on clinico-pathological correlations in ageing and 
dementia (Fischer et al., 1988). Material from other central nervous system 
diseases with cytoskeletal pathology (Parkinson's disease, diffuse Lewy body 
disease, progressive supranuclear palsy) were obtained from the autopsy collec
tion of the Neurological Institute and the Neurological Department of the City 
Hospital Lainz (Bancher et al., 1987, 1989 a, b). Paraffin sections were stained 
with hematoxylin/eosin, Kluver myelin stain, Bodian and Bielschowski silver 
impregnation, Congo red and thioflavin S. Glycosaminoglycanes were visualized 
by Alcian blue with different concentrations of magnesium chloride (Snow et al., 
1987). 

Immunocytochemical studies were performed on paraffin-embedded materi
al, fixed in buffered 4% formaldehyde. Polyclonal antibodies against MAP 1, 
MAP 2, tau, tubulin and PHF and monoclonal antibodies against tau, PHF, 
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phosphorylated and non-phosphorylated neurofilament epitopes and glial fibril
lary acidic protein were used (Bancher et al., 1989 a). The methods of immuno
cytochemistry, double staining and immune electron microscopy have been 
described in detail earlier (Vass et al., 1986; Bancher et al., 1989 a, b; Brunner et 
al., 1989). 

Quantitative evaluation was performed in standardized regions of the left 
cerebral hemispheres, including frontal, parietal and temporal cortex and 
hippocampus. The number of plaques and tangles in different maturation stages 
was counted on sections stained with Bielschowsky silver impregnation and with 
immunocytochemistry using tau-1 and 3-39 (ubiquitin) monoclonal antibodies. 
In total, 15 microscopic fields, covering a total area of 6 mm2 were evaluated per 
patient and region. 

Statistical analysis was performed at the computer center of the University of 
Vienna, using Statistical Package for the Social Sciences, procedure NPAR 
CORR, which calculated Spearman rank correlation coefficients. 

Results 

Changes in the antigenic profile duringformation and maturation 
of Alzheimer neurofibrillary tangles 

According to Alzheimer (1911) three stages of tangle maturation can 
be distinguished. Early tangles (stage 1) are small granular or rod-like 
cytoplasmic inclusions in the pericarya of affected neurons. Mature tan
gles (stage 2) appear as the classical flame-shaped neurofibrillary masses, 
which fill in large parts of the neuronal cytoplasm and extend into the 
apical dendrite. Late, extracellular "ghost" tangles (stage 3) are loose 
masses of fibrillar material, which by their triangular outline reflect the 
shape and location of the degenerated neuron. In addition to these tangle 
stages, immunocytochemistry with certain antibodies against tau (Bancher 
et al., 1989a) and AD brain homogenates (Alz 50; Hyman et al., 1987) 
made it possible to identify very early changes in neurons, reflected by 
diffuse accumulation of immunoreactive material in the cytoplasm 
(stage 0; Bancher et al., 1989a). 

The antigenic profile of tangles at different maturation stages is 
summarized in Table 1. Early tangle stages are mainly recognized by 
anti-tau antibodies, but show little or no reactivity with the other mark
ers used. In addition we found characteristic differences in the antigenic 
profile between classical intracellular tangles and extracellular "ghost" 
tangles. Intracellular tangles are especially well recognized by both, the 
polyclonal tau and the monoclonal (Tau-1) antibodies. Reactivity with 
the monoclonal PHFfubiquitin antibody 3-39 was variable. Further
more, a significant percentage of intracellular tangles reacted with the 
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Table 1. Antigenic profile of Alzheimer neurofibrillary tangles at different 
stages of maturation 

Cytoskeletal AG: 
tau (polyclonal) 
Tau-1 
SMI 31 
SMI 34 
SMI 33 
MAP2 
MAP1 
tubulin 
GFAP 

PHF /Ubiquitin 
3~39 

5~25* 

Amyloid 
Congo red 
thioflavin S 
{J-peptide 

G lycosaminogl ycanes 
Alcian blue (low Mg) 
Alcian blue (high Mg) 

-/ + =only some tangles stained 
( +) =weak reactivity 

Stage 0 

( +) 
+ 

-/ + * =exceptional tan gels stained 

Stage 1 

+ 
+ 

-/( +) 
-/( +) 

-/(+) 

-/+ 

Stage 2 Stage 3 

+ (+) 
+ 

-/( +) 
-/( +) 

-/(+) 

+ 

-/+ + 
-/( +) -/( +) 

( +) + 
( +) + 

-/+ * 

+ 
( +) 

neurofilament antibodies SMI 31 and 34 and with a polyclonal anti
MAP 2 serum. On the contrary, extracellular "ghost" tangles mainly 
reacted with the monoclonal anti-ubiquitin antibody 3-39 and with anti
GFAP. There was only weak reactivity of "ghost" tangles with poly
clonal tau and no reaction with monoclonal Tau-1 or neurofilament 
antibodies nor with anti-MAP 2 serum. 

A similar inverse pattern of reactivity between classical intracellular 
and extracellular tangles was also found with silver impregnations and 
with reactions for glycosaminoglycanes or amyloid. Interestingly, excep
tional extracellular "ghost" tangles, but no intracellular tangles reacted 
with monoclonal antibodies against the amyloid /1-peptide. 

Changes of normal cytoskeleton in tangle-bearing neurons 

To answer these questions we performed double immunostaining 
with anti-tau and anti-MAP 1, anti-MAP 2, anti-tubulin or anti-NF re-
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spectively. Although tangle-bearing neurons frequently showed irregu
lar, distorted dendrites, the pericarya! and dendritic reactivity of these 
neurons for MAP's or tubulin was not different from that of normal 
neurons. However, neurons with early (especially stage 1) tangles fre
quently revealed cytoplasmic reactivity in the pericaryon and dendrites 
with a monoclonal antibody against a phosphorylated epitope of neuro
filaments (SMI 31). 

Correlation of neurofibrillary tangles with clinical dementia 

A detailed quantitative analysis of tangles and plaques was performed 
on 10 cases with variable dementia scores, monitored in the prospective 
clinico-pathological study (Table 2). The majority of tangles represented 
classical intracellular inclusions (stage 2), whereas only a minority were 
classified as stage 0. "Ghost" tangles were found in 5/10 cases in the 
subiculum but only in 3/10 cases in cortex. The number of "ghost" 
tangles in cortex was low. We found a significant correlation between the 
severity of clinical dementia and the number of classical stage 1 and stage 
2 tangles in the respective brain areas, which was better than the corre
lation with senile plaques (Table 2). The correlation between the number 
of stage 3 ("ghost") tangles and the severity of the clinical disease, 
although statistically significant in the frontal and parietal cortex, was 
difficult to interpret, since only cases with exceptionally severe dementia 
showed this alteration. 

Table 2. Spearman rank correlation coefficients of senile plaques (core type) 
and tangle stages with mini-mental state score 

Cortex Hippocampus 

Frontal Parietal Temporal CAl CA3 

Plaques: -.510 -.630 -.300 -.661 -.462 

NFTO -.709 a -.801 a -.505 -.393 -.093 
(0- 4) (0- 0.2) (0- 3) (0- 7) (0-3) 

NFT 1 -.784 b -.704 a -.527 -.667 -.863 b 

(0- 6) (0- 1) (0- 8) (0-13) (0-4) 

NFT2 -.784 b -.804 a -.586 a -.667 -.842 b 

(0-62) (0-46) (0-32) (0-29) (0-5) 

NFT 3 -.621 a -.868 b -.344 -.647 -.647 
(0- 5) (0-13) (0-21) (0- 8) (0-3) 

a p 0.05; b p 0.01. 
The values in brackets represent minimal and maximal countsfmm2. 
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Relation to cytoskeletal changes in other diseases 

As described by others before, reactivity of intracytoplasmic fibrillary 
inclusions with antibodies against ubiquitin is not a feature specific for 
Alzheimer's disease. Similar reactivity is found in Pick bodies, Lewy 
bodies, Rosenthal fibers and Marinesco bodies. In our material no reac
tivity of PSP tangles was found with the monoclonal PHF jubiquitin 
antibody 3-39 (Bancher et al., 1987). Although in another study (Manet
to et al., 1988) ubiquitin was found in PSP tangles, it could only be 
demonstrated with one out of the 5 monoclonal antibodies used. 

However, besides ubiquitin, several different cytoskeletal elements 
appear to be associated with these various inclusions. They include tau 
(AD-tangles, PSP tangles and Pick bodies), neurofilaments (Lewy bod
ies in Parkinson's disease and diffuse Lewy body disease) and glial 
fibrillary acidic protein (Rosenthal fibers). 

Discussion 

In our present study we confirmed earlier studies by showing that 
diffuse cytoplasmic reactivity with anti-tau may be a very early cellular 
change in the pathogenesis of NFT (Joachim et al., 1987; Bancher eta!., 
1989 a). Similar results have also been described for the Alz-50 antigen 
(Wolozin et al., 1986), which in fact may be antigenically related to tau 
(Nukina et al., 1988; Ksiesak Reding et al., 1988a, b). 

Of major interest appear to be the changes in the antigenic profile of 
neurofibrillary tangles when they are released into the extracellular space 
after cell death and become "ghost" tangles. One change is the loss of 
reactivity with the Tau-1 monoclonal antibody, which takes place al
though reactivity with polyclonal tau antibodies is partially preserved. 
Studies on chemically isolated, pronase-treated PHF indicate that only 
parts of the carboxy terminal of the tau molecule are present in the 
undegradable backbone of the fibrils (Wischik et al., 1988). Although 
also ubiquitin epitopes have been reported to disappear from extracellu
lar "ghost" tangles (Joachim et al., 1987) the epitope recognized by the 
antibody 3-39 is well preserved in ghost tangles and appears to be better 
accessible compared to intracellular tangles. These results, taken togeth
er, could indicate that taujubiquitin complexes in neurofibrillary tangles 
can be partially degraded by extracellular enzymes, leaving the backbone 
of PHF, which then contains only fragments of tau and ubiquitin. 

Another interesting feature of "ghost" tangles is that staining reac
tions for amyloid (Congo red and thioflavin S; Defossez and Delacourte, 
1987) and for glycosaminoglycanes (Alcian blue) are especially promi
nent in comparison to that in intracellular PHF. Based on the antigenic 
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shift NFT undergo during their evolution process and on their different 
staining properties, we propose the following sequence of events, which 
may take place during the formation and maturation of each of these 
lesions: An as yet unknown stimulus leads to an imbalance of the neu
ronal cytoskeletal phosphorylation/dephosphorylation system. The dif
fuse intracytoplasmic accumulation of abnormally phosphorylated tau 
and the Alz-50 antigen, respectively, precedes the formation of NFT. 
These abnormal proteins polymerize into filamentous structures and 
associate with ubiquitin, which represents a fruitless attempt of prote
olytic degradation. Degeneration of the neurons exposes the NFT to the 
enzymatic environment of the extracellular space, leading to conforma
tional changes or, possibly, to partial degradation. Ingrowth of glial cells 
is reflected by staining with anti-GFAP (Probst et al., 1982). Some ghost 
tangles may form a nidus for the polymerization of the /J-peptide into 
amyloid fibers or become dressed by glycosaminoglycanes. However, 
the very low numbers of "ghost" tangles in areas of severe cortical 
atrophy indicates that the CNS tissue has the capacity to completely 
degrade the extracellular debris of NFT. 

As described by others (Delaere et al., 1989) we found a good corre
lation between clinical severity of dementia and the number of classical 
tangles in the central nervous system. The number of extracellular 
"ghost" tangles, however, was low, even in cases with most severe 
clinical dementia. Thus, functional impairment of tangle-bearing nerve 
cells may, at a certain point of tangle maturation, be so severe that there 
is little functional difference between degenerated or severely compro
mised, but still live neurons. In addition, nerve cell death with formation 
of "ghost" tangles may be a very late event in AD pathology and may 
be precipitated by additional, for instance ischemic, factors due to amy
loid angiopathy in the affected regions. 

Finally it is interesting to note that the formation of complexes 
between cytoskeletal elements and ubiquitin is not a unique feature of 
AD tangles but appears to be a mechanism common to many different 
neuronal and glial injuries, which leads to accumulation of fibrillar 
material in the cytoplasm. 
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Summary 

Cholinergic fibers and terminals were visualized, with a polyclonal antiserum 
to human choline-acetyltransferase (ChAT), in hippocampi of 6 patients with 
Alzheimer's disease (AD) and 4 control brains. The densities of senile plaques 
(SP) and neurofibrillary tangles (NFT) differed significantly between subregions 
in the AD brains. In contrast, the significant loss of terminals in the AD brains 
was homogenous in CA4, CAl and the subiculum and presumably not related 
to the densities of SP and NFT in these subregions. 

Introduction 

Biochemical and histochemical studies have shown that the activities 
of the cholinergic marker enzymes ChAT and acetylcholinesterase 
(AChE) decrease in the hippocampus of AD patients (Davies, 1979; 
Perry et al., 1980). Hippocampal cholinergic structures have been visual
ized until now with AChE histochemistry (Perry et al., 1980). This 
method stains, however, also non-cholinergic structures. The present 
immunohistochemical study was undertaken to describe with a specific 

* Permanent address: University Clinic of Neurology, Anichstralle 35, A-6020 lnnsbruck, 
Austria. 
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aqtiserum to human ChAT (Bruce et al., 1985) the cholinergic system in 
the hippocampal formation (hippocampus proper, subiculum, gyrus 
dentatus) from patients with AD and controls. 

Patients and methods 

Four normal control brains and 6 brains of AD patients, exempt from other 
diseases, were studied. The clinical diagnosis was based on the criteria of DSM
III and confirmed post-mortem by the presence of numerous senile plaques (SP) 
and neurofibrillary tangles (NFT) in the frontal (area 10) and temporal neocortex 
(area 21) (Khatchaturian, 1985). Age (75-92 years in the controls, 67-87 years 
in the AD-patients) and post-mortem delay (5-19 hours in the controls, 4-28 
hours in the AD brains) were not statistically different in the 2 groups. The 
hippocampi were fixed and cryoprotected (Graybiel et a!., 1987), deep-frozen in 
powdered dry ice, stored at -80° and cut on a sliding microtome into frontal 
40 Jlm sections. ChAT-immunohistochemistry was performed every 2 mm, with 
a polyclonal antiserum against human ChAT (Bruce eta!., 1985) diluted 1:200 
[double-bridge peroxidase-antiperoxidase method (Graybiel eta!., 1987)]. Adja
cent sections were stained with cresyl violet, hematoxylin-eosine, and Bodian 
silver impregnation. Qualitative description was performed on all sections, 
quantitative evaluation, on 5 equidistant sections selected from equivalent levels 
of each hippocampus, counterstained with thioflavin-S to visualize SP and NFT. 

In part one of the study, two independent observers estimated the densities 
of ChAT -positive unbeaded fibers in the distal and proximal part of the fimbria 
and the alveus at the level of CA2 and CA 1 as well as the densities of ChAT -pos
itive terminals in the stratum pyramidale of subiculum, CAl, CA2, CA3, CA4 
and stratum polymorphe and moleculare of the dentate gyrus. The distribution 
of these structures was found to be homogenous within the subregions and 
along the rostrocaudal extension of the hippocampus (Ransmayr eta!., 1989). 
Therefore, random microscopic fields (0.1 x 0.14 mm) were chosen to quantify 
the densities of unbeaded fibers and terminals in these subregions: In 2 randomly 
chosen fields (each 0.1 x 0.14 mm) per subregion and section, all unbeaded fibers 
were counted and related to the surface area; punctate immunopositive struc
tures (=fiber varicosities and axon segments) were counted in 2 random fields 
per region and section within 20 elements of a superimposed grid (square 
openings of 81 Jlm each). The densities of ChAT-positive fibers and punctate 
structures were homogeneous in the subregions throughout the rostrocaudal 
extent of the hippocampus (Kruskal-Wallis AN OVA, H-values < 4.6) (Ransmayr 
eta!., 1989). Therefore, mean regional densities per brain were calculated and the 
controls and Alzheimer brains compared with the Student's t test. 

In the second part of the study, thioflavin-S positive SPs and NFTs were 
quantified on five sections from 4 control and 5 AD-brains in the whole stratum 
pyramidale of CA4, CAt and the subiculum and related to the surface areas of 
these regions. In one control and one AD brain section, the densities of punctate 
immunoprecipitates were determined throughout the entire surface of the re-
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gions, field by field (each 0.1 x 0.14 mm), in 4 homogenously distributed square 
elements (each 81 J.lm2) of a grid. The densities of punctate ChAT-positive 
elements were homogenous along the radial extent of CA4, CA 1 and the subicu
lum (one factor AN OVA, F < 2.0), and were, thus, determined on the remaining 
sections only along the axial (circular) extent of these subregions. The densities 
of ChAT-positive terminals, SP and NFT in the subregions varied between and 
within brains, but were not statistically different along the rostrocaudal extent 
of the hippocampus (one-factor AN OVA, F < 0.6). Thus, mean regional densities 
for each brain were calculated and the AD and control brains compared (Stu
dent's t-test). 

Results 

No ChAT-positive cell bodies were found in the hippocampus of AD 
and control brains. ChAT-positive unbeaded fibers projected to the 
hippocampus via the fimbria and the white matter of the temporal lobe 
and entered the neuronal layers, where networks of fine beaded fibers 
and punctate immunoprecipitates were found. In all subregions of the 
AD brains, ChAT-positive unbeaded fibers and terminals were found to 
be significantly (by 28-46%) reduced. Means and single standard devi
ations of the mean regional densities of NFT, SP and terminals in CA4 , 

CA1 and the subiculum (stratum pyramidale) of the AD and the control 
brains are visualized in the figure. There were significantly higher den
sities of SPs and NFTs in the AD brains as compared to the controls; the 
loss of ChAT-positive terminals was homogenous in CA4, CAl and the 
subiculum (31 to 33%), whereas the densities of SP and NFT differed 
considerably in these regions. 

Discussion 

The hippocampi examined did not contain cholinergic cell bodies, 
which contrasts to what was suspected from AChE-histochemistry (Per
ry et al., 1980). The perikarya of the cholinergic afferences visualized in 
the fimbria and the white matter of the temporal lobe are presumably 
located in the medial septal nucleus, the diagonal band of Broca and the 
nucleus basalis of Meynert (Mesulam et al., 1983). In contrast to an 
inhomogenous distribution of NFT and SP (e. g. 4-fold densities of SP 
in the subiculum and CAl as compared to CA4), the cholinergic termi
nals in the different subregions of the stratum pyramidale were homoge
nously reduced (by one third) in the AD group as compared to the 
controls (Fig. 1 ). This finding suggests that SP and NFT located in the 
hippocampal pyramidal layer ofCA4, CAl and the subiculum might not 
be the major factors for the loss of cholinergic terminals in these subre
gions in AD. 
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Fig. 1. Mean densities and single standard deviations of SP, NFT, and ChAT-positive 
punctate structures (terminals) ·in the stratum pyramidale of the Subiculum (Sub), CA1, 
and CA4 in the AD (N = 5) and the control (Co) group (N =4), as determined in part 2 
of the study. Comparison of the 2 groups with the Student's two-sided t-test (* p < O.OS; 

** p <0.01; *** p<0.001) 
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Summary 

An antibody to the calcium binding protein, calbindin D28k (CaBP), was 
used to study the number and size of CaBP immunoreactive (CaBP-Ir) neurones 
in the cerebral cortex and the nucleus basalis of Meynert (nbM) of postmortem 
human brains from controls and from patients with Alzheimer-type dementia 
(ATD). 

Compared to the controls, the number and size of CaBP-Ir neurones in the 
cerebral cortex and the nbM were reduced in the ATD. 

These findings suggest that CaBP containing neurones are damaged in ATD. 

Introduction 

It is well known that elevated internal Ca + + leads to cell injury 
(Campbell, 1985), and that the excessive elevation of intracellular Ca + + 

results in cell death (Cotman et al., 1987). 
In mammalian brains, a number of neurones contain the calcium 

binding proteins such as parvalbumin (PVA) (Heizmann et al., 1987) and 
calbindin D28k (CaBP) (Parmentier et al., 1987). These proteins are 
believed to be involved in the buffering or transport of internal Ca + + 

(Heizmann et al., 1987), and possibly in reducing neuronal vulnerability 
to excitotoxic effects of excitatory amino acids (Rothman et al., 1987). 

In Alzheimer-type dementia (ATD), we have been investigating the 
expression of calcium binding proteins to determine whether neurones 
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containing these proteins are damaged in ATD. We recently reported a 
specific loss of PVA containing neurones in ATD (Arai eta!., 1987). We 
have also observed that the number and size of CaBP immunoreactive 
neurones in the cerebral cortex (Ichimiya et a!., 1988) and the nucleus 
basalis of Meynert (nbM) (Ichimiya eta!., 1989) are reduced in ATD. 

In this paper, we mentioned CaBP immunoreactive neurones in ATD 
brain. 

Material and methods 

Postmortem brains from control patients and neurologically diagnosed ATD 
patients were used for our serial immunohistochemical studies. The detail of 
these patients was reported previously (Ichimiya et al., 1988, 1989). Blocks of 
tissues, including the frontal, temporal and parietal cortices and the nbM, were 
taken from formalin fixed brains as reported previously (Ichimiya et al., 1986, 
1988). Prior to sectioning, the blocks were transferred to 30% sucrose (w(v) in 
0.1 M phosphate buffer saline (PBS) and stored at 4 °C until required. 20 Jlm 
sections were cut from the blocks on a freezing microtome. 

Calbindin D28k (CaBP) antibodies were raised in rabbit against purified 
chick intestinal CaBP. The CaBP antibody was used at a final dilution of 1:500. 
In order to visualize CaBP immunoreactivity (CaBP-lr), peroxidase-antiperoxi
dase (PAP) and(or immunofluorescence techniques were used. For studies of 
possible co-existence ofCaBP and cholin acetyltransferase (ChAT), CaBP-Ir was 
detected using the rabbit anti-CaBP primary antibody and a FITC labelled sheep 
anti-rabbit Ig-G (1: 100). After photography the coverslips were removed, sec
tions washed in PBS and the sections then processed to visualize ChAT im
munoreactivity using a mouse monoclonal anti-ChAT (Boehringer) (2 J.Lg(ml) 
and the PAP technique. 

Counts and size of CaBP-Ir neurones were made with the aid of a Quantimet 
720 image analyser as reported previously (Mountjoy et al., 1983). 

Results 

In the controls, CaBP-lr neurones were observed all layers of the 
cerebral cortex with exception of layer I, and almost all the large neu
rones in the nbM were also CaBP-Ir. Some CaBP-Ir neurones in the nbM 
were also ChAT immunoreactive (Fig. 1). 

Compared to the controls, the number and the mean size of CaBP-lr 
neurones in the cerebral cortex and the nbM were reduced in the ATDs 
(Table 1). 
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Fig. 1. The co-expression of CaBP and ChAT immunoreactivity in human nbM neurones. 
CaBP immunoreactie neurones revealed by immunofluorescence (FITC) (A), are also 

positive for ChAT immunoreactivity (B). x 200 
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Discussion 

CaBP immunoreactivity was well preserved in the cerebral cortex and 
the nbM neurones on the controls. Postmortem stability of CaBP has 
been previously demonstrated using Western blot analysis (Pochet et al., 
1985). 

In ATD brain, a reduction of CaBP content in the cerebral cortex has 
been reported by radioimmunoassay (McLachlan et al., 1987). As expect
ed those observation, the number and size of CaBP-Ir cortical neurones 
were decreased in the ATD brains. 

Our findings in normal control human nbM are similar to the earlier 
observation of CaBP-Ir nbM neurones in monkey brains (Celio et al., 
1985). Neuropathologically, neuronal loss in the nbM in ATD is well 
established (Ichimiya et al., 1986). As expected from the observation on 
the ChAT staining of ATD brains (Nagai et al., 1983), the number of 
CaBP-Ir nbM neurones was reduced dramatically. The co-expression of 
CaBP and ChAT immunoreactivities in some control nbM neurones 
suggest that CaBP might co-exist, at least partially, in the nbM choliner
gic neurones. 

These observations suggest that CaBP containing neurones are wide
ly affected in ATD brain, and that a failure of calcium homeostasis may 
be associated with the development of the pathology of ATD. 
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Summary 

In this paper we report the results of an investigation of lactate production 
and of the activity of phosphofructokinase (PFK), lactate dehydrogenase (LDH) 
and hexokinase (HK) in skin cultured fibroblasts from familial and sporadic 
Alzheimer's disease patients. We found that the activity of HK was deficient in 
some patients with the familial dominant form of Alzheimer's disease. These 
results indicate that some alterations on the energy metabolism are present in 
some subjects with the familial Alzheimer's disease but not in sporadic cases. 

Introduction 

Alterations in cerebral metabolic rate, cerebral oxygen consumption, 
cerebral blood flow and cerebral glucose utilization have been among 
the earliest and best documented alterations in dementias (Quastel, 1932; 
Sokoloff, 1966). The changes in vivo metabolic rate and the decrease of 
neurotransmitter system activities and of energy metabolism markers in 
post-mortem samples are well documented in Alzheimer's disease (AD) 
but how and why these changes occur in Alzheimer's neuronal cells is 
still unknown. 

Besides these results reduction in the activity of glycolytic enzymes 
has been documented in the brain of patients with AD and more recently 
an increase of lactate production has been observed in cultured skin 
fibroblasts from AD patients. Perry et al. (1980) and Sorbi et al. (1983) 
have reported a decreased activity of the pyruvate dehydrogenase com
plex (PDHC) in affected areas of AD and Huntington brain. Bowen et al. 
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(1979) observed that 19 of 37 neuroconstituents examined were reduced 
in AD post-mortem brain. Among them the principal decrease was in the 
activity of phosphofructokinase (PFK), a key enzyme in glycolysis that 
may be the rate-limiting enzyme in cerebral glucose utilization (Lowrey 
and Passanneau, 1964). Iwangoff et al. (1980) have also reported a reduc
tion in PFK activity with age and a marked decrease (90% of age
matched control values) in Alzheimer cerebral cortex. The abnormality 
in PFK observed in post-mortem brain seems to persist, in at least some 
patients, in cultured skin fibroblasts even after several passages (Sorbi 
and Blass, 1983). Studies on cultured skin fibroblasts have also shown 
abnormalities in PDHC and PFK activities in C-21 trisomy Down pa
tients (Sorbi et al., 1983; Sorbi and Blass, 1983) who are at very high risk 
to develop a dementia if they live long enough. Recently Sims et al. 
(1985, 1987) have observed an increased lactate production and de
creased C02 production in cultured skin fibroblasts from AD patients. 
Contrasting results have been reported, however, by Peterson and Gold
man (1986) who failed to observe changes in lactate production in similar 
cell cultures from AD patients. Moreover, the study of Peterson and 
Goldman (1986) indicate that in cultured skin fibroblasts there is an 
overall alteration of cell metabolism. They reported, in fact, changes in 
glucose oxidation, calcium content, protein and DNA synthesis in aged 
and AD fibroblasts. 

To further investigate the involvement and glycolysis in cultured cells 
from AD patients we have studied lactate production, PFK, hexokinase 
(HK) and lactate dehydrogenase (LDH) activities in cultured skin fi
broblasts from patients affected by familial Alzheimer's disease (FAD), 
their unaffected relatives, sporadic AD, apparently normal controls and 
pathological controls. 

Materials and methods 

Skin fibroblasts have been studied from 3 FAD patients (2 brothers and a 
cousin from the same family), 3 non-blood relatives (spouses) of this family and 
6 age-matched unrelated apparently normal controls. Leukocytes were also used 
to study PFK and HK in 3 other FAD patients, 5 sporadic AD and 5 apparently 
normal age-matched controls. 

Fibroblast cell cultures were obtained from forearm skin biopsy. Cells were 
grown in Dulbecco's modified Eagle's medium, supplemented with 20% FBS 
and harvested at confluence, 5 to 7 days after a 3: 1 subculture, by mild 
trypsinization. Periodic testing revealed no contamination by PPLO. Protein 
content and cells numbers were similar in all lines studied as well as passage 
numbers. All cell lines were coded and studied in at least 3 different experiments, 
at least in triplicate in each experiment. Leukocytes were obtained by 30 ml of 
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blood collected from over-night fasted patients using a plastic syringe containing 
heparin. 

PFK activity was measured using the method of Racket (194 7) as modified 
by Sorbi and Blass (1983). 

LDH activity was measured according to Clark and Nicklas (1970). HK 
activity was measured according to Racket (1947). Protein concentration was 
measured according to Lowry et al. (1951). 

Results 

Lactate production was comparabe in cultured skin fibroblasts from 
FAD affected members of the family studied, their unaffected relatives 
and 3 controls (Table 1). 

The activities of fibroblast PFK and LDH were comparable in all 
groups studied (Table 2). 

Fibroblast HK activity was significantly decreased in the FAD pa
tients compared to the unaffected relatives. All affected members of this 
family had HK activity below the lowest of control values. 

Leukocyte HK activity was also significantly decreased in patients 
with FAD but not in sporadic AD and PFK activity was normal in all 
AD patients (Table 3). 

Table 1. Lactate production in Alzheimer's disease 

FAD (3) 
Unaffected relatives (5) 
Controls (3) 

858±401 
756 ± 126 
676±242 

Lactate production (Mean± SD) is expressed as nmolejmg prot/hour 

Table 2. Fibroblasts PFK, LDH and HK in Alzheimer's disease 

Controls (6) 
FAD (3) 
Unaffected relatives (3) 

a p<0.05 

PFK 

34.3±11 
39.6±11 
28.8±12 

LDH 

997±27 
621 ±12 
486±72 

HK 

25.3±6 
19.3±2. 
29.0±5 

Enzyme activities are expressed as nmoljminjmg prot. All experiments were done in 
triplicate in at least three different experiments. 
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Table 3. Leukocyte PFK and HK in Alzheimer's disease 

Controls (5) 
FAD (3) 
AD (5) 

a p<0.05 

PFK 

27.11 ± 9 
20.9 ± 9 
40.5 ±19 

HK 

55.9±12 
36.1 ± 5 a 

56.3±24 

Enzyme activities are expressed as nmoljminjmg prot. All experiments were done in 
triplicate in at least three different experiments. 

Discussion 

In vivo studies of cerebral metabolic rate for oxygen and glucose, and 
of cerebral blood flow, have consistently disclosed significant reductions 
in Alzheimer's brain. Moreover, there is now evidence that metabolic 
changes associated with AD are not confined to the brain. 

In this study we have reported evidence of an alteration of the 
catalytic activity of the glycolytic rate-limiting enzyme HK in affected 
patients with the familial form of AD. Enzyme values were decreased 
either versus unaffected relatives or apparently normal unrelated con
trols. The decrease in HK activity was present in cultured skin fibrob
lasts and in leukocytes from these patients. However, HK activity was 
normal in cells from patients with sporadic AD. In FAD patients lactate 
concentration was normal contrasting with results reported by Sims 
et al. (1985). 

The significance of the finding of abnormalities in peripheral tissues 
in AD is not yet clear. It is difficult to assess the role of metabolic 
changes in peripheral cells in the pathogenesis of AD. The finding of any 
abnormality in cultured cells even after several cell passages should 
indicate that such abnormality is independent of exogenous factors and 
linked, at least in a broad sense, to the cellular genoma. Moreover, the 
finding of a consistent abnormality in peripheral cells may lead to a 
biological marker to be used as a test for diagnosis. 

Our results suggest a possible heterogeneity within AD patients, 
providing evidence that at least a subgroup with FAD have a modifica
tion in the activity of hexokinase. Further studies are in progress to 
evaluate the frequency of this finding among FAD patients and to 
characterize that abnormality at a molecular level. 



Lactate production and glycolytic enzymes 199 

Acknowledgement 

This work was supported by CNR (Consiglio Nazionale delle Ricerche), 
grants 85.00772.56 and 86.01951.56. 

References 

Bowen DM, White P, Spillane JA, Goodhart MJ, Curzon G, Iwangoff P, 
Mayer-Rouge W, Davison AN (1979) Accelerated aging or selective neuronal 
loss as an important cause of dementia? Lancet i: 11-12 

Clark JB, Nicklas WJ (1970) The metabolism of rat brain mitochondria. J Bioi 
Chern 245:4724-4731 

Iwangoff P, Armbruster R, Enz A, Mayer-Rouge W (1980) Glycolytic enzymes 
from human autopsy brain cortex: normal aged and demented cases. Mech 
Aging Dev 14:203-209 

Lowrey OH, Passaneau J (1964) The relation between substrates and enzymes 
of glycolysis in brain. J Bioi Chern 139:31-38 

Lowry OH, Rosenbrough NJ, Farr AL, Randall RJ (1951) Protein measurement 
with the Falin phenol reagent. J Biol Chern 193: 265-275 

Perry EK, Perry RH, Tomlinson BE, Blessed G, Gibson PH (1980) Coenzyme 
A acetylating enzymes in Alzheimer's disease: possible cholinergic "compart
ments" of pyruvate dehydrogenase. Neurosci Lett 18: 1 OS -109 

Peterson C, Goldman JE (1986) Alterations in calcium content and biochemical 
processes in cultured skin fibroblasts from aged and Alzheimer donors. Proc 
Nat! Acad Sci USA 83:2758-2762 

Quastel JH (1932) Biochemistry and mental disorder. Lancet ii: 1417-1425 
Racker R (194 7) Spectrophotometric measurement of hexokinase and phospho

hexokinase activity. J Biol Chern 167:843-854 
Sims N, Finegan JM, Blass JP (1985) Altered glucose metabolism in fibroblasts 

from patients with Alzheimer's disease. N Engl J Med 313:638-639 
Sims N, Finegan JM, Blass JP (1987) Altered metabolic properties of cultured 

skin fibroblasts in Alzheimer's disease. Ann Neural 21: 451-457 
Sokoloff L (1966) Cerebral circulatory and metabolic changes associated with 

aging. Res Pub! Assoc Res Nerv Ment Dis 41:237-241 
Sorbi S, Bird ED, Blass JP (1983) Decreased pyruvate dehydrogenase complex 

activity in Huntington and Alzheimer brain. Ann Neural 13:72-73 
Sorbi S, Blass JP (1983) Fibroblast phosphofructokinase in Alzheimer's disease 

and Down's syndrome. Banbury Rep 15:297-307 

Correspondence: Dr. S. Sorbi, Department of Neurology, University of Flo
rence, Viale Morgagni, 85, I-50134 Florence, Italy. 



Impairment of cerebral glucose metabolism parallels 
learning and memory dysfunctions after intracerebral 

streptozotocin 

R. Nitsch, G. Mayer, R. Galmbacher, G. Galmbacher, V. Apell, 
and S. Hoyer 

Department of Pathochemistry and General Neurochemistry, University of Heidelberg, 
Heidelberg, Federal Republic of Germany 

Summary 

In early-onset Alzheimer's disease, the cerebral glucose metabolism is dis
turbed in a characteristic manner. Here, we attempted to mimick these alter
ations by intracerebral injection of the pancreatic islet cell toxin streptozotocin 
(STZ) into the rat brain ventricles. This treatment resulted in a reduced arterio
venous difference (AVD) of glucose, an increased AVD of lactate, whereas the 
AVDs of oxygen and carbon dioxide remained unchanged. In addition, learning 
and memory functions were impaired. These alterations may be related to a 
disturbance of the local action of insulin on the brain. Furthermore, the approach 
reported here may provide a model for the study of the early pathogenetic events 
of Alzheimer's disease. 

Introduction 

In early-onset Alzheimer's disease, a number of metabolic alterations 
of the brain have been observed soon after the onset of initial clinical 
symptoms. The cerebral metabolic rate of glucose is reduced in combi
nation with an increased cerebral release of lactate (Hoyer et al., 1988). 
In addition, massive amounts of ammonia, aspartate and glycine are 
released from the brain (Hoyer and Nitsch, 1989). This pattern of alter
ations shares similarities with a number of changes that occur during an 
insulin-deficient metabolic state of classical insulin-dependent tissues 
like muscle or adipose tissue ( cf. Rosen, 1987). The precise role of insulin 
in the brain is unclear as yet. However, neuromodulatory effects have 
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been reported (Palovcik et al., 1984; Sakaguchi and Bray, 1987) as well 
as metabolic actions (Phillips and Coxon, 1976; Pellegrino et al., 1987). 
Furthermore, insulin stimulates choline acetyltransferase activity in reti
na neurons (Kyriakis et al., 1987), inhibits neuronal norepinephrine 
uptake (Boyd et al., 1985) and stimulates the release of norepinephrine 
and dopamine (Sauter et al., 1983). In addition, the neuronal uptake of 
the amino acid neurotransmitter glycine is stimulated by insulin (Yorek 
et al., 1987). 

From a behavioural point of view, insulin in the brain has been 
shown to induce a sleep-promoting effect (Danguir and Nicolaidis, 
1984) and to be involved in the central regulation of food intake (Woods 
et al., 1979). 

Insulin receptors are present throughout the brain in a highly charac
teristic distribution (Werther et al., 1987; Hill et al., 1986; Corp et al., 
1986; Havrankova et al., 1978). The site of synthesis of cerebral insulin 
may be localized within the brain as shown by in situ hybridization of 
insulin mRNA in periventricular hypothalamic cells (Young, 1986). Fur
thermore, neuronal cell cultures have been shown to synthesize 
(Schechter et al., 1988) and to release insulin (Clark et al., 1986). More
over, molluscan neurons were shown to produce the precursor of an 
insulin-related peptide (Smit et al., 1988) and transgene experiments 
implied that pancreatic endocrine cells are ontogenetically related to 
neurons (Alpert et al., 1988). On the other hand, it can not be excluded 
as yet, that circumventricular nerve endings take up insulin from the 
blood and transport it into deeper regions of the brain ( cf. Baskin et al., 
1987). 

In experimental animals, the insulin secretion of the pancreas is inhib
ited by streptozotocin (STZ) (Zucker and Archer, 1988). STZ is a 
DNA-methylating agent (Fram et al., 1988) which destroys pancreatic 
islet-cells (Kolb-Backofen et al., 1988) and thus causes diabetes mellitus. 
In addition, the post-binding autophosphorylation of the insulin recep
tor kinase is decreased in STZ-diabetes (Kadowaki et al., 1984) and 
hepatocytes from streptozotocin diabetic animals are insulin-resistant 
(Hussin and Skett, 1988). Thus, the metabolic action of insulin may be 
suppressed by STZ via an additional defect of the insulin-receptor. In 
this study, we injected STZ in a subdiabetogenic dose directly into the 
ventricular system of the rat brain in order to inhibit the cerebral insulin
mediated effects. We show, that the cerebral glucose metabolism is 
reduced and that deficits in learning and memory behaviour occur after 
intracerebral administration of STZ. 
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Materials and methods 

Intraventricular it!fection 

One year old male Wistar rats ( 486 ±55 g) were anaesthesized with chloral 
hydrate (240 mg/kg bw i.p., in a 4% solution). STZ (Sigma, Miinchen, FRG), 
in the subdiabetogenic dose of 1-1.5 mg/kg bw was dissolved immediately 
before injection in 9 )ll of artificial CSF, and injected into the left lateral ventricle 
under stereotactical guidance. Control animals received 9 Jll of artificial CSF 
alone. Artificial CSF consisted of 120 mM NaCl, 3 mM KCl, 1.15 mM CaCl2 , 

0.8 mM MgCl2 , 27 mM NaHC03 and 0.33 mM NaH2P04 , pH adjusted to 7.2 by 
5% C02- insufflation, T = 37 °C. The injection coordinates were: 2 mm lateral, 
0. 7 mm caudal and 4 mm ventral, from bregma at the piamatral level. 

Cerebral arterio-venous differences 

For determination of the cerebral arterio-venous differences (AVDs) of glu
cose, lactate, 0 2 and C02 , the animals (control: n= 13, STZ day 21: n = 13, STZ 
day 7: n = 8) were anaesthesized (Halothan 0.5%, N 2j02 : 70/30) and artificially 
ventilated under controlled conditions (Rhema animal respirator 4600). Arterial 
blood gases, pH, HC03 , base excess, blood pressure, heart rate, body tempera
ture as well as the temperature of the head, were followed up closely and 
maintained strictly within the normal range. The superior sagittal venous sinus 
was exposed with a straight milling-cutter. A 24G micro-catheter (Braun, Mel
sungen, FRG), attached to a heparinized gas-tight syringe (Hamilton), was 
stereotactically placed into the superior sagittal venous sinus. Cerebra-venous 
blood (2.5 ml) from the sinus and the same amount of blood from the catheter
ized femoral artery were drawn simultaneously at a constant rate (0.625 ml/min). 
0 2- and C02-contents in the obtained samples were measured immediately 
thereafter (Korning 168 auto-analyzer). Serum was separated and processed for 
determination of glucose and lactate using commercial test kits (Boehringer, 
Mannheim, FRG). In order to minimize interassay variation of these tests, both 
parameters were determined by means of quadruple measurements. Arterio
venous differences were calculated for each animal individually. 

Prychometrical testing 

The following tests were carried out on day six after intraventricular injec
tion: 

1. Heidelberg attention test (Mayer et a!., 1988; Nemeth et a!., 1989): This 
procedure tests the attentional behaviour to low extracutaneous electrical 
stimuli which cause neither pain nor escape behaviour. The first reaction is 
related to sensory attention (SA), the stimulus is located in the sensory 
modalities itself. The second reaction is related to cognitive attention (CA), 
which adresses higher brain centers and the functioning of the brain as a 



204 R. Nitsch et a!. 

whole. The cognitive attention reaction leads to goal-directed behavioural 
patterns which require controlled cognitive processing. 

2. Single-trial two-compartment passive avoidance test: In the learning trial, 
(one hour after the initial trial) the rat was put into the black compartment 
of the test chamber. Twenty seconds later one footshock (50 Hz, 1 rnA, 1 sec) 
was applied. After 3 minutes the rat was placed into the light compartment 
for the retention trial. 

.Statistical analysis 

Statistical analysis of the obtained data was performed by two-tailed Mann
Whitney U-test for unpaired samples. Differences between groups were accepted 
as significant at p < 0.05. Homogeneity of variances was estimated by the F-test. 

Results 

Arterio-venous differences 

On day 21 after STZ-injection, AVD-glucose was significantly de
creased by 36% (Fig. 1 A), whereas the AVD-lactate was increased by 
factor two (Fig. 1 B). On day 7, these alterations were less pronounced 
and thus failed to achieve statistical significance. However, the varia
tions of AVD-glucose and AVD-lactate within the STZ-treated group 
were significantly higher (F-test). 

AVD-02 as well as AVD-C02 were unchanged on day 7 and on day 
21, respectively (Figs. 1 C and D). 

Peripheral blood levels 

The levels of glucose, lactate, ketone bodies, 0 2 and C02 in the 
peripheral arterial blood were indifferent between the three groups (data 
not shown). 

P.rychometrical testing 

On day 6 after STZ-injection, the values of sensory attention re
mained unchanged as compared to the control group (Fig. 2A). The 
cognitive attention values, however, were significantly elevated in the 
STZ-treated group (Fig. 2 B). In comparison to controls, a 150% in
crease of stimulus intensity was necessary to elicit comparable attentive 
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Fig. 3. Passive avoidance test. Retention trial 3 minutes after the learning trial. Bars 
represent means± SEM; n = 8 for each group; * p < 0.05 vs. control 

states. Furthermore, a high dissociation (p < 0.05) between the values of 
sensory and cognitive attention was observed after STZ-treatment. 

In the passive avoidance task, the STZ-treated animals performed 
with a significantly lower latency time in the 3 minutes retention trial as 
compared to the control group (Fig. 3), whereas in the initial trial, the 
groups were indifferent. It was interesting to observe, that the STZ
treated animals, although showing anxiety-free behaviour in the light 
compartment, entered very soon the dark compartment where they 
subsequently showed the immobilizing autonomic response pattern of 
state anxiety. 

Discussion 

The results of the present study clearly show, that intraventricular 
injection of streptozotocin in a subdiabetogenic dose (cf. Junod et al., 
1969) impairs the glucose metabolism of the brain, as well as the be
haviml'ral reaction in learning and memory tasks. None of the treated 
animals did exhibit signs of diabetes mellitus like hyperglycaemia or 
ketonaemia. Thus, the actual site of action of intracerebral STZ seems 
to be limited to the brain itself. Assuming, that the cerebral blood flow 
is unaltered by the treatment, the reduced AVD-glucose on day 21 after 
intracerebral STZ-injection accounts for a decreased utilization of glu
cose by the brain. Correspondingly, the increased AVD-lactate reflects 
an increased cerebral release of lactate. The onset of the metabolic action 
of intracerebral STZ is located around day 7 after injection as shown by 
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a significantly greater variation of the AVD-glucose and AVD-lactate 
values in the group STZ day 7 (Figs. 1 A and B). The reduced utilization 
of glucose and the high release of lactate may be caused by an inhibition 
of pyruvate dehydrogenase, an enzyme complex, which is stimulated by 
insulin (Rinaudo et al., 1985). A reduction of pyruvate dehydrogenase 
activity may result in a reduced glycolytic flux and an accumulation of 
unused glucose in brain tissue (unpublished results) with the conse
quence of a feedback-mediated inhibition of further glucose uptake. It 
can not be excluded, however, that the glucose transporter system may 
be affected directly by the treatment (cf. Steinfelder and Joost, 1988). 
Although the cerebral glucose metabolism is impaired after intraventric
ular STZ, the overall oxidation and production of C02 by the brain is 
maintained normal as shown by unchanged AVDs of 0 2 and C02 . This 
implicates, however, that other substrates than glucose are oxidized. 
Since keton-bodies were not present in the blood of either controls or 
STZ-treated animals, amino acids or phospholipids are likely to be 
oxidized. These substitutional substrates may be derived from intrinsic 
cerebral sources and thus cause functional and structural damage of 
neuronal and glial cells, respectively. 

The behavioural findings of this study show that intraventricular 
injection is followed by an impairment of cognitive attentional process
ing. Interestingly, after STZ-injection, the first and second reaction 
valued diverged considerably. This is in consistence with previous find
ings in aged animals (Mayer et al., 1988; Nemeth et al., 1989). Further
more, the performance of the 3 minutes short-term memory for inhibi
tory avoidance is decreased after intraventricular STZ-treatment. 

Although the results reported here, clearly show that intraventricular 
STZ exhibits impairments of biochemical as well as behavioural parame
ters, the actual site of action remains to be speculative. First, intrinsic 
cerebral synthesis and release of insulin ( c.f. Young, 1986; Schechter et 
al., 1988; Clarke et al., 1986) may be inhibited to argue from analogy to 
the highly specific action on pancreatic islet cells were STZ inhibits the 
insulin-secretion by 90% (Bolaffi et al., 1987). Second, cerebral insulin 
receptor signalling may be impaired, and thus, the action of insulin be 
reduced ( c.f. Kadowaki et al., 1984). However, in the present state of 
investigation, unspecific toxic effects of STZ can not be excluded with 
certainty. Thus, further investigations concerning the synthesis of in
sulin peptide and mRNA, as well as the insulin receptor signalling after 
intracerebral STZ are needed. 

Taken together, the results obtained in the present study very well 
match the alterations of cerebral metabolism observed in early onset 
Alzheimer's disease (Hoyer et al., 1988). Thus, the approach reported 
here may provide a model not only for the investigation of the early 



208 R. Nitsch et al. 

pathogenetic events of Alzheimer's disease but also for the development 
of new strategies of treatment for Alzheimer's disease. 
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Summary 

Circulating choline is converted to membrane phosphatidylcholine (PC) in all 
cells, and, additionally, to acetylcholine (ACh) within cholinergic neurons. Nei
ther of the enzymes that initiate these processes (choline kinase and choline 
acetyltransferase) is substrate-saturated; hence supplemental choline can acceler
ate the formation of both compounds, as well as acetylcholine release from 
physiologically-active neurons. We have found, using a human neuronal cell line 
(LA-N-2), that the PC in membranes contributes choline for ACh synthesis. 
Moreover, using superfused slices of rat brain, we have shown that, when free 
choline is inadequate to sustain ACh synthesis, the use of the PC "reservoir" for 
this purpose may deplete membrane PC and other membrane constituents. 
Hence choline availability may be rate-limiting for membrane formation, as well 
as for ACh synthesis. 

The possibility that abnormalities in choline utilization may be involved in 
Alzheimer's disease is demonstrated by the very high levels (twice control) of a 
PC breakdown product, glycerophosphocholine (GPC), in samples of Alzhei
mer's disease brains. This increase could reflect accelerated PC breakdown or an 
impairment in enzymatic processes that allow free choline to be salvaged from 
the GPC. 

Introduction 

Brain slices and minces continue to make and, upon depolarization, 
to release large amounts of acetylcholine without exhibiting reductions 
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in tissue acetylcholine levels, when perfused with a choline-free medium 
(Bhatnagar and Macintosh, 1967; Collier et al., 1972; Maire and Wurt
man, 1985; Quastel et al., 1936; Weiler et al., 1979; Weiler et al., 1983). 
However, addition to the choline-free medium of hemicholinium-3 
(HC-3), a drug which blocks choline's high-affinity uptake into cholin
ergic terminals, stops the release of acetylcholine from nerve terminals, 
and decrease tissue acetylcholine levels (Maire and Wurtman, 1985). We 
interpreted these findings as suggesting that some of the choline used by 
the slices for acetylcholine synthesis originated in the PC of neuronal 
membranes (Maire and Wurtman, 1985): Depolarization would cause a 
net hydrolysis of this PC by accelerating its hydrolysis and/or slowing 
its synthesis, and the choline thus released into extracellular fluid would 
be taken up into cholinergic terminals for acetylation (Blusztajn and 
Wurtman, 1983). 

If this explanation were correct, it might be predicted that prolonged 
stimulation of cholinergic neurons superfused without choline would 
also reduce their PC content; moreover, this reduction might be blocked 
by adding choline to the medium. Additional studies using superfused 
electrically-stimulated rat brain slices, tested these predictions (Ulus 
et al., 1989). 

Materials and methods 

Slices of striata or cerebella 0.3 mm thick were transferred to a superfusion 
chamber (volume 1.0 ml) and placed between two AgjAgC12 stimulation elec
trodes. The chamber was maintained at 37 °C, and the slices were superfused 
(0.6 mljmin) with a physiological solution (mM: NaCl, 120; KCl, 3.5; CaC12 , 1.3; 
MgS04 , 1.2; NaH2P04 , 1.2; NaHC03 , 25; glucose, 10; eserine salicylate, 0.02) 
continuously bubbled with 95% 0 2 and 5% C02 • Following a twenty minute 
equilibration period, some slices were removed for determination of ACh, cho
line, phospholipids, protein and DNA contents (referred to as "tissue initial"), 
and the remaining slices were then superfused for 90 to 340 minutes during 
which they were alternately maintained at rest for twenty minutes and stimulated 
(amplitude of 30 V), also for twenty minutes, for 2, 4, 6 or 8 stimulation periods. 
Perfusates representing each entire 20-minute rest or stimulation period were 
assayed for ACh and choline (Fonnum, 1969; Gilberstadt and Russell, 1984); 
slices were taken from the superfusion medium ten minutes after their last 
stimulation period and assayed for ACh, choline (Torn and Aprison, 1966; 
Spanner et al., 1976; Goldberg and McCaman, 1973), phospholipids (Folch et al., 
1957; Svanborg and Svennerholm, 1961; Touchstone et al., 1980), protein 
(Lowry et al., 1951), and DNA (Labarca and Paigen, 1980), (referred to as "tissue 
final"). 
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Results 

The striatal slices released ACh and choline into the medium during 
superfusion with the choline-free medium. The rate of ACh release was 
4.2 ± 0.8 pmol/J..Lg DNA/20 min (mean± SEM, n = 11) during the first 
collection period; this remained constant for three hours among slices 
superfused at rest. When the slices were stimulated, ACh release in
creased about 4-fold, to 15.4 ± 2.1 pmol/J..Lg DNA/20 min (mean± SEM, 
n = 11 ); this quickly returned to basal levels when the stimulation was 
terminated. 

Initial studies used slices stimulated for four 20-minute periods. Slices 
continued to release ACh at the higher rate for all four periods. The rate 
of choline efflux was 66.0 ± 8.0 pmol/J..Lg DNA/20 min (mean± SEM, 
n = 14) during the first collection period; this gradually fell, during the 
next three hours, to 40.0 ± 8.0 pmol/J..Lg DNA/20 min (mean± SEM, 
n = 4) in unstimulated slices, or to 36.0 ± 4.0 pmol/J..Lg DNA/20 min 
(mean± SEM, n = 9) in stimulated slices. The rate of choline efflux 
showed a tendency to increase while the tissue was being stimulated; 
however, this tendency was not statistically significant. 

Cerebellar slices failed to release detectable amounts of ACh into the 
superfusate at rest or during periods of electrical stimulation. They did, 
however, release free choline at an initial rate of 22.0 ± 2.0 pmol/J..Lg 
DNA/20 min (mean± SEM, n = 12) and a final rate of 12.0 ± 2.0 pmol/ 
J..Lg DNA/20 min (mean± SEM, n = 12). Choline efflux from cerebellar 
slices was not altered by electrical stimulation. 

Stimulation of the striatal slices for four 20-minute periods signifi
cantly decreased their contents of phospholipids (by 14%, compared 
with phospholipid levels in their tissue initials) and of proteins (by 
10.5%). In contrast, stimulation failed to affect the phospholipid or 
protein contents of the cerebellar slices. Superfusion alone did not affect 
phospholipid levels in either tissue. 

When the striatal slices were stimulated for up to eight periods, ACh 
release continued at unchanged rates, the tissues liberating during the 
340 minutes an amount of ACh about three times their initial ACh levels. 
Addition of exogenous choline (10-40 J..LM) to the superfusion medium 
enhanced ACh release, both basally and during stimulation. These in
creases were concentration-dependent and were statistically significant 
in the presence of 20 (105%) or 40 J..LM (255%) of choline. When the 
slices were superfused with a choline-free solution, their total phospho
lipid contents (examined initially and after 2, 4, 6 or 8 stimulation 
periods) declined at the rate of 2.7% per stimulation period. This de
crease was highly correlated with the number of stimulation periods 
(r= -0.98; p<0.0001). Addition of exogenous choline (10-40 J..LM) to 
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the superfusion medium partially or completely protected the slices from 
phospholipid depletion, for as many as six stimulation periods (Table 1). 
Moreover, the phospholipid contents of the slices were actually in
creased after two periods of electrical stimulation in the presence of 
40 J.lM choline (Table 1 ). 

The major phospholipids in brain membranes, besides PC, are phos
phatidylserine (PS) and phosphatidylethanolamine (PE); together, these 
three phosphatides account for 85% of total brain phospholipids 
(Ansell, 1973). Moreover, the choline in PC represents about 80% of the 
total membrane-bound choline in the brain (Ansell, 1973) suggesting 
that PC would be the cellular phospholipid reservoir most likely to 
provide free choline for ACh synthesis. To determine whether the reduc
tion in total brain phospholipids observed when stimulated slices were 
superfused without choline was entirely due to PC, or also included 
other brain phospholipids, we fractioned and quantified these com
pounds in tissues obtained before or after two, four, six and eight 
stimulation periods. 

Stimulation in the choline-free medium was associated with decreases 
not only in membrane PC but also, proportionately, in PE and PS 
(Table 1 ). After 4 (or 8) stimulation-rest periods, the levels of total 
phospholipid, PC, PE, or PS were 83.2± 3.3 (or 77.5 ± 3.9%), 89 ± 5.2 (or 
76.6±2.5%), 84.7±7.7 (or 77.3±2.4%) and 89.2±2.3 (or 78.2±1.0%) 
of initial values, respectively. In seven separate perfusion studies, the 
ratio of PC to the total phospholipid content [or to the sum of the three 
main structural phospholipids (PC+ PE + PS)] was 0.33 ± 0.04 [or 
0.41 ± 0.05] initially and 0.34 ± 0.04 [or 0.43 ± 0.08], subsequent to eight 
stimulation periods. Addition of choline to the superfusion medium 
protected the slices from the declines in the three phosphatides, i.e., PE 
and PS as well as PC (Table 1). The protective effect of choline on each 
phosphatide was apparently concentration-dependent. At 20 J.lM, none 
of their levels declined even after as many as six stimulation periods. 
Protection was partial and occurred for up to as many as two to six 
stimulation periods in the presence of 10 J.lM choline (Table 1). Addition 
of 40 J.lM choline to the superfusion medium actually increased slice levels 
of PC, PE and PS by 19%,24% and 23%, respectively (Table 1), after 
two periods of electrical stimulation (i.e., compared with those in con
trols obtained at the beginning of superfusion). The small but significant 
depletion of protein caused by stimulation was also blocked by adding 
choline to the superfusion medium (Table 1 ). 



Choline levels 215 

Table 1. Effects of repeated electrical stimulations on choline, acetylcholine, 
phospholipid and protein contents of striatal slices superfused with choline-free 

or choline-containing media 

Compounds (JlM) 
Choline 

Choline 

ACh 

Protein 

0 
10 
20 
40 

0 
10 
20 
40 

0 
10 
20 
40 

Total Phospholipid 

0 
10 
20 
40 

Phosphatid y !choline 

0 
10 
20 
40 

TI 

16± 3 
ND 

16± 3 
ND 

49± 3 
47± 3 
47± 2 
49± 3 

65± 2 
62± 2 
63± 2 
66± 3 

735 ± 12 
686±21 
739±23 
750±14 

256± 14 
248± 9 
246±27 
248±15 

Phosphatidylethanolamine 

0 248± 8 
10 243±19 
20 251±18 
40 242±17 

Phosphatid y !serine 

0 
10 
20 
40 

97± 8 
92± 4 
95±10 
92± 6 

TF-2 

22± 6 
ND 

43± 8 
ND 

60±13 
36± 8 
42± 4 
64±14 

62± 2 
61± 2 
66± 7 
61 ± 5 

666±41 
672±46 
704±37 
828±22** 

225±24* 
228±10 
267 ± 12 
295±29** 

206± 8* 
184±30 
240±20 
304±32** 

92± 8 
86±14 
98± 4 

117± 6** 

TF-4 

16± 5 
ND 

34± 3** 
ND 

42±11 
37±12 
45± 2 
54± 8 

61 ± 1 * 
63± 2 
57± 2 
63± 4 

621±27* 
650±46 
704±31 
726±65 

223±20* 
237±26 
247±15 
264±12 

203±12* 
186±11 * 
243± 11 
232± 9 

83± 8* 
84±13 
99± 7 

105± 5 

TF-6 

17± 3 
ND 

26± 4 
ND 

49± 9 
42±12 
44± 2 
39± 3 

58± 1 * 
60± 5 
61± 3 
61± 3 

585±22* 
716±54 
730±46 
700±37 

222±27* 
243±16 
241 ± 8 
292±18** 

201 ±21 * 
204±24 
245±32 
258±24 

78± 6* 
85± 6 
92± 7 

104± 6 

TF-8 

15± 2 
ND 

16± 4 
ND 

22± 3* 
30±14 
20± 3* 
25± 4* 

54± 1 * 
56± 2* 
54± 3* 
52± 2* 

570±31* 
574±47* 
573±20* 
616±21* 

196±15* 
206±19* 
210± 8* 
209±14* 

187±18* 
171 ± 13* 
175±34* 
199±18* 

77± 8* 
81 ± 12 
82± 5* 
83± 6* 

Significantly lower (* p 0.05) or higher (** p 0.05) than corresponding TI value 

TI -tissue initial content 
TF -final tissue content after the number of stimulation periods indicated. 
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Discussion 

Hence slices from rat striatum continue to make large amounts of 
ACh when superfused with a choline-free medium, and under these 
conditions tissue contents of PC and other structural membrane phos
pholipids actually decrease significantly (Table 1 ). Addition of increasing 
concentrations (10-40 f.!M) of choline to the superfusion medium in
creases the release of ACh both at rest and during electrical stimulation, 
in proportion to the choline concentration. Moreover, the exogenous 
choline also protects the slices from losses of PC, PE, PS, and protein 
(Table 1). 

These results confirm and extend an earlier report from our laborato
ry (Maire and Wurtman, 1985) showing that ACh release is enhanced by 
superfusing striatal slices with choline, both during electrical stimulation 
and at rest. Increases in ACh release in the presence of exogenous choline 
have also been described in brain slices incubated with high potassium 
concentrations, which depolarize the neurons, but not in slices at rest 
(Millington and Goldberg, 1982; Weiler eta!., 1983). This discrepancy 
may result, in the latter studies, from the artefactual accumulation of 
exogenous choline, liberated from the slices, in the incubation media; 
i.e., this endogenous choline may have raised effective tissue choline 
concentrations well above those at which choline acetyltransferase was 
capable of responding to additional choline. [Choline concentrations in 
the media reportedly rise to 20-40 f.!M, causing slices to accumulate very 
high free choline concentrations (Bhatnagar and Macintosh, 1967; 
Millington and Goldberg, 1982; Weiler eta!., 1979; Weiler eta!., 1983).] 
Under our experimental conditions (using relatively rapid superfusion, 
and a small amount of tissue relative to the medium's volume), the 
liberation of choline from the slices elevated choline concentrations in 
the superfusate only 0.5 f.!M, or even less; and the choline contents of the 
slices (Table 1) did not exceed those usually seen in vivo. 

Brain tissue is known to produce and release free choline in vivo 
(Bream eta!., 1987; Dross and Kewitz, 1972; Spanner eta!., 1976) and 
during incubation in vitro (Bhatnagar and Macintosh, 1967; Collier 
eta!., 1972; Freeman and Jenden, 1976; Jope and Jenden, 1979; Kosh 
eta!., 1980; Maire and Wurtman, 1985; Wecker, 1985; Wecker, 1986; 
Weiler et a!., 1983; Zeisel, 1985). In both situations, the source of the 
choline appears to be membrane phospholipids. When we superfused 
striatal slices in a choline-free medium, the slices lost a fraction of their 
PC, as well as of their PE and PS, during the course of the experiments 
(Table 1 ). During the same period, the amount of ACh plus choline 
recovered in the superfusate was similar to the amount of choline lost 
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from membrane PC, but several orders of magnitude larger than the 
intracellular pools of choline and ACh (Table 1 ). 

The release of choline from a lipid-bound form can occur in all areas 
of the brain (Kosh et al., 1980): in vitro, the process apparently is more 
active in the striatum, which is rich in cholinergic activity, than in cortex 
(]ope and J enden, 1979) or cerebellum. Other studies have suggested, 
however, that the release of tissue choline from a bound form is not 
related to the extent of its cholinergic innervation (Freeman and Jenden, 
1976; Kosh et al., 1980). Also, as shown in the present study, the reduc
tions in the PC and other membrane phospholipids were not simply 
related to the production of free choline but apparently also depended 
on an increased demand for free choline to sustain ACh synthesis. When 
the striatal slices were superfused with a choline-free medium but not 
depolarized, they released choline into the medium without reducing their 
phospholipid contents; in contrast, when stimulated electrically, they 
released slightly more choline and much more ACh, and in that circum
stance, levels of PC and other membrane phospholipids fell in propor
tion to the duration of stimulation (Table 1) - and thus to the total 
amounts of ACh released. Moreover, when slices were provided with 
adequate free choline and stimulated electrically, they produced and 
released even more ACh, but without depleting their membrane of PC 
and other phosphatides (Table 1 ). Electrical stimulation failed to alter 
the phospholipid contents of the cerebellar slices, a tissue in which 
stimulation was not associated with ACh release. 

Consistent with the view that neuronal PC is a reservoir of choline 
for ACh synthesis, and that this reservoir can be depleted when more 
choline is needed for ACh synthesis, we find that the phospholipid 
contents of electrically-stimulated striatal slices do not decline if the 
stimulation-induced release of ACh is blocked by tetrodotoxin (unpub
lished observation), or if the cholinesterase inhibitor eserine is omitted 
from the superfusion medium (Ulus and Wurtman, 1988). When cholin
esterase is active, the breakdown of intrasynaptic ACh generates free 
choline that can be re-used for ACh synthesis; this probably reduces the 
need for membrane PC to provide free choline. The ability of cholines
terase inhibitors to potentiate the "autocannibalism" of neuronal mem
brane phospholipids may have important clinical implications if patients 
with Alzheimer's disease are to receive such drugs for prolonged peri
ods. Until it is established for sure whether a given cholinesterase inhib
itor has this effect, it would seem prudent that it be co-administered with 
an agent that will provide the brain with supplemental choline. 

The possibility that membrane constituents are depleted when neu
ronal tissues lack adequate free choline is supported by other data show
ing that PC levels and the number of synaptic vesicles in the eat's 
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superior cervical ganglion fell significantly with stimulation of the pre
ganglionic nerve trunk if the uptake of exogenous choline was blocked 
by hemicholinium-3 (Parducz et al., 1976), or if the ganglia were per
fused with a choline-free Locke solution (Parducz et al., 1986). The 
vesicles reappeared immediately if the stimulated ganglia were provided 
with choline for two minutes (Parducz et al., 1986). 

The protective effect of exogenous choline on the stimulus-induced 
depletion of membrane phosphatides depends on its concentration. 
Twenty J.LM choline in the superfusion medium (which is in the physio
logical range for plasma choline; Blusztajn and Wurtman, 1983) com
pletely protected the slices from phospholipid depletion for as many as 
six stimulation periods (Table 1 ), while 10 J.LM was less effective 
(Table 1 ). In the presence of 40 J.LM choline, the phospholipid contents 
of the slices sometimes actually increased. After four stimulation-rest 
cycles, the levels of total phospholipids and of PC or PS in the striatal 
slices were highly (r=0.91, 0.99 or 0.94, respectively) and significantly 
(p < 0.001) correlated with the choline concentration in the medium. It 
has recently been shown that the activities of choline kinase (which 
catalyzes the phosphorylation of choline to form phosphocholine in the 
first step of PC biosynthesis via the CDP-choline pathway) and of 
choline acetyltransferase in superior cervical ganglia show reciprocal 
fluctuating changes as a function of the extracellular choline concentra
tions in the incubating medium (Ando et al., 1987). Neuronal depolar
ization diminishes the activity of choline kinase and increases that of 
choline acetyltransferase (Ando et al., 1987), thus possibly shunting the 
choline into ACh synthesis. However, when the choline concentrations 
in the medium were 40-50 J.LM, neuronal depolarization diminished 
choline acetyltransferase activity and increased that of choline kinase 
(Ando et al., 1987). Hence, the main determinant of the choline's actual 
fate in cholinergic neurons may be the relative activities of choline kinase 
and choline acetyltransferase which, in turn, depend upon extracellular 
choline concentrations. It has been shown that giving supplemental 
choline to laboratory animals can increase brain levels of phospho
choline (Millington and Wurtman, 1982), total phospholipids (Wecker, 
1985; Wecker, 1986), and PC (Pendley et al., 1983; Wecker, 1985; Wecker, 
1986) while a choline-deficient diet significantly decreases PC levels 
(Pendley et al., 1983). Interestingly, the 19% increase in PC levels ob
served in slices superfused with 40 J.LM choline was associated with a 
10% increase in total phospholipids (Table 1). Our present results, taken 
with these in vivo observations, suggest that PC levels and even, con
ceivably, the total amounts of membrane in cholinergic neurons may be 
choline-dependent. 



Choline levels 219 

The above data are compatible with the view that PC's degradation 
provides choline for acetylcholine synthesis, and that this process is 
accelerated when neuronal activity is increased, thereby decreasing tissue 
phospholipid contents. However, they are also consistent with a slowing 
of PC synthesis, which might secondarily suppress the incorporation of 
such other constituents as PS, PE and protein into membranes. Little 
information is available about the processes that might mediate the 
accelerated PC breakdown or slowed PC synthesis. We have recently 
shown that PC in a human cholinergic cell line (LA-N-2) contributes 
choline used for acetylcholine synthesis (Blusztajn et al., 1987). Howev
er, in striatal slices it is likely that the decrease in PC and other major 
membrane phospholipids also reflects changes in membranes of non
cholinergic cells, perhaps in synaptic contact with cholinergic neurons. 
Acetylcholine reportedly can increase the availability of free choline by 
a mechanism mediated by muscarinic receptors (Brehm et al., 1987; 
Corradetti et a!., 1983), and we observe that such receptors activate both 
phospholipase C and D in the above cholinergic cell line (Sandmann and 
Wurtman, in press). 

In vivo, circulating and, presumably, extracellular choline levels are 
about 10 )!M in fasting animals and humans (Tucek, 1984) but can rise 
to 30-40 J.!M after ingestion of PC-rich foods (Magi! et al., 1981; Zeisel 
et al., 1980). Administration of choline to laboratory animals elevates 
plasma and brain choline levels, and sometimes (Haubrich and Pflueger, 
1979; Millington and Wurtman, 1982) but not always (Wecker and 
Schmidt, 1980; Weiler et al., 1979) brain ACh; it also enhances 
ACh release (Koshimura et al., 1990) and can produce postsynaptic 
changes suggestive of enhanced cholinergic neurotransm1ss10n 
(Haubrich and Pflueger, 1979; Ulus and Wurtman, 1976; Ulus eta!., 
1977; Ulus et al., 1978; Wecker and Schmidt, 1979). Our present data 
indicate that elevating choline concentrations from the fasting range 
(10 J!M) to 20-40 J!M enhances the release of ACh without changing 
tissue ACh levels. Steady-state brain ACh concentrations are known to 
decrease when the activity of cholinergic neurons is increased pharmaco
logically, e.g., after administration of atropine, pentylenetetrazol, or 
fluphenazine (]ope, 1982; Schmidt and Wecker, 1981; Wecker, 1985; 
Wecker, 1986; Wecker and Schmidt, 1979). Choline, administered either 
as the salt or as PC, prevents these decreases (]ope, 1982; Schmidt and 
Wecker, 1981; Wecker, 1985; Wecker, 1986; Wecker and Schmidt, 1979). 
Moreover, choline administration augments cholinergic transmission 
during increased cholinergic activity (Ulus et al., 1978). The most parsi
monious conclusion from these data is that under conditions of stimulat
ed ACh release the normal supply of choline may not keep up with the 
demand for ACh synthesis, unless it is supplemented by giving choline 
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or PC, and that the increased levels of choline present in the extracellular 
medium after administration of choline can indeed be utilized to support 
ACh synthesis. In this way, cholinergic transmission can increase while 
steady-state ACh concentrations are protected from drastic changes. 

In the absence of supplemental choline, extracellular free choline 
concentrations (10 J..lM) may not be sufficient to sustain membrane phos
pholipid levels in frequently-firing cholinergic neurons. This propensity 
might be exaggerated in old subjects with diminished choline transport 
across the bloodbrain barrier (Mooradian, 1988) or, as indicated above, 
among people taking cholinesterase inhibitors (Ulus and Wurtman, 
1988). 

Cholinergic neurons are unique in that they alone use choline for two 
purposes, i.e., the syntheses of their neurotransmitter, ACh, and of 
phospholipid constituents of their membranes. The selective vulnerabil
ity of certain cholinergic neurons in neurodegenerative disorders involv
ing the brain (e.g., Alzheimer's disease) or motor neurons may result 
from this property, i.e., the over-utilization or slower production of 
membrane PC and the shunting of the choline towards ACh synthesis 
(Wurtman et al., 1985). Consistent with this conclusion are recent re
ports describing elevations in the levels of phospholipid breakdown 
products within brains of untreated patients suffering from Alzheimer's 
disease (Barany et al., 1985; Miatto et al., 1986). We have measured brain 
levels of the PC metabolite glycerophosphocholine (GPC) in cortical and 
cerebellar brain samples from 11 patients with Alzheimer's disease, as 
well as in control patients without brain disease (n = 7) or Down's 
syndrome (n = 5). Average control GPC levels in the Alzheimer's disease 
patients were more than twice those observed in any other group. GPC 
levels in cerebellum, a brain region lacking significant cholinergic inner
vation, were also elevated, suggesting that the disease process is not 
restricted to the brain cells most vulnerable to it. 

The elevation in brain GPC could reflect accelerated PC breakdown 
[and that of glycerophosphoethanolamine (Pettegrew, 1988) accelerated 
PE breakdown, compatible with the propensity of "autocannibalism" to 
affect all of the membrane constituents (Table 1 )], or perhaps an impair
ment in the enzymes that allow the choline in GPC to be salvaged for 
subsequent reutilization. Studies are in progress to determine which 
process is operating. 
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Summary 

The effect of chronic treatment with pyritinol on the phospholipid composi
tion of synaptosomal membranes has been examined in rats. The treatment does 
not significantly change phospholipid content of synaptosomal membranes ob
tained from the cortex of young rats; in old rats an increase in total phospholipid 
content and phosphatidylcholine was observed. The results suggest that the 
pyritinol induced increase in cerebral ACH levels does not occur at the expense 
of membrane phospholipids. 

Introduction 

Chronic treatment of old rats with pyritinol has been shown to 
increase ACH levels and ACH release in some areas of the CNS (Martin 
and Vyas, 1987), suggesting an increase in ACH turnover. Recently 
Blusztajn et al. (1987) provided evidence that in cultures of human 
cholinergic cells ACH can be synthesized from choline derived from the 
degradation of endogenous phosphatidylcholine. The authors point out 
that enhanced demand for and inadequate supply of choline might result 
in the depletion of cholinephospholipids within cell membranes that 
might ultimately compromise membrane viability. We have, therefore, 
examined the effects of chronic treatment of rats with pyritinol on the 
phospholipid content and composition of synaptosomal membranes ob
tained from the cortex of both old and young animals. 

Material and methods 

Male Sprague Dawley rats were used in all experiments. Young rats were 
about six months old, old rats were ex-breeding stock between 18 and 20 months 
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old. Pyritinol in powder form (200 mgjkg per day) was added to the normal diet 
and it was established that all was consumed. After 2 - 3 weeks of treatment the 
animals were killed by decapitation, the brain was removed quickly and cerebral 
cortex, mainly the frontal region, and the striatum were dissected out. A crude 
synaptosomal fraction was prepared (Gray and Whittaker, 1962), the lipids were 
extracted, separated using thin layer chromatography and phosphorous was 
determined following the methods described by Stein and Smith (1982). 

Results 

The effect of pyritinol treatment on the phospholipid content of 
synaptosomal membranes is shown in Fig. 1. There is no significant 
change in the tissue obtained from young animals but in old rats the 
phospholipid content actually shows a small but significant increase, 
both in the cortex and in the striatum. 

The separation of phospholipids obtained from treated and untreated 
old animals yielded the results shown in Fig. 2. Only phosphatidyl
choline is significantly increased in the treated animals but the data 
suggest that the pyritinol induced increase in total phospholipid content 
involves an increase in all three major groups of phospholipids. It 
appears that the increase in ACH levels found after pyritinol treatment 
of old animals is not associated with a decrease in total phospholipids 
and does not lead to a selective decrease in phosphatidylcholine, the most 
obvious source for choline. 

~ 

c 
] 
e 
c. 
0> 
E 

' "' 0 
E 
3 
"' , 
:9-
0 
~ 
c. 
"' 0 
.<:: 
(l_ 

Yo ung onlmols 

Fr. Cortex Striatum 

D Control 

~Treated 

Old animals 

Fr. Cortex 

Fig. 1. The effects of treatment with pyritinol on the phospholipid content of crude 
synaptosomes obtained from the frontal cortex and the striatum of old and young rats. Ten 
to twelve animals were used in each group. The asterisk indicates a difference from the 

control at p < 0.05 
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phosphatidylethanolamine and phosphatidylserine in crude synaptosomes obtained from 
the frontal cortex (F. C.) and the corpus striatum (C.S.) of old rats. Ten rats were used in 

each group. The asterisk indicates a differnece from the control p < 0.05 

Our values for the phospholipids of the crude synaptosomal prepara
tion used (expressed per mg of protein) are lower than those reported in 
the literature (Breckenridge eta!., 1972) for purified synaptosomal mem
branes. This probably reflects the different distribution of phospholipids 
and proteins: phospholipids are confined almost entirely to the mem
branes while proteins are also present in the cytoplasm trapped inside the 
synaptosomes. 

Discussion 

The purpose of this investigation was to see whether there is any 
evidence that chronic treatment of old rats with pyritinol, which increas
es ACH levels and probably ACH release in the CNS, leads to a decrease 
in the phospholipid content of synaptosomal membranes. This question 
is relevant since Blusztajn et a!. (1987) provided direct evidence that in 
cultures of human cholinergic cells increased ACH turnover may be 
associated with a decrease in membrane bound phosphatidylcholine. 
Similarly, Ulus eta!. (1989) showed that electrically stimulated rat stri
atal slices will continue to release ACH over long periods, but that, when 
the slices are incubated in the absence of external choline, the ACH 
synthesis is associated with a decline in membrane levels of phos
phatidylcholine. T he term "autocannibalism" was used to describe this 
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phenomenon, suggesting that the stimulation of ACH turnover might, 
under certain conditions, be detrimental to cell function and cell sur
vival, especially in neurodegenerative disorders such as Alzheimer's 
disease. The data reported here provide no evidence that "autocannibal
ism" occurs when ACH synthesis is stimulated by the chronic adminis
tration of pyritinol. It appears that if there is any increased utilisation of 
choline from the choline reservoir in membrane phosphatidylcholine, 
then this is compensated for by an increase in the synthesis of the 
relevant phospholipids. The in vivo situation examined here is obviously 
in many ways different from the in vitro situations in which "autocanni
balism" was observed. It may be that under our conditions the supply 
of choline from the extracellular fluid was sufficient to support an 
increased rate of ACH synthesis or that pyritinol increased choline 
availability, e.g. by facilitating it's transport across the blood-brain bar
rier. Since we observed an actual increase in phosphatidylcholine and 
total phospholipids it is also conceivable that stimulation of phospho
lipid-turnover and -level is the primary event, enabling an increase in 
ACH synthesis. 

References 

Blusztajn JK, Liscovitch M, Richardson UI (1987) Synthesis of acetylcholine 
from choline derived from phosphatidylcholine in a human neuronal cell line. 
Proc Natl Acad Sci 84:5474-5477 

Breckenridge WC, Gombos G, Morgan IG (1972) The lipid composition of 
adult rat brain synaptosomal plasma membranes. Biochim Biophys Acta 
266: 605-707 

Gray EG, Whittaker VP (1962) The isolation of nerve endings from brain. An 
electron-microscopic study of cell fragments divided by homogenisation and 
centrifugation. J Anat (London) 96:79-88 

Martin K J, Vyas S (1987) Increase in acetylcholine concentrations in the brain 
of 'old' rats following treatment with pyrithioxin (Encephabol). Br J Phar
macol 90: 561 -565 

Stein J, Smith G (1982) Techniques in the life sciences. Biochemistry - B4/1. 
Elsevier Biomedical 

Ulus IH, Wurtman RJ, Mauron C, Blusztajn JK (1989) Choline increases acetyl
choline release and protects against the stimulation-induced decrease in 
phophatide levels within membranes of rat corpus striatum. Brain Res 
484:217-227 

Correspondence: Dr. K. ]. Martin, Department of Pharmacology, University of 
Cambridge, Tennis Court Road, Cambridge, CB2 1QJ, United Kingdom. 



Hippocampal and cardiovascular effects 
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Summary 

Muscarinic full and partial agonists were compared in rats for induction of 
hippocampal EEG effects (RSA) and falls in blood pressure and heart rate. Full 
agonists induced strong RSA and strong, higher potency, cardiovascular (CVS) 
effects. Partial agonists induced weak RSA and weaker, lower potency, CVS 
effects. RSA involves the septo-hippocampal cholinergic system which degener
ates in dementia. It is inferred that partial agonists will cause weaker anti-demen
tia effects but less undesirable side effects than full agonists. 

Introduction 

Degeneration of the ascending septa-hippocampal and basal fore
brain-cortical cholinergic neuronal pathways is a principal feature of 
Alzheimer's dementia. The few attempts at replacement therapy, using 
brain penetrating tertiary-amine muscarinic agonists, to compensate for 
the loss of the cholinergic neurones, has achieved only very limited 
success. A wide range of side effects (e.g. salivation, diaphoresis, miosis, 
nausea, emesis, hypotension, bradycardia, dyspnoea, lassitude, depres
sion, tremor) limits the therapeutic use of muscarinic agonists in demen
tia. It was possible that some side effects would be less pronounced if 
partial agonists rather than full agonists were used (e.g. tremor and 
hypothermia were absent or reduced with partial agonists in mice). If 
partial agonists were selective for septa-hippocampal or basal forebrain
cortical effects over other CNS and peripheral effects, then they could 
have better therapeutic potential than full agonists. Some full and partial 
agonists (Fig. 1) were compared for ability to increase rhythmical slow 
wave activity (RSA, theta rhythm) in the hippocampal EEG, and to 
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depress the cardiovascular system (CVS) in rats anaesthetised with ure
thane. Muscarinic hippocampal RSA is dependent upon septa
hippocampal connections in anaesthetised rats whereas conscious 
recordings are complicated by movement related non-muscarinic RSA 
(Bland, 1986). 

Material and methods 

Male hooded lister rats (Olac UK) were anaesthetised with urethane i.p. The 
femoral vein and carotid artery were cannulated for drug injections and for 
recording blood pressure (BP) and heart rate (HR). Concentric bipolar EEG 
electrodes (Rhodes Medical Instruments, model NE-1 00) were inserted into the 
dorsal hippocampus at or close to the CAl pyramidal layer, with fine adjustment 
to obtain typical standardised RSA responses (Bevan, 1984). The EEG effects of 
drugs were recorded while peripheral effects were blocked by injection of N
methylatropine (NMA). The EEG was displayed on an oscilloscope and record
ed digitally via a Cambridge Electronic Design, model1401laboratory computer 
interface. Effects were analysed quantitatively as power changes in the spectrum. 
CVS effects were measured without protection of NMA. 

Drugs were also assessed by inhibition of the binding of the muscarinic 
ligands 3H-oxotremorine-M (1.88 nM 3H-OXO-M, agonist) and 3H-quinu
clidinyl benzilate (0.27 nM 3H-QNB, antagonist) in rat cerebral cortex mem
branes in vitro. Muscarinic full agonists inhibit 3H-OXO-M binding with much 
higher potency than for 3H-QNB binding. Antagonists show approximately 
equal potency for inhibition of binding of both ligands. Partial agonists show 
higher potency for inhibition of binding of 3H-OXO-M than 3H-QNB, but the 
ratio is less marked than that shown by agonists. The ratio of ICSO's 3H-QNB/ 
3H-OXO-M is generally > 100 for full agonists, in the range 20-80 for partial 
agonists, and near to 1 for antagonists, and thus gives a good indication of the 
muscarinic potencies and characters (full, partial agonist, antagonist or inactivi
ty) of drugs (Brown et al., 1988). 
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Results 

The activities of compounds on the EEG and CVS and on inhibition 
of ligand binding are summarised quantitatively in Table 1. BRL 47042, 
oxotremorine and arecoline, in inhibition of ligand binding, exhibited 
results typical of muscarinic full agonists whereas pilocarpine, RS-86 and 

Table 1. Activities of muscarinic agonists and partial agonists 

RSA a BPb HR b OXO -M c QNBJOXO-M d 

Full agonists 

BRL 47042 0.00056 0.0002 0.0004 2.8 360 
Oxotremorine 0.032 0.009 0.007 17 195 
Arecoline 0.1 0.02 0.02 113 227 

Partial agonists 
BM5 0.32 W 0.561 0.561 25 28 
Pilocarpine 0.32 W 0.561 0.56 334 54 
RS-86 0.32 0.32 0.2 430 42 

a Median effective dose mgfkg; b doses for 50% decrease; c IC50 (nM) for inhibition 
of 3H-OXO-M; d ratio of IC50's (greater ratios denote greater agonist character); 
I inactive; W weak effect 
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BMS exhibited results typical of muscarinic partial agonists. These mus
carinic full agonists exhibited high potency in increasing RSA; they 
caused large power increases concentrated in the 3- 5 Hz band of the 
power spectrum. They were even more potent on the CVS where 50% 
falls in BP and HR occurred at doses about 4-fold less than for induction 
ofRSA. The partial agonists generally exhibited low potency weak RSA 
effects and even less potent and weaker CVS effects. Typical RSA and 
CVS effects of oxotremorine (full agonist) and BMS (partial agonist) for 
example are shown in Fig. 2. 

Discussion 

The three selected muscarinic full agonists represented widely differ
ent chemical structures (Fig. 1) and all induced strong RSA and CVS 
effects. The CVS effects occurred at lower doses than the CNS effects. 
This tendency may have been exaggerated by anaesthesia and i.v. injec
tion, but it would be of interest for potential anti-dementia therapy if 
compounds were identified with greater selectivity for CNS effects. The 
three full agonists were relatively lipophilic and showed greater CNS 
selectivity than many other less lipophilic tertiary and quaternary amine 
muscarinic agonists. These less lipophilic types often caused CVS failure 
or fatal dyspnoea at doses not inducing RSA (our unpublished results). 

The example partial agonists were also relatively lipophilic tertiary 
amines with widely different chemical structures. They generally in
duced weaker RSA but at greater separation from CVS effects than full 
agonists, suggesting that they have a lesser problem of CVS side effects. 
Partial agonists also had less tendency in general to induce CNS effects 
such as tremor and hypothermia (in mice) but, similarly to full agonists, 
they induced conditioned taste aversion in rats and emesis in marmosets 
(Clark et al., 1989). However their weaker effect on RSA may indicate 
that they have weaker anti-dementia properties than full agonists. Clin
ical studies in dementia with RS-86 showed some signs of improvement 
but side effects also occurred (Wettstein und Spiegel, 1984). The overall 
clinical result was similar to that obtained with other cholinergic agents. 
This suggests that in order to obtain anti-dementia effects, doses that 
also caused side effects were required. Higher doses in other patients 
caused nausea and emesis. RS-86 is a relatively high efficacy partial 
agonist (near to full agonists) as judged from our in vivo studies in 
rodents. Very low efficacy partial agonists (low ratios in the two ligand 
binding tests) generally were inactive in inducing RSA. These com
pounds exhibited some properties like those of muscarinic antagonists 
and may exaggerate dementia. Thus the differences shown here between 
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the full and partial agonists, as classes, could be crucial to their relative 
therapeutic potential in dementia. We suggest that a more selective 
profile of the properties described is required in a muscarinic compound 
for successful therapeutic use in dementia. 
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Summary 

The patterns of cholinergic (activity of choline acetyltransferase) and 
monoaminergic (concentrations of noradrenaline, dopamine, homo vanillic acid, 
serotonin and 5-hydroxyindoleacetic acid) neuromediator systems were studied 
in postmortem tissue of the cortical lobes in each seven cases of patients with 
dementia of Alzheimer type (DAT) and controls. The findings show severe 
degenerations of neurons and deficits of neurotransmitters in all neuromediator 
systems. These results suggest that a substitutional therapy of only one neuro
mediator deficiency will not be clinically effective. 

Introduction 

The rise in life expectancy has led to an increase in the number of 
elderly people in most industrialized countries. It is reported that 15% 
of the european population is over 65 years (Grundy, 1983), with the 
tendency that the percentual part of the elderly in the whole population 
is increasing. The consequence is an increasing prevalence of age-related 
disorders, which is about 5% in people over 65 years and 20 to 30% in 
people over 85 years (Nielsen, 1962; Kay et al., 1970). Dementia of the 
Alzheimer type and Parkinson's disease are the most common types of 
age-related progressive degenerative brain disorders. Both are character
ized by degeneration of certain neuron systems in vulnerable regions 
while sparing other cell groups. The neuronal degeneration is accom
panied by characteristic neurochemical alterations in affected brain 
areas. 



236 G. Mollet al. 

In dementia of Alzheimer type (DAT), our neuropathological find
ings and concerning neurochemical alterations, neuromediators (nor
adrenergic, dopaminergic and serotoninergic systems) and the choliner
gic synthezising enzyme [choline acetyltransferase (CAT)], will be out
lined and compared to the findings in the literature. 

Material and methods 

Seven cases with no clinical and neuropathological signs of dementia and 
seven cases with severe neuropathological changes [age-matched (see Table 1), 
all cases histologically verified] were selected for investigation. 

Number of senile plaques and neurofibrillary tangles were chosen as neu
ropathological parameters for diagnosis and determination of severity of brain 
degeneration. Loss of neurons or decline in neuron density was determined 
microscopically (see Table 1). 

The activity of the acetylcholine synthezising enzyme choline acetyltrans
ferase (CAT) was determined by a radioenzymatic method (Fonnum, 1975). 

The following neuromediators and related metabolites were determined by 
HPLC-ECD: noradrenaline, dopamine, homovanillic acid, serotonin and 5-hy
droxyindole acetic acid (Sofie, 1986). 

For statistic analysis Wilcoxon rank sum test was performed. 

Control 
DAT 

n 

7 
7 

Table 1. Composition of groups 

Sex 

5 f, 2m 
2 f, 5 m 

Age (years) 

75.9±2.7 
78.6±2.9 

Post-mortem delay (h) 

6.3 ± 2.1 
3.7±0.8 

No neuroleptics were supplied 3 months prior to death, no prolonged agonal states were 
observed 

Results and discussion 

The cholinergic neuromediator rystem 

The first neurochemical findings showed deficits in the cholinergic 
system leading to the "cholinergic hypothesis" of DAT (Bowen et al., 
1976; Davies and Maloney, 1976; Perry et al., 1977). This was supported 
by clinical findings of Bartus et al. (1982), who found that memory 
functions could be influenced by pharmacologic manipulations of the 
cholinergic system. 
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The pericarya of neurons of the nucleus basalis Meynert (NbM), 
which are embedded in substantia innominata, a basal forebrain struc
ture, are rich in choline acetyltransferase (CAT) and acetylcholine es
terase activity. 90% of axones which arise from these pericarya innervate 
the neocortex (Mesulam et al., 1983). Therefore deficits in cholinergic 
function of the neocortex might result from a loss of neurons in the 
NbM. 

Compared to an age-matched control group, we found that neuron 
density decreased in NbM by 65% (p < 0.001) in DAT (see also Table 2). 
This is in line with data from the literature (age 60 to 70: loss of neurons 
between 56 to 75% compared to a control group; decrease in neuron 
density between 44 to 66%; Arendt et al., 1983; Tagliavini and Pilleri, 
1983; Rogers et al., 1985; Ichimiya et al., 1986; Mann et al., 1986; age 70 
to 80: loss of neurons between 42 to 58% and decrease in neuron density 
between 33 to 62% compared to a control group; Perry et al., 1982; 
Mann et al., 1984, 1985, 1986; Chui et al., 1986). The variation in both 
the loss of neurons and neuron density between different authors is due 
to the low number of cases and varying composition of groups. In 
addition neuropathological data of control groups are often missing and 
the area of NbM and its great pericarya is not sufficient determined. 
Furthermore, in the most papers, the DAT-group is not defined by 
unique clinical and neuropathological criteria. 

Summarizing our own data and these from literature, it is evident that 
the decline is greatest in patients with an early onset of the degenerative 
process (see also Mann et al., 1986). 

Most of the neurons of NbM project into the neocortex. There, the 
activity of CAT decreases by 86% (p <0.001), with a maximum decrease 
in the temporal lobe by 91%. As expected, there is no unique distribu
tion of CAT-activity over the whole cortex. Moreover, Perry et al. 
(1984) showed that CAT-activity differs even within one area, with 
maximum activity in cell layers II and IV. 

Table 2. Neuropathological findings 

SP, NFT/mm2 NbM" LCb SN" NRD" 

Control 0-4 80.6±4.4 77.8±7.2 87.8±6.8 42.3±7.8 
DAT >15 27.5±4.0 37.3±4.9 67.0±7.4 18.7±3.1 
%of control 35 *** 48*** 76** 44*** 

Mean ± standard deviation; S P senile plaques; N FT neurofibrillary tangles (Khatchatu
rian, 1985); LC locus coeruleus; SN substantia nigra; NRD nucleus raphe dorsalis; 
statistic: Wilcoxon rank sum test; ** p < 0.01; *** p < 0.001; • neuron density; b cell counts 
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The integrity and interconnections of basal forebrain (NbM) and 
temporal lobe (regio entorhinalis and hippocampus) play an important 
role in memory functions (Damasio et al., 1985), and show severe 
deficits in DAT patients. 

The noradrenergic neuromediator rystem 

The cholinergic system is not the only one involved in the degener
ative process. 

Locus coeruleus (LC) is the most important noradrenaline synthezis
ing nucleus, containing about half of all noradrenergic pericarya. 

Our own data show a decrease in maximum neuron number in LC by 
52% (p<0.001) according to the (see also Table 2) data from literature 
(age 60 to 70: 47 to 86% reduction in maximum neuron number com
pared to a control group; Vijayashankar and Brody, 1979; Mann et al., 
1984; Ichimiya et al., 1986; age 70 to 80: 48 to 71% reduction in maximum 
neuron number; Chui et al., 1986; Mann et al., 1982, 1984, 1986). As 
observed in NbM, the loss of neurons is dependent on age with severiest 
degeneration in early onset cases (see above) and in patients with familiar 
Alzheimer's disease (Etienne et al., 1986; ]ellinger, 1986; Mountjoy, 
1986). 

LC is projecting to various areas of the neocortex, gyrus cinguli, 
hippocampus, corpus amygdaloideum, nucleus accumbens, thalamus, 
hypothalamus, NbM and Nucleus raphe dorsalis (NRD). Therefore 
deficits in the noradrenergic function of these areas should result from 
loss of neurons in the LC. 

Our data show a significant reduction in noradrenaline of 68% in the 
parietal lobe (p = 0.170) and of 65% in the temporal lobe (p = 0.017) and 
also in corpus amygdaloideum by 48% (p=0.026). Within the other 
projecting areas mentioned above there is no statistically significant 
alteration in noradrenaline content. Nearly all investigations reported in 
literature demonstrated a decline in noradrenaline in various brain 
regions. With statistical significance (student's t-test) a decrease in nora
drenaline was reported by Arai et al. (1984) and Rossor et al. (1984) in 
gyrus cinguli, by Yates et al. (1983) in corpus mamillare, by Arai et al. 
(1984) in thalamus, by Yates et al. (1981, 1983), Mann et al. (1982, 1987) 
and Arai et al. (1984) in hypothalamus, by Nyberg et al. (1985) in globus 
pallidus, by Mann et al. (1982, 1987) and Nyberg et al. (1985) in caudate 
nucleus and by Adolfsson et al. (1979), Arai et al. (1984), Nyberg et al. 
(1985) and Reinikainen et al. (1988) in putamen. 

As in the cholinergic system a severe reduction in neuron number in 
the synthezising area (LC) and a decline in neuromediator concentration 
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in the iso- and allocortex is observed. In the non-cortical projection areas 
mentioned above, there was no evident decrease in noradrenaline con
centration. This might refer to a primary lesion in the parietal and 
temporal isocortex and the amygdaloid allocortex. 

The dopaminergic neuromediator rystem 

For a long time the dopaminergic neuromediator system was suspect
ed to be not involved into the degenerative process. 

The most important dopamine synthesizing areas are the cell group 
A 9, the zona compacta of substantia nigra (SN), and nearby cell group 
A 10 (area of the ventral tegmentum). They mainly contribute in the 
dopaminergic innervation of the investigated brain regions, with A 9 
projecting into the striatum (caudate nucleus and putamen) and into the 
amygdala and A 10 projecting into the frontal cortex, gyrus cinguli, 
nucleus accumbens and the en to rhinal cortex (Nieuwenhuys et al., 1981 ). 
In SN reduction in neuron density is 24% compared to the control 
group. This is the lowest one of all neuromediator synthesizing regions 
investigated, according to data from literature (age 60 to 70: 12 to 27% 
decline in neuron number as compared to a control group; Mann 
et al., 1984, 1987; Tabaton et al., 1985; age 70 to 80: 6 to 17% decline in 
neuron number; Mann et al., 1984, 1985, 1987; Chui et al., 1986). Mann 
et al. (1987) found that neuron number of ventral tegmentum decreases 
by about the same degree as observed in other neuromediator systems 
(43 to 61%, depending on age). 

The dopamine concentrations are not significantly reduced in any 
brain region investigated, but decrease in hippocampus [DA: 53% 
(p = 0.117)] and corpus amygdaloideum [DA: 51% (p > 0.5)] is remark
able. In contrast, the concentration of the dopamine metabolite ho
movanillic acid was significantly reduced in frontal (61 %; p=0.018), 
parietal (63%; p=0.035) and temporal (60%; p=0.011) lobes and in 
hippocampus by 55% (p = 0.017). The nigrostriatal dopaminergic sys
tem, which is mainly affected in the pathogenesis of Morbus Parkinson, 
is not involved at all in DAT (caudate nucleus: DA 130%; HVA 107%; 
putamen: DA 99%, HVA 94%; each p>0.5). 

The serotoninergic neuromediator rystem 

The most important serotonin synthesizing nuclei are nucleus raphe 
dorsalis (NRD), nucleus tegmentalis dorsalis (NTD) and nucleus cen
tralis superior (NCS). Compared to NTD (decrease in neuron number by 
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12%, Mann et al., 1984, 1985) and NCS (37%; Tabaton et al., 1985), 
NRD is mainly affected by reduction of neuron density (56%, p < 0.001 ). 

NRD projects to LC, SN, caudate nucleus, putamen, nucleus accum
bens, globus pallidus, thalamus, corpus mamillare, corpus amyg
daloideum, hippocampus and neocortex. We could not find reported 
decreases in serotonin and 5-HIAA contents in the striatum, globus 
pallidus, thalamus, corpus mamillare and gyrus cinguli (Adolfsson et al., 
1979; Arai et al., 1984; Reinikainen et al., 1988). According to Gottfries 
et al. (1986) and Reinikainen et al. (1988), we obtained an affection of the 
serotoninergic system in the hippocampus (significant reduction in 
5-HIAA by 66%; p = 0.033) as compared to controls. 

In the frontal (5-HT: 70%, p=0.030; 5-HIAA: 54%, p=0.073), 
parietal (5-HT: 77%, p=0.002; 5-HIA: 54%, p=0.001) and temporal 
(5-HT: 66%, p=0.07; 5-HIAA: 55%, p=0.001) lobes we found are
duction in serotonin and in 5-HIAA content. The serotoninergic sys
tem, which plays an important role in memory and learning processes 
(Monadori, 1981; Vachon and Roberge, 1981; Kandel and Schwartz, 
1982) is therefore damaged mostly in the cortical and hippocampal 
regions (5-HT: 63%, p=0.383; 5-HIAA: 66%, p=0.033). 

Conclusions 

The cholinergic and all three monoaminergic neuromediator systems 
were affected in DAT, predominantly in iso- and allocortical brain re
gions. 

These results suggest that a substitutional therapy of only one neuro
mediator deficiency will not be clinically effective. Authors who report 
a monosystemic therapy especially for the substitution of the cholinergic 
system may be right when substituting shortly after onset of degenera
tion. Our data indicate that they might not succeed in progredient cases 
of degeneration. We suggest a combined therapy to maintain and enforce 
the function of the involved neuromediator systems, e.g. lecithin/cho
line, phosphatidylserin, pyritinol, piracetam for the cholinergic system 
(Wurtman, 1988), selective MAO inhibitors for the dopaminergic 
(1-deprenyl) (Tariot et al., 1987 a, b) and noradrenergic systems (moclo
bemide, brofaromine) and serotoninergic drugs, like precursor amino 
acids with or without inhibitors of the peripherally acting aromatic 
amino acid decarboxylase or MAO-inhibitors, in order to substitute the 
serotoninergic deficiency. Furthermore, agonists should be developed in 
order to stimulate postsynaptic receptors independently from presynaptic 
degeneration. 
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Parkinson's disease 

V. Chan-Palay and E. Asan 

Neurology Clinic, University Hospital, Ziirich, Switzerland 

Summary 

A differentiation can be made between the LC in normal brain, in SDAT and 
PD for diagnostic purposes, based on the findings concerning the morphological 
alterations of the TH-immunoreactive neurons, the topographical distribution of 
neuron loss within the length of the LC, and, to some extent, the total reduction 
in cell number. 

Introduction 

Senile dementia of the Alzheimer's type (SDAT) is neuropathologi
cally characterized by severe cortical atrophy and cell loss as well as a 
high index of dementia as measured by numbers of neurofibrillary tan
gles (NFT) and neuritic plaques (NP) in neocortex and hippocampus. In 
addition, several subcortical afferent projection systems are disturbed in 
the disease, namely those based on acetylcholine, norepinephrine (NE) 
and serotonin. The occurrence of extrapyramidal signs in SDAT sug
gests involvement of dopaminergic pathways in some cases. Investiga
tions of the functional role of the locus coeruleus-NE system in SDAT 
have previously focused on the study of the locus coeruleus (LC) cellular 
neuropathology and measurements ofNE content in the various cortical 
projection areas of the LC. Quantitative investigations using the neu
romelanin pigment as a marker for NE neurons have demonstrated a 
reduction in neuron numbers in the LC in most cases of SDAT with a 
high incidence of neuropathologic markers like NFT, NP and, occasion
ally, Lewy bodies in the remaining neurons. Recent studies using cate
cholamine biosynthetic enzymes have also demonstrated a loss of LC-
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NE neurons in SDAT, though with different results as to the total 
neuron numbers counted in control and SDAT cases. This cell loss from 
the LC was reported to be topographically arranged. NE-level, do
pamine-beta-hydroxylase (DBH)-activity and the levels of several other 
NE markers have been shown to be decreased in LC projection areas 
both in ante-mortem biopsies and in post-mortem brain tissue indicating 
a deficiency of the NE-transmission in SDAT. Correlation between cor
tical plaque formation and cortical NE-levels and LC neuron loss in the 
anterior and central regions of the LC known to project to these areas 
in animals have been reported. Also, the severity of cortical plaque 
incidence and the degree of reduction of LC neuron number has been 
observed to be correlated, though no direct correlation between the 
severity of dementia and the extent of LC damage has been demonstrat
ed. A recent study, however, has shown a positive correlation of the 
occurrence of depression in SDAT and the decrease in LC neuron num
ber. 

Lesions of brainstem nuclei including the LC, with neuropathologic 
changes such as Lewy bodies and NFT in PD have been described many 
years ago and Parkinsonian state and LC-lesions similar to those found 
in the disease are caused by the administration of the neurotoxin 
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine in the macaque monkey. 
Even though PD is principally a disorder of locomotion, it is now 
generally accepted that in a number of patients progressive mental im
pairment occurs in the course of the disease. Some authors have reported 
dementia in more than 50% of cases of PD. According to the responsive
ness to L-dopa treatment it has been postulated that "two separate 
disorders can be distinguished in PD: an exclusive motor disorder occur
ring in a younger population with a longer and more "benign" course 
and a better response to L-dopa; and another, a motor followed by a 
cognitive disorder occurring in an older population with a more fulmi
nant course and a poorer response to L-dopa". There has been a contro
versy over the distinction of a "cortical" dementia found in SDAT and 
a "subcortical" dementia present in PD patients. Several authors have 
claimed that in neuropsychological tests the dementia of SDAT, charac
terized mainly by aphasia, amnesia, agnosia and apraxia, can be distin
guished from that found in PD patients, where the dementia is character
ized by slowness of mental processing, forgetfulness, impaired cogni
tion, apathy and depression, while no psychopathological difference 
between demented PD and SDAT patients was found by others. Some 
investigators have suggested that the dementia in PD displays a pattern 
of impairment typical for a lesion of the frontal lobe and a laterality of 
the disease has been suggested based on the finding that patients with 
greater disease involvement on the left side of the body showed greater 
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neuropsychological impairment than those more affected on the right 
body side. The question whether the incidence of cortical plaques and 
tangles is correlated to the severity of dementia in PD is still also 
somewhat controversial. Early reports have shown more frequent occur
rence of NP and NFT in demented PD patients than in non-demented, 
suggesting coincidental SDAT in these patients. Other authors could not 
demonstrate a positive correlation between NFT and NP formation and 
dementia, but reported a severe cell loss in the LC more frequently in 
demented PD patients than in those without symptoms of dementia. A 
correlation between the coeruleo-cortical NE-system and dementia has 
also been suggested based on modifications in the number of adrenergic 
receptors in demented PD patients. 

Material and methods 

Normal controls included the brains of 11 patients, 4 male and 7 female, 
ranging in age from 43 to 89 years, with no clinical history of neurological or 
psychiatric disease as confirmed by postmortem gross and microscopic neu
ropathological examination. Vital data and selection criteria for all control cases 
were described in detail (Chan-Palay and Asan, 1989a). Data assembled in three 
paradigm control cases in the age group of the patients in the Alzheimer's and 
Parkinson's groups served as control values for quantitative analyses. Appropri
ate levels of normal mental function in patients was shown by results of between 
22 and 26 from a possible 30 points in the last available mini-mental status tests. 
In the group of senile dementia of the Alzheimer's type (SDAT) cases the brains 
of8 patients that had been clinically diagnosed were studied, 2 male and 6 female 
cases with ages ranging from 71 to 85 years. Cases of dementia due to other 
neurological disorders, such as ischemia, multiple infarcts, Pick's disease etc. 
were excluded. Postmortem delays ranged from 3 to 16 hours, with postmortem 
delays of 5 hours and less in 5 of the cases. Counts of neuritic plaques and 
neurofibrillary tangles were made on Bodian-silver-stained preparations. For all 
cases in this group, the counts yielded moderate to high indices of neurofibrillary 
plaques and tangles in the examined areas, which is indicative ofSDAT. Seriously 
impaired mental function in these patients was indicated by a score of 0 to 5 
points in the last available mini-mental status tests. 

In the study of cases with Parkinson's disease 7 diagnosed patients were 
included, ranging in age from 76 to 90 years, three male and four female cases. 
Clinically, two of the patients had PD responsive to L-dopa treatment without 
symptoms of dementia (P-D), five patients had histories of rapidly progressive 
dementia, with onset 2-3 years before death. Of these five demented patients, 
three were responsive to treatment with L-dopa (P +D); two were atypical and 
their Parkinsonian symptoms did not respond to L-dopa treatment (P + D/L
dopa nonresponsive). The postmortem delays ranged from 3.5 to 21 hours, and 
was less than 7 hours in four of the cases. The clinical diagnosis of Parkinson's 
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disease was confirmed at autopsy by both gross and microscopic neuropatholog
ical examination. The substantia nigra showed considerable cell loss, loss of 
pigmentation, numerous Lewy bodies, and gliosis pathognomic of Parkinson's 
disease in every case. Counts of neurofibrillary tangles and neuritic plaques were 
performed as described for the SDAT cases and yielded indices slightly higher 
than in the age-matched control and non-demented Parkinson's cases for the 
demented Parkinson's patients. The last available mini-mental status test scores 
were 22 to 26 for the non-demented Parkinson's disease group and 11 to 16 for 
the demented patients. 

Fixation and immunocytochemistry 

The protocols used for fixation of the studied brainstems and immunocyto
chemistry were described in detail in preceeding papers (Chan-Palay and Asan, 
1989 a, b; Chan-Palay et al., 1990). 

Computer-assisted quantitative morphological ana(yses 

The computer system and the recording procedures used have been described 
in detail (Chan-Palay and Asan, 1989a, b). Briefly, the immunocytochemically 
stained serial brainstem sections were reassembled in the correct anatomical 
order, and the LC outline in the coronal plane, its rostral and caudal borders were 
determined, and its rostrocaudal length on both sides of the brainstem was 
calculated. For the computer-assisted measurements of morphological parame
ters of TH-immunoreactive LC neurons, and for the mapping and counting of 
neurons and the three dimensional reconstruction procedure for the analysis of 
neuron distribution in the LC an IBM-AT-mouse based user-interactive image 
analysis system with the Cellmate program (Bioquant, Tenn.) was used. Outlines 
of individual cell somata and dendritic arbors were recorded for calculations of 
soma areas and dendritic arbor length. Plots of these recordings served to 
illustrate alterations in individual neuron morphology. To ensure comparability 
all quantitative measurements of neuronal parameters were carried out on im
munoreactive neurons stained with the PAP-method. Cell counts were per
formed on all reassembled sections of one TH-immunoreacted series of sections 
by cursor-marking the localization of whole cell bodies using different symbols 
signifying different morphological classes of cells (see below) in all focus levels 
throughout the entire extent of the LCs of both sides of the brainstem. TH-im
munoreactive cells of the locus subcoeruleus and the pars cerebellaris loci 
coerulei were recorded but not counted. Neuron numbers on partially damaged 
sections were approximated either from the numbers counted on immediately 
adjacent TH-immunoreacted sections or from those counted in the contralateral 
LC of the same section and the ipsilateral LCs of the preceeding and following 
sections of the same series. Total neuron numbers were calculated by the com
puter for the entire LCs and, by their differing recording symbols, differentiated 
according to the four neuron classes: Large multipolar (LM), large "bipolar" 
(LB), small multipolar (SM) and small "bipolar" (SB) neurons. The recordings 
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of the reassembled sections were then aligned to match as closely as possible the 
situation in the intact brains, and an image of the three dimensional distribution 
of the neurons was created by the computer. 

Results 

Identification of NE-producing neurons is done by immunocyto
chemical demonstration of two NE biosynthetic enzymes, tyrosine hy
droxylase (TH) and DBH, and immunoreactions are visualized by the 
peroxidase-antiperoxidase (PAP) and immunogold-silver-staining (IGSS) 
methods. It is demonstrated that the reactions with antisera against TH 
and DBH yield equivalent results and that both immunocytochemical 
visualization methods allow detailed analysis of neuronal morphology. 
The neurons of the human LC fall into four distinct classes: large 
multipolar neurons with round or multiangular somata (LM), large 
elliptical "bipolar" neurons (LB), small multipolar neurons with round 
or multiangular somata (SM) and small ovoid "bipolar" (SB) neurons. 
Though most of the neurons contain neuromelanin pigment, some of 
the neurons of the larger type lack pigmentation. Dendritic arborization 
in all neuron types is extensive and computer-assisted quantitative mea
surements of the neuronal structure parameters soma size, dendritic 
arbor length, surface area and volume are given. Comparison of neu
ronal morphology in different age groups shows that even though the 
soma areas of LC neurons of all four classes are decreased in older 
normal adult brain, the dendritic arborization is equally extensive. De
tailed mapping of the immunoreactive neurons and computer-assisted 
three dimensional reconstruction of the LCs are used to analyze the 
morphology of the nucleus as a whole. According to cellular distribution 
patterns, the LC is divided into rostral, middle and caudal parts with 
neurons scattered over a large area rostrally, tightly clustered in the 
middle and very densely packed in the caudal part. Small neurons pre
dominate in all parts, but the relative contribution of larger cells decreas
es in a rostra-caudal direction. Small bipolar neurons are the most 
frequent cells of the caudal part and display distinct dorsomedial-ventro
lateral orientation. These general morphological characteristics are the 
same in all age groups, but cell density in rostral and middle parts is 
decreased in old age, while the relative frequency of large cells is in
creased especially in the rostral LC. No age-dependent decrease in nucle
ar length is observed. Assessment of neuron numbers documents a cell 
loss of 27% to 55% in older adult brains. Cell loss is topographically 
arranged, being highest in the rostral part, lower in the middle and 
virtually absent in the caudal part. Quantitative assessment of the distri
bution of the different morphological neuron classes confirms the obser-
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Table 1. 

Case Age Sex Neuron number x 103 

Control 79 m 47.5 
Control 78 f 40.9 

SDAT (mild) 78 m 34.0 
SDAT (severe) 74 f 18.8 
SDAT (severe) 77 f 5.7 

p 76 f 31.1 
P+D 83 f 23.3 
P + D/L-dopa non-responsive 79 m 2.5 

vations mentioned above, suggesting that especially in the rostral part of 
the LCs of older adult brains loss of smaller cells is comparatively higher 
than of larger cells. The computer-generated three dimensional recon
struction provides the possibility of visualizing LC shape and cell distri
bution closely approximating the situation in the intact brain and facil
itates the detection of morphological differences of the LCs in individual 
brains (see Fig. 1 a-f). After the studies of the controls, a detailed qual
itative and quantitative investigation of the morphology and distribu
tion of the NE neurons in the human locus coeruleus in two classes of 
neurodegenerative disorders involving dementia, the senile dementia of 
the Alzheimer's type (SDAT) and Parkinson's disease (PD) is undertak
en. In SDAT, the four basic LC neuron classes found in the normal 
human brain are recognizable in the remaining cells, but the cell somata 
are generally larger, the cell bodies are swollen and misshapen, and the 
dendrites are forshortened and thick and less branched than in neurons 
of control LCs. Quantitative analysis confirms the qualitative observa
tions. The reduction of absolute numbers of LC- NE neurons in 
paradigm cases of SDAT and PD as compared to controls are shown in 
Table 1. 

Fig. 1. Three dimensional computer reconstruction of the LC of a younger control case, 
55 yr, (a); an older control case, 78 yr, case (b); a case of mild SDAT with comparatively 
little cell loss, 78 yr, case (c); a severe SDAT case with extreme cell loss, 77 yr, case (d); 
a PD case without dementia, 76 yr, case (e); and a PD case with dementia, L-dopa 
non-responsive, 82 yr, case (f). The reconstruction is viewed from dorsal, shifted in a 25° 
angle from the plane of the figure. R =right, L =left LC. The outline of the fourth 
ventricle is drawn on every fourth section, and each TH-immunoreactive neuron on all the 
recorded sections is marked by a dot. Note the cell loss which occurs mainly in the rostral 
part of the older control case (b) as compared to the younger control case (a). Note also 
the high neuronal loss present predominantly in the rostral and middle parts in both SDAT 
cases (c) and (d). In the PD case with dementiajL-dopa non-responsive (f) cell loss is 

present throughout the nucleus 
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A reduction of total neuron numbers of the LC of between 3.5% and 
87.5% as compared to age-matched controls is found in SDAT. This 
neuron loss is topographically arranged: in the rostral part of the LC, the 
reduction is greatest, being more than 28% in the case least affected in 
this part, and 97% in the case most severely affected. The middle part 
is less, and the caudal part least affected by cell loss in all cases. The 
average rostrocaudal nuclear length in SDAT cases is reduced as com
pared to controls (13 mm and 14.9 mm respectively). In PD cases, the 
neuronal morphology is generally more severely altered than in SDAT 
cases. The four neuron classes are hardly distinguishable, the cell bodies 
are swollen, and frequently contain Lewy bodies. The dendrites are short 
and thin, and arborizations are reduced or virtually absent. In the neu
ropil surrounding the remaining neurons cell remnants and masses of 
extraneuronal pigment are found. The neuron loss is more severe than 
in SDAT (26.4% ~ 94.4% ). While cell reduction varies within each 
group, a difference in the topographical arrangement of cell loss can be 
recognized between P + D and P + D /L-dopa non-responsive: in P + D 
the rostral part is predominantly affected, while in P + D /L-dopa non-re
sponsive the neuron loss is equally great or greater in the middle and 
caudal part. The average rostrocaudal length in PD cases is less than in 
SDAT and the controls (12.4 mm). 
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Summary 

The activities of tyrosine hydroxylase (TH), tryptophan hydroxylase (TPH), 
and the concentrations of biopterin (BP) and neopterin (NP) were examined in 
postmortem brains from histologically verified patients of senile dementia of 
Alzheimer type (SDAT). The results suggest that the reductions in TH, TPH, 
and BP may be related to the reduction in monoamine neurotransmitters, due to 
destruction of monoaminergic neurons in SDAT, and may be an event indepen
dent of the cholinergic dysfunction. Serum BP levels were also significantly 
reduced in patients with SDAT 

Introduction 

A marked loss of presynaptic cholinergic indices in the cerebral 
cortex and limbic structures is known to be the main neurochemical 
event in senile dementia of Alzheimer type (SDAT) (Bowen et al., 1976; 
Davies and Maloney, 1976; Perry et al., 1977; Rossor et al., 1982b). In 
parallel with these chemical changes, cholinergic neurons situated in 
basal forebrain and projecting to cerebral cortex and limbic structures 
were found to be degenerated in SDAT (Whitehouse et al., 1981; Rossor 
et al., 1982 a; Candy et al., 1983; Henke and Lang, 1983). 

On the other hand abnormalities of the metabolism of noradrenaline, 
dopamine, and serotonin (Adolfsson et al., 1979; Cross et al., 1981, 1983; 
Arai et al., 1984) as well as neuropathological abnormalities in the brain-
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stem monoamine-containing nuclei (Hirano and Zimmerman, 1962; 
Ishii, 1966; Forno, 1978; Bondareff et al., 1981; Mann and Yates, 1983) 
had also been demonstrated. 

The cholinergic hypofunction in SDAT could cause reduction in 
monoamines. However, the reductions in monoamines in SDAT are not 
necessarily linked to the well-established cholinergic hypofunction, but 
instead might be an independent event that is related to reductions in 
monoamine-synthesizing enzymes associated with monoamines, due to 
destruction of monoaminergic neurons. However, there have been only 
few reports on the monoamine-synthesizing enzymes in SDAT except 
for dopamine /3-hydroxylase (Cross et al., 1981). 

We have examined tyrosine hydroxylase (TH), tryptophan hydroxy
lase (TPH), and their biopterin (BP) cofactor in the brains of normal 
controls and patients with SDAT in comparison with monoamines and 
their metabolites (Sawada et al., 1987). TH (Nagatsu et al., 1964) and 
TPH (Lovenberg et al., 1976; Ichiyama et al., 1970; Friedman et al., 
1972) are the rate-limiting monooxygenases for the biosynthesis of cate
cholamines and serotonin and require a tetrahydropterin as a cofactor. 
L-erythro-tetrahydrobiopterin (BPH4 ) is the naturally occurring cofactor 
forTH (Brenneman and Kaufman, 1964) and TPH (Lovenberg et al., 
1967). BPH4 is synthesized from GTP via n-erythro-7,8-dihydroneopterin 
triphosphate. BPH4 can be measured as total L-erythro-biopterin (BP) 
after oxidation and D-erythro-7 ,8-dihydro-neopterin triphosphate as total 
n-erythro-neopterin (NP) after oxidation and subsequent phosphatase 
treatment (Nagatsu et al., 1981, 1984). 

Materials and methods 

Cases 

Human brains were obtained postmortem from patients of SDAT, who are 
diagnosed clinically (Arai et al., 1983) and histologically, and from eight age
matched control subjects without any history of neurological and psychiatric 
diseases. Mean values of age of death (years), and postmortem intervals (hours) 
of SDAT patients and controls were: 73.5 and 67.8, and 7.3 and 9.2, respectively. 
In the postmortem brains of SDAT patients, neuronal loss, Alzheimer's neu
rofibrillary tangles, and senile plaques were observed in the cerebral cortex, 
subcortical nuclei, and lower brainstem, and therefore the diseases were histolog
ically diagnosed as advanced stages. 

No SDAT patients had been given neuroleptics for at least the last 8 months 
before death with the exception of one patient who had been given sulpiride 
(100 mgjday) up to 3 days prior to death. Another SDAT patient had been given 
benzodiazepine (estazolam) (2 mgjday). None of the patients had received an
tidepressants or opiates. 
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Fresh brains were divided midsagittally; one half of each brain was stored at 
-70 oc in a sealed bag for biochemical assays and the other half was fixed in 
formalin for neuropathological examination. Brain dissection was performed 
using a micro-punching technique (Arai et a!., 1984). 

TH activity was assayed by the method of Nagatsu eta!. (1979) using HPLC 
with electrochemical detection: TPH activity was assayed by the method of 
Sawada eta!. (1985) using HPLC-fluorometric detection. Total L-erythro-BP 
derived from L-erythro-BPH4 (Nagatsu eta!., 1981) and total D-erythro-NP from 
n-erythro-7,8-dihydro-NP triphosphate (Nagatsu eta!., 1984) were determined by 
specific radio immunoassays. Protein was assayed by the method of Bradford 
(1976). 

Total BP and total NP concentrations were also examined in sera from 30 
controls and 9 SDAT patients, shown in Table 2. TH and TPH are not present 
in serum, but BP and NP are present in serum. 

Table 1. Correlation coefficients between tyrosine hydroxylase (TH), tryp
tophan hydroxylase (TPH), total biopterin (BP), biogenic amines, and their 

metabolites 

DA 

HVA 

5HIAA 

TH 

0.85 c 

(Pallidum ext. segm.) 

0.84 c 

(Pallidum ext. segm.) 

TPH 

0.72 a 

(Subs. nigra) 

Significance: a p < 0.05, b p < 0.01, c p < 0.001 

BP 

0.77 a 

(Subs. nigra) 
0.69 a 

(Hippocampus) 

0.62 a 

(Pallidum ext. segm.) 
0.76 b 

(Hippocampus) 

DA dopamine; HVA homovanillic acid; 5HIAA 5-hydroxyindoleacetic acid. 

Table 2. Total biopterin (BP) and total neopterin (NP) in sera from controls and 
SDAT patients 

Controls 
SDAT 

Age 

73 ± 8 (62-84) 
73±15 (62-95) 

N 

30 
9 

BP NP 

(pmoljml serum) 

12.7±3.8 
8.4±3.2 a 

43.6± 14.4 
39.1±14.9 

Mean± SD. Significantly different from controls, a p < 0.05. 

NPjBP 
ratio 

3.41 ±0.80 
5.15±2.32 a 
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Noradrenaline (NA), dopamine (DA), serotonin (SHT), homovanillic acid 
(HVA) and 5-hydroxyindoleacetic acid (SHIAA) were determined by HPLC with 
electrochemical detection (Arai et al., 1984). 

Results and discussion 

In various brain regions, significant correlation was observed be
tween TH and BP, and between TPH and BP. However no significant 
correlation was observed between BP and NP. T he results suggest some 
unknown roles of NP in the human brain besides the role as a precursor 
ofBP. Table 1 shows the brain regions with high correlation coefficients 
between TH and dopamine or homovanillic acid, between TPH and 
5-hydroxyindoleacetic acid, and between BP and homovanillic acid or 
5-hydroxyindoleacetic acid. 

Distribution of T H , TPH, BP, and NP in control brains, and the 
mean values (percent of control) in brains of SDAT patients are shown 
in Figs. 1-4. 

TH activity (Fig. 1) was high in the substantia nigra, caudate nucleus, 
putamen, substantia innominata, and nucleus accumbens. High TPH 
acitvity (Fig. 2) was found in the raphe nucleus. The BP concentration 
(Fig. 3) was high in the caudate nucleus, whereas the NP concentration 
(Fig. 4) was high in the locus coeruleus, thalamus, and putamen. 

TH activities (Fig. 1) in 12 regions of the brain from SDAT patients 
were lower than those of the control brains, but the difference was 

Normal controls Brain reg ion 
(pmol/min/mg protein) 

0.5 ±. 0 .3 (9) Hippocampus 
1 . 6 .±. 0.5 (8) Amygdala 

39 .5 ±. 7.5 (6) Sub.innominata 
32.9 ±. 9.0 (9) Nuc.accumbens 
Jll.8 ±. 12 .0 (9) Caudate 
40 .1 ±. 10 .7 (9) Putamen 
1 0 .0 .±. 2.2 (9) Globus pall.med. 
11 . 1 ±. 2.6 (9) Globus pall.lat. 

8 .3 ± 3 .5 (6) Hypothalamus 
0.06 ±. 0.03 ( 9) Thalamus med.nuc. 
1 . 1 7 ±. 0.46 (9) Thalamus lat.nuc. 

39 .4 ±. 5.4 (6) Locus coeruleus 
4 . 5 ± 3 .4 (7) Raphe nucleus 

46.4 ± 10 . 5 (8) Substantia nigra 
0 

SDAT patients (% control) 
TH 

420 :!: 100 // 
}--t 

~ I 
f--< 

J-' 
}---< 

:t-:_ I 
_t----< I ]! • I 

100 

Fig. 1. Distribution of tyrosine hyd roxylase (TH) in the brains of normal controls and the 
mean values of TH in the brains from patients with SDAT. Columns and bars represent 

mean ± SEM as percent of the mean control values for each region. * p < 0.05 

200 
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Fig. 2. Distribution of tryptophan hydroxylase (TPH) in the brains of normal controls 
and the mean values of TPH in the brains from patients with SDAT. Columns and bars 
represent mean± SEM as percent of the mean control values for each region. * p < 0.05 

significant only in the substantia nigra. The SDAT values were higher 
in the hippocampus and putamen than those of controls, but the differ
ence was not significant. 

TPH activities (Fig. 2) in 11 regions of the brains from SDAT pa
tients were lower than those of controls, and the values were significant
ly low in the globus pallidus lateral segment, locus coeruleus, and sub
stantia nigra, and in the hippocampus, substantia innominata, and hypo
thalamus, the SDAT values were higher than those of controls, but the 
differences were not significant. 

BP levels (Fig. 3) were reduced significantly in the substantia nigra 
and putamen from SDAT patients, but NP contents (Fig. 4) in various 
brain regions from SDAT patients did not change significantly. 

More significant reduction of TPH than TH supports the previous 
reports which showed the reduction of serotonin and 5-hydroxyin
doleacetic acid (Cross et al., 1983; Arai et al., 1984), and suggests that the 
serotonergic system might be more widely affected than catecholaminer
gic systems in SDAT. 

In the locus coeruleus BP content decreased significantly, and this 
may be related to the noradrenergic deficits in the brains of SDAT (Arai 
et al., 1984). 

It is noteworthy that the decreases of TH, TPH, and BP were ob
served in the substantia nigra. 

TH and TPH are not present in serum, but BP and NP are present 
in serum. Thus, serum BP and NP concentrations were measured in 
normal controls and patients with SDAT. As shown in Table 2, a signif
icant reduction was observed only in serum BP, and therefore, the 
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Normal controls 
(pmol/mg protein) 

0.42 ±. 0.13 
1.04 ±. 0 . 26 
9.21 ±. 0.77 

21.5 ±. 3.1 
7.29 ±. 0.72 

10.2 ±. 1.3 
4.90 ±. 1.16 
2.70 ±. 0.54 
4. 71 ±. 0.61 
5.13 .±. 0.49 
3.95 .±. 1 . 74 
8.19 
8.18 ±. 0.73 

T. Nagatsu et al. 

Brain region 

(9) Hippocampus 
(8) Amygdala 
(8) Nuc.accumbens 
(9) Caudate 
(9) Putamen 
(9) Globus pall.med. 
(9) Globus pall.lat. 
(6) Hypothalamus 
(9) Thalamus med.nuc. 
(9) Thalamus lat.nuc. 
(6) Locus coeruleus 
(2) Raphe nucleus 
(8) Substantia nigra 

SDAT patients (% control) 
BP 

200 

Fig. 3. Distribution ofbiopterin (BP) in the brains of normal controls and the mean values 
of BP in the brains from patients with SDAT. Columns and bars represent mean± SEM 

as percent of the mean control values for each region. * p < 0.05 

Normal controls Brain region SDAT patients (% control) 
(pmol/mg protein) NP 

1. 20 ±. 0.28 (9) Hippocampus 
1. 76 .±. 0.31 (5) Amygdala 
1 .66 ±. 0 .36 (9) Nuc.accumbens 
2.55 ±. 0.45 (9) Caudate 
5.25 ±. 1 .20 (9) Putamen 
2. 21 ±. 0.56 (9) Globus pall.med. 
4.1 8 ±. 0.86 (6) Globus pall.lat. 
1 .1 3 ±. 0.40 (6) Hypothalamus 
5.18 ±. 1.53 (9) Thalamus med.nuc. 
6.20 ±. 1 .85 (9) Thalamus lat.nuc. 
9.49 ±. 2.31 (6) Locus coeruleus 
0.98 (2) Raphe nucleus 
3.25 ±. 0.82 (8) Substantia nigra 

•oo ?co 

Fig. 4. Distribution of neopterin (NP) in the brains of normal controls and the mean 
values of NP in the brains from patients with SDAT. Columns and bars represent 

mean± SEM as percent of the mean control values for each region 

NP(BP ratio was significantly increased in patients with SDAT. The 
results suggest that BP synthesis from GTP may also be impaired not 
only in the brain but also in peripheral tissues in patients with SDAT. 

The results on the reduction of TH, TPH and BP in SDAT patients 
suggest that the reduction in monoamines in SDAT may be an event 
independent of the cholinergic dysfunction and may be related to reduc
tion in monoamine-synthesizing enzymes, due to destruction of 
monoaminergic neurons. 
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Summary 

Based on the assumption that the impairment of cognitive functions in 
normal ageing, depression in the elderly, Morbus Parkinson or Morbus Alz
heimer reflects the gradually different injury of the signal propagation in circum
scribed neuronal systems due to degenerative and functional deficiencies, it is 
proposed to strengthen the signalling function of the remaining intact neurons 
in neurodegenerative disorders via manipulation of the intraneuronal availability 
of second messengers. This is illustrated for the noradrenergic system where the 
therapeutic usefulness of selective neuronal cyclic AMP phosphodiesterase in
hibitors like rolipram or denbufylline appears particularly promising. 

Introduction 

The main functional changes of the central nervous system in ad
vanced age are affective disorders and impaired intellectual performance. 
Thus, the incidence of cognitive impairment in connection with mood 
disturbances is most frequently observed in normal ageing, depression 
in the elderly as well as neurodegenerative disorders like Morbus 
Alzheimer and Parkinson's disease. A constant finding in these condi
tions is, beside the well known decline in cholinergic neurons in 
Alzheimer's or dopaminergic cells in Parkinson's disease, the degenera
tion of noradrenaline (NA) neurons in the locus coeruleus (LC) (Brody, 
1976; Mann and Yates, 1979; Yijayashankar and Brody, 1979; Wree et a!., 
1980; Tomlinson eta!., 1981; Mann eta!., 1984; Bondareff and Moul'lt
joy, 1986; Chan-Palay, 1989). In the present paper the central NA neuro
transmission is taken as an example to demonstrate the pre- and postsy-
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naptic deficits of signal propagation in age-associated and neurodegener
ative impairment of cognitive function and to show up the rationale for 
treatment strategies aimed at the manipulation of the transmission pro
cess bryond the first messengers. 

Physiological aspects 

In the mammalian brain the NA innervation of many subcortical and 
cortical structure involved in the regulation of affect and cognition has 
its origin in the LC of the brain stem (Lindvall and Bjorklund, 1983; 
Levitt et al., 1984; Moore and Card, 1984). The functional significance 
of the NA system of the LC has been described in numerous reviews; 
according to Olpe et al. (1985) the functions of the LC can be subdivided 
into a vegetative-emotional and a cognitive sphere. The former compris
es the regulation of affects, the latter comprises the regulation of arousal, 
vigilance and attention which are important for information processing 
and memory. 

Pathophysiological aspects 

Morphological findings 

A progressive loss of NA neurons of the LC takes place in the human 
brain in the course of normal ageing (Brody, 1976; Mann and Yates, 
1979; Yijayashankar and Brody, 1979; Wree et al., 1980; Tomlinson 
et al., 1981; Bondareff and Mountjoy, 1986) and, more marked, in 
Alzheimer's disease (Tomlinson et al., 1981; Mann et al., 1984) and Mor
bus Parkinson (Chan-Palay, 1989). 

Biochemical findings 

In accordance with the loss of LC neurons, reduced NA levels 
(Robinson, 1975; Adolfsson et al., 1979; Gottfries, 1980; Pradhan, 1980) 
and reduced activity of catecholamine synthesing enzymes (McGeer, 
1978) are found in human cerebral tissue in the course of normal aging, 
in Alzheimer's disease (Adolfsson et al., 1979; Perry et al., 1981; Iversen 
et al., 1983) and in Parkinson's disease (Riederer et al., 1977). Studies on 
peripheral human tissue suggest that there is a reduction in /)-receptor 
mediated adenylate cyclase (AC) activation with reduced cAMP accumu
lation in old age and in patients with Alzheimer's disease (Ebstein et al., 
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1986). Recently a marked decrease of AC activity has been shown in the 
hippocampus of patients with Morbus Alzheimer (Lemmer et al., 1989). 

Electrophysiological findings 

In senile animals a dramatic decrease was found in the spontaneous 
discharge frequency of LC neurons, with a shift towards slow frequen
cies as compared to juvenile animals (Olpe and Steinmann, 1982). Since 
the reduction in the average discharge rate of these neurons is pre
sumably accompanied by diminished release of NA, these findings sug
gest a presynaptic reduction in NA turnover in old age. In addition, in 
senile animals a reduced responsiveness to NA administered by ion
tophoresis was found postsynaptically at neurons of the cortex (]ones 
and Olpe, 1983) and at pyramidal cells of the hippocampus (Bickford
Wimer et al., 1988). It was demonstrated both for the pyramidal cells of 
the hippocampus and for the NA-sensitive neurons of the cortex that the 
NA affect is mediated via cAMP as second messenger (Madison and 
Nicoll, 1986). 

Pharmacological aspects 

On the basis of the findings described so far, the pathophysiological 
changes in noradrenergic neurotransmission in age-associated and neu
rodegenerative disorders are characterised by (a) a quantitative aspect 
(loss of NA neurons of the LC) and (b) a qualitative aspect (functional 
alterations of NA signal propagation). The functional changes affect 
both the presynaptic component of noradrenergic transmission (decrease 
in the discharge frequence of the remaining LC neurons with reduction 
of NA turnover) and also the postsynaptic component (decreased respon
siveness of the effector cell to the first messenger NA and, in addition, 
diminished formation of the second messenger cAMP due to reduced 
AC activity). 

This combination of morphological and functional pre- and postsy
naptic deficits is thought to result in a marked impairment of the func
tion of cortical and limbic projection areas of the LC which are involved 
in the regulation of cognition and mood. In view of the diminished 
responsiveness of the effector cells to NA a therapeutic effect of NA 
agonists seems unlikely. Therefore, pharmacological manipulations 
should aim at improving the deficient response of the effector cell via 
mechanisms located beyond the first messenger receptors to increase the 
availability of the second messenger cAMP for an appropriate physio-
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logical response (Fig. 1 ). Conceivable approaches are direct activation of 
the catalytic subunit of AC, e.g. by forskolin, to increase the formation 
of cAMP, or selective inhibition of neuronal cAMP phosphodiesterase 
(PDE), e.g. by rolipram, to prevent cAMP degradation. In addition to 
prevention of cAMP catabolism (Wachtel, 1982), rolipram increases the 
discharge frequency of LC neurons (Scuvee-Moreau et al., 1987), in
creases NA turnover in the CNS (Kehr et al., 1985) and stereoselectively 
binds with high affinity to a cAMP PDE isoenzyme predominantly 
located in hippocampal and cortical areas (Schneider et al., 1986). 
Rolipram and a stable analogue of cAMP have previously been shown 
to exert antiamnestic effects in animals (Chute et al., 1981; Randt et al., 
1982), indicating the usefulness of this approach for the treatment of 
age-associated and neurodegenerative impairment of cognitive function. 
Finally, the lack of anticholinergic effects (Ross et al., 1988; Wachtel 
et al., 1988) and the clinically established antidepressant activity of 
rolipram (Borowski and Sastre-y-Hernandez, 1985; Bohon et al., 1988) 
might be useful additional properties for the management of affective 
disturbances accompanying cognitive impairment. 

Fig. 1. Effect of rolipram on neurotransmission in neurodegenerative disorders. Schematic repre
sentation of the defects in noradrenergic synaptic neurotransmission in ageing and neuro
degenerative disorders and the influence thereon of selective inhibitors of neuronal cAMP 
phosphodiesterase (PDE), e.g. rolipram. Under normal conditions tyrosine is taken up by 
neurones of the locus coeruleus (LC) which synthesise noradrenaline (NA) via DOPA and 
dopamine; hydroxylation of tyrosine via tyrosine hydroxylase (TH), an enzyme activated 
by cAMP-dependent protein kinase, is the rate-limiting step. Depolarisation of the LC 
neurone releases NA into the synaptic cleft. Activation by NA of postsynaptic P-receptors 
(fl) is transduced via regulatory subunits (ots, fl, y) to stimulate the catalytic subunit (C) of 
adenylate cyclase (AC), which forms cAMP from ATP. Part of the cAMP activates 
cAMP-dependent protein kinases which regulate the cellular response of the effector cell. 
Conversion of cAMP to 5'-AMP by PDE is the only known enzymatic mechanism for 
terminating the action of cAMP; thus PDE plays a crucial role in determining the intensity 
and duration of the physiological response to the intracellular signal. Defects in signal 
transmission in ageing and neurodegenerative disorders comprise a presynaptic component with 
(a) loss of LC neurons, (b) decreased firing rate of the remaining neurons, (c) decreased 
NA release and a postsynaptic component with (a) reduced dendritic arborisation, (b) 
decreased NA receptor responsiveness, (c) decreased AC activity, (d) decreased cAMP 
formation and (e) diminished effector cell response. Defective signal transmission is re
stored by enhancement of intraneuronal cAMP availability by selective inhibition of cAMP 
PDE, e.g. by rolipram: postsynaptically via prolongation of the second messenger stimulus 
in the effector cell and presynaptically via (a) increased NA synthesis by cAMP-dependent 
activation of TH, (b) increased firing rate of LC neurons and (c) increased NA release 
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Summary 

Drug development for Alzheimer's disease has so far had little success, 
possibly due to failure to correct abnormalities of neurones other than the 
corticopetal. Most enquiries indicate that cortical inhibitory neurotransmitters 
are neither selectively nor critically affected. It is highly probable that shrinkage 
or loss of corticocortical association fibres occurs. This change appears to be 
circumscribed, clinically relevant and to involve neurotransmitter glutamate. 
Modulatory domains of the N-methyl-D-aspartate receptor complex are identi
fied as sites at which potential therapeutic agents might be safely directed. 

Introduction 

Cortical pyramidal neurones were implicated in Alzheimer's original 
report and an apparently early change was reported by the late Saul 
Korey as "a decrease in the glutamic acid group" (Korey et al., 1961) in 
a brain biop{J study of Alzheimer's disease (AD). Another pioneer 
(Corsellis, 1962), on the basis of the widespread histopathology in autop{J 
samples, concluded: "Obviously, therefore, if treatment is to be effective 
it must be started before the rot sets in" (Corsellis, 1979). While AD is 
a progressive disorder, this is rarely acknowledged in the interpretation 
of postmortem biochemical studies, leading some to the pessimistic 
conclusion that a successful neurotransmitter therapy will not evolve. 
The disease is often approached optimistically as a genetic trait that is 
potentially identifiable, treatable and preventable yet recent research fails 
to establish linkage to chromosome 21 for late onset families. It is 
possible that an understanding of the early onset familial AD defect at 
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the molecular level could eventually help identify the biochemical seque
lae involved in production of common (sporadic) AD, hence leading to 
treatment. The discovery of the corticopetal cholinergic abnormality 
suggested the basis for a rational pharmacological treatment, although 
development has so far had little success. This may be due to failure to 
correct abnormalities of neurones other than the corticopetal rather than 
the lack of a suitable centrally-acting cholinomimetic drug. It is argued 
herein that restoration of function of a second critical neurotransmitter 
system may be an achieveable goal. The early biochemical finding of 
reduced cerebrospinal fluid homovanillic acid content may now be inter
preted in terms of loss or dysfunction of corticofugal projections (as 
reviewed Procter et al., 1988). The discovery of the cholinergic nature 
of the nucleus basalis of Meynert suggested that cortical perikaryal 
pathology in AD involves glutamatergic neurones (Bowen et al., 1983). 

Degeneration of corticocortical association fibres 

This may be clinically relevant, from results of a number of histolog
ical and positron emission topographical (PET) enquiries. Firstly, de
generation of these fibres in AD is indicated by the distribution of 
neurofibrillary tangles and senile plaques and loss of columns of pyrami
dal neurones, based on a shorter cortical ribbon (as reviewed, Procter et 
al., 1988, 1989 a). Secondly, loss of neurones giving rise to association 
fibres appears to occur relatively early in the disease as pyramidal cell 
counts (corrected for any cortical thinning) are reduced in cortical layer 
III of biopsy tissue from the temporal lobe (Neary et al., 1986). Thirdly, 
shrinkage and loss of pyramidal neurones from the temporal and parietal 
lobes may be the major cause of cerebral atropy in AD. These regions 
show apparent glucose hypometabolism by PET; measurements by this 
technique are sensitive to atrophy and hypometabolism is not seen in 
vitro; the scanning results may therefore actually index, in part, the early 
shrinkage or loss of pyramidal cells giving rise to corticocortical associ
ation fibres. This change seems to be clinically relevant because neu
ropsychological test scores significantly correlate with both scanning 
data (as reviewed, Procter et al., 1989) and pyramidal cell counts in layer 
III (Neary et al., 1986). It is highly probable, therefore, that in AD 
shrinkage or loss of association fibres occurs from circumscribed areas, 
mainly the temporal and parietal lobes. Moreover, this change appears 
to be clinically relevant. 
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Review of methods and results 

Excitatory dicarboxylic amino acids ( EDAAs) are probab(y neurotransmitters 
of pyramidal neurones forming corticocortical association fibres 

Although quantitative electron microscopic data indicate that pyra
midal cells constitute the most abundant neuronal type in the mam
malian neocortex, the neurotransmitter(s) associated with this cell type 
has not been established unequivocally. Major candidates are EDAAs, 
principally L-aspartate and L-glutamate. There is a variety of evidence 
for this, largely from studies of the corticostriatal pathway. Firstly, 
selective retrograde labelling of cortical pyramidal neurones has been 
demonstrated following injection of D-[3H]-aspartate (a non-metaboliz
able 'false' neurotransmitter) into rat neostriatum. Secondly, the neo
striatum responds to electrophysiological stimulation of the cortex and 
this 'signal' can be mimicked by application of EDAAs to the neostria
tum and blocked by EDAA antagonists. Thirdly, a large number of both 
in vitro and in vivo studies have shown reduced EDAA neurotransmit
ter function in the neostriatum following ablation or undercutting of the 
frontal cortex. Finally, although assessment of EDAA neurotransmitter 
function in response to stimulation of the cortex has been problematical, 
increased extracellular concentrations of radiolabelled glutamate and 
endogenous glutamate and aspartate in the neostriatum has been shown 
to be evoked by both electrical and chemical stimulation of the cortex 
(as reviewed, Palmer et al., 1989). This is supported by immunochemical 
localization to pyramidal neurones in layer V of phosphate activated 
glutaminase, albeit one of several enzymes which catalyze glutamate 
synthesis, and of glutamate itself (see Akiyama et al., 1989). The possi
bility of corticocortical glutamatergic pathways is particularly difficult to 
establish, in part as a technique has not been developed for destroying 
pyramidal neurones selectively in the cerebral cortex of experimental 
animals. Human as well as rat cerebral cortex has a high-affinity uptake 
system for D-[3H]-aspartate and shows Ca2 +-dependent, K +-stimulated 
release of aspartate and glutamate (see Peinado and Mora, 1986; Procter 
et al., 1988). These glutamatergic terminals could be thalamocortical 
projections (Peinado and Mora, 1986), the other major source of excita
tory cortical fibres. Thalamic pathology in AD is less prominent than 
cortical changes (e.g., Najlerahim and Bowen, 1988). D-[3H]-aspartate 
uptake is reduced by 50 percent in temporal cortex from promptly 
performed autopsies of AD patients, using a technique designed to 
minimise influences of artifacts and epiphenomena (Procter et al., 1988). 
It is highly probable, therefore, that a large proportion of the gluta
matergic terminals in the cerebral cortex are of corticocortical fibres. 
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Glutamate content of the grey matter from biopsy samples of AD 
patients is also reduced (Procter et al., 1988) and the value for individual 
subjects relates to pyramidal neurone density in layer III (Lowe and 
Bowen, 1990). The most straightforward explanation is that loss of 
corticocortical association fibres has had a major influence on the gluta
mate content of these samples. These results provide new evidence that 
an EDAA, probably L-glutamate, is the principal neurotransmitter of 
corticocortical association fibres. 

EDAA neurotransmission and magnitude of dementia 

No study has so far been reported that seeks to directly relate an index 
of glutamatergic neurotransmission to the magnitude of dementia. 
There is, however, evidence that EDAA neurotransmitter dysfunction 
relates to memory and behavioural disturbance. Firstly, such dysfunc
tion may be prominent in critical structures, the hippocampus (Hyman 
et al., 1987) and amygdala (Francis et al., 1987). Secondly, the histolog
ical and PET enquiries, loss of tissue glutamate and reduced D-aspartate 
uptake in AD, suggest that in AD degeneration occurs of a proportion 
of glutamatergic corticocortical neurones and that this is clinically rele
vant. Thirdly, the presence in the cortex of pyramidal cells with synaptic 
targets of other pyramidal neurones and the abundance of both cortical 
L-glutamate binding sites and pyramidal cells suggests that EDAA neu
rotransmission is critical for sustaining the activity of corticocortical 
neurones (as reviewed Peinado and Mora, 1986; Procter et al., 1988). 
Finally, the primary agonist site of the N-methyl-D-aspartate (NMDA) 
receptor complex is the best characterized binding site for L-glutamate 
and animal studies implicate the complex in memory and behaviour (i.e., 
experience-dependent changes in kittens visual cortex, initiation of long
term potentiation, acquisition of place learning in rodents and storage of 
information during learning in chicks; as reviewed, McCabe and Horn, 
1988). 

Preserved inhibitory cortical neurotransmitters 

The majority of cortical interneurones stain with antisera against 
gamma-aminobutyric acid (GABA) or its biosynthetic enzyme glutamic 
acid decarboxylase (GAD). Thus, GABA constitutes a major inhibitory 
transmitter system in the cortex, accounting for as many as 30 percent 
of all neurones. Assessment postmortem has been complicated by artefact 
and epiphenomena. Large reductions in cortical GAD activity determined 
postmortem in AD were originally published alongside some of the first 
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reports of diminished choline acetyltransferase activity. However, de
tailed studies carried out then, of brain tissue obtained from diagnostic 
craniotomies and experimental animals, indicated that loss of GAD 
activity alone was attributable to the terminal hypoxia associated with 
protracted death (as reviewed, Lowe et al., 1988). Thus, no change in 
GAD activity was found in a recent study where AD and control 
subjects were carefully matched for agonal state (Reinikainen et al., 
1988). Tissue atrophy is another factor which may confound interpreta
tion of data. This is because the practice of reporting results relative to 
unit mass does not make allowance for any reduction in volume of brain 
structure. Shrinkage or loss of some structures, but not others, may lead 
to the reporting of an increase in the markers of unaffected structures, 
such as increased GABA content of frontal cortex from AD biopsy tissue 
(Lowe et al., 1988). 

The reductions found in GABA content of most postmortem series 
are less substantial and widespread than those reported for a group of 
subjects that included only pathologically severe examples of the disease. 
Large and widespread reductions in uptake sites of GABAergic neu
rones have also been reported postmortem. However, since this was 
based upon active uptake determinations in tissue that had been frozen, 
thawed and subfractionated it is difficult to exclude the possibility that 
inappropriate preparations were produced in disease-affected tissue. In
deed, others find preservation of this uptake site (assayed using a ligand 
binding technique) in all regions examined, except the temporal cortex. 
Moreover, GAD activity as well as GABA content of cortical biopsy 
tissue are not reduced (as reviewed, Lowe et al., 1988) and an attempt 
at treating AD with a GABA agonist was unsuccessful (Mohr 
et al., 1986). Glycine and taurine are also thought to function as inhib
itory neurotransmitters and content is unchanged in AD, based on both 
postmortem (Ellison et al., 1986; Perry et al., 1987; Lowe SL, Bowen 
DM, unpublished) and biopsy tissue (Lowe and Bowen, 1990). Most 
enquires indicate therefore, that in AD cortical inhibitory neurones are 
neither selectively nor critically affected. 

Discussion 

AD is a fatal disorder with widespread social and economic implica
tions so a therapy is urgently required. Tacrine (1,2,3,4-tetrahydro-9-
aminoacridine) might be a modestly effective treatment. Various phar
macological paradigms related to EDAA neurotransmission have been 
shown in rodents to be modified both in vivo and in vitro by the drug. 
These effects are only observed with high concentrations so it is unlikely 
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that tacrine acts through EDAA neurotransmission in humans; if tacrine 
is efficacious in AD patients it is likely to be through brain cholinergic 
systems (Steele et al., 1989a). 

Treatment of corticocortical neurone c!Jsfunction 

A proportion of glutamatergic corticocortical neurones in the tempo
ral and parietal lobes, that probably receive an extensive EDAA input, 
seem to degenerate in AD. Is this due to excitotoxicity? Does this cause 
changes in memory and behaviour? Can the activity of the remaining 
neurones be safely restored and protected with a drug active towards the 
NMDA-receptor complex? Will this provide clinical benefit? These 
questions cannot be answered without further research but two modula
tory domains of the NMDA receptor complex have already been identi
fied at which potential therapeutic agents might be directed. The extent 
of occupancy of the modulatory domains by glycine, spermidine and any 
other endogenous compounds, as well as the magnitude of neuronal 
loss, are important factors that will determine the success of this thera
peutic approach. However, a number of properties of the complex 
remain unchanged suggesting that pharmacological manipulation of 
either the polyamine (Carteret al., 1989) or glycine (Procter et al., 1989 a) 
domain with a partial agonist may provide an approach for restoring and 
protecting the activity of the remaining pyramidal neurones. Firstly, 
the rank order of binding of different amino acids to the glycine domain 
is probably not different between AD and control. Secondly, the rank 
order of potency of ( + )MK-801, (-)MK-801, TCP, SKF10047 and 
dextrorphan to displace [3H]MK-801 is also not different (Procter et al., 
1989a), as are the IC50 values for inhibition by Zn2 + of [3H]MK-801 
binding under various conditions (Steele et al., 1989b). Thirdly, the 
primary agonist (i.e., glutamate) recognition site may also not be differ
ent between AD and control (Procter et al., 1989a). There is, however, 
an apparent disease-related reduction in efficacy of glycine at promoting 
binding of NMDA-receptor-ionophore ligands (Procter et al., 1989 b). 
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Summary 

eDNA probes specific for the A4 amyloid peptide precursor hybridize with 
a 3.2-3.4 kb mRNA doublet which can be attributed to the use of two 
polyadenylation sites. Different chimeric mRNAs were synthesized by in vitro 
transcription of the coding region of the chicken lysozyme or the chlorampheni
col acetyl transferase followed by two 3' untranslated regions of the A4 amyloid 
peptide precursor mRNA using the two possible polyadenylation sites. In vivo 
translation of these mRNA constructs in Xenopus oocytes indicates that the long 
mRNAs using the second polyadenylation site produce higher amounts of 
proteins as compared to the short mRNAs. This effect on the translation is not 
related to a higher stability of the long mRNA in oocytes. 

Introduction 

Senile plaques, found in the brain of patients with Alzheimer's disease 
(AD) contain an amyloid core from which a 4.2 kd A4 peptide was 
isolated as a major constituent (Masters et al., 1985). Isolation and se
quence of eDNA clones indicated that the A4 peptide is obtained from 
a larger A4 amyloid peptide precursor (A4 APP) (Kang et al., 1987). 
eDNA probes corresponding to the A4 APP hybridize to a 3.2-3.4 kb 
mRNA doublet expressed in normal brain and other tissues. Our results 
show that this doublet corresponds to the use of two polyadenylation 
sites. Furthermore, the sequence contained between them increases the 
translation of reporter genes like those of chicken lysozyme or chloram
phenicol acetyl transferase (CAT). 
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Material and methods 

Northern blot ana!Jsis 

Total RNA was prepared by the guanidiniumjCsCl method (Chirgwin et al., 
1979). Ten f,!g of glyoxal denaturated RNA were fractionated on 1% agarose gel, 
in 10 mM sodium phosphate buffer (pH 7), as described by Thomas (1980), and 
transfered on Hybond N membranes (Amersham). Prehybridization (4 h) and 
hybridization with the probes (16 h) were carried out at 4S °C or 6S °C in 
s X sse, SO% formamide, 10 X Denhaerdt, 0.1% SDS. 

ltijection into oorytes 

Oocytes were injected with SO nl of mRNA dissolved in water and adjusted 
to a concentration of 0.1 mgjml and incubated for 6 hours at 18 °C in Barth's 
medium (0.01 ml per oocyte) containing pss] methionine (9 f.!Ci per oocyte), 10% 
bovin serum albumin, 1% trasylol. Oocytes were lysed and immunoprecipited 
with an anti-chicken lysozyme antibody according to the method descibed by 
Huez et al. (1983). Analysis of immunoprecipited proteins was performed by 
20% polyacrylamidejNaDodS04 gel electrophoresis. 

CAT assqy 

The CAT activity in oocytes injected with the chimeric CAT constructs was 
measured by the usual procedure (Gorman et al., 1982). 

Ana!Jsis of mRNA stability 

Total RNA was extracted from a batch of 10 oocytes at different incubation 
times after injection. The amount corresponding to 2 oocytes was submitted to 
Northern blot analysis using a probe specific for the lysozyme mRNA. 

Results 

Northern blot ana!Jsis 

An anti-sense riboprobe encompassing 50 nucleotides between the 
two polyadenylation sites of the 3' untranslated region (UTR) of the A4 
APP was used in Northern blot analysis. The results presented in Fig. 1 
indicate that it recognizes only the 3.4 kb band instead of the two bands 
recognized by a 1 kb riboprobe corresponding to the EcoR1 fragment 
encoding part of the A4 APP precursor (Kang et al., 1987). 
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Fig. 1. Northern blot analysis of human brain RNA. The anti-sense riboprobes used for 
the hybridization were the 1 kb A4 APP riboprobe (A) or the 50 nucleotides riboprobe 

encompassing the sequence between the two polyadenylation sites (B) 

In vivo translation of chimeric mRNAs 

Since antibodies able to immunoprecipitate the A4 APP were not 
available, two 3' UTR of the A4 APP mRNA using the two possible 
polyadenylation sites were subcloned downstream the coding region of 
the chicken lysozyme into a SP64 plasmid. When the chimeric messen
gers obtained by in vitro transcription were translated for 6 h in Xeno
pus oocytes, the mRNA containing the long 3'UTR had synthesized 
more protein than the mRNA containing the short 3'UTR (Fig. 2A). 
The scanning of the autoradiogram indicates that the long mRNA pro
duces about three times more protein than the short one. 

In order to exclude a possible role of the coding region on the 
stimulation of the translation, other mRN A constructs were obtained by 
inserting the two different 3' UTR of the A4 APP downstream the 
sequence coding for the CAT. After 6 h of in vivo translation in Xenopus 
oocytes, the CAT activity (Fig. 2B) was two times more abundant in 
cells microinjected with the mRNA containing the long 3' UTR of the 
A4 APP. 

Effect of the 3' UTR on the stability of the chimeric RNAs 

The difference in translational efficiency described above could have 
two explanations. Either the 3' UTR directly affects the translation, or 
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Fig. 2. Autoradiograms obtained after 6 h of in vivo translation of the lysozyme mRNA 
construct (A) or the CAT mRNA construct (B). In (A), the labelled proteins obtained after 
translation of the mRNA construct containing the short (1) or the long (2) 3' UTR of the 
A4 APP mRNA were immunoprecipited by an anti-lysozyme antibody and analyzed by 
SDS PAGE. In (B), the CAT activity was measured after translation of the CAT mRNA 

construct with the short (1) o r the long (2) 3' UTR of the A4 APP mRNA 

1 2 

0 6 12 24h 0 6 12 24h 
Fig. 3. Analysis of the stability of the chimeric RNAs. Northern blot analysis using a 
lysozyme specific eDNA probe was performed on RNA isolated from oocytes injected for 
0, 6, 12 or 24 h with the lysozyme mRNA constructs containing the short (1) or the long 

(2) 3' UTR of the A4 APP 
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the short mRNA is degraded more rapidly in oocytes. In order to test 
the latter hypothesis, the stability of the lysozyme chimeric RNAs in 
oocytes was studied by Northern blot analysis at different time intervals 
after microinjection. Figure 3 shows that mRNA with the short 3' APP 
UTR was stable over a period of at least 24 h, whereas partial degrada
tion of mRNA with the long 3' UTR was already observed 6 h after the 
microinjection of the cells. 

Discussion 

We report herein that the 3.2-3.4 kb mRNA doublet expressed in 
normal brain and other tissues is due to alternative use of two polyadeny
lation sites at the 3' untranslated region of the A4 APP mRNA. Further
more, the sequence contained between the 2 polyadenylation sites in
creases the translation of the lysozyme and CAT reporter genes. By 
measuring the stability of the chimeric RNAs injected into oocytes, we 
have observed that the more efficiently translated mRNAs are not more 
stable, indicating that the increased production of protein is not related 
to the mRNA stability but to their increased translation. 

An increase of some forms of the A4 APP mRNA has been reported 
in small AD brain areas but it remains difficult to show significant 
increase of A4 APP mRNA in brain areas where the senile plaques are 
found (Bahmanyar et al., 1987; Cohen et al., 1988; Lewis et al., 1988; 
Goedert, 1988; Palmert et al., 1988). Whether the proportion of the 
3.4 kb A4 APP mRNA is greater in brain areas containing plaques awaits 
Northern blots analysis and in situ hybridization experiments. 
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Summary 

The concentrations of glutamate and GABA were determined in samples of 
frontal and temporal cortex and hippocampus taken post mortem from nine 
patients with Down's syndrome and nine control subjects. These results were 
correlated with neuropathological findings and compared to changes found in 
patients with Alzheimer's disease. GABA demonstrated an Alzheimer-like re
duction in the temporal cortex and hippocampus, although this was not found 
in the frontal cortex. These deficits correlated with cell density but not plaque 
or tangle counts. Glutamate was significantly reduced only in the hippocampus, 
but found not to be changed in Alzheimer's disease. 

Introduction 

An invariable feature of the brain in Down's syndrome (DS) is the 
eventual development of the neuropathology of Alzheimer's disease 
(AD) in patients living beyond middle age. These histopathological 
abnormalities, neurofibrillary tangles and cortical neuritic plaques, are 
found in parallel with the neurotransmitter losses and other biochemical 
indicators of neuronal degeneration which also occur in AD. Thus 
cortical, and some subcortical, deficits in choline acetyltransferase occur 
in adult DS (Yates et al., 1980; Godridge et al., 1987) along with losses 
of noradrenaline and 5-hydroxytryptamine (Reynolds and Godridge, 
1985; Godridge et al., 1987). Neuropathological studies (e.g. Mann 
et al., 1985 b) have indicated that these neurotransmitter changes reflect 
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cell losses in the subcortical nuclei containing the corresponding neu
ronal cell bodies. In AD, the amino acid transmitters GABA and gluta
mate have also been reported to be diminished (Rossor et al., 1984; 
Sasaki et al., 1986), as have their uptake sites (Simpson et al., 1988; 
Hardy et a!., 1987), which presumably reflects losses of other neuronal 
groups, notably in the cortex. In a preliminary study (Reynolds and 
Warner, 1988) of five DS cases we have shown deficits of hippocampal 
glutamate and indications of GABA losses in temporal cortex and 
hippocampus. We report here how these amino acids are affected in a 
larger series of patients with DS, how they compare with changes in AD 
and how they relate to indicators of neurodegeneration. 

Methods 

We have measured the concentrations of GABA and glutamate in post
mortem tissue from nine cases of DS (age 34-65, mean 53 y) and nine control 
subjects (age 35-63, mean SSy) matched for age and post-mortem delay. In 
addition, tissue samples from a series of patients with a neuropathological 
diagnosis of AD (mean age 76y, n=8) and an appropriate control group (mean 
age 68 y, n = 1 0) were similarly studied. The amino acids were measured after 
separation of o-phthalaldehyde derivatives by HPLC with electrochemical detec
tion as previously described (Reynolds and Warner, 1988). A further series of 
nine DS cases (age 38-72, mean 58y), containing four from the above series, 
underwent neuropathological investigation by one of us (DMAM). This was 
performed by formalin fixation of one cerebral hemisphere and measurement of 
neuritic plaque, neurofibrillary tangle and neuronal densities using standard 
histological techniques (Mann eta!., 1985a). Neurochemical measurements were 
performed on the other hemisphere to permit correlation of transmitter concen
trations with these indicators of Alzheimer-like neurodegeneration. Non-para
metric statistics were used throughout. 

Results 

Figure 1 shows that there is a substantial and highly significant deficit 
in hippocampal glutamate in DS (mean 962 vs. 1397 J.Lg/g for controls), 
which is not found in the other cortical regions studied. We observed an 
apparent decrease in glutamate concentrations with age in both control 
subjects and DS patients in the hippocampus, although the results indi
cated a glutamate deficit in even the younger DS patients who did not 
exhibit plaques or tangles. In this study glutamate exhibited no reduc
tion in the tissue from AD patients although in the hippocampus and 
temporal cortex the AD series shows significantly greater variances 
(F=3.48, 4.29 respectively, p<O.OS in each case). 



Q) 
:::> 
(/) 

~ 
a; 
3: 
Ql 
0> 
~ 
S' 
Q. 

Alzheimer-like changes of cortical amino acid transmitters 

2000 

1000 

0 Control 

Iii Down's 

0 ...1.--'----

Temporal Cortex Frontal Cortex Hippocampus 

Fig. 1. Glutamate in brain tissue in Down's syndrome; * p < 0.05 

Q) 

300 0 Control 

ll!il Down's 

:::> 
l:l 200 
·.;::; 

:cr 100 
aJ 
< 
~ 

0 ...1.--'----

Temporal Cortex Frontal Cortex Hippocampus 

Fig. 2. GABA in brain tissue in Down's syndrome; * p < 0.05 

285 

G ABA (Fig. 2) showed a significant decrease only in the temporal 
cortex (mean 168 vs. 218 JJ.g/g for controls) although its concentration 
was diminished by a similar amount (23%) in the hippocampus, while 
in AD (Table 1), GABA is reduced significantly in both neocortical 
areas, although the hippocampus exhibits a similar (if non-significant) 
deficit. 

In order to understand the possible relationship between these results 
and the neuropathological changes in DS we have compared amino acid 
concentrations with senile plaques, neurofibrillary tangles and neuronal 
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Table 1. Neurotransmitter amino acids in cerebral cortex in Alzheimer's disease 

Temporal cortex 
Frontal cortex 
Hippocampus 

GABA 

Control 

187±34 
179±52 
208±52 

AD 

122±25** 
130±22* 
149±23 

* p < 0.05; ** p < 0.01 below control values. 
Values expressed as mean ± s.d. in 11g/ g tissue 

Glutamate 

Control 

1247±216 
1092±185 
1455±301 

AD 

1512±447 
1273±282 
1479 ± 562 

Table 2. Kendall's rank correlation coefficients between amino acid concentra
tions and neuropathological parameters 

Hippocampus Temporal cortex 

Glutamate GABA Glutamate GABA 

Neurofibrillary tangles 0.507 * 0.169 0.167 -0.222 
Senile plaques 0.394 0.169 0.338 -0.338 
Cell density 0.394 0.620** (III) 0.167 0.444* 

(V) -0.056 0.222 

Significant correlations: * p < 0.05; ** p < 0.02. 
Cell densities in temporal cortex were measured in both layers III and V and correlated as 
indicated 

density in hippocampus and temporal cortex in DS cases (Table 2). 
Employing Kendall's rank correlation no significant effect with the first 
two parameters was observed, other than a positive relationship between 
tangles and glutamate concentrations. However a highly significant 
correlation with cell density was seen for GABA (p = 0.011 ), while 
hippocampal glutamate too exhibited a tendency to diminish with de
creasing cell density (p = 0.07). 

Discussion 

It would appear from these preliminary results that hippocampal 
glutamate is more affected in DS than in most cases of AD, although the 
difference in variance shows that at least some of the AD cases have 
abnormal glutamate levels. The reports mentioned above relating to 
glutamatergic loss in AD have not always been consistently reproduced; 
certainly there have been studies reporting no loss of glutamate in AD 
cortex (Gramsbergen et al., 1987). This may relate to age or other differ-
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ences between the groups studied or that glutamate concentrations 
provide a poorer assessment of glutamatergic integrity than, say, mea
surement of glutamate uptake sites. Nevertheless it is likely that the 
decrease in glutamate concentrations in DS does reflect a more profound 
loss of glutamate containing neurons, particularly since it does not 
reflect the pattern of GABA deficit (as discussed in the case of Hunting
ton's disease by Reynolds and Pearson, 1987). Thus the glutamatergic 
deficit in DS hippocampus indicated here is all the more robust. As we 
have previously observed (Reynolds and Warner, 1988), the reduction of 
glutamate concentrations also found in younger patients suggests that in 
DS the deficit is present prior to the full development of the neuropatho
logical features. 

Since cortical GABA has been previously reported as reduced only in 
the younger patients in AD (Rossor et al., 1985), the present results 
appear to agree with our interpretation (Godridge et al., 1987) that DS 
resembles this more severely affected sub-group, at least in respect of 
some neurochemical deficits. However, the GABA deficit in DS appears 
to be restricted to the temporal lobe, since no significant decrease com
pared with control values could be seen in the frontal cortex. 

The comparison with neuropathological features indicates that these 
deficits of GABA in DS are more related to the loss of cortical neurones 
than to the other indicators of AD. Mountjoy et al. (1984) made a similar 
observation in a series of AD cases, although they also found a negative 
relationship of GABA with tangle counts in the temporal cortex. The 
strong correlation of GABA with cell density in the hippocampus, along 
with the lack of any negative correlation of GABA with the major 
pathological indicators of AD, senile plaques and neurofibrillary tangles, 
is certainly notable in this area. It is tempting to suggest that, in these 
DS cases at least, two neurodegenerative processes might be occurring, 
one related to the classical indicators of Alzheimer's disease and one in 
which a further GABAergic loss occurs in the hippocampus. This latter 
effect might relate to the accelerated aging process apparent in DS. 

The unexpected positive correlations between hippocampal gluta
mate concentrations and plaque and tangle counts (reaching significance 
for the latter) cannot be easily understood. However hippocampal atro
phy is substantial in DS and AD and this factor might tend to increase 
the relative density of glutamatergic terminals. Thus if the atrophy were 
correlated with tangle formation, an apparent relationship with gluta
mate concentration could emerge. This effect would be unrelated to the 
glutamatergic deficit in this area which occurs, to some extent at least, 
prior to the formation of plaques and tangles. We can only speculate 
whether this deficit is a result of a neurodegenerative process or might 
reflect a developmental abnormality. 
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Summary 

The present study examined influences of ibotenic acid lesions of the dorso
lateral frontal cortex (DFC) and medial prefrontal cortex (MPC) having cholin
ergic input from the nucleus basalis of Meynert (NBM) on retention of discrim
ination avoidance learning in rats. The DFC and MPC lesions impaired the 
retention similar to the NBM lesion. In contrast to the NBM lesion, the DFC and 
MPC lesions reduced GAD activity, but not ChAT, in the cortex. Therefore, 
memory dysfunction based on the nerve cell loss of the frontal cortex may be 
involved in the GABAergic neuronal system. 

Introduction 

Alzheimer's disease (AD) and senile dementia of Alzheimer type 
(SDAT) will be considered as the same disease process, a view broadly 
accepted at this time. The final goal of this study is to develop an animal 
model of SDAT for preclinically evaluating the therapeutic drugs. AD 
has classically been defined as a progressive dementia accompanied by 
the characteristic neuropathological changes such as senile plaques and 
neurofibrillary tangles which are the hallmark ofAD. However, there are 
no known animals which show the characteristic neuropathological 
changes. On the other hand, AD is also characterized by biochemical 
abnormalities, including many neurotransmitter defects. The memory 
dysfunction of AD has been associated with a cortical cholinergic defi
ciency (DeFeudis, 1988). The cholinergic component of AD can be 
modeled in the rat by ibotenic acid lesion of the nucleus basalis of 
Meynert (NBM). Ibotenic acid lesion of NBM of the rat reduces choline 
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acetyltransferase (ChAT) activity in the dorsolateral frontal cortex 
(DFC), medial prefrontal cortex (MPC) and parieto-temporal cortex 
(Mayo et al., 1984). On the other hand, there are many papers reporting 
that the NBM lesion induces learning impairment in animals. However, 
relationship between memory function and these cortical regions is not 
clear yet. Therefore, the present study examined influence of nerve cell 
loss induced by ibotenic acid in these frontal cortex regions on retention 
of discrimination avoidance learning (DAL) in rats in connection with 
an animal model of memory dysfunction of AD. In addition, influence 
of ibotenic acid lesion in the frontal cortex regions on ChAT and glutam
ic acid decarboxylase (GAD) activities was also assessed. 

Materials and methods 

Male Wistar strain rats (8 weeks old) were used as subjects. The animals were 
daily trained DAL using the two compartment shuttle box to discriminate the 
positive conditioned stimulus (PCS) from the negative conditioned stimulus 
(NCS) to avoid foot shock. The CS were used two pure tones with different 
frequencies. The foot shock was applied after PCS for 6 sec. The avoidance 
response that the animals moved into the opposite compartment during the PCS 
for 6 sec prior to foot shock was recorded as correct response (CR). The transfer 
to the opposite compartment during the NCS for 6 sec was regared to be faulse 
response (FR). The NCS was not followed by foot shock. Transfer between 
compartments in the shuttle box during the intertrial period was recorded as a 
spontaneous response. Following the daily training of DAL consisting of the 20 
trials of PCS and the 20 trials of NCS, only the animals which showed both over 
80% CR and under 20% FR were subjected to the brain lesion by ibotenic acid. 
Ibotenic acid (7.5 J.lg/0.75 j.tl for 3 min) was injected bilaterally into DFC or 
MPC, or unilaterally into NBM according to the brain atlas of Paxinos and 
Watson (1986). Sham-operated group was injected saline. On 1, 2, 3 and 4 weeks 
after the surgery, the DAL of 40 trials was loaded. After terminating the exper
iment, the lesioned site was verified histologically. The ChAT and GAD activ
ities were evaluated on 2 weeks after the surgery by the methods of Fonnum 
(1969), and Albers and Brady (1959), respectively. The statistical evaluation was 
performed by ANOVA followed by Scheffe's test and Student-t test. 

Results 

Body weight grain in each ibotenic acid lesioned group was not 
different from that of the sham-operated group except on 1 week after 
the surgery (data not shown). Figure 1 shows influence of ibotenic acid 
lesion in DFC, MPC and NBM on retention of DAL. The sham-operated 
group showed marked retention of DAL. The DFC and MPC lesioned 
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Fig. 1. Influence of ibotenic acid lesion in the dorsolateral frontal cortex, medial prefron
tal cortex and nucleus basalis ofMeynert on retention of discrimination avoidance learning 
in rats. Each group consists of 4 animals. * p < 0.05, ** p < 0.01: statistical difference from 
positive response (Scheffe's test). 9 p < 0.05: statistical difference from sham-operated 

group (Scheffe's test) 

groups revealed impairment of the retention from 1 week after the 
surgery similar to the NBM lesioned group. The impairment was char
acterized by attenuation of CR and augmentation of FR. Table 1 indi
cates ChAT and GAD activities in the cortex on 2 weeks after the 
surgery when the marked impairment of DAL was observed. The NBM 
lesioned group showed reduction of ChAT activity, but not GAD, only 
in the lesion side of the cortex. The DFC and MPC lesioned groups 
showed reduction of GAD activity, but not ChAT, in the cortex. 
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Table 1. Choline acetyltransferase and glutamic acid decarboxylase activities in 
the cortex after ibotenic acid lesions of the frontal cortex regions and the nucleus 

basalis of Meynert 

Lesion site 

Sham-operated 
r-NBM 
bi-DFC 
bi-MPC 

Sham-operated 
r-NBM 
bi-DFC 
bi-MPC 

Choline acetyltransferase (n molejmgjhr) 

Right hemisphere 

2.23±0.19 
1.40±0.16**·· 
2.33±0.22 
2.23±0.21 

Glutamic acid decarboxylase (nmolejmgjhr) 

2.23±0.17 
2.15±0.30 
1.98 ±0.21 * 
2.05±0.30 

Left hemisphere 

2.15±0.21 
1.19±0.15 
2.33 ±0.13 
2.10±0.14 

2.03±0.28 
2.20±0.22 
1.85±0.34 
1.60±0.54 

Abbreviations: r-NBM the right side of the nucleus basalis of Meynert; bi-D FC bilateral 
dorsolateral frontal cortex; bi-M PC bilateral medial prefrontal cortex. 
* p < 0.05, ** p < 0.01: statistical difference from sham-operated group (Student-t test). 
a p < 0.01: statistical difference from contralateral side (Student-t test) 

Discussion 

The present study examined whether memory dysfunction could be 
induced by nerve cell loss of the frontal cortex regions (DFC and MPC) 
having cholinergic input from NBM. The results showed that the nerve 
cell loss of DFC and MPC induced by ibotenic acid impaired retention 
ofDAL. The impairment seems to be selective on memory, since uncon
ditioned response was not impaired and there was no co-relation be
tween DAL response and spontaneous response. On the other hand, the 
result of the biochemical study showed that the NBM lesion induced 
only reduction of ChAT activity in the lesion side of the cortex, whereas 
DFC and MPC lesions reduced only GAD activity in the cortex. The 
results are in accordance with those of the kainic acid study of Lehmann 
et al. (1980). Our pharmacological study showed that DM9384, a new 
pyrrolidone derivative which activates ChAT (Kawajiri et al., 1988) and 
improves learning deficit induced by GABA antagonists (Nabeshima 
et al., 1988), and tetrahydroaminoacridine, a centrally acting cholinester
ase inhibitor (Heilbronn, 1961 ), improved the impairment of the reten
tion observed in DFC, MPC and NBM (data not shown). Therefore, the 
memory dysfunction based on nerve cell loss of the frontal cortex may 
be involved in the GABAergic neural system. Thus, the model of mem-
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ory dysfunction induced by the frontal cortex lesion may be applicable 
for an animal model of AD, since the characteristic neuropathological 
changes of AD are conspicuous in the neocortex (Price, 1986). 
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Summary 

Spatial learning of rats was tested in T- and 8-arm radial mazes. MK-801 (0.16 
and 0.33 mg/kg i.p.) that blocks glutamatergic transmission at the NMDA 
receptor, caused deficits in short-term memory and induced a strong tendency 
for perseveration. These symptoms are reminiscent of some clinical features of 
Alzheimer's disease. In connection with anatomical, neurochemical and electro
physiological data, a glutamatergic deficit may tentatively be assumed to be 
implicated in this disease. 

Introduction 

The mechanisms inducing cellular neuropathology underlying Alz
heimer's disease (AD) are still unknown and seem not to be amenable 
to therapeutic treatment in the near future. Although there can be no 
doubt about the need for a causal therapy preventing cell death, we must 
also try to substitute pharmacologically for the transmitter deficits 
caused by the cell loss. Neurochemical studies have revealed decreases in 
markers for a variety of brain neurotransmitters. A deficit in cholinergic 
projections to the cortex have received most attention and present treat
ment of AD focusses on a substitution of this deficit. However, the 
clinical efficacy of this therapy is not satisfying. During the last years 
some evidence has accumulated indicating that - among other transmitter 
deficits - a loss of the excitatory transmitter glutamate (GLU) plays a 
crucial role in learning and memory impairments seen in patients suffer
ing from AD. 
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Anatomical evidence 

GLU is an excitatory transmitter of intra-cortical association fibers 
and of corticofugal efferents. GLU is localized in pyramidal cells or in 
Layer III of the cortex respectively. In AD, the neurofibrillary tangles, 
mainly found at the beginning of pathways, were found in pyramidal cell 
bodies and in cortical association fibers. Additionally tangles were found 
to be arranged in clusters coinciding with the origin of cortical efferents 
(for review see Pearson et al., 1985). 

The hippocampus is thought to be involved in learning and memory. 
It receives its major cortical input via the perforant pathway that origi
nates in the entorhinal cortex and uses GLU as its transmitter (Hyman 
et al., 1986). Degeneration of the perforant pathway would disconnect 
the cortex from the hippocampus and is thought to occur in AD (for 
review see Deutsch and Morihisa, 1988). 

Neurochemical evidence 

In AD a decreased GLU-level in spinal fluid and brain tissue has been 
reported as well as a decrease in 3H-D-aspartate (presynaptic) uptake 
indicating a decreased number of glutamatergic neurons (Procter et al., 
1988). 

Electropqysiological evidence 

Long-term potentiation (LTP) is a form of synaptic plasticity and is 
considered to represent the cellular substrate for learning and memory 
(LTP can last for 37 days in young rats, but lasts only 17 days in old rats). 
GLU is a prerequisite for LTP-induction and a deficient glutamatergic 
transmission or a pharmacological blockade of the NMDA subtype of 
GLU receptors, block LTP-induction (for review see Gustafsson and 
Wigstrom, 1988). 

Pharmacological evidence 

According to their preferred agonists GLU receptors are classified 
into kainate-, quisqualate- and N-methyl-D-aspartate (NMDA) recep
tors. A blockade of the NMDA receptor using amino-5-phosphonova
leric acid (AP-5) i.c.v. has been reported to inhibit LTP in the hippocam
pus (see above) and spatial learning in rats. Visual discrimination learn
ing remained unaffected (Gustafsson and Wigstrom, 1988). This exper
iment has succeded in showing the connection between electrical phe
nomena on the single cell level with alterations at the behavioural level. 
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The present study addresses the question whether a selective NMDA 
antagonist [( + )-5-methyl-10,11-dihydroxy-5H-dibenzo (a, d) cyclohep
ten-5, 10 imine] (MK-801) given systemically affects spatial learning and 
memory in rats. MK-801 is a non competitive antagonist that binds to 
a side within a ion channel (when in its open state) gated by the NMDA 
receptor. 

Material and methods 

Delcryed alternation in the T-maze 

The rats (N = 10 for drug and N = 10 for saline) were rewarded with a food 
pellet for entering that arm which was not visited on the previous run. Thus, the 
rat was only rewarded when alternating between the two arms. After having 
collected the food, the rat was manually put back into the start box for a delay 
of 30 s. Each rat was given 10 runs per day for 5 days. 

Spatial reversal 

The rats were only rewarded when visiting the right arm of aT -maze. 10 runs 
per day were given for 7 days. On day 8 food was presented within the left arm 
of the T-maze; 10 runs were given. 

8-arm radial maze tasks 

Rats (N = 5/5) were tested in a radial maze in the following tasks: 1. Sponta
neous alternation (no food reward). 2. Reinforced alternation (all arms were 
baited with food pellets). 3. Delayed alternation (all arms baited, a delay of 1 min 
was interposed between the fourth and the fifth run); reentries into previously 
visited arms were scored as errors. 4. To differentiate between short-term and 
long-term memory, only four arms of the maze were baited: short-term (work
ing-) memory errors were scored when a rat entered an arm from which food has 
already been collected. Long-term (reference-) memory errors were scored when 
an arm was visited that was never baited. 5. Allocentric place navigation: a rat 
starting in different randomly selected arms had to navigate to only one baited 
arm remaining in a fixed location in the room. 

Results 

T-maze 

In the delayed alternation test MK-801 (0.16 mgjkg i.p.) treated rats 
made more errors than controls (p S 0.002 U-test) (Bischoff et al., 1988). 
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Spatial reversal: During the first 7 days, when rats had to learn to find 
food in only one arm of the T-maze, MK-801 treated rats learned as 
quick as controls. But on day 8 when food was presented in the opposite 
arm, the MK-801 treated animals exhibited a strong tendency to perse
verate: 80% of the runs were directed towards the empty arm in MK-801 
treated rats; as compared to 40% in control rats (p ~ 0.05). 

8-arm radial maze 

In either of the alternation tasks MK-801 (0.16 and 0.33 mg/kg i.p.) 
treated rats made much more errors as compared to controls. In the 
delayed alternation task, the post delay errors were enhanced by MK-801 
(Bischoff et al., 1988). However only short-term (working-) memory 
was affected. Long-term memory remained unchanged (for all results 
p ~ 0.05). Allocentric place navigation was not impaired by MK-801 
(0.16 mg/kg i.p.). 

Discussion 

The results show that MK~801 worsened short-term memory but 
only in tests when the rats had to alternate. In the place navigation task 
in T- and 8-arm maze, MK-801 did not worsen learning. This and 
deficits in spatial reversal indicate a strong tendency to perseverate. 

Perseveration and spatial memory loss (especially in a novel environ
ment) are some of the clinical features of AD. Thus, in connection with 
anatomical, neurochemical and electrophysiological data, a glutamater
gic deficit may tentatively be assumed to be implicated in AD. 

NMDA receptor blockade in animals might be a model to screen 
memory enhancing drugs. 
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Summary 

One of the major side effects of the methylxanthines and adenosine receptor 
antagonists caffeine and theophylline is the provocation of seizures. With the 
availability of highly selective adenosine receptor antagonists it was of interest 
to investigate if they would also induce seizures. In experiments with mice it was 
found that also highly selective adenosine receptor antagonists like Xanthine 
Amine congener are able to induce seizures. The therapeutic usefulness of highly 
selective adenosine receptor antagonists as e.g. cognitive enhancers in dementia 
syndromes is thus limited by this serious side effect. 

Introduction 

The leading syndrome in dementia syndromes is cogmttve impair
ment. Cognitive enhancers like cholinergic drugs and benzodiazepine 
receptor inverse agonists have therefore been suggested and are current
ly investigated as potential therapeutic agents in dementia syndromes 
(Sarter et al., 1988). 

Two cognitive enhancers in use for centuries are the methylxanthines 
caffeine and theophylline. They are consumated all over the world in 
coffee, tea and soft drinks (Rall, 1985). Their predominant mechanism 
of action in nontoxic concentrations is to antagonize the neurodepres
sant actions of the endogenous neuromodulator adenosine at its recep
tors although at higher concentrations interaction with central-type ben
zodiazepine receptors and phosphodiesterases may be relevant (Daly 
etal., 1983). 



302 ]. Deckert et a!. 

Recently highly specific, high affinity methylxanthine adenosine re
ceptor antagonists have been developed (Jacobson et al., 1986; Deckert 
et al., 1988) and they have been discussed as therapeutic agents in 
dementia syndromes (Williams and Jarvis, 1988). However, caffeine and 
theophylline in higher concentrations are known to induce seizures 
(Rall, 1985), an effect that severely limits their therapeutic usefulness. 

We therefore decided to investigate whether a highly specific, high 
affinity adenosine receptor antagonist like Xanthine Amine Congener 
(XAC) would also be able to induce seizures. 

Material and methods 

Naive male Swiss albino mice (25-30 g) were maintained on a 12 h light/12 h 
dark cycle with ad lib access to food and water. 

They were infused with convulsants through a lateral tail vein at a constant 
flow rate of 313 Jll/min using a 25 gauge butterfly needle fed from an infusion 
pump (Harvard 22) as described before (Morgan and Stone, 1982). The latency 
between starting infusions and the onset of convulsions was measured, and from 
this measurement, the infusion rate, the weight of the animals and the concentra
tion of the convulsant the amount of convulsant per kg of animal weight 
required to elicit generalized tonic-clonic convulsions (convulsion threshold) 
was calculated. 

XAC was synthesized as described (Jacobson et al., 1986). Caffeine and 
theophylline were obtained from Sigma, St. Louis, Mo. and several other xan
thines were obtained from RBI, Natick, Ma. 

Results 

XAC induces generalized tonic-clonic convulsions like caffeine and 
theophylline (Table 1). 

Table 1. Seizure threshold of XAC and other xanthines 

Xanthine 

XAC 
Caffeine 
Theophylline 
8-Sulphophenyltheophylline 
1 ,3-dipropy l-8-p-sulphophen ylxanthine 
3-proxylxanthine ( enprofylline) 

Seizure threshold 
(mgjkg) 

39.8 ± 2.0 (10) 
161.3 ± 20.4 (10) 
503.1 ± 31.3 (10) 

> 1000 (5) 
> 1000 (5) 
> 1000 (5) 

Values represent the mean± SEM with the number of animals in parentheses. 
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Methylxanthines that do not cross the blood-brain-barrier like 
8-sulphophenyltheophylline and 1 ,3-dipropyl-8-p-sulphophenylxanthine 
as well as the bronchodilatant 3-propylxanthine (enprofylline) do not 
induce seizures (Table 1 ). 

If saline is used as a vehicle XAC is only fourfold more potent than 
caffeine. If however, dimethylsulphoxide is used as a vehicle XAC is 
fiftyfold more potent than caffeine (data not shown). Accordingly, this 
effect of XAC could only be seen when it was administered intravenous
ly. No convulsant effect was seen when it was given intraperitoneally 
(data not shown). 

Discussion 

These data show that highly selective, high affinity adenosine recep
tor antagonists like XAC are able to induce generalized tonic-clonic 
convulsions. This is in good agreement with in vitro data demonstrating 
proconvulsant properties of methylxanthines which are highly specific 
adenosine receptor antagonists (Dragunow and Robertson, 1987). 

The convulsant potency of XAC compared to caffeine (fifty-fold 
more potent) appears low given its much higher affinity for adenosine 
receptors ( onethousandfold). However, this may be well explained by its 
poor penetration into the CNS (Fredholm et al., 1987). 

In case of the utilization of specific adenosine receptor antagonists 
like XAC as cognitive enhancers in dementia syndromes - at least under 
intravenous administration conditions- seizures are a side effect that has 
to be taken into account. 
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Summary 

Biogenic amines and their metabolites in lumbar CSF and serum from 43 
patients did not significantly differ between dementia of Alzheimer's type 
(DAT), Binswanger's disease (BD), multiinfarct dementia (MID) and Parkin
son's disease (PD). The only significant finding was elevated CSF 5-hydroxyin
doleacetic acid (SHIAA) in DAT patients treated with neuroleptics relative to the 
other groups. The values found in a small number of patients with Pick's, 
Huntington's (CH) and Creutzfeldt-Jacob's (CJ) disease were within the range 
of the other groups. CSF lactate, measured in 28 of the patients, tended to be 
elevated in vascular dementia (BD, MID). A crude estimate of cognitive impair
ment showed correlations to inner and outer brain atrophy in CT -scans. There 
were, however, no definite correlations between clinical impairments and CSF 
or serum findings. 

Introduction 

Various neurotransmitter deficits have been established in post
mortem brain tissue in neurodegenerative diseases like Alzheimer's dis
ease (DAT) (Mann and Yates, 1986), Parkinson's disease (PD) (Gibb, 
1989; Riederer et al., 1988), Huntington's disease (CH) (Sanberg and 
Coyle, 1984). Less is known about the neurochemical basis of Pick's and 
Creutzfeldt-Jacob's (CJ) disease (Rossor, 1986) as well as multiinfarct 
dementia (MID) and Binswanger's disease (BD) (Miller Fisher, 1989). 
PD is due to a degeneration predominantly of dopaminergic neurons, 
while mainly cholinergic neurons degenerate in DAT and GABAergic 
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neurons in CH. The possibility to differentiate these disorders in vivo on 
the basis of the patterns of CSF neurotransmitter concentrations and 
their metabolites is discussed controversially (Beal and Growdon, 1986; 
Cummings, 1986; Gibson et al., 1985; Gottfries, 1985; Hollander et al., 
1986). Therefore, the present study again addressed this problem, addi
tionally considering the degree of clinical (neurologic and psychiatric) 
impairment as well as estimates of EEG abnormalities and brain atro
phy. 

Materials and methods 

Lumbar CSF and serum were obtained from 43 patients suffering from DAT 
(n=13; f=11, m=2; 69.8±7.8yrs (mean±SD]), BD (n=7; f=6, m=1; 
68.1±6.2yrs), MID (n=5; f=1, m=4; 68.2±12.2yrs), PD (n=11; f=2; 
m=9; 75.9±6.5 yrs), PD with dementia (n=3; f=2, m=1; 75.3±9 yrs), Pick's 
disease (n=m=1; 44yrs), CH (n=2; f=m=1; 66f44yrs), and CJ (n=m=1; 
69 yrs). Rating scales ranging from '0' (absent) to '3' (severe) were used by 
experienced clinicians (G. S. & J. B.) to estimate the degree of neurologic and 
cognitive impairment, psychotic phenomena, and bradyphrenia, generalized ab
normalities of the EEG as well as inner and outer brain atrophy in cranial 
CT-scans. CSF cell counts and protein determinations were performed routinely. 
CSF lactate was determined enzymatically in 28 CSF samples. Norepinephrine 
(NE), epinephrine (E), dopamine (DA), 3,4-dihydroxyphenylacetic acid (DO
PAC), 5-hydroxyindoleacetic acid (5HIAA) and homovanillic acid (HVA) were 
measured in serum and CSF by HPLC-ECD using dihydroxybenzylamine as 
internal standard (Sofie, 1986). In serum, serotonin (5HT) could additionally be 
determined. For statistical analysis, patient groups were split into subgroups 
depending on the presence or absence of neurotropic/psychotropic drug treat
ment during the week before lumbar puncture and blood drawing. Thus, most 
parkinsonians had been treated with L-dopa at any time, DAT patients by 
preferably low potency neuroleptics. Other centrally active drugs (nootropics 
like piracetam and ergot alcaloids, one patients on valproate) as well as gender 
could not be considered in this subgrouping. The statistical tests included 
one-way ANOVA, Bartlett-test, linear contrasts of Scheffe and U-tests. Differ
ences were considered significant if p < 0.05. Moreover, linear and non-paramet
ric correlations (Spearman's rho) were calculated without oc-adjustment. 

Results 

The diagnostic subgroups did not significantly differ in age or dura
tion of illness. However, the genders were unevenly distributed. This 
could not be considered in the further analysis. DAT patients were 
significantly more cognitively impaired ( df = 6,28; F = 2.84; p < 0.05) 
and prone to psychotic symptoms (F = 2.69; p < 0.05). Although in-
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significant, they expectedly showed less neurologic impairment and 
more brain atrophy, especially involving an enlargement of the extra
cerebral spaces. CSF protein and cell counts and serum amines and their 
metabolites did not discriminate between the diagnostic groups. The 
only significant finding in CSF amines and metabolites (Fig. 1) was an 
increase of 5HIAA (ANOVA: df=6,28; F=2.73, p<0.05) in DAT 
patients on neuroleptics relative to drug free DAT (U-test: p < 0.01), BD 
(p < 0.05) and MID (p < 0.01) patients, and parkinsonians on antiparkin
son drugs (p < 0.01 ). The Scheffe-test revealed only trends. The ratios 
5HT/5HIAA and DA/HVA indicating turnover did not discriminate. In 
correlative calculations, only patients free from antiparkinsonian and 
neuroleptics drugs were considered (Table 1 ). There were no correla
tions to age and duration of illness except that these two intercorrelated 
(r=0.47) and that the latter was related to CSF HVA (r=0.57). Gener
alized EEG abnormalities were unrelated to any of the other parameters. 
The amount of significant correlations doubled that expected. Half of 
these correlations, however, were not reproduced by Spearman's rho 
(Table 1 ). CSF lactate was significantly elevated in MID and BD in 
comparison to the other groups (AN OVA: df = 5, 19; F = 6.001; p < 0.01; 
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Fig. 2. CSF lactate (mean ± SD) in neurodegenerative diseases. DAT dementia Alzhei
mer type; MID multiinfarct dementia; PD Parkinson's disease; NL neuroleptics. 
ANOVA: p<O.Ol ; U-tests : *=p<O.OS versus the other groups (except MID versus 

parkinsonians on L-Dopa) 

Fig. 2). While the Scheffe-test revealed significant differences (p < 0.05) 
only between BD as well as MID patients and DAT patients on 
neuroleptics, U-tests additionally revealed significance (p < 0.05) be
tween the former two groups and drug free DAT and PD patients, but 
not between MID and PD on drugs. ANOVA without subgrouping 
according to medication, however, revealed no significant differences 
(df=3,24; F=2.684; p<0.1). 

Discussion 

As the present study did not include a control group, it cannot 
contribute to previous findings of reduced CSF HVA and 5HIAA in 
DAT (Beal and Growdon, 1986; Gottfries, 1985; Hollander et al. , 1986; 
Palmer et al., 1984) and PD (Gibson et al., 1985). The status of CSF 
amines in CH is controversial (Kurian et al., 1988; Sanberg and Coyle, 
1984). The findings of no differences in CSF HVA (in the absence of 
probenecid loading) correspond to those of Gibson et al. (1985). The 
present study was confounded by drug effects where a wash-out of 1 
week may have been inadequate. The relevance of drug treatment is 
underlined by elevated CSF 5HIAA in DAT patients on neuroleptics. 
Nevertheless, the patterns of amines in CSF are far from diagnostically 
specific. This is true also for the patterns in serum. Serum NE is especial-
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ly relevant in parkinsonians where low basal NE and an impaired rise 
after standing up characterizes the autonomous, orthostatic dysregula
tion (Turkka et al., 1986). Autonomous dysfunction was not prominent 
in the PD patients studied possibly explaining the lack of differences 
between groups. Amines and metabolites in serum and CSF were mostly 
unrelated (Table 1). Although brain HVA contributes considerably to 
serum HVA, the lack of correlation (in the absence of a peripheral 
inhibitor of monoamine oxidase like debrisoquin) conforms to previous 
findings (Davidson et al., 1987). Interestingly, increased CSF lactate 
tended to distinguish vascular dementia (MID, BD) from the other 
disorders possibly reflecting regional malnutrition of brain tissue. This 
finding deserves replication. 
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Summary 

The concentration of somatostatin-like immunoreactivity (SLI), the molecu
lar forms of SLI, serotonin and dopamine metabolites in cerebrospinal fluid of 
patients with senile dementia of Alzheimer type (SDAT), Parkinson's disease 
(PD) and age-matched control patients were determined by reverse phase HPLC 
and by specific radioimmunoassay. The mean SLI level in the control group was 
29.5 ± 8.9 fmolfml. In SDAT and PD the mean SLI level was significantly lower 
(18.6±7.9 fmolfml, 21.4±8.1 fmolfml). HPLC separation of SLI yielded four 
peaks with a preponderance of Somatostatin-14 (SST-14) and Somatostatin-28 
(SST-28). In SDAT and PD changes in the molecular pattern of somatostatin 
indicate an altered biosynthesis and/or processing of somatostatin. 

Introduction 

Our knowledge of the neurochemical alterations in degenerative 
brain disease, such as senile dementia of Alzheimer type (SDAT) and 
Parkinson's disease (PD) is increasing at a fast and sometimes confusing 
pace. Changes in several transmitter systems have been described (Terry 
and Davies, 1980; Cross et al., 1981; Whitehouse and Unnerstall, 1988) 
and loss of cholinergic cells in the basal forebrain appears to be a 
prominent feature of SDAT (McGeer et al., 1984; Whitehouse et al., 
1982). A deficiency of somatostatin attributable to intrinsic cortical 
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neurons has been described in patients with Alzheimer's disease and 
SDAT (Davies et al., 1981). Marked decreases of SLI were also reported 
in the CSF of patients with SDAT (Oram et al., 1980). 

Less is known about the molecular forms of SLI in SDAT and other 
types of dementia. Early reports using gel permeation and thin layer 
chromatography suggested that only somatostatin-14 was present in the 
human CSF (Kronheim et al., 1977) but HPLC studies have provided 
evidence for 3-4 peaks of SLI in human CSF co-eluting with high
molecular weight precursor forms (HMW-SST), somatostatin-14 (SST-
14) and somatostatin-28 (SST-28) (Beal et al., 1985; Rissler et al., 1986). 
A reduction of HMW-SST in SDAT brains is reported suggesting a 
reduction in the rate of biosynthesis andfor an increase in the rate of 
proteolytic processing of the HMW-SST (Pierotti et al., 1985). The CSF 
concentrations of neuropeptides, such as somatostatin, seem to reflect 
partially their passage into extracellular space and hence their synthesis 
and release from brain cells (Soerensen et al., 1981 ). 

We investigated the molecular forms of SLI, 5-hydroxyindoleacetic 
acid (5-HIAA) and homovanillic acid (HVA) in the CSF of patients with 
SDAT and PD because of the clinical interest of evaluating the CSF 
neurotransmitter and neuropeptide status and possible pathophysiologi
cal significance of changes, especially in the molecular pattern of somato
statin. 

Materials and methods 

104 hospitalized geriatric patients (86 female, 18 male) were studied. A total 
of 53 patients (50 female, 3 male; mean age 85.6±5.8 years) had SDAT, 38 
patients (24 female, 14 male; mean age 79.1 ±7.4 years) exhibited PD. The 
high-age control group consisted of 12 inmates of the geriatric department (11 
female, 1 male, mean age 82.3 ± 6. 7 years) without central nervous disease, 
intellectual deterioration or major psychiatric disturbances. Diagnoses were es
tablished by clinical criteria, including personal history and neurological exam
ination. In 36 patients parkinsonism was of late onset ( > 70 years). Severity of 
parkinsonism was rated according to Hoehn and Yahr (1967). Medication con
sisted in L-DOPA at various doses in 25 patients. Cognitive impairment was 
evaluated in all groups by use of global deterioration scale (GDS) of Reisberg 
et a!. (1982). 

The lumbar punctures were performed in the morning. First 9 ml of CSF 
were withdrawn without fractionating, immediately frozen on dry ice and kept 
congelated at -30 oc for subsequent studies. 

SLI was determined using a specific antibody (K-18) raised in rabbits which 
recognizes the somatostatin molecule at the ring structure. It shows 100% 
crossreaction with cyclic synthetic SST-14 (SRIF), synthetic SST-28, somatostat
in-25, 65% with cyclic des-AlaLGlyZ-desamino-Cys3-somatostatin (CGP 10941) 
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(Des-Ala-SST) and no crossreaction with a number of central nervous system 
and gastrointestinal peptides. The final antibody solution was 1:165 000. As a 
tracer N-tyrosyl-somatostatin was iodinated with Na125J by application of Chlo
ramin-T and immediately purified by column chromatography. After a total 
incubation period of92 h in a phosphate buffer system mimicking the conditions 
of somatostatin in CSF (pH 7.4) free SLI was separated from the antibody-bound 
species by use of the charcoal separating technique. The sensitivity of the assay 
was about 6 fmolfml. The intra-assay and inter-assay coefficients of variations 
were 5% and 12% respectively. SLI was fractionated by reverse phase HPLC 
using a C18 column (LiChrosorb RP 18, particle size 5 Jlm, column size 
4.6 x 250 mm). The mobile phase consisted of 0.1 M triethylammonium formate, 
pH 3.5 (TEAF) with 17% n-propanol as an organic modifier. Aliquots of up to 
500 111 were injected onto the column which was perfused isocratically at a flow 
rate of 1 mlfmin. Thirty six fractions each containing 1 ml of eluate were collect
ed. The fractions were lyophilized and reconstituted in assay buffer for sub
sequent radioimmunoassay. Recovery of total SLI was 83.7±11.4% (n=23). 
5-HIAA and HVA were determined by electrochemical detection. 

For statistical analysis Student's t-test was employed to determine signifi
cance indicate by p values. Correlations were established by Pearson's correlation 
coefficient. All data is expressed as the mean ± standard deviation. 

Results 

Total SLI was significantly decreased to 18.6 ± 8. 7 fmolfml in SDAT 
(p<0.01) and to 21.4±8.1 fmolfml (p<0.05) in PD, compared to con
trols (29.5 ± 8.9 fmolfml). In all groups we could exclude a positive 
correlation between age and SLI, 5-HIAA and HVA. We observed 
positive significant correlations between HVA and 5-HIAA in controls 
(r=0.68), in PD (r=0.42) and SDAT (r=0.59). Moreover HVA and 
5-HIAA were significantly correlated with SLI in controls (r = -0.68, 
r=-0.56) but not in PD and SDAT. The decrease of SLI in SDAT 
patients was correlated with dementia scores (r=0.41, p< =0.01). 
When classified according to the stage of deterioration, patients with 
GDS 5 showed no decrease of SLI, compared with the age-matched 
controls, while significant decrease was observed in GDS 6 (p < 0.05) 
and GDS 7 (p<0.01) (Table 1). 

HVA was lower in advanced SDAT but only in severe cases the 
decrease of HVA was significant (p < 0.05) (Table 1 ). 

In patients with PD HVA and SLI levels depended on L-DOPA 
treatment (Table 1 ). Within the parkinsonian group there was no signif
icant correlation between SLI concentration and GDS ratings. After 
classification of PD patients according to Hoehn and Yahr (H& Y) we 
observed in cases of slight disability (H& Y 1-3) an insignificant reduc-



T
ab

le
 1

. 
C

li
ni

ca
l 

da
ta

 a
nd

 C
S

F
 l

ev
el

s 
o

f 
5

-H
IA

A
, 

H
V

A
 a

n
d

 S
L

I 
in

 c
on

tr
ol

s,
 p

at
ie

nt
s 

w
it

h
 S

D
A

T
 a

cc
or

di
ng

 t
o

 G
D

S
 a

n
d

 p
at

ie
nt

s 
w

it
h

 P
D

 c
la

ss
if

ie
d 

by
 L

-D
O

P
A

 t
re

at
m

en
t 

P
at

ie
nt

 g
ro

u
p

 
P

at
ie

nt
s 

n 
Se

x 
F

(M
 

M
ea

n 
ag

e 
5-

H
IA

A
 n

m
ol

fm
l 

H
V

A
 n

m
ol

fm
l 

S
L

I 
fm

ol
fm

l 

C
on

tr
ol

 
12

 
11

/1
 

8
2

.6
±

6
.7

 
1

8
4

.6
±

6
4

.8
 

36
4.

9 
±

 1
03

.8
 

2
9

.5
±

8
.9

 

S
D

A
T

 
G

D
S

S
 

6 
5/

1 
8

4
.7

±
3

.9
 

23
1.

8 
±

 7
0.

4 
4

1
4

.5
±

2
3

8
.6

 
2

8
.3

±
7

.7
 

G
D

S
6

 
16

 
15

/1
 

8
3

.4
±

5
,6

 
1

9
8

.0
±

7
2

.9
 

31
7.

8 
±

 1
72

.0
 

18
.3

 ±
 9

.4
 *

 
G

D
S

7
 

31
 

30
/1

 
8

7
.0

±
5

.9
 

1
7

8
.3

±
6

3
.7

 
27

3.
5 

±
 1

38
.7

 *
 

1
6

.5
±

7
.7

*
*

 

to
ta

l 
53

 
50

(3
 

8
5

.6
±

5
.8

 
1

9
0

.3
±

6
8

.3
 

30
2.

8 
±

 1
64

.7
 

18
.6

 ±
 7

.9
 *

* 

P
D

 
w

it
h 

L
-D

O
P

A
 

25
 

17
/8

 
7

9
.6

±
5

.7
 

1
6

2
.5

±
9

6
.5

 
58

3.
8 

±
 3

54
.3

 *
* 

23
.2

 ±
 7.

4 
* 

w
it

ho
ut

 L
-D

O
P

A
 

13
 

7/
6 

7
8

.4
±

5
.1

 
1

5
3

.0
±

8
4

.4
 

19
3.

4 
±

 1
33

.6
 *

* 
18

.0
 ±

 7.
2 

**
 

to
ta

l 
38

 
24

/1
4 

79
.1

 ±
7

.4
 

16
0.

3 
±

 9
2.

1 
45

0.
2 

±
 3

45
.2

 
21

.4
 ±

 8
.1

 *
* 

V
al

ue
s 

ar
e 

m
ea

n 
±

 
SD

. 
* 

p 
<

 0
.0

5,
 *

* 
p 

<
 0

.0
1 

vs
. 

co
nt

ro
l 

by
 S

tu
de

nt
's

 t
-t

es
t 

'-
" .....
. 

0
>

 

p;: §. 3 ;:; " ,_, ~
 

~
 



Somatostatin-like immunoreactivity and neurotransmitter metabolites 317 

SLI (pg/ml) 
250 .-------------------------------------~ 

Vo 

200 

150 

5 

SST 28/25 SST 14 

10 15 20 

fraction 

Dee-Ala-SST 
t------i 

25 

Fig. 1. Reversed phase HPLC elution profile of SLI from a control CSF. Horizontal lines 
indicate the elution positions of standards 
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100.-------------------------------------~ 
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• Control • SllA.T f2J PD 
(•) p< 0.05 ,(") p< 0.01 vs control 

Fig. 2. Histogram showing the molecular pattern of somatostatin-like immunoreactivity 
in controls and patients with senile dementia of Alzheimer type and Parkinson's disease 
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Table 2. HMW-SST, SST-28/25, SST-14 and Des-Ala-SST in CSF of controls, 
PD and SDA T. Values are expressed in % of total SLI 

Patient group Peak 1 Peak 2 Peak 3 Peak 4 
HMV-SST SST-28/25 SST-14 Des-Ala-SST 

Control 10.1 ±4.9 52.7 ± 12.9 31.2 ± 13.6 5.4± 6.1 
PO 13.5±6.5 50.8± 8.7 23.2± 12.6 12.7 ± 10.9 * 
SDAT 15.6 ±7.1 * 55.7 ± 11.1 21.4± 13.5 * 7.4± 8.2 

Values are mean ± SO. * p < 0.05, ** p < 0.01 vs. control by Student's t-test 

tion of SLI (23.3 ± 9.3 fmoljml) in comparison to controls which became 
significant in moderate and severe cases (H& Y 4 and 5) (19.6 ± 5.9 and 
19.2±6.9 fmoljml, p<0.05 vs. controls). 

HPLC separation of SLI revealed molecular heterogeneity of SLI. As 
shown in Fig. 1 four peaks were eluted: a first peak eluting with the void 
volume probably corresponding to HMW-SST was followed by two 
pronounced peaks eluting at retention times of synthetic SST-28/25 and 
SST-14 and by a small and variable peak co-eluting with Des-Ala-SST. 
In patients with SDAT we found the following changes in the molecular 
forms: peak 3 was decreased to 21.4 ± 13.5% (p < 0.05) and peak 1 was 
increased to 15.6 ± 7.1% (p < 0.05). PD patients showed less marked 
changes in the molecular pattern of somatostatin. As well as in SDAT, 
peak 3 corresponding to SST-14 was reduced but only peak 4 was 
significant decreased to 12.7±10.9% (p<0.05) (Table 2, Fig. 2). 

Discussion 

Somatostatin-like immunoreactivity was significantly reduced in the 
CSF of patients with SDAT in accordance with numerous earlier reports 
(Wood et al., 1982; Soininen et al., 1984; Cramer et al., 1985 and others). 
In our study the loss of SLI was correlated with dementia scores and 
appeared to increase with progression of cognitive impairment. Our 
finding of a late and rather moderate decrease of HVA in SDAT, together 
with the independence from SLI suggests that the progressive loss of 
HVA in the CSF may be secondary and less specific compared with the 
change in SLI (Zubenko et al., 1986; Nakamura et al., 1984). In patients 
with Parkinson's disease substantial decreases of somatostatin-like im
munoreactivity (SLI) were observed in the CSF by several research 
groups (Dupont et al., 1982; Cramer et al., 1989), while no significant 
alteration was found by another (Beal et al., 1986). It was suggested that 
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SLI levels in CSF and cerebral cortical neurons are only reduced in 
parkinsonian patients with dementia (Beal et al., 1986; Agid et al., 1985). 
In our study the deficiency of SLI shows a similar extent compared to 
SDAT. Although no correlation between the presence or absence of 
dementia and the SLI concentration was noted our results suggest that 
a turnover decrease or loss of somatostatin may be closely related to the 
progression of the disease process of parkinsonism. A pathophysiologi
cal link is represented by the functional relationship between monoamin
ergic and somatostatinergic neurons in extrapyramidal system (Garcia
Sevilla et al., 1978). The presence of multiple forms of SLI in the CSF 
is in agreement with recent studies (Beal et al., 1985; Rissler et al., 1986) 
but their quantitive relation is up to now discussed controversely. We 
have shown a preponderance of SST-14 and SST-28/25 in human CSF. 
SST-14 probably representing the principal form of SLI, stored in, and 
released from cortical nerve terminals, is reduced in PD and significantly 
decreased in SDAT. The also biologically active molecular forms SST-28 
and SST-25, which are likely to be intermediates in the biosynthesis of 
SST-14 show no changes. The increased Des-Ala-SST peak in PD sug
gests an increase in the rate of proteolytic processing of SST-14 and 
SST-28. Our finding of qualitative and quantitative changes in the 
pattern of the molecular forms is in summary compatible with dysregu
lated synthesis andfor processing of somatostatin in SDAT and PD. 
However, most of the molecular forms recovered from SLI still require 
further classification. 

In SDAT exists a close association of SLI with senile plaques and 
neurofibrillary tangles containing abnormal proteinaceous structures 
(Morrison et al., 1985; Roberts et al., 1985). It remains to be established 
whether these changes in the molecular pattern of SLI are specific for the 
neuropathological processes involved in plaque and tangle formation or 
reflect a generalized alteration of protein biosynthesis and posttransla
tional processing in SDAT. 
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Summary 

Lack of nerve growth factor (NGF) has been suggested to play a causal role 
in Alzheimer's disease. Employing sensitive biological and immunological assays 
for NGF we determined the levels of NGF in sera of controls and patients with 
Alzheimer's disease. Absence of NGF immunoreactivity and elevated levels of 
NGF-like bioactivity were found in sera of the patient group. This might be 
relevant since NGF regulates and increases the transcription rate of many genes, 
including those for the P-amyloid precursor and the prion protein. 

Introduction 

In the central nervous system (CNS) of patients with dementia 
(Alzheimer type) acetylcholine synthesis declines early and cholinergic 
neurons of the basal forebrain nuclei which project neurites to the cortex 
cerebri become atrophic. This process' results in cortical cholinergic 
deafferentiation (Perry et al., 1978). Diminished availability of neuro
trophic factors has been suggested to play an important role in the 
disease process (Appel, 1981). Nerve Growth Factor (NGF) is the 
molecularly best characterised neurotrophic polypeptide. There is strong 
evidence that NGF may function as a trophic factor for magnocellular 
basal forebrain cholinergic neurons, i.e. neurons of the diagonal band of 
Broca, of the medial septal nucleus and of the nucleus basalis of Meynert 
(for review see: Thoenen et al., 1987). Intrathecal administration of 
NGF reduces both the basal forebrain cholinergic neuron atrophy and 
the spatial memory impairment that are associated with normal ageing 
in rats (Will and Hefti, 1985; Kromer, 1986; Fischer et al., 1987). 
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The study of the NGF and the NGF-receptor gene expression dis
closed no difference of the production of NGF mRNA (Goedert et al., 
1986) and NGF-receptor mRNA (Goedert eta!., 1989) in the brains of 
patients with Alzheimer's disease compared to controls. These findings 
indicate that the NGF gene and the NGF receptor gene expression are 
not causally involved in the degeneration of basal forebrain cholinergic 
neurons. However, these findings do not exclude that the biosynthesis 
and metabolic turn over of the NGF protein and of the NGF receptor 
protein are altered in Alzheimer's disease. 

In order to investigate possible alterations of the NGF system in 
Alzheimer's disease we analysed whether the presence of NGF in extra
neural compartments, i.e. in the blood circulation (S-NGF) was affected 
by the disease process. 

Material and methods 

Sera were taken from 7 female and 3 male patients with the classical symp
toms of Alzheimer type dementia (diagnosed according to the NINCDS/ 
ADRDA-criteria; mean age 69 years). Sera of 10 age and sex matched patients 
without neurological diseases served as controls. 

Serum N G F levels were evaluated with a sensitive biological assay employing 
embryonic sensory neurons of the chicken as in vitro indicators of N GF bioac
tivity (Stephani et al. , 1987). In this assay the neurite promoting activity of serum 
(Fig. 1) was titrated. The serum NGF level was calculated from comparison with 
the dose response curve of purified NGF. Sensitivity of this assay system is 
Spgfml NGF. 
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Fig. 1. Neurite promoting activity of the serum of a patient with Alzheimer's dementia 

(serum dilution 1 :103, 1 em = 50 ~m) 
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Fig. 2. Senile dementia of Alzheimer type: serum-NGF-levels in 10 patients and controls 
as determined employing biological and immunological assays. The ends of the vertical 
lines represent minimal and maximal values, the horizontal lines of the open boxes 25%, 

50% and 75% values 

In addition, serum NGF levels were measured with a commercially available 
two site jluorimetric enzyme immunoasscry (FEIA). Detection limit of this assay 
system is 4 pg/ml NGF. 

Results 

In the sera of 10 control patients NGF (S-NGF) levels were 6-
150 pgfml immunoreactive NGF-equivalents and 0.1-8 ngfml biologi
cal NGF-equivalents. In the 10 sera of patients with Alzheimer disease 
no NGF was detected by the FEIA method whereas by bioassay S-NGF 
levels equivalent to 9- 90 ngfml NGF were evaluated (Fig. 2). 

Discussion 

The differences between the results of biological and immunological 
methods in serum are still a matter of methodological investigations. 
Possibly, NGF-binding proteins in serum are able to hide antigenic sites 
more than biologically active sites of the NGF molecule. With the FEIA 
method only free NGF-molecules are measured in serum, what certainly 
is an underestimate of the total NGF concentration present in serum. 
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However, the extent of the difference between immunological and 
biological values was extremely high in sera of Alzheimer disease pa
tients with zero values in the FEIA method and elevated values in the 
biological method. This might be explained by a recent finding: In sera 
of patients with Alzheimer disease antibodies against NGF were detect
ed (Roy et al., 1988). It is possible, that antibodies to NGF mask anti
genic domains of the NGF molecules in serum additionally to the ubiq
uitous binding proteins and thus prevent detection of NGF with the 
FEIA method. 

Furthermore, if these preliminary data will be confirmed, the obser
vation of high NGF-like activity in sera of patients with Alzheimer's 
disease is important: NGF was shown to increase the cellular pool of 
mRNAs of the ,8-amyloid protein precursor and prion protein in devel
oping hamster brain (Mobley et al., 1988) and in PC 12 cells (Wion et al., 
1988). 

Amyloid deposits and the formation of plaques and tangles are the 
most striking pathological findings in brains affected by Alzheimer's 
disease. Further studies are needed to elucidate the possible pathogenetic 
role of the NGF-system in Alzheimer's disease. 
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Summary 

To explore hypothalamic-pituitary-somatotropic (HPS) and -adrenal (HPA) 
system integrity in early-onset Alzheimer's disease (AD) 10 drug-naive patients 
and matched controls received 50 J.lg G HRH at 9: 00 and 100 J.lg CRH at 18: 00 
as an i.v. bolus dose. Compared with controls, patients with AD showed atten
uated GHRH-induced GH responses and decreased ACTH but normal cortisol 
secretion following CRH. GH responses to GHRH were negatively correlated 
with the plasma insulin-like growth factor (IGF-I) concentrations and the sever
ity of dementia. A positive correlation was found between GHRH-evoked GH 
release and ACTH responses to CRH. The results suggest a pathologic process 
at the level of the pituitary andfor hypothalamus possibly involving a choliner
gic, monoaminergic, andfor peptidergic imbalance in AD and support the view 
that altered HPS and HPA secretory dynamics in AD are related to the underly
ing brain dysfunction. 

Introduction 

Postmortem examination of brain specimen from patients with AD 
reveal marked cholinergic, monoaminergic and peptidergic deficiences 
not only in the cerebral cortex but also in subcortical structures, includ
ing the hypothalamus (Greenwald et al., 1983; Perry, 1987). In particu
lar, irreversibly decreased neuronal tissue and cerebrospinal fluid so
matostatin (SRIH) concentrations in AD are widely replicated findings 
(Davies and Terry, 1981; Wood et al., 1982), with the significance of 
these observations further suggested by the identification of the SRIH 
neurons as a major locus of development of neurofibrillary tangles and 
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plaques. Hypothalamic regions receiving cholinergic and monoaminer
gic input are also the major sources of peptide-releasing/inhibiting hor
mones. Since growth hormone (GH) secretion is principally regulated 
through altered hypothalamic SRIH or GH-releasing hormone (GHRH) 
output, distorted GH secretory dynamics associated with AD, as detect
ed by reduced sleep-related secretion of GH (Davis et al., 1982), diurnal 
GH hypersecretion (Christie et al., 1987) and blunted GH responses to 
the cholinesterase inhibitor edrophonium (Thienhaus et al., 1986), are 
believed to reflect deficient release of SRIH resulting in HPS system 
hyperactivity. In addition, a variety of neuroendocrine derangements 
involving the hypothalamic-pituitary-adrenal (HPA) axis have been de
scribed in AD. These abnormalities include decreased corticotropin-re
leasing hormone (CRH) concentrations and reciprocal changes in CRH 
receptors in the cortex (Bissette et al., 1985; DeSouza et al., 1986), 
increased nocturnal cortisol secretion (Davis et al., 1986) and nonsup
pression of plasma cortisol concentrations after dexamethasone adminis
tration (Raskind et al., 1982; Balldin et al., 1983). In order to explore 
HPS and HPA system integrity in AD, GHRH and CRH stimulation 
tests were conducted in patients with early-onset AD and matched 
controls. 

Methods 

Ten drug-naive and non-depressed patients (7 women, 3 men), age 49-66 
years (mean± SD, 58.6 ± 6.3) and body mass index (BMI) 23.1 ± 2.6 kgfmZ met 
DSM-III-R criteria for primary degenerative dementia and NINCDS-ADRDA 
criteria (McKhann et al., 1984) for probable AD. All investigations were per
formed after the patients' admission to the Department of Psychiatry, University 
ofWiirzburg. Patients were evaluated by physical examination, routine laborato
ry screening and various imaging techniques including event related potentials 
(ERP), brain electrical activity mapping (BEAM), computed tomography (CT) 
or magnetic resonance imaging (MRI), single photon emission computed to
mography (SPECT) and positron emission tomography (PET). The severity of 
dementia was assessed with Folstein's Mini-Mental State (FMMS) test (Folstein 
et al., 1975) and the Brief Cognitive Rating Scale (BCRS) (Reisberg eta!., 1983). 
The mean BCRS and FMMS score was 4.1±1.5 and 16.3±10.0, respectively. 
Written informed consent was obtained from all patients andjor their spouses. 
Ten controls were matched for age (55.2±4.6 years), gender (7 women, 3 men) 
and BMI (23.6±2.9 kgjm2). 

All subjects received 50 J.lg synthetic human GHRH-44 amide at 9:00 and 
100 J.lg synthetic human CRH -41 at 18: 00 as an i. v. bolus dose at rest in bed. G H 
was measured at -15, 0, 15, 30, 45, 60, 90, 120 min and IGF-I was determined 
at -15 min. Corticotropin (ACTH) and cortisol was measured at -15, 0, 5, 15, 
30, 60, 90 and 120 min. GH, IGF-1, ACTH, and cortisol analyses employed 
standard RIA techniques as previously described (Lesch et a!., 1989). Hormone 
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responses were calculated as net areas under the curve (AUC), using trapezoidal 
integration. The data were analyzed using Mann-Whitney's U test and Spear
man' s rank order correlation. 

Results 

Compared with controls, the patients with AD showed attenuated 
GH responses to GHRH (851 ± 734 vs. 361 ±666 ng · min/ml; p<0.05) 
(Fig. 1, Table 1) and decreased ACTH (3136±2798 vs. 1431 ± 
825 pg · minfml; p < 0.05) but normal cortisol release (12.9 ± 4.4 vs. 
13.9±7.3 X 103 ng · minjml; ns) following CRH (Fig. 1, Table 2). No 
difference was found in basal GH and IGF-I concentrations. The 

Table 1. Baseline growth hormone (GH), GH reponses to GH-releasing hor
mone and insulin-like growth factor I (IGF-1) in patients with Alzheimer 's 

disease (n = 10) and matched controls 

Alzheimer's disease 
Controls 

Basal GH 
(ngjml) 

1.8± 2.2 
1.7 ± 1.6 

AUCGH 
(ng · minjml) 

361 ± 666* 
851 ± 734 

* p < 0.05; Mann-Whitney U-test, two-tailed 

o., ..... ..:I 250, 

~ j 12: L-+--t---if-+--+--+-+-t--+--+--t 

~i ::l.~ 
-Je 0 30 150 90 120min 

IGF-I 
(Ujml) 

0.74±0.31 
0.73±0.36 

Fig. 1. T ime course curves ofGH responses to GHRH and CRH-induced ACTHjcortisol 
release in 10 patients with Alzheimer's disease (o , o , t.) and 10 normal controls (e , • , &) 

matched for age, gender and body mass index 
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Table 2. Baseline cortisol, ACTH and cortisol responses to corticotropin
releasing hormone (CRH) in patients with Alzheimer's disease (n = 10) and 

matched controls 

Alzheimer's disease 
Controls 

Basal cortisol 
(ngfml) 

78.6±50.0 
50.6±23.7 

* p<0.05; Mann-Whitney U-test, two-tailed 

AUC ACTH 
(pg · minfml) 

1431±825* 
3136±2798 

AUC cortisol 
(ng · minfml x 103) 

13.9±7.3 
12.9±4.4 

GHRH-induced GH responses and IGF-I concentrations were negative
ly correlated in the AD patients (r.=-0.58, p<0.05) and across the 
entire sample (r. =-0.39, p < 0.05). While baseline ACTH values were 
not different, the blunted ACTH response was associated with increased 
basal cortisol concentrations. A positive correlation was found between 
GHRH-evoked GH release and ACTH responses to CRH across the 
entire sample (r. = 0.45, p < 0.05). This relationship persisted only in the 
patient group when AD patients and controls were tested separately 
(r8 =0.67, p<0.05). GH and cortisol responses were not correlated. In 
the patients with AD a correlation was found between GH responses to 
GHRH and severity of dementia as assessed by the BCRS (r8 =-0.56, 
p<0.05) and the FMMS (r.=0.50, p<0.1). The magnitude of GH 
responses to GHRH and CRH-induced ACTHfcortisol secretion did not 
differ between men and women and was not significantly correlated with 
age and BMI. 

Discussion 

Our data indicate that GH responses after GHRH administration are 
attenuated in patients with early-onset AD as compared to normal con
trol. The impaired pituitary response could have resulted from diurnal 
GH hypersecretion, previously demonstrated in Alzheimer-type demen
tia (Christie et al., 1987). Although exaggerated GH output may reflect 
increased release of endogenous GHRH (Lesch et al., 1989), it is more 
likely to be due to a cholinergic andfor SRIH-ergic deficiency. This 
hypothesis is supported by the observation that cholinergic and SRIH
ergic deficits are particularly pronounced in patients with early-onset 
AD (Rossor et al., 1984). Since feedback inhibition of GH secretion is 
mediated by peripheral GH-dependent IGF-I production and by a direct 
effect of GH, diminished GHRH-induced GH responses may be a con
sequence HPS hyperactivity. Although there is no compelling evidence 
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of diurnal GH hypersecretion in our patient sample, as reflected by 
elevated basal GH levels andfor increased IGF-I concentrations, the 
diminished GH responses to GHRH may indicate a pathologic process 
at the level of the pituitary and/or hypothalamus. 

The discordance in ACTH and cortisol responses to CRH stimulation 
in AD patients indicates that the pituitary corticotroph cells respond to 
the negative feedback of increased baseline cortisol and that the abnor
mal HPA activity reflects a suprapituitary disturbance. Accordingly, the 
apparent normal functioning of the ACTH-secreting cells and the pre
sumed integrity of the glucocorticoid-dependent negative feedback reg
ulation suggests that mild hypercortisolism in patients with AD reflects 
an abnormality at or above the level of the hypothalamus that may lead 
to a hypersecretion of endogenous CRH (andfor vasopressin). Hyperac
tivity of CRH-containing neurons may be due to alterations in the 
hypothalamic, limbic and other (sub-)cortical structures where choliner
gic, monoaminergic, and peptidergic interaction is known to have im
portant modulatory influences on hormonal release (Lesch et al., 1989). 
These results, therefore, provide functional evidence of disturbed HPS 
and HPA axis regulation in AD that appears to be related to underlying 
brain dysfunction. Further study of neurotransmitter-mediated HPS and 
HPA dysregulation using selective pharmacological challenge agents 
combined with peripheral measures may allow a clearer understanding 
of pathophysiology of neuroendocrine dysfunction in AD. 

Despite the limitations and low specifity of neuroendocrine challenge 
paradigms, GHRH-induced GH responses and ACTHfcortisol secretion 
following CRH may play a role in identifyihg early AD cases and 
high-risk populations, such as first-degree relatives of patients with AD. 
Thus, identification of peripheral endocrine abnormalities linked to neu
rotransmitter and/or -modulator deficiencies could help develop accessi
ble antemortem markers and may contribute to the clarification of AD 
pathophysiology. 
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Summary 

The daily urinary excretion of total (R)- and (S)-salsolinol and 1,2-dehydro
salsolinol (free + sulfoconjugate) was measured in patients with degenerative 
dementia. (R)-Salsolinol was detectable in the urine of 5 out of 12 patients and 
1,2-dehydrosalsolinol in the urine of 10 patients, whereas (S)-salsolinol was not 
detectable. The urinary excretion of 1 ,2-dehydrosalsolinol appears to be similar 
in demented and parkinsonian patients, suggesting that the biosynthesis of 
salsolinol precursors may be similar in the two groups. 

Introduction 

Salsolinol (1-methyl-1 ,2,3,4-tetrahydro-6, 7 -isoquinolinediol) is a te
trahydroisoquinoline alkaloid which exists as R and S enantiomers 
(Dostert et al., 1988). There is increasing evidence that, in humans, the 
biosynthesis of salsolinol occurs by condensation of dopamine (DA) 
with pyruvic acid. Salsolinol was detected for the first time in the urine 
of parkinsonian patients (Sandler et al., 1973). Later on, salsolinol was 
also found in urine and cerebrospinal fluid of healthy volunteers (Collins 
et al., 1979; Sjoquist et al., 1981; Dordain et al., 1984) as well as in brain 
from non-alcoholic subjects (Sjoquist et al., 1982). In non-treated par
kinsonian patients, the urinary excretion of total (R + S) salsolinol was 
shown to be significantly lower than in controls (Dordain et al., 1984). 
We have recently established that, under normal conditions, the R enan-
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tiomer of salsolinol predominates or is the only isomer present in the 
urine of healthy subjects (Dostert et al., 1987). 

In biochemical studies of Alzheimer's disease and senile dementia of 
the Alzheimer's type, the dopaminergic system has received little atten
tion. Findings on DA in Alzheimer's patients with histological confirma
tion are controversial; most studies, however, suggest that DA neurons 
are not affected (for review see Reinikainen et al., 1988). In this study, 
the urinary concentrations and daily excretion of (R)- and (S)-salsolinol 
and 1 ,2-dehydrosalsolinol, a potential bioprecursor of salsolinol, were 
measured in patients with degenerative dementia as an indirect evalua
tion of brain DA concentrations. 

Material and methods 

Study design 

Twelve patients, 4 men and 8 women, aged 75.4±8.8 years (mean ± S.D.) 
participated in the study (Table 1). The diagnosis of primary degenerative 
dementia was made by documenting that each patient had a clinical history and 
current mental status consistent with that diagnosis and by ruling out other 
possible causes of dementia. Patients had a history of progressive cognitive 
impairment ranging from a few months to 8 years. Each patient's current mental 
status and behavioral abnormalities at the time of entry into the study were 
assessed with the Global Deterioration Scale of Reisberg (Reisberg eta!., 1982). 
Patients received standard food from the hospital and the 24-h urines were 
collected in the presence of NaHS03 and semicarbazide. 

Table 1. Characteristics of the patients 

Subjects Sex Age Weight Reisberg's Duration 
scale of the disease 

(years) (kg) (grade) (years) 

1 f 63 55 5 2.5 
2 m 62 63 4 6 
3 m 66 62 5 3 
4 m 77 66 4 <1 
5 f 87 55 6 8 
6 f 82 5 2 
7 f 76 37 5 3 
8 m 83 59 5 
9 f 76 40 4 

10 f 87 58 4 <1 
11 f 78 62 6 4-5 
12 f 68 5 2 

data not available 
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Determination of the urinary concentrations of ( R)- and (5)-salsolinol 
and 1 ,2-de/ijldrosalsolinol 

Determination of the urinary concentrations of total (R)- and (S)-salsolinol 
was performed as described by Dostert et al. (1989). 1,2-Dehydrosalsolinol urine 
concentrations were determined as follows: 5 ml samples of urine brought to 
pH 7.5 were hydrolyzed (37 °C, 16 h) with 50 Ill of a solution prepared by 
diluting 0.1 ml arylsulphatase (Sigma S-1629) with 0.9 ml of 0.2 M Tris buffer 
pH 7.5. Aliquots corresponding to 1 ml urine were extracted with CHC13 first 
at pH 4 and then at pH 7.4. The aqueous phase brought to pH 8.5 was loaded 
into a phenylboronic acid cartridge. 1,2-dehydrosalsolinol was eluted with 
CH3C02H in CH30H. After evaporation to dryness, the residue was dissolved 
in 200 Ill mobile phase. Aliquots of 50 Ill were injected into the HPLC system. 
This was essentially that used by Dostert et al. (1989) with some modifications: 
column: Jl-Bondapak C-18, mobile phase: CH30Hf75 mM KH2P04 in H 20 
brought to pH 3 + sodium octylsulphate (20(80, vfv), flow rate: 0.8 mlfmin; 
limit of detection: 8.5 pmolfml urine. 

Results 

The S enantiomer of salsolinol was not detectable in the urine of all 
the patients. The R enantiomer was clearly detectable in the urine of two 
patients (Table 2); in the urine of three other patients, though below the 

Table 2. Urinary concentrations (U.C.: pmolfml) and daily urinary excretion 
(D. U.E.: nmolfday) of (R)-salsolinol [(R)-Sal] and 1,2-dehydrosalsolinol (DSal) 

in 12 patients with degenerative dementia 

Subjects (R)-Sal DSal 24-h urine 
excretion 

u.c D.U.E. U.C. D.U.E. (ml) 

24.4 + 
2 18.3 7.3 23.8 9.5 400 
3 40.3 30.2 750 
4 500 
5 20.5 7.4 360 
6 (10.4)* 4.7 (7.0) * 3.2 450 
7 (8.5) * 9.4 1100 
8 14.5 18.1 30.6 38.3 1250 
9 21.8 19.6 900 

10 25.1 6.3 250 
11 24.3 17.3 700 
12 (6.0) * 3.6 23.8 14.3 600 

-: not detectable; * value determined although below the limit of detection retained; 
+ data not available 
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limit of detection retained (14 pmolfml), the concentrations of (R)-sal
solinol were found to be quantifiable owing to the absence of interfer
ence peaks. 

1 ,2-Dehydrosalsolinol (free + sulfoconjugate) was detectable in the 
urine of 10 patients out of 12; the daily excretion ranged from 3.2 to 
38.3 nmoles. It is worth noting that in this study urine was not tested for 
the presence of the glucuroconjugate of 1,2-dehydrosalsolinol. 

Discussion 

Using the same methodology, neither the R nor the S enantiomer of 
salsolinol was detectable in the urine of 9 parkinsonian patients in the 
absence of L-dopa therapy (Dostert et al., 1989), whereas, in this study, 
(R)-salsolinol was detectable in the urine of 5 out of 12 demented 
patients. With respect to the degree of clinical deterioration, the two 
groups of demented and parkinsonian patients were different. Most of 
the demented patients had rather long clinical history and scored high 
in Reisberg's scale, whereas most of the parkinsonian patients were "de 
novo" parkinsonians with a rather low score in Hoehn and Yahr's scale. 

In healthy subjects, the urinary salsolinol concentrations are generally 
found to be above the limit of detection retained (14 pmolfml). There
fore, the urinary concentrations of (R)-salsolinol in demented patients 
seem to be closer to those of healthy subjects than those of parkinsoni
ans. However, the mean daily urinary excretion of 1 ,2-dehydrosalsolinol 
(free + sulfoconjugate) was similar in demented patients (this study) and 
parkinsonians (Dostert et al., unpublished results), being 13.3 ± 12.3 and 
16.1 ± 16.0 nmoles (mean ± S.D.), respectively. That the two groups of 
patients had similar mean values of daily urinary output of 1,2-dehy
drosalsolinol, whereas (R)-salsolinol formation seems to be totally im
paired in parkinsonians, might indicate that the reduction step 1 ,2-dehy
drosalsolinol ---+ salsolinol is missing or is not, or poorly, functional in 
parkinsonians but still working in demented patients. Determination of 
the urinary concentrations of 1 ,2-dehydrosalsolinol glucuronide in de
mented and parkinsonian patients should allow the comparison of the 
urinary concentrations of total (free + sulfo + glucuroconjugate) 1 ,2-de
hydrosalsolinol of these patients with those of controls and, thus, to get 
some indirect insight into DA brain concentrations in patients with 
degenerative dementia with respect to controls and parkinsonian pa
tients. However, additional studies should include healthy volunteers 
and recently-diagnosed parkinsonian and demented patients of the same 
age range before drawing any conclusion. 
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Alzheimer's disease - one, two or several? 
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Summary 

In the seventies, the two disorders, Alzheimer's disease (AD) and senile 
dementia of the Alzheimer type (SDAT) were sampled into one group, the 
dementias of the Alzheimer type. This sampling cannot be justified from a 
scientific point of view. The phenomenology of the two disorders differentiate. 
In AD a symptomatology of parietal and temporal lobe dysfunction is present, 
while in SDAT the clinical picture is more diffuse and indicative of not only a 
cortical but also a subcortical dysfunction. 

Brain imaging techniques indicate white matter low attenuation and central 
atrophy in SDAT, while in AD the cortical atrophy is predominant. 

Laboratory data show that the SDAT group includes patients with vitamin 
B12 deficiency and increased platelet monoamine oxidase activity. In the CSF of 
patients with AD there are decreased concentrations of homovanillic acid. 

While AD is considered a small, relatively homogeneous group of presenile 
dementias, SDAT is considered a heterogeneous group including several sub
groups. 

When Alzheimer in 1906 first described "a characteristic disease of 
the cerebral cortex" he had a 51-year-old women in mind. Kraepelin 
(1910) in the paper "Senile and Presenile Dementias" created the concept 
of Alzheimer's disease, and in his paper he states: "While the anatomical 
findings suggest that we are dealing with a particularly serious form of 
senile dementia, the fact that this disease sometimes starts already around 
the age of 40 does not allow this supposition. In such cases we should 
at least assume a "senium praecox", if not perhaps a more or less 
age-independent unique disease process." Later on in the European 
textbooks Alzheimer's disease was considered a form of presenile prima
ry dementia. However, as neuropathologists have found Alzheimer le-
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sions, e.g. senile plaques and fibrillary tangles, also in brains from 
patients who have a late onset primary degenerative dementia, usually 
named senile dementia, these forms have been called senile dementia of 
the Alzheimer type (SDAT). Especially in the United States these two 
forms have been sampled together into one form of Alzheimer dementia 
(AD(SDAT). 

The main reasons for sampling AD and SDAT are as follows: 

similar clinical phenomenology; 
Alzheimer lesions are present in both disorders; 
there are significant correlations between Alzheimer lesions and be
havioral disturbances. 

None of these reasons are valid for sampling the two disorders. 
Although it is evident that there are similarities between the symptom
atology in the two disorders, there are also differences. These differences 
will be discussed below. 

It is evident that senile plaques and fibrillary tangles are found in AD, 
as well as in SDAT, and the only differences between the two disorders 
are quantitative. However, it has not been documented to what extent 
Alzheimer lesions delimit a homogeneous group from an etiological or 
clinical point of view. It is well known that Alzheimer lesions are found 
in normal aging, Down's syndrome and other types of dementia, e.g. 
vascular dementia, parkinsonism with dementia and dementia pugulisti
ca. Alzheimer lesions delimit an Alzheimer encephalopathy which may, 
however, be the common pathway for different degenerative disorders. 

It is also true that statistically significant correlations between 
Alzheimer lesions and behavioural disturbances have been demonstrated 
(Blessed et al., 1968). However, from these statistical correlations, it is 
not possible to draw any conclusions about a causal relationship. 

Should the presenile form of AD be separated from the senile form 
ofSDAT? 

Differences in .rymptomatology 

The clinical diagnosis of AD and SDAT depends upon a syndrome 
of impairment of memory and other cognitive functions, including at
tention, language, praxis, visuospatial abilities, problem-solving, and 
abstract reasoning. Emotional disturbances, such as depression, anxiety, 
fear-panic and restlessness may also be present (Merriam et al., 1988). It 
is usually assumed that the symptomatology in AD is similar to that in 
SDAT, although the SDAT symptomatology is somewhat milder. In 
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some studies (Gustafson and Nilsson, 1982; Brane et al., 1989), it was 
found that there were differences in the amount of irritability, anxiety, 
confusion and restlessness. These kinds of symptoms dominated in the 
SDAT group, possibly indicating subcortical involvement in this group. 

In a prospective study at our own institute, preliminary results indi
cate that aphasia (anomia, comprehension deficit and fluent aphasia with 
increased or normal verbal output, and empty stereotyped language), 
apraxia (inability to carry out purposive voluntary movements, when it 
cannot be accounted for in terms of paresis, sensory loss or comprehen
sion deficit, the patient is for example unable to dress) and also a visual 
agnosia (inability to name objects by sight which are readily identified 
by touch or hearing) and a more severe spatial disability (impaired abstract 
conception of space e.g. inadequate three-dimensional figure copying, 
tendency to get lost even in familiar surroundings) are more frequent in 
AD than in SDAT. In SDAT patients with equal severity of disease, there 
are more non-regional symptoms, such as reduced orientation, calculat
ing ability, logical/analytical ability (inability to interpret proverbs and 
to find similarities), and also a more pronounced tendency to confusion 
(in-alertness, in-attention, impaired concentration, disorganized think
ing) perceptual disturbances (delusionsjhallucinations), anxiety and in
creased or diminished motor activity. As is evident, this symptomatology 
indicates a focal, cortical disturbance in AD, while the disturbance in 
SDAT is more general (see Fig. 1). 

AD SDAT 
APHASIA ++ + 

APRAXIA ++ + 

VISUAL AGNOSIA ++ + 

SPATIAL DISABILITY ++ + 

REDUCED ORIENTATION + ++ 

REDUCED CALCULATING ABILITY + ++ 

REDUCED LOGICAL ANALYTIC ABILITY + ++ 

CONFUSION + ++ 

"FRONTAL LOBE" SYMPTOMS (+) + 

"SUBCORTICAL" SYMPTOMS (+) + 

Fig. 1. Differences in symptomatology in presenile Alzheimer's disease (AD) and senile 
dementia of the Alzheimer type (SDAT) 
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Brain imaging techniques 

Brain imaging techniques have improved greatly in recent years, and 
the localization and the degree of morpholQgical changes in the brain, 
when present, can be relatively clearly described. In an investigation by 
Wallin et al. (1989 a), morphological changes according to CT scans are 
described. White matter low attenuations (WMLA) were found in a 
higher frequency in the SDAT group than in the AD group. In fact, the 
SDAT group did not differ significantly from the group of vascular 
dementias. The frequency of central atrophy in the SDAT group was 
also significantly higher than in the AD group. There were no significant 
differences between the AD and SDAT groups with regard to cortical 
atrophy. The lack of subcortical findings on CT, as well as WLMA in 
AD patients, suggests that AD is mainly a cortical disorder, while in 
SDAT there is also an involvement of subcortical regions in the degen
erative process (see Table 1 ). 

Laboratory findings 

When peripheral markers are studied, some differences have also 
emerged in the diagnosis of AD and SDAT. Regland et al. (1988a) 
studied a group of patients including AD and SDAT. In this clinical 
sample the concentration of vitamin B12 in serum and the activity of 
MAO in platelets were investigated. In the AD group, the vitamin B12 
levels were normal, while in the SDAT group 23% were found to have 
significantly reduced vitamin B12 concentrations (below 130 pmoljl) 
(Fig. 2). In the sample it was found that the demented patients with low 
vitamin B12 levels also had significantly increased concentrations of 
MAO in platelets, the latter finding indicating presence of immature 
platelets, possibly due to mild peripheral deficiency of vitamin B12. 

When studying the cerebrospinal fluid (CSF) some differences have 
also emerged between AD and SDAT patients. As has been shown by 
several groups (see Gottfries, 1983; Brane et al., 1989), significantly 
lower concentrations ofhomovanillic acid (HVA) were found in the CSF 
of AD patients as compared with SDAT patients and controls. It is of 
interest that there was a significant increase of 3-methoxy 4-hydroxy
phenylglycol (HMPG) in SDAT patients as compared with controls. No 
such increase of HMPG was found in the AD patients (Table 2). 
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Table 2. Age, age at onset, duration of the disorder and monoamine metabolites 
(nmolfl) in CSF in a group of AD (onset <65 yrs), and a group of SDAT (onset 
~ 65 yrs) patients compared with a group of controls (means± SD). Signifi
cances of group differences were calculated using Student's t-test and Wilcoxon 

rank sums tests 

Variables Controls AD SDAT 
(n=26) (n=13) (n=28) 

Age 64± 7 64± 8 +++ 78± 6 c 

Age at onset 59± 5 +++ 73± 5 
Duration 6± 5 5± 3 
MHPG 48± 10 52± 11 58± 22 a 

HVA 276±105 153±40 c +252±139 
5-HIAA 137 ± 47 109±61 130± 45 

a p < 0.05 and c p < 0.005 for differences to controls. 
+ p <0.05 and + + + p<0.005 for differences between AD and SDAT groups (after 
Brane et al. , 1989) 
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Fig. 2. Vitamin B12 concentrations (pmoljl) in serum from patients with presenile 
Alzheimer's disease (AD) and senile dementia of the Alzheimer type (SDAT). 130 pmoljl 

is considered the lower limit of normal distribution 
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Postmortem human brain investigations 

Neurochemical differences between AD and SDAT have also been 
stressed in postmortem human brain investigations (Rossor et al., 1984; 
Gottfries, 1985). Usually the neurotransmitter disturbances seen in early 
onset dementia are more severe than those seen in late onset dementia. 
Potmortem studies of white matter changes (Brun and Gustafson, 1976; 
Gottfries et al., 1985; Svennerholm et al., 1988) have also shown that the 
recorded white matter changes are more severe in the group of demented 
patients with late onset of the disorder, which is in line with the CT scan 
findings mentioned above. 

Epidemiological investigations 

According to the epidemiological investigations by Sjogren et al. 
(1952) and Sourander and Sjogren (1970), the two disorders AD and 
SDAT behave like two from each other different disorders. There is a 
four-fold increased risk for SDAT in siblings of SDAT patients. No 
instances of AD were found in the 2675 family members investigated. In 
other studies of familial aggregation in the AD/SDAT complex, Heston 
(1977) found that relatives of AD patients ran a markedly increased risk 
of getting AD. The highest risk among relatives of getting dementia was 
found in siblings of autopsied Alzheimer patients with comparatively 
early onset of the disorder. In this group the cumulative risk was 50: 50. 
The lowest risk was found in siblings of patients who had developed a 
dementia disorder after the age of 70 years. 

When the symptomatology, the laboratory findings, the result from 
brain imaging, the postmortem findings and the epidemiological find
ings are taken together it is obvious that there are several arguments for 
distinguishing AD from SDAT. 

Is AD a homogeneous group? 

According to Jorm et al. (1987) and Gottfries et al. (1986), there is a 
strong relation between the frequencies of dementias and age. In the age 
group 65-70, less than 1% of the total population is demented, indicat
ing that AD is a fairly uncommon disorder. In the age group above 80 
years, the frequency of dementias is 20% or higher. 

It is natural to assume that the rather malignant early onset AD is a 
small homogeneous group. However, in an investigation by Mayeux 
et al. (1985) it was shown that patients with AD (n = 110) could be 
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subdivided }nto four groups: patients with extrapyramidal symptoms, 
patients with myoclonic symptoms, patients with a benign form of 
dementia, and the typical form of AD. The subdividing of the dementias 
was not related to the age at onset. Extrapyramidal symptoms were 
found in 21% of the individuals investigated, and these patients had a 
higher prevalence of psychotic behaviour and a greater mental reduc
tion. According to Kaye et al. (1988), a subgroup of AD with extrapyra
midal features also have reduced concentrations of HVA in CSF to a 
greater extent than other AD patients. 

In the study by Mayeux et al. (1985), myoclonus was found in 9.9%. 
Seven patients of the total number, 110, had a benign form of dementia, 
yet those patients met the criteria for dementia at the assessment. It was 
of interest that the benign form did not progress to the same extent as 
the other. 

The above-mentioned findings indicate that the clinical diagnosis of 
AD may include subgroups of dementias. 

Is SDAT a homogeneous group? 

In fact, SDAT is a dementia disorder that is delimited by the age at 
onset and the absence of evident explanations to the mental impairment. 
It is an exclusion diagnosis and therefore it may very well be a hetero
geneous group. Some subgroups of SDAT are suggested below. 

Normal aging 

Several investigations have shown that in normal aging there is an 
age-related decrease in the activity of neurotransmitter systems (see 
Gottfries, 1985). This decrease seems to have its onset in the 60s but, due 
to reserve capacities of the human brain, behavioural disturbances in the 
aging process do usually not become evident until the age of 80-85 
years. It can be assumed, however, that after the age of 85 years the 
normal aging process, possibly in combination with negative environ
mental factors, may cause such cognitive impairment that a dementing 
disorder is diagnosed. From a clinical point of view, this type of high-age 
dementia cannot be separated from SDAT. It can, indeed, also be ques
tioned whether it is possible to differentiate these disorders by histolog
ical investigations of the brain, as the amount of senile plaques and 
fibrillary tangles increase with age. 
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Secondary dementias 

According to investigations by Regland et al. (1988) vitamin B12 
deficiency is known to be associated with SDAT. In patients with AD 
there were normal concentrations of vitamin B12. It is well known that 
vitamin B12 deficiency goes with changes in the spinal cord, which has 
also been reproduced in animal experiments on rhesus monkeys (Scott 
et al., 1981). A brain lesion in pernicious anaemia has been described 
which is not different from that which occurs in the spinal cord and 
which consists essentially of degeneration of white matter in the cere
brum. In the study by Regland (1990) patients were also investigated for 
the platelet content of MAO. It was shown that in the group diagnosed 
as SDAT, the frequency of pathological low vitamin B12levels was 23%, 
and there was also significantly higher platelet MAO activity in the 
group with low B12 levels. As also shown by Regland (1990), the 
patients with SDAT and low vitamin B12 levels had atrophic gastritis, 
as marked by reduced pepsinogen I concentrations in serum. When 
patients with low vitamin B12 levels were treated with vitamin B12, the 
high MAO activity in platelets was significantly reduced (Regland, 
1990). As the cobalamin molecule is actively transported over mem
branes, the reduced concentrations of vitamin B12 in the group of late 
onset dementias can possibly be considered a marker of reduced mem
brane capacity. It can thus be assumed that other essential nutrients, such 
as folic acid, vitamin B6, tryptophane, tyrosine, zinc, selenium etc. are 
also transported insufficiently over membranes, giving rise to brain 
dysfunction. It is obvious that, although these patients were originally 
diagnosed as SDAT, the findings of reduced vitamin B12 indicate that 
the diagnosis of secondary dementia may be more adequate. 

Immunological factors 

Amyloid is often seen in diseases with dysfunction of the immune 
system. Due to this, immunological disturbances have been considered 
as etiological or pathogenetic factors in AD and SDAT. Ishii and Haga 
(1976) reported the presence of immunoglobulin in amyloid of senile 
plaques and also in the walls of small vessels. Singh and Fudenberg 
(1986) found antibodies binding to rat brain tissue in 57% of sera in 
patients with AD, compared with none in aged healthy controls. In a 
study on CSF in patients with AD Williams et al. (1980) also found 
banding in the gamma-globulin region in 5 out of 8 patients with AD. 
In a study at our institute (Blennow et al., 1989), a quantitative determi
nation of albumin, IgG and IgM in serum and CSF was made. The 
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combined group of AD and SDAT showed significantly higher IgG and 
IgM index values than the control group. Within the ADjSDAT group 
12 out of 44 patients (26%) had an intrathecal synthesis of immunoglob
ulins, while there was none in the controls. None of the patients with a 
synthesis of immunoglobulins had signs of blood-brain barrier damage. 
Nor were there laboratory data indicative of virus infections. It has to 
be considered that a degenerative disease process through the produc
tion of tissue damage may lead, secondarily, to the development of an 
autoimmune process. However, the patients with an intrathecal im
munoglobulin synthesis were not more severely demented than those 
with a normal CSF. 

In an investigation by McRae Degueurce et al. (1988), antibodies in 
the CSF in AD and SDAT patients were shown to recognize neuronal 
populations and components in the medial septum and the spinal motor 
neurons in rodents infused with a chemical mixture that fixes small 
neurotransmitter molecules. In view of the results presented, it is tempt
ing to discuss the hypothesis that morphological changes (plaque forma
tions), as well as a decrease in presynaptic cholinergic markers in AD and 
SDAT, may be triggered by abnormalities in the immune system. 

Confusion states 

In DSM III R it is stated that a diagnosis of dementia should be made 
only in the absence of severe confusion. Ratings of patients with senile 
dementia at our institute have shown that a mild confusion is a very 
common symptom in patients with SDAT (Andersson, 1989). Prelimi
nary data indicate that some of the patients at present diagnosed as 
SDAT, in fact, have a mild confusion in which the cognitive impairment 
fluctuates around the clock. The "sundown syndrome" is common in 
these patients. The slowly progressive course of this disorder imitates 
the clinical picture of SDAT. The question whether these patients have 
a cortical dementing disorder or a subcortical disturbance with confu
sion as the main symptom is being discussed. It seems obvious, however, 
that the group of SDAT includes a subgroup of patients with mild 
confusion. 

Vascular non-MID patients 

According to Wallin et al. (1989 b), some patients with vascular risk 
factors have a dementia of a non-MID type, and this is named probable 
vascular dementia (PVD). It may have insidious onset and slowly pro-
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gressing course. Sometimes patients with PVD may have had stroke 
attacks, but if brain imaging is not done, these attacks may remain 
unidentified. Erroneous diagnoses of SDAT cannot be excluded for 
these cases. 

Conclusions 

At present, cumulative data indicate that the presenile form of 
Alzheimer's disease should be separated from senile dementia of the 
Alzheimer type. 

The presenile form of Alzheimer's disease seems to be a relatively 
homogeneous group, although some clinical features indicate sub
groups. 

Senile dementia of the Alzheimer type, diagnosed according to DSM 
III R, is an exclusion diagnosis, and the concept is used for primary 
degenerative disorders with late onset (after the age of 65 years) and 
when no other possible explanation of the dementia can be given. The 
group is assumed to include several subgroups. High age ( > 85 yrs) and 
negative environmental factors may go with cognitive impairment that 
is difficult to separate from SDAT. The deficiency of essential nutrients 
due to degenerative changes in the mucus membrane of the gut may also 
cause a brain dysfunction that is not possible to differentiate from SDAT. 
A subgroup of AD and SDAT patients also show disturbances of the 
immunological system, which is indicative of autoimmune disorders in 
AD and SDAT. Thus, a relatively large part of the SDAT group can 
possibly be secondary dementias. 

The sampling of AD and SDAT into one large group named Alz
heimer type dementia and "the disease of the century" has, indeed, 
created great interest in dementing illness. Politicians, as well as doctors 
and researchers, have displayed a keen interest. As a consequence, the 
status of patients and their relatives has risen substantially. However, 
from a scientific point of view, the sampling of AD and SDAT has not 
been to advantage. On the contrary, it has been a step back. AD and 
SDAT must be distinguished, and at least SDAT, which is an exclusion 
diagnosis, can be assumed to be a heterogeneous group, including sev
eral different forms of dementing illness. The question whether senile 
plaques and fibrillary tangles occur in the brains of patients included in 
this subgroup comes naturally. In a prospective study we will try to find 
an answer. However, the question is not particularly relevant. If 
Alzheimer lesions are assumed to be of a secondary nature, eventually 
taking place in all dementing illness, there seems to be no reason to press 
these clinical diagnoses into the boxes of the neuropathology. It might, 
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in fact, be hindering. The clinical diagnosis should also be related to 
neurotransmitter deficits, disturbances of the calcium homeostasis or 
disturbed glucose metabolism. 
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Summary 

Alzheimer's disease (AD) with presenile onset is characterized by a consistent 
pattern of cognitive, emotional and neurological symptoms, in accordance with 
the accentuated degeneration of temporo-parietal and temporal limbic grey 
matter. The clinical picture is influenced by the age at onset and the duration of 
the disease and may be confounded by co-existent white matter changes. Differ
entiation between AD, vascular dementia and dementia with fronto-temporal 
degeneration of non-Alzheimer type, is possible by the use of clinical methods, 
e.g. special rating scales, which are described and validated. 

Introduction 

Since the first presentation in 1907, Alzheimer's disease (AD) has 
been described with increasing precision. Aloys Alzheimer, in the first 
case report mentioned several of the core symptoms of presenile AD, 
such as memory failure, spatial disorientation, language disturbances and 
dyspraxia. Other early studies added epileptic seizures and extrapyrami
dal signs to the clinical description and discussed differential diagnosis 
against arteriosclerotic brain disease (Perusini, 1910). The clinical signif
icance of a common pattern of mental dysfunctions has been agreed 
upon in several studies (Sjogren, 1952; Brion, 1966; Lauter, 1970; Brun 
and Gustafson, 1976) and a three stage model has been suggested to 
describe the order in which these symptoms appear during the course of 
the disease (Sjogren, 1952). The present paper will focus upon the 
clinical criteria for diagnosis of presenile AD and the validity of ante 
mortem diagnosis based on these criteria. 
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Material and methods 

The results are mainly based on a longitudinal prospective study of presenile 
and senile dementia that started twenty years ago. The patients have been studied 
repeatedly with psychiatric examinations, psychometric testing, regional cerebral 
blood flow (rCBF) measurements and EEG. Neuroradiology was performed in 
most cases. The psychiatric assessment was based on a rating scale with 77 items, 
describing various cognitive, emotional and personality changes in organic 
dementia (Gustafson and Hagberg, 1975). We managed to follow the patients 
from the very early to the terminal stage of different dementing disorders and 
to compare early clinical findings and the tentative diagnoses with the neu
ropathological findings. Neuropathological data have been obtained in about 
80% (more than 250 cases) of the deceased cases. The brain pathology has been 
analysed with a technique that makes it possible to compare clinical features with 
the distribution of lesions in the brain. 

For comparison three groups of patients with dementia and Alzheimer en
cephalopathy verified postmortem were selected: 

1. Twenty-one patients with presenile AD. The mean age at onset of dementia 
was 56.7 (range 45-64) years, the mean age at death was 67.3 (range 56-75) 
years and the mean duration of the dementia was 10.6 (range 5 -16) years. 

2. Twenty patients with senile dementia of Alzheimer type (SDAT). The mean 
age at onset of dementia was 75.6 (range 65-85) years. The mean age at death 
was 81.5 (range 67 -92) years and the duration of the disease was 6.0 (range 
2-10) years. 

3. Down's syndrome dementia (DSD). Nine patients with the clinical character
istics of Down's syndrome and chromosome 21 trisomy. The mean age at 
death was 53.9 (range 37-66) years and the mean duration of the dementia 
was 5 years. 

The results from these groups will be compared with those from postmortem 
verified cases with vascular dementia and cases with frontal lobe degeneration 
of non-alzheimer type (FLD) belonging to the wider entity fronto-temporal 
dementia (FTD), which also includes cases with Pick's disease (Brun, 1987; 
Gustafson, 1987). 

Diagnostic criteria 

The clinical picture in presenile AD shows a number of symptoms 
and signs with more or less specific relationship to the distribution and 
the severity of the disease. The selection of diagnostic criteria has to 
consider both frequency and specificity of these symptoms and symptom 
clusters. The majority of presenile AD cases develop dysmnesia, dys
phasia, dysgraphia, dysgnosia, dyspraxia and spatial disorientation. It 
seems justified to relate most of the cognitive defects to the focally 
accentuated degeneration of the temporo-parietal association cortex and 
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temporal-limbic structures (Brun and Gustafson, 1976). There are im
portant, individual variations concerning the severity and the order of 
appearance of the symptoms, although most of them were manifested at 
the second stage of the disease. Dysphasia was the first reported symp
tom in about 25% of our presenile AD cases and also changes of 
handwriting appeared early. The memory failure, appearing early in 
presenile AD, affects spatial as well as verbal functions and short-term 
as well as long-term memory. Logoclonia observed in one third of the 
cases, usually in the last stage was occasionally an early symptom. About 
80% of the presenile AD cases developed an increase of muscle tone, that 
might lead to a misdiagnosis of Parkinson's disease. Tremor was ob
served in one third of the cases comparatively late, as also cog-wheel 
phenomena. The extrapyramidal signs could not be explained by neu
roleptic treatment and their relationship to the degenerative brain 
changes is still an open question. Epileptic seizures of grand mal type 
and myoclonic twitchings with late onset were observed in about 50% 
of our cases. The age dependency of symptoms in AD was seen as a 
decreasing focalization of the temporo-parietal symptom pattern and a 
lower frequency of the neurological symptoms in the SDAT group, 
confirming the findings of Lauter (1970). 

The cognitive and the neurological symptoms in presenile AD form 
a rather consistent symptom pattern, while the emotional changes are 
more unspecific. Alzheimer (1907) described how initially the primary 
defect symptoms may partly be overshadowed by secondary adaptive, 
insufficiency and psychotic reactions such as anxiety and paranoia. Un
der optimal circumstances, however, the patients' capacity for emotional 
and social contacts seems to be relatively preserved. This has been 
related to a sparing of precentral and anterior cingulate cortex, at least 
at an earlier stage of presenile AD (Brun and Gustafson, 1976). A 
minority of cases also present a frontal symptom pattern but the differ
ential diagnosis against FTD is possible. The clinical picture in FTD is 
dominated by early personality changes and progressive dynamic 
aphasia, while spatial functions are comparatively spared (Gustafson, 
1987). Certain symptoms such as fainting spells, severe dizziness and 
fluctuations of the clinical course which usually arouse a suspicion of an 
ischemic brain disorder, are not uncommon in presenile AD. It might be 
justified to relate these observations to the selective incomplete white 
matter infarctions (SIWI) described by Brun, in this volume. 

There is a strong similarity both neuropathologically and clinically 
between presenile AD and DSD (Table 1). Memory failure, disorienta
tion and reduction of language functions were reported in both diseases 
and also late onset epilepsy and myoclonia. There were often in Down's 
syndrome, a connection in the time between onset of epilepsy and the 
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Table 1. Symptoms in presenile Alzheimer's disease (AD) and in Down's syn
drome dementia (DSD) 

Presenile AD DSD 
(N=21) (N=9) 

Age at death 67.3+5.2 53.9+9.6 

Dysmnesia ++ ++ 
Dysphasia ++ ++ 
Dyspraxia ++ ++ 
Spatial disorientation ++ ++ 

Epileptic seizures +(+) ++ 
Myoclonic twitchings +(+) +(+) 
Syncopal attacks + +(+) 
Increase of muscle tone ++ 

Frequency of symptoms:+ =20-39%; +(+)=40-69%; + + =70-100%; ?=reliable 
information not available 

first signs of cognitive deterioration. The significance of the parietal lobe 
involvement in AD is supported by concurrent findings in a prospective 
study of ageing and dementia in 22 Down cases. A reduction of visuo
spatial functions was an early indication of the cognitive decline in 
elderly Down patients as also an rCBF decrease in the temporo-parietal 
cortex in contrast to the previous normal rCBF results. EEG is almost 
pathological at an early stage of presenile AD in contrast to the 'normal' 
EEG often reported in early FTD (Gustafson, 1987). 

Diagnostic rating scales 

A standardised procedure for diagnosis of AD was based on three 
diagnostic rating scales developed for recognition of AD, FTD and 
multi-infarct dementia respectively. The general idea was that a clinical 
diagnosis should be based on positive criteria for the disease and not 
only on exclusion of other possible causes. The three rating scales were 
used in combination and the scoring profile for each patient formed the 
basis for a tentative clinical diagnosis. 

The rating scale for diagnosis of AD, was developed from data on con
firmed Alzheimer cases (Gustafson and Nilsson, 1982). Twelve items 
(Table 2) were selected from the full psychiatric scale with 77 items used 
in the longitudinal study (Gustafson and Hagberg, 1975). The selection 
and the scoring of the items were based on item analysis according to 
Likert. The maximum AD score is 17 points. A score greater than 5 and 
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Rating scale for diagnosis 
of Alzheimer's disease 

Item 

Slow progression 
Early loss of insight 
Early amnesia for remote events 
Early spatial disorientation 
Apraxia, aphasia, agnosia 
Logoclonia 
Logorrhea 
Progressive reduction of spon-

taneity of speech 
Epileptic seizures of late onset 
Increased muscular tension 
Myoclonic twitchings 
Kliiver-Bucy syndrome 

Table 2 

Scores 

1 
2 
2 
2 
2 

1 
2 

Rating scale for diagnosis of De
mentia with frontotemporal degen
eration 

Item 

Slow progression 
Early loss of insight 
Early signs of disinhibition 
Irritability, dysphoria 
Confabulation 
Logorrhea 
Progressive reduction of 

spontaneity of speech 
Echolalia, mutism, amimia 
Kliiver-Bucy syndrome 

Scores 

1 
2 
2 
1 

2 
1 

especially exceeding 8 points, suggests an Alzheimer diagnosis. The AD 
score correlates significantly (p < 0.001) with the duration of dementia in 
presenile AD cases. 

The rating scale for diagnosis of FT D is based even more on the clinical 
picture of the early stage of the disease (Gustafson and Nilsson, 1982). 
The scoring of the 9 items is based on item analysis and a score above 
5 points suggests fronto-temporal cortical degeneration. There was no 
correlation between FTD score and the duration of dementia in FTD 
cases. 

The ischemic score (IS) is used with the original scoring developed by 
Hachinski et al. (1975). IS correlates negatively (p < 0.001) with AD 
score and FTD score in patients with different types of dementia 
(n = 121 ). The validity of the diagnoses based on the three rating scales 
have been evaluated by comparison with neuropathological diagnoses 
and rCBF findings. 

The relationship between the diagnostic scores and the neuropatho
logical diagnoses in 85 demented patients is shown in Fig. 1. The scoring 
profile for each diagnostic group is characteristic and the agreement 
between individual scoring profiles and neuropathological diagnosis is 
also satisfactory. The diagnostic decisions are, however, difficult in some 
individual cases such as patients with mixed vascular and Alzheimer type 
dementia and in advanced FTD (Brun and Gustafson, 1988). 
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Fig. 1. Diagnostic scoring in post-mortem verified dementia (n = 85) 

The diagnostic scoring was also compared with the rCBF findings in 
121 patients with dementia (Risberg and Gustafson, 1988). rCBF was 
measured with the 133Xe-inhalation technique using a 32 detector equip
ment. Groups with tentative clinical diagnosis of presenile AD (n = 28), 
SDAT (n = 27), FTD (n=22) and vascular dementia (n=44) showed 
significantly different regional patterns of rCBF pathology. Cases pre
sumed to represent a mixture of vascular dementia and AD were exclud
ed. 60 patients have died during the follow-up period and post-mortem 
examinations in 49 cases have confirmed the main diagnosis in all but 
one case: a case diagnosed as vascular dementia turned out to have a 
Creutzfeldt-Jakob disease. 

Discussion 

Most clinico-pathological studies of AD with presenile onset agree, 
regarding the existence of a consistent pattern of cognitive, emotional 
and neurological symptoms, several of which are found already at an 
early stage of the disease. The symptoms, especially the cognitive de
fects, are closely related to the structural and functional consequences of 
the underlying brain disease, as shown by autopsy and brain imaging 
techniques. The pathoanatomical correlates to extrapyramidal signs, 
epileptic seizures and logoclonia have not been clarified to the same 
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extent. Frontal lobe symptoms, which are less dominating in presenile 
AD, tend to increase with the patients age at onset and the duration of 
the disease. The frontal lobe symptoms might partly be due to SIWI and 
associated with other symptoms of brain ischemia. Differential diagnosis 
against FTD is possible, since the symptom pattern at an early stage of 
presenile AD is almost contrary to that of early FTD. 

The diagnostic procedure based on three rating scales described here, 
is one of several possible ways to improve the clinical differentiation 
between different types of dementia. The criteria for dignosis of AD 
were selected among a large number of clinical features which were 
evaluated repeatedly in patients with progressing dementia. The selec
tion was based on frequency and intercorrelations between symptoms 
and their relationship to the distribution of brain degeneration in AD. 
The validity of the diagnostic procedure was strongly supported by 
postmortem diagnoses and rCBF findings. The positive correlation be
tween AD score and duration of the disease indicates a limitation con
cerning early diagnosis based on this scale. This might be partly compen
sated for by using the scoring profile based on all three rating scales. The 
evaluation of a limited number of symptoms seems to be a simple way 
to improve the differentiation between the presenile dementias. A pre
requisite for the present diagnostic procedure is, however, access to 
reliable clinical information. Early diagnosis of AD on clinical grounds 
remains a difficult task and clinical criteria have to be used in combina
tion with other diagnostic tools such as psychometric testing, rCBF and 
other brain imaging techniques. 
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Summary 

Four sets of diagnostic criteria for Alzheimer's disease were applied in paral
lel to 150 patients with suspected or manifest but not severe mental deterioration 
and were validated against the final diagnosis derived from the subsequent 
course within a 12 to 24 months follow-up period. DSM-III-R criteria for 
Primary Degenerative Dementia of the Alzheimer Type and NINCDS-ADRDA 
criteria for Probable Alzheimer's Disease were superior to ICD-10 criteria for 
Dementia in Alzheimer Disease in terms of sensitivity, specificity, and relative 
predictive value of positive classification. 

Several investigations have recently demonstrated that the clinical 
diagnosis of Alzheimer's disease can be confirmed in a high percentage 
of cases by brain biopsy or by postmortem neuropathological examina
tion (Joachim et al., 1988; Morris et al., 1988; Thiemey et al., 1988; 
Wade et al., 1988; Boller et al., 1989). Validity measures of 80 to 90 
percent attained in most of these studies might however been biased by 
the fact that patients had been observed longitudinally and had reached 
fairly advanced stages of the disorder, which obviously could have 
facilitated the recognition of different forms of dementing processes. 
Therefore the question arises how often a clinical diagnosis of 
Alzheimer's disease can be correctly made on the basis of cross-sectional 
data and in patients whose mental capability may have not severely 
deteriorated. 

During past decades the area of psychoorganic syndromes and de
menting disorders has been characterized by a confused terminology and 
by a variety of vague and conflicting concepts (Lauter, 1988). The 
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world-wide interest in the nosology of mental disorders has brought 
about several new classificatory systems which have already been used 
in clinical practice and international research, or will be introduced in 
near future. These systems provide clear inclusional and exclusional 
criteria as well as definite diagnostic algorithms, which are helpful in the 
decision on whether or not an individual case can be classified within a 
distinct syndromal or diagnostic category of mental disorder. This state 
of the art has provided us with straightforward rules which can be 
applied by psychiatrists of various countries and with different orienta
tion. 

For the diagnosis of Alzheimer's disease, however, at least four 
different sets of criteria have been proposed (Gustafson and Nilsson, 
1982; McKhann, 1984; American Psychiatric Association, 1987; World 
Health Organization, 1987). 

In spite of many similarities, these systems differ in reference to the 
diagnostic criteria involved. Which of these competing systems or which 
combination of criteria should be preferred? 

Material and methods 

In order to explore these questions, we examined 150 elderly individuals in 
our special dementia clinic, which is part of the outpatient service of the Depart
ment of Psychiatry at the Technische Universitat in Miinchen. Patients were 
referred between 1985 and 1987 from various medical institutions because of 
suspected or manifest symptoms of dementia. Cases of severe mental deteriora
tion were not included in the study. The initial assessment covered an extensive 
clinical interview with the patient and with a well-informed relative, a careful 
physical examination, various laboratory tests, several internationally accepted 
screening instruments such as Mini Mental State Examination (Folstein et a!., 
1975), Information-Memory-Concentration Test and Dementia Scale (Blessed 
et a!., 1968) and additional neuropsychological tests covering the areas of learn
ing, memory, language, visuo-spatial functions, and intelligence. Certain cut-offs 
on these variables were defined in advance to determine whether or not a 
particular diagnostic criterion was met. 

Following a polydiagnostic approach, each individual was classified by the 
sets of criteria listed in Table 1. 

For the validation of the different diagnostic approaches, biopsy or autopsy 
results would have been preferable. But as brain biopsy was not justified for 
ethical reasons and because life expectancy was quite long in most of the patients, 
neuropathological confirmation was not available. Therefore we used prospec
tive validation as the second best method. 

The patients were re-examined 12-24 months after the initial assessment 
(Fig. 1 ). Independently of the criteria which were applied on initial examination, 
the diagnosis of Alzheimer's disease was made when impairments of memory 
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Table 1. Criteria for the diagnosis of Alzheimer's disease 

1. DSM-III-R: 
Primary Degenerative Dementia of the Alzheimer Type 

2. ICD-10 diagnostic criteria for research: 

3. 

4. 

Dementia in Alzheimer Disease 

NINCDS-ADRDA work group: 
Probable Alzheimer's Disease 

Combination of Alzheimer-, 
Pick-, and Ischemic Scores 

Alzheimer's 
disease 

l 
with dementia syndrome 
defined according to 
DSM-III-R 
or lCD-10 

included in 
prospective validation 

fo1low-up 
completed 

not traced 
at follow-up 

other 
dementia 

not 
demented 

Fig. 1. Prospective validation 
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and intelligence had shown a continuous progression, when the interference of 
these symptoms with activities of daily living had increased, when no evidence 
of any other etiological factor had been found during the observational period, 
and when cognitive changes had continued to predominate over alterations of 
personality. If any of these requirements was not met, the diagnosis of 
Alzheimer's disease was rejected and the patient was categorized within other 
classes of mental illness. 

Of the 150 individuals originally included in the investigation, 15 cases could 
not be traced on follow-up, thus 135 were re-examined. The diagnosis of the 
syndrome of dementia was rejected in 63 patients. Two patients were demented; 
in 45 cases the diagnosis of Alzheimer's disease was established at the end of the 
observational period. In 8 of these individuals the degree of cognitive impair
ment had been very mild at the initial assessment. In 27 cases the syndrome of 
dementia could be attributed to other etiological factors. 
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The main issue of our examination was to determine which set of criteria 
applied at the initial examination proved to be most predictive of the final 
diagnosis of Alzheimer's disease at the end of the observational period. Validity 
was expressed in terms of sensitivity, specificity, and in the relative predictive 
value of positive criteria for Alzheimer's disease. The latter measure shows how 
much more frequent a confirmed diagnosis of Alzheimer's disease is in the cases 
where the criteria were positive than in those where the criteria were negative. 

Results 

The essential results of the study are shown in Fig. 2. 

1. ICD-10 research criteria for Dementia in Alzheimer Disease correctly 
identified 32 out of 45 confirmed cases and 79 out of 90 non-cases. 
Sensitivity was 71% and specificity was 88%. Of the 8 patients in an 
early stage of the disorder, 6 were missed. The relative predictive 
value of positive classification was poor. 

2. DSM-III-R criteria for Primary Degenerative Dementia of the 
Alzheimer Type did somewhat better, but the case allocation was not 
statistically different from ICD-10. Sensitivity and specificity were 84 
and 91%, respectively. Of the 8 mild cases, 4 were identified. The 
relative predictive value of positive classification was 12.6. 

SENSITIVITY % 

100 

90 

80 

70 

60 

100 

6 0 
DSM-III-R MODIFIED ( DEMENTIA ) 
NINCDS MODIFIED ( PROBABLE ALZHEIMER'S 

DISEASE ) 

DSM-III-R ( DEMENTIA ) 
4 e NINCDS ( PROBABLE ALZHEIMER'S DISEASE 

2 e DSM-III-R 

5 e DSM-I I I-R ( DEMENTIA ) 
ALZ, PICK, ISCH SCORES ( ALZHEIMER'S DISEASE ) 

1 e ICD-10 

3 e ICD-10 ( DEMENTIA ) 
NINCDS ( PROBABLE ALZHEIMER'S DISEASE 

SPECIFICITY % 

90 80 70 60 50 

Fig. 2. Prospective validity of different diagnostic criteria for Alzheimer's disease 
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3. When ICD-10 criteria for Dementia were used together with 
NINCDS-ADRDA criteria for Probable Alzheimer's Disease, a high
ly specific (94%) but insensitive (67%) classification ensued. 

4. When the NINCDS-ADRDA criteria for Probable Alzheimer's Dis
ease were combined with DSM-III-R criteria for the dementia syn
drome, 40 out of 45 confirmed cases and 82 out of 90 non-cases were 
correctly predicted, giving sensitivity and specificity values of ap
proximately 90%. Compared to ICD-10 criteria, the increase in valid
ity was statistically significant. 4 out of 8 early cases were still missed, 
and the relative predictive value of positive classification was 17.8. 

5. The application of the Alzheimer-, Pick-, and Ischemic Scales to a 
DSM-III-R diagnosis of Dementia resulted in validity measures that 
were intermediate between ICD-10 and DSM-III-R criteria for 
Alzheimer's disease. 

6. An additional though not statistically significant improvement of 
diagnostic validity resulted from minor modifications of the com
bined DSM-III-R and NINCDS-ADRDA criteria. According to 
these modifications an impairment of both short-term and remote 
memory- as required by DSM-III-R criteria- was not obligatory, as 
long as one of the two was present. For the diagnosis of Alzheimer's 
disease the additional requirement was introduced that cognitive 
symptoms had to predominate over personality changes. By this 
re-definition of criteria, sensitivity and specificity rose above 90%, 
and all but one patient in an early stage of the disorder were correctly 
identified. 

Discussion 

The poor performance of the ICD-10 research criteria was unexpect
ed. It may be explained by the fact that the World Health Organization 
adopts a relatively restrictive concept of dementia which adheres to the 
European tradition and requires, in addition to memory impairment, a 
decline of intelligence and a deterioration of emotional control, social 
behavior, or motivation. This narrow concept of the dementia syndrome 
is combined with a wide definition of Alzheimer's disease, consisting 
only in the exclusion of any demonstrable cause. 

The crucial influence of the restrictive concept of dementia for diag
nostic validity can be shown when it is combined with the more elabo
rate criteria of the NINCDS-ADRDA work group for the diagnosis of 
Alzheimer's disease. By adopting this combination, specificity increased 
but sensitivity remained unsatisfactory. 

In DSM-III-R, the American Psychiatric Association refers to a much 
broader concept of dementia. This concept may be criticized as over-in-
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elusive: the diagnosis of dementia can be made when a decline of mem
ory and an alteration of personality are present, while impairment of 
intelligence can be lacking. On the other hand, within the DSM-III-R 
classification, Alzheimer's disease is defined not only by the exclusion of 
other underlying causes but also by its typical onset and course. Our 
results suggest that DSM-III-R criteria for Primary Degenerative De
mentia of the Alzheimer Type are superior to ICD-10 research criteria 
for Dementia in Alzheimer's disease in terms of sensitivity and specifici
ty. 

The NINCDS-ADRDA criteria for Probable Alzheimer's Disease are 
very similar to the DSM-III-R definition of Primary Degenerative De
mentia of the Alzheimer Type. Thus no significant differences in validity 
can be expected when, in both instances, the syndrome of dementia is 
assessed according to DSM-III-R. As already mentioned, the NINCDS
ADRDA criteria performed much worse when the ICD-10 definition of 
dementia was used. 

We were surprised to see that an acceptable validity of clinical diag
nosis was also obtained from the application of three simple diagnostic 
scales. These symptom lists, however, refer to fairly advanced stages of 
dementing illness and therefore are less appropriate for the recognition 
of mild cases. 

The minor modifications to the DSM-III-R criteria for the dementia 
syndrome and to the NINCDS-ADRDA criteria for Probable Alzhei
mer's Disease were aimed at the detection of early stages where impair
ment of remote memory may be difficult to ascertain, and at the iden
tification of the typical symptom profile of the disorder which distin
guishes it from Pick's disease and from other forms of frontotemporal 
degeneration. These modifications of diagnostic criteria resulted in the 
best validity measures that have been observed in our study. 

We are aware of the fact that our attempts to compare the validity of 
several set of diagnostic criteria for Alzheimer's disease are only prelim
inary. They will have to await the final test of postmortem verification. 
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Summary 

As people become increasingly older dementias have been more often diag
nosed during the last decade. Difficulties arise in classifying the different types 
of demential syndromes and in reaching a clear terminology. Modern diagnosis 
are reached by clinical history, neuroimaging, electrophysiological examinations, 
laboratory and neurophysiological tests. Following this investigations a variety 
of demential syndromes are differentiated. An attempt is made to classify demen
tial syndromes into forms of organic dementia, the diffuse organic brain syn
drome and the local organic brain syndrome. 

Introduction 

During the last few years Poeck (1982, 1985, 1988) has pointed out 
several times that the terminus "dementia" which is used up to now in 
the terminology of research and in the clinical practice should be replen
ished. The mainly used scales, like the score for ischemia and score for 
dementia is not satisfactory to classify the disintegration of brain func
tion, mainly when it concerns the epidemiological research and concern
ing the different approaches towards therapy. Poeck (1988) also postu
lates a profile of the separate forms of dementia including the evaluation 
of the deficiencies as well as the preserved abilities of the performance. 
This goal should be an absolute one, mainly concerning the various 
possible therapy approaches and therefore a principal clarification of 
the classification groups is necessary. Primarily the irreversible diffuse 
damage of cortical and subcortical brain structures should be separated 
from the temporary diffuse lesions of the brain caused by various rea
sons. In both groups the clinical symptoms show a reduction of the 
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higher and highest brain functions. These disturbances are progressive 
or static in patients with a manifest brain damage, in patients with a 
temporary brain dysfunction a partial or full remission is possible. 

Therefore the task of this review should be to point out the necessity 
to differentiate clearly between the progredient or fixed brain damage 
and the transient brain dysfunction despite of the global homogeneous 
clinical aspects of both, as the latter one has the possibility of partial or 
full remission. 

In the Western European countries there are 14% of over 64 years old 
that means a trebling of this age group in respect to the whole popula
tion within the last 90 years (Mahendra, 1987; Christie, 1987). This fact 
has lead to a dramatic increase in the number of patients suffering from 
demential syndromes with consecutive sociomedical problems. 30% of 
this patients with symptoms of the demential syndrome are suffering 
according to Mumenthaler (1986) from a so-called reversible dementia. 
Other authors give these figures as much as 6.5% (Smith, 1981) and 32% 
(Harrison, 1977). 

In 1987 the definitions given in DSM-III have been revised and so 
became compatible with the NINCDS-ADRDA work group criteria 
(Wilcock, 1989). This means that we have got a tool for a more distinct 
clinical specification. Since the diagnostic techniques mainly the neu
roimaging methods are progressing, the differential diagnoses have been 
widely improved (Aichner, 1988; Hershey, 1987). 

Dementia is essentially an irreversible state with all the signs of 
impairment of the higher and highest brain functions and should be 
defined as the organic dementia (OD), whereby the so-called reversible 
dementia should be named "organic brain syndrome" (OBS). Different 
types of OBS according to the various clinical pictures and etiologies 
based on the definition by E. Bleuler (1916) and later by M. Bleuler 
(1967) have to be differentiated. 

Classification and terminology 

Derived from different etiological factors of diffuse brain dysfunction 
there are main groups to be defined; the organic dementia (OD) and the 
organic brain syndrome (OBS). The clinical syndromes related to hemi
spheric alterations are summarized in Table 1, subdivided into organic 
brain damage and transient brain dysfunctions. Based on clinical neuro
logical manifestation the classification does not consider etiological fac
tors. 

In general three different forms of brain syndromes have to be differ
entiated (Gerstenbrand, 1988, 1989). The organic dementia (OD), the 
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Table 1. Different types of organic brain syndrome 

1. Organic dementia (OD) 

1.1. Progressive form (OD-PR) 
1.2. Static form (OD-ST) 

2. Organic brain syndrome (OBS) 

2.1. Diffuse organic brain syndrome (DOBS) 
2.2. Local organic brain syndrome (LOBS) 
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irreversible form of a demential syndrome, shows either a progressive or 
a static course. The two others, generally reversible brain syndromes are 
the diffuse organic brain syndrome (DOBS) and the local organic brain 
syndrome (LOBS) of which the latter one can furthermore be subdivid
ed into the frontobasal, the frontoconvex, the temporobasal and the 
amnestic syndrome. 

The organic dementia (OD) 

The OD is defined as a mental disorder resulting from an irreversible 
diffuse brain damage in two different forms, the progressive and the 
static one. 

The clinical symptoms of organic dementia consists of disturbance of 
highest and higher brain functions, showing a diminuished psychic 
reactions, memory impairment, mainly affecting the short-term memory, 
disorientation of location and time, disturbance of judgement and appre
hension, disturbances of the control of affection, emotion instinct and 
mood and in addition impairment of speech, calculation, reading, writ
ing, constructional abilities, partial apraxia and agnosia. 

The progressive form shows a continuous deterioration, beginning 
with the symptoms like dementia type DAT, in the worst form resulting 
in an apallic syndrome. 

The organic brain ryndrome (OBS) 

The OBS is characterized by mental disorders which are a sequel of 
a reversible brain disease (inflammatory, vascular, metabolic, toxic etc.). 
The clinical picture of a diffuse form can be similar to the symptomatol
ogy of organic dementia, but mostly with less marked symptoms. 

The diffuse organic brain ryndrome (DOES): The DOBS is characterized by 
reversible mental disorders. The clinical picture is similar to the one of 



376 F. Gerstenbrand et a!. 

the organic dementia, but mostly shows less marked symptoms. Never
theless the course differs: it might present as a reversible one with a 
complete remission, a partially reversible one with a defective state 
showing symptoms of an organic dementia, or a partially reversible but 
with a defective state, may be later on developing into a progredient 
organic dementia. 

The local organic brain .ryndrome (LOBS): The LOBS also shows mental 
disorders as a sequel of cerebral damage. The course of the LOBS may 
be reversible with a complete remission, partially reversible, but leading 
into a defective state with symptoms of frontal or temporal lobe lesions, 
partially reversible but with a later onset of a progressive course leading 
into a defective state. This syndrome may be differentiated into four 
subgroups (Table 2): 

Table 2. Different forms of local organic brain syndrome 

1. Local organic brain syndrome 

1.1. Frontobasal syndrome (OBS-FBS) 
1.2. Frontoconvex syndrome (OBS-FCS) 
1.3. Temporobasal syndrome (OBS-TBS) 
1.4. Amnestic syndrome (OBS-AS) 

The Jrontobasal .ryndrome ( F BS): The PBS has first been described by 
Kretschmer (1949) and occasionally has been termed the "orbital syn
drome". The mental symptoms show an increase of drive, loss of emo
tional control, tendency for motoric overactivity, diminution of cogni
tive functions and overreaction on fright. Moreover, a frequent occur
rence of primitive motor patterns such as oral automatism and grasping
reflexes may be observed. 

In addition to these symptoms vegetative disturbances are found such 
as a tendency to vascular hypertonia as well as disturbances of the 
circadian rhythm. This syndrome can etiologically be linked with the 
lesion of frontobasal structures, mainly caused by traumata. 

The jrontoconvex .ryndrome ( FCS): The FCS, described by Gersten brand 
(1967) and Schmieder (1968) is characterized by a lack of drive (apathy, 
reduction of activity), a decrease of emotional response, an inhibition of 
instip.cts and an impairment of cognitive functions. Primitive motor 
patterns such as grasping reflexes and less often oral automatisms are 
observed. This condition is due to a lesion of the convexity of the frontal 
lobe as well as the related structures and is mainly posttraumatic. 
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The temporobasal ryndrome ( T BS): The TBS which has been differentiated 
corresponds to the PSEUDOPSYCHOPATHIC SYNDROME, de
scribed by Peters (1969), consists of an increase of drive (which lessens 
after a short period), euphoria, distractability, reduced reaction to fright, 
a decrease of emotional response, hypersexuality, disturbances of social 
adjustment, primitive oral motoric patterns, vegetative dysregulations. 
In some cases temporal seizures may be observed. Lesions of the tempo
ral lobe, mostly as a sequel of inflammatory or traumatic damage are the 
etiological causes of this clinical picture. 

The amnestic snydrome (AS): The AS, also termed as dysmnestic syn
drome by E. Bleuler (1916) mainly shows a disturbance of the memory, 
intellectual perception, orientation (location and time), impairment of 
thinking, affection with different accents. A bilateral lesion of the tem
poroconvex region is assumed, mostly caused by intoxications (alcohol, 
poisons, metals etc.) and metabolic as well as vascular disorders. 
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Summary 

Symptoms of depression are associated with both Multi-Infarct dementia 
(MID) and Dementia of Alzheimer's type (DAT). We investigated anxiety and 
depressed mood in 37 MID-patients and 55 DAT-patients of various stages of 
dementia. Diagnosis was carried out using the commonly accepted criteria of the 
DSM-III-R and the NINCDS-ADRDA criteria for "probable DAT", respective
ly. Severity of dementia was rated by the help of the Mini-Mental State exami
nation. 

We found comparable rates of depression in mild-to-moderate MID and 
DAT, respectively. Severely demented DAT-patients were far less anxious and 
depressed than equally demented MID-patients. Progression of dementia re
duced depression in DAT but favoured depressive symptoms in MID. 

Dementia of Alzheimer's type (OAT) is the most frequent type of 
dementia in the elderly having twice the incidence of Multi-Infarct 
Dementia (MID). OAT and MID account for about 90% of dementias in 
a geriatric population as demonstrated by neuropathological examina
tion (Tomlinson, 1970; J ellinger, 1990). Rates of depression in DAT and 
MID, respectively, vary enormously between studies (Reifler, 1982; 
Knesevich, 1983; Reding, 1985; Cummings, 1987; Gurland, 1987; 
Lazarus, 1987; Siegel, 1987; Zubenko, 1988; Wragg, 1989). Estimates of 
depression in OAT range from 0 to 87 percent (Wragg, 1989), that in 
MID range from 19 to 27 percent (Reding, 1985; Cummings, 1987). Two 
major reasons contribute to this variability. The first is the way in which 
depression is defined and measured. The second reason concerns pa-
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tients' selection (in- or out-patients; presenile - senile; female - male; 
stage of dementia; diagnostic criteria). 

According to the commonly accepted ischemic score, depressive 
symptomatology in coexisting dementia favours the diagnosis of MID 
(Hachinski, 1975). But this item of the ischemic score has been excluded 
after neuropathological validation of the scale (Rosen, 1980; Fischer, 
1989). Up to now three studies directly compared depression in MID 
with that in DAT. Danielczyk (1984) described a higher rate of antide
pressive treatment in early DAT than in early MID. Reding (1985) found 
depression to be more common in DAT; Cummings (1987) found it to 
be more common in MID. 

Depression in demented patients can either be defined as depressive 
disorder (i.e. major affective disorder of the DSM-III-R) or it can be 
described at the level of depressive .rymptoms (i.e. depressed mood, anxi
ety). Especially in the elderly, depression-like .rymptomatofogy interferes 
with the diagnosis of depression according to diagnostic criteria. For 
instance lack of appetite resulting in weight loss or insomnia are partic
ulary common in old age without coexisting depressive disorder (Siegel, 
1987). 

Rating scales for depression, standardized and validated in younger 
patients, are not applicable in older individuals (Weiss, 1986): they do not 
address the symptoms reported to be more common among depressed 
elderly. The Hamilton Depression Scale (Hamilton, 1960) and the Zung 
self-rating depression scale (Zung, 1965) are inappropriate in old de
mented patients. New geriatric depression scales have been developed 
but have not yet been established (Brink, 1982; Yesavage, 1983; Sheikh, 
1986; Sunderland, 1988). 

Pathogenesis of major depressive disorder may be quite different 
from that of depression in old age and particularly from that in dement
ing illness. Because of the etiological heterogeneity of depression in 
dementia, it is better to use only single symptoms of depression instead 
of calculating sumscores of depressive symptoms, which perhaps emerge 
from different sources. It is these depressive symptoms which burden 
the care-givers and which should be treated with antidepressive drugs 
(Cummings, 1987; Lazarus, 1987; Reisberg, 1987). 

We investigated the two most important depressive symptoms of old 
age, depressed mood and anxiety, in demented in-patients. We tried to 
answer the following questions: 

1. Is there a difference regarding depressive symptoms between equally 
demented MID- and DAT-patients? 

2. Do depressive symptoms increase or decrease during the course of 
MID and DAT, respectively? 
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Patients and methods 

We investigated depressive symptoms in 37 MID and 55 DAT patients. 
Patients were in-patients of the neurological department of a geriatric hospital 
in Vienna, called the "Pflegeheim Lainz" and had been hospitalized for at least 
1 month before entering the study. They took part in a prospective-longitudinal 
study on dementias in the elderly (Fischer, 1988). 

Dementia was diagnosed according to the Diagnostic and Statistical Manual 
of Mental Disorders, 3'd edition-revised DSM-III-R (1987). Grading of severity 
of dementia was carried out by the help of the Mini-Mental State examination 
(MMS; Folstein, 1975). According to Folstein (1983), only patients with MMS
scores of less than 24 were called "demented". Mild dementia was defined by 
MMS scores ranging from 16 to 23. Moderate dementia was defined by MMS 
scores ranging from 6 to 15. Severely demented patients scored less than 6 on 
the MMS (Fischer, 1988). 

Every patient diagnosed as DAT or MID, respectively, fulfilled the diagnos
tic criteria of the DSM-III-R (1987). DAT patients fulfilled the criteria for 
"Probable Dementia of Alzheimer's Type" of the NINCDS-ADRDA Work 
Group (McKhann, 1984). Diagnosis was based on a complete medical and 
neuropsychiatric examination including history, physical examination, electro
cardiography, electroencephalography, computed tomography of the brain, in
vestigation of the ocular fundi, blood count, biochemistry (electrolytes, liver and 
kidney function, folic acid, Vit B12), thyroid function, and serology for syphilis 
and AIDS. 

Helplessness of the patients was rated by nurses (HELP): abilities of eating, 
bathing, dressing, walking, incontinence, and the type of bed/chair demanded; 
each item scored 0 to 4; the maximum score of 24 meant maximal helplessness. 
This help-score is a German modification of the Physical Self-Maintenance Scale 
(Lawton, 1969). 

The Hamilton Depression Scale (HAM) was rated by an independent rater 
(M.S.) in order to compare our data with that of Cummings (1987). Depressed 
mood and anxiety was rated using 2 items of the Sandoz Clinical Assessment
Geriatric SCAG (Shader, 1974). These two items represent depression in the 
elderly according to factor analysis (Gaitz, 1977) (Table 1). 

Results 

Characteristics of patients are listed in Table 2. MID-patients were 
slightly younger than DAT-patients. Dementia was more severe in DAT 
than in MID, which was due to only 4 severely demented MID-patients 
opposed to 21 equally demented DAT-patients. Nevertheless helpless
ness was comparable in both diagnostic groups. The Hamilton-score 
was higher in DAT than in MID, and this difference nearly reached 
significance. 
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Table 1. Sandoz clinical assessment geriatric (SCAG) scale; symptoms of de
pression 

1 not present; 2 very mild; 3 mild; 4 mild to moderate; 5 moderate; 6 moderately severe; 
7 severe 

Item 5: Mood depression: dejected, despondent, helpless, hopeless, preoccupation with 
defeat or neglect by family or friends, hypochondriacal concern, functional 
somatic complaints, early waking. 
Rate on patient's statements, attitude and behavior. 

Item 6: Anxiety: worry, apprehension, overconcern for present or future, fears, com
plaints of functional somatic symptoms, e.g. headache, dry mouth, etc. 

MID 

DAT 

T-tests: 

Rate on patient's own subjective experience and on physical signs, e.g. trem
bling, sighing, sweating, etc., if present. 

Table 2. Patients 

N Age MMS Helplessness HAM 
(F/M) mean (SD) mean (SD) mean (SD) mean (SD) 

range range range range 

37 76.6 (7.0) 14.6 (6.5) 15.1 (6.7) 10.3 (2.5) 
(28/2) 59-85 0-23 5-24 3-19 

55 79.4 (8.8) 11.5(9.1) 14.7 (8.7) 12.4 (5.8) 
( 48/7) 58-93 0-23 1-24 2-27 

T= 1.63 T= 1.81 T= 0.23 T= 1.97 
df= 91 df= 91 df= 89 df = 91 
p = 0.107 p = 0.073 p = 0.817 p = 0.052 

Anxiety and depressed mood were the same in MID and DAT (anxiety 
in MID: 3.6 ± 1.5; in DAT: 3.8 ± 1.5; T = 0.870; pT = 0.387; depressed 
mood in MID: 4.2± 1.4; in DAT: 4.1 ± 1.7; T=0.293; pT=0.753). Ta
ble 3 shows these depressive symptoms at different stages of MID and 
DAT, respectively. Two-way analysis of variance shows that anxiety does 
neither depend on severity of dementia nor on type of dementia. De
pressed mood depended on severity of dementia but did not differ 
between MID and DAT The interaction between severity of dementia 
and type of dementia was found to be highly significant regarding both 
symptoms, anxiety and depressed mood. Thus, during the course of the 
illness these two symptoms changed in a different way in MID and DAT, 
respectively. 

The latter result was demonstrated by nonparametric rank-correla
tion coefficients between depressive symptoms and the MMS-score 
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Table 3. Depressive symptomatology at different stages of dementia of Alzhei
mer's type and multi-infarct dementia 

MID DAT 

Mild Moderate Severe Mild Moderate Severe 
n=21 n=12 n=4 n=22 n=12 n=21 

Anxiety 3.14 3.75 5.25 4.18 4.17 3.30 
(1.11) (1.60) (1. 71) (1.18) (1.19) (1.75) 

Depressed mood 4.14 4.00 5.25 4.86 4.42 3.05 
(1.24) (1.65) (1. 71) (1.55) (1.31) (1.61) 

Two-way ANOVA 

Anxiety: Main effects : Diagnosis (df=1): FJF= 1.319 pF=0.254 
Severity (df=2): FJF=0.626 pF=0.537 

Two-way interaction (df=2): F/F=5.872 pF=0.004 

Depressed mood: Main effects: Diagnosis (df= 1): FJF=0.191 pF=0.663 
Severity (df=2): FJF=4.231 pF=0.018 

Two-way interaction (df=2): F/F=5.055 pF=0.008 

Table 4. Spearman rank correlation coefficients between MMS and depressive 
symptoms 

Anxiety Depressed mood HAM 

MID r = -0.340 r = -0.203 r = -0.171 
p= 0.020 p= 0.114 p= 0.279 

DAT r = +0.235 r = +0.495 r = +0.099 
p= 0.042 p= 0.000 p= 0.347 

(Table 4). Anxiety and depressed mood correlated negatively with MMS
scores in MID, but did so with positive sign in OAT. Correlations were 
found to be non-significant using the Hamilton-scale. 

Discussion 

We found depressive symptoms in the course of both MID and OAT. 
Anxiety and depressed mood were slightly higher in OAT than in MID 
at the stages of mild and moderate dementia. But severely demented 
OAT-patients were far less anxious and depressed than equally demented 
MID-patients. The latter group only contained 4 patients. Highly signif-
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icant nonparametric correlations between cognitive decline and depres
sive symptoms showed that progression of dementia reduced depression 
in DAT but favoured depressive symptoms in MID. 

Our results are in accordance with those of Reding (1985) in so far 
as depression in early DAT was more pronounced than in early MID. 
Our results differ from that of Cummings (1987), who investigated MID 
and DAT-patients with a degree of dementia comparable to our patients. 
DAT-patients in this study reached an average MMS-score of 10.7 (11.5 
in our study), MID-patients reached a mean MMS-score of 15.9 (14.6 in 
our study). Cummings did not investigate depression in relation to 
severity of MID and DAT, respectively. Mean HAM-score of MID-pa
tients was 12.7 in Cumming's study (10.3 in our MID-patients). But we 
found a significant higher HAM-score of DAT-patients (12.4 compared 
to 6.8). This could be a sample artefact: for instance relatively more 
DAT-patients of Cummings could have been severely demented. 

Cummings accepted HAM-scores of 9 or above as indicative of some 
degree of depression and found 17% ofDAT- but 60% of MID-patients 
in the depressed range. If we adopt this criterion, we find 70% of our 
MID-patients and 79% of our DAT-patients in the depressed range. One 
possibility to explain the higher rate of depression in our investigation 
is, that we investigated chronic in-patients. In-patients are said to show 
a higher degree of depression (Wragg, 1989). 

Using the stricter HAM-cut-off of 13/14, which is used to exclude 
depression in subjects with age-associated memory impairment (Crook, 
1986), we found 27% of our MID-patients and 40% of our DAT-pa
tients in the depressed range. But, as stated before, the HAM is not 
designed for studying depression in old demented patients. 

Taken together our results indicate that the significance of depressive 
symptoms in the diagnosis of MID and DAT, respectively, depends on 
severity of dementia. Only severely demented DAT-patients are less 
depressed than equally demented MID-patients. Future research will 
have to show to what extent depression in MID and DAT is explained 
either by organic factors (Zubenko, 1988) andjor by psychological (reac
tive) processes. Nevertheless, unmodified depressive symptoms may be 
one important factor in the decision to institutionalize a patient. And 
these depressive symptoms are frequent. We, therefore, recommend to 
treat depressed patients vigorously even in the presence of dementia. 

Acknowledgements 

This research was supported by the "Fonds zur Fi.irderung wissenschaftlicher 
Forschung der Stadt Wien (grant 86/449)", by the Ludwig Boltzmann Institute 
of Aging Research, Working Group: Alzheimer's Dementia, and by a grant from 



Symptoms of depression in the course of multi-infarct dementia 385 

the Austrian Academy of Sciences: Institute of Brain Research(" Aktuelle Fragen 
der Hirnforschung"). 

References 

American Psychiatric Association (1987) Diagnostic and statistical manual of 
mental disorders, 3rd edn (revised). APA, Washington, DC 

Brink TL, Yesavage JA, Lum 0, Heersema PH, Adey M, Rose TL (1982) 
Screening tests for geriatric depression. Clin Gerontologist 1: 37-43 

Crook T, Bartus RT, Ferris SH, Whitehouse P, Cohen GD, Gershon S (1986) 
Age-associated memory impairment: proposed diagnostic criteria and mea
sures of clinical change - Report of a National Institute of Mental Health 
Work Group. Dev Neuropsychol2:261-276 

Cummings JL, Miller B, Hill MA, Neshkes R (1987) Neuropsychiatric aspects 
of multi-infarct dementia and dementia of the Alzheimer type. Arch Neurol 
44:389-393 

Danielczyk W (1984) Psychiatrische Komplikationen beim Morbus Parkinson: 
Krankheitssymptome, Folge der Alterung oder der Therapie? Neuropsychi
atr Clin 3:145-155 

Fischer P, Gatterer G, Marterer A, Danielczyk W (1988) Nonspecificity of 
semantic impairment in dementia of Alzheimer's type. Arch Neurol 
45:1341-1343 

Fischer P, ]ellinger K; Gatterer G, Marterer A, Danielczyk W (1989) Neu
ropathological validation of the Hachinski Scale. J Neural Transm (P-D Sect) 
1:57 

Folstein MF, Folstein SE, McHugh PR (1975) "Mini-Mental State". A practical 
method for grading the cognitive state of patients for the clinician. J Psychi
atr Res 12:189-198 

Folstein MF (1983) The mini-mental state examination. In: Crook TH, Ferris S, 
Bartus R (eds) Assessment in geriatric psychopharmacology. Mark Powley, 
Connecticut, pp 47-51 

Gaitz CM, Varner RV, Overall JE (1977) Pharmacotherapy for organic brain 
syndrome in late life. Arch Gen Psychiatry 34:839-845 

Gurland B, Toner J (1987) The epidemiology of the concurrence of depression 
and dementia. In: Altmann HJ (ed) Alzheimer's disease. Plenum Press, New 
York, pp 45-58 

Hachinski VC, Iliff LD, Zilhka E, DuBoulay GH, McAllister VL, Marshall J, 
Russell RWR, Symon L (1975) Cerebral blood flow in dementia. Arch 
Neurol 32:632-637 

Hamilton M (1960) A rating scale for depression. J Neurol Neurosurg Psychi
atry 23:56-62 

]ellinger K (1990) Histopathological validation of dementia disorders in the 
aged. In: Battistine L (ed) Aging brain and dementia: new trends in diagnosis 
and therapy. Liss, New York, pp 79-97 

Knesevich JW, Martin RL, Berg L, Danzinger W (1983) Preliminary report of 
affective symptoms in the early stages of senile dementia of the Alzheimer 
type. Am J Psychiatry 140:233-235 



386 W Danielczyk eta!. 

Lawton MP, Brody EM (1969) Assessment of older people: selfmaintaining and 
instrumental activities of daily living. Gerontologist 9: 179 ~ 186 

Lazarus LW, Newton N, Cohler B, Lesser J, Schweon C (1987) Frequency and 
presentation of depressi-ve symptoms in patients with primary degenerative 
dementia. Am J Psychiatry 144:41 ~45 

McKhann G, Drachman D, Folstein M, Katzman R, PriceD, Stadlan EM (1984) 
Clinical diagnosis of Alzheimer's disease: report of the NINCDS-ADRDA 
Work Group under the auspices of Department of Health and Human Ser
vices Task Force on Alzheimer's disease. Neurology 34:939 ~944 

Reding M, Haycox J, Blass J (1985) Depression in patients referred to a dementia 
clinic. A three-year prospective study. Arch Neurol42:894~896 

Reifler BV, Larson E, Hanley R (1982) Coexistence of cognitive impairment and 
depression in geriatric outpatients. Am J Psychiatry 139:623~626 

Reisberg B, Borenstein J, Salob SP, Ferris SH, Franssen E, Georgotas A (1987) 
Behavioral symptoms in Alzheimer's disease: phenomenology and treatment. 
J Clin Psychiatry 48: 9 ~ 15 

Rosen WG, Terry RD, Fuld PA, et al (1980) Pathological verification of ischemic 
score in differentiation of dementias. Ann Neurol 7:486~488 

Shader RI, Harmatz J S, Salzman C (197 4) A new scale for clinical assessment on 
geriatric populations: Sandoz clinical assessment geriatric (SCAG). J Am 
Geriatr Soc 22(3): 107 ~ 113 

Sheikh JI, Yesavage J A (1986) Geriatric depression scale (GDS). Recent evi
dence and development of a shorter version. Clin Gerontologist 5:165 ~ 173 

Siegel B, Gershon S (1987) Dementia, depression, and pseudodementia. In: 
Altman HJ (ed) Alzheimer's disease problems, prospects, and perspectives. 
Plenum Press, New York, pp 29~44 

Sunderland T, Alterman IS, Yount D, Hill JL, Tariot PN, Newhouse PA, 
Mueller EA, Mellow AM, Cohen RM (1988) A new scale for the assessment 
of depressed mood in demented patients. Am J Psychiatry 145:955~959 

Tomlinson BE, Blessed G, Roth M (1970) Observations on the brains of dement
ed old people. J Neurol Sci 11:205~242 

Weiss IK, Nagel CL, Aronson MK (1986) Applicability of depression scales to 
the old person. J Am Geriatr Soc 34:215~218 

Wragg RE, Jeste DV (1989) Overview of depression and psychosis in 
Alzheimer's disease. Am J Psychiatry 146:577 ~ 587 

Yesavage JA, Brink TL (1983) Development and validation of geriatric depres
sion screening scale: a p~eliminary report. J Psychiatr Res 17:37 ~49 

Zubenko GS, Moossy J (1988) Major depression in primary dementia. Clinical 
and neuropathologic correlates. Arch Neurol 45: 1182~ 1186 

Zung WWK (1965) A self-rating depression scale. Arch Gen Psychiatry 12:63~ 
70 

Correspondence: Prof. Dr. W. Danielczyk, Ludwig Boltzmann Institute for 
Aging Research, Working Group: Alzheimer's Dementia Research, Neuro
logical Department, Geriatric Hospital Lainz, Versorgungsheimplatz 1, 
A-1130 Wien, Austria. 



Cognitive deterioration and dementia outcome 
in depression: the search for prognostic factors 

F. M. Reischies, P. v. SpieB, and J.-P. Hedde 

Department of Psychiatry, Freie Universitat Berlin, Berlin 

Summary 

The time course of recovery of depressed patients' cognitive deficits and the 
eventual outcome in dementia was studied in patients (N =59) over 45 years of 
age. In only two patients could a dementing illness be verified in the follow-up. 
For the other patients, after a slight recovery of cognitive performances parallel 
to the improvement of the depressed mood, a further decline to the level of the 
depressed state was observed after a period of 3 years. Age (pos.), severeness of 
depression (neg.) and the temporalfoccipito-temporal perfusion (neg.) measured 
by 133 Xenon SPECT were found as probable prognostic factors, related to the 
decline of cognitive performance. 

Introduction 

The three years follow-up of cognitive performance was examined in 
patients admitted because of a depressive syndrome. The aim of the 
study was to find possible predictive factors for the time course of the 
cognitive performance. This is of particular interest as it is known on the 
one hand, that a depressive syndrome is a common initial finding of a 
progressive deterioration in the dementia of Alzheimer type (Lauter, 
1968; Reiffler, 1986). On the other hand, a cognitive decline, which 
should be reversible, accompanies a depressive psychosis, especially in 
old age (depressive pseudodementia, Wells, 1980; Rabins et al., 1984; 
Reischies, 1988, 1990). 
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Patients 

We investigated 59 patients over 45 years of age, who were suffering from 
a depressive syndrome. The data regarding the patients which could be reinves
tigated after an average period of about three years, and who were not suffering 
from a relapse of the depression, are shown in Table 1. 

Methods 

The cognitive performance was assessed by a battery of tests, which are listed 
in Table 1. The clinical dementia evaluation was rated on the Global Deteriora
tion Scale (Reisberg, 1982). The depressive psychopathology was assessed by the 
Hamilton Depression scale and also by self-rating VAS scales. 38 patients were 
investigated by 133 Xenon SPECT in the depressed state (Reischies et al., 1988, 
1989). The catamnestic interview was done according to the clinical psychiatric 
interview of Goldberg et al. (1970). 

Table 1. Population data and test results for the depressed state and the catam-
nesis three years later 

Depression Follow up Control 

N 33 18 
Age 58.5 (8.4) 59.8 (7.3) 
Education 8.78 (10.81) 8.99 (10.02) 
Sex (% female) 73 67 
Depressed mood VAS(%) 60.45 (29.01) 23.48 (23.16) 14.44 (21.14) 
Hamilton DS 17.38 (4.28) 5.40 (5.04) 
GDS 2.19 (0.97) 2.37 (0.83) 
Medicated (N) 14 25 

Short term memory 
averbal (LGT-3, Plan) 10.27 (4.12) ** 10.42 (4.28)* 13.28 (6.20) 
verbal (LGT-3, Bau) 3.36 (3.51)* 3.03 (2. 73) *** 5.33 (3.82) 

Psychomotor speed (sec.) 56.48 (24.11) 60.57 (22.98) ** 47.61 (18.33) 
(Reit. Trail M. a) 

Fluency 
averbal (5-Point T.) 24.41 (9.93)*** 25.16 (8.22) *** 31.89 (8. 80) 
verbal ("FAS") 30.21 (1 0.26) **** 31.15 (11.85) *** 40.72 (15.59) 

Vocabulary (max. 37) 29.78 (4.83)* 30.48 ( 4.69) 32.06 (3.69) 
(MWT-B) (n=24) 

Serial digit learning (max. 24) 13.00 (9.41)** 14.87 (8.78) 18.24 (4.45) 
(n= 16) 

(SD); depressed state or follow up vs. Contr. 
* p<0.05, ** p<0.025, *** p<0.01, **** p<0.005 



Cognitive deterioration and dementia outcome 389 

Results 

After three years only one patient could not be contacted, three had 
moved to another town, seven refused, one investigation was incom
plete and 12 patients died (4 suicides; no one died demented). 

Of the rest, only two patients developed a dementia (presumably of 
Alzheimer type). The one suffered from a psychoorganic syndrome with 
disturbed orientation already present in the depressed state, without 
improvement of cognitive functioning parallel to the improvement of 
the depressed mood. The other one demonstrated pronounced cognitive 
deficits when compared to a superior vocabulary performance in the 
depressed state. She showed some improvement in test-performance at 
the time of leaving the hospital in a remitted state, but later suffered from 
a further decline in cognitive performance, accompanied by a distur
bance of orientation. 

The result of tests on admission in the depressed state and in remitted 
state after three years is shown for the battery of tests for the first and 
final testing times on Table 1. 

Even excluding patients with the dementing time course a slight 
deterioration in cognitive performance was found between the remitted 
state at the discharge from the clinic and the three years follow-up, 
significantly for verbal fluency (t = 3. 79; p < 0.001) and verbal memory 
(t = 2.17; p < 0.04). 

The correlations, which in an exploratory analysis consistently 
demonstrate a trend toward deterioration or improvement for those 

Table 2. Correlations of putative predictors for the time course of cognitive 
performance (correlation with increase of performance) 

ST Memory Psychom. Vocabul. Fluency 

a verbal verbal speed (-) a verbal verbal 

Age -0.44* -0.67** 

Hamilton DS 0.44* 
AMP depression 0.43* 
Feeling of guilt 0.40* 
RDC MDD 0.43* 

Relative rCBF 
occipito-temporal le 0.52* 
temporalle 0.54* 0.52* 

* p<0.05 
** p<0.01 
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patients which did not develop a dementia or a relapse of the depression, 
are shown on Table 2. The correlations for the relative cerebral blood 
flow are reported in Table 2; the absolute value of cerebral blood flow 
during depression was found to be negatively related to the degree of 
improvement of mood during the total follow-up period (CBF and 
improvement of the rating or self-rating of depressed mood on VAS: 
r= -0.64, p<0.005 and r=- 0.55, p<0.01). 

Conclusions 

Only a few depressed patients developed a progressive dementia 
during a three years follow-up, all of which had at least some perfor
mance deficits at the first time of testing - this result confirms earlier 
outcome studies (Post, 1962). 

There seems to be, however, a slight cognitive deterioration in three 
years for the depressed patients, if one considers the testing time in the 
remitted state before leaving the clinic. The data of Rabins et al. (1984 ), 
which indicate an almost complete recovery of cognitive functions over 
a 2 year follow-up, could not be confirmed. 

Our result may on the one hand be related to a more pronounced age 
associated cognitive impairment or benign senescent cognitive decline in 
depression of- especially - old age, which is slightly progressive, or on 
the other hand be related to a final outcome in a progressive dementia, 
as Kral (1982) proposed. Further follow-up studies are required to 
answer this question. 

From the possible predictive factors the age of the patient seems to 
be related to a less favourable time course of the cognitive performance 
and the intensity of the depressive syndrome, on the contrary, to a more 
favourable time course - perhaps indicating a more pure endogenous 
depression without psychoorganic admixture (Post, 1962). Interestingly 
the occipito-temporal and temporal hypoperfusion, which has been 
found to be a characteristic finding in the dementia of Alzheimer type 
(see Reischies et al., 1987; metabolism investigations: Friedland et al., 
1983), seems to be related to a less favourable time course of the cogni
tive performance in patients with a depressive syndrome. This finding 
should also be confirmed in further follow-up studies, before speculation 
about the possibility to detect very early stages of Alzheimer's disease in 
depressed patients is allowed. 
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Summary 

Recent studies using formal linguistic analysis of self-generated speech mate
rial have shown that an impairment of language is present in most patients with 
Alzheimer's disease (AD) even at early stages. For the assessment of these dis
turbances in clinical routine, however, no appropriate methods are available. In 
this report we propose a rating scale for conversational ability in AD. This 
instrument was used in 32 patients with mild AD and in 14 patients with 
disorders which are difficult to distinguish from AD. An impairment of conver
sational ability was present in the majority of patients with AD but was rarely 
observed in non-Alzheimer cases. These results suggest that the assessment 
procedure may be useful for the early and differential diagnosis of AD. 

Introduction 

Impairment of language is a second-rate symptom of Alzheimer's 
disease (AD) according to current diagnostic criteria. Recent studies 
using formal linguistic analysis have demonstrated, however, that lan
guage abnormalities are present in most if not all patients (Bayles, 1982; 
Skelton-Robins and Jones, 1984; Hier et al., 1985; Hart et al., 1988). 
They show a typical pattern. Deficits of a pragmatic-cognitive nature 
become apparent early in the course of the disease, including impover
ishment of communicable content, frequent irrelevancies, and intrusions 
(Blanken et al., 1987; Bayles and Kaszniak, 1987; Ulatowska et al., 1988). 
Semantic aspects of language such as word finding and word selection 
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may also be affected at an early stage (Cummings and Benson, 1983; 
Bowles et al., 1987; Flicker and Ferris, 1987; Shuttleworth and Huber, 
1988). On the other hand, the phonematic and syntactic structure of 
language remains relatively well-preserved in mild and moderate AD. 
For research purposes, the assessment of discourse ability has been based 
on a formal linguistic analysis of self-generated speech material derived 
from conversation, from a description of pictures or of everyday activ
ities, or from similar tasks. These complex and time-consuming proce
dures are not applicable in clinical diagnostic routine. In this report we 
attempt to show that a brief and practical rating of conversational ability 
is sufficient to identify language impairment in mild and moderate AD, 
and that this method may be of significant diagnostic value, particularly 
when used in combination with a naming test. 

Methods 

The study refers to 46 patients who were seen in a special out-patient service 
because of suspected or manifest symptoms of dementia. Diagnostic criteria of 
the NINCDS-ADRDA workgroup for Probable Alzheimer's disease and DSM
III-R criteria for Dementia and for Major depression were applied to the data 
collected at the initial assessment by conventional methods such as Mini Mental 
State Examination (MMSE), Dementia Scale, and Global Deterioration Scale 
(GDS). All patients were re-examined after a follow-up period of 9 to 24 months. 

In 6 patients (Group A) formal diagnostic criteria for Alzheimer's disease 
were not met at the first examination but were fulfilled by the end of the 
observational period. In 26 cases the diagnosis of Alzheimer's disease was made 
at initial assessment and was confirmed at follow-up. 12 of these patients (Group 
B) showed mild cognitive impairment (MMSE~20) and 14 (Group C) were 
more markedly impaired (MMSE < 20). Intermediate (GDS = 6) and advanced 
(GDS = 7) stages of Alzheimer's disease were excluded. 

Group D, consisting of 14 patients, was diagnostically heterogeneous. In 6 
cases memory impairment of unknown origin but not dementia was present at 
first assessment as well as on re-examination. In 3 patients the cause of dementia 
remained unclear at first assessment, and the diagnosis of Alzheimer's disease 
could not be established at folllow-up. A diagnosis of Major depression was 
made in 5 patients and was confirmed prospectively. 

Conversational ability was rated on a special scale (see appendix) from a 
10-minute tape-recorded sample by two linguistic experts who were blind to the 
diagnosis. 

The scale was designed to cover phonematic, syntactic, semantic, and prag
matic-cognitive aspects of language behaviour. Operational criteria were used to 
define six degrees of severity within each of these areas. The criteria adhered to 
the assessment of spontaneous speech as included in the Aachener Aphasie Test 
(Huber et al., 1983), but modifications were introduced in order to adjust the 
instrument to the type of language impairment that was expected to occur in 
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Alzheimer's disease. Ratings were made separately on each dimension of lan
guage behaviour. An impairment of conversational ability was defined by a 
disturbance in at least one area. The interrater reliability of the procedure was 
acceptable (R = 0.5). 

Naming of objects and colours was taken from the Aachener Aphasic Test; 
the patients' responses were classified into right and wrong. 

Results 

Impairment of conversational ability was rated present in 27 out of 
32 patients (84%) with beginning, mild, or moderate AD (Fig. 1). These 
deficits were associated with impaird naming in 23 (72%) of these 
patients (Fig. 2). As expected, the frequency of language disturbance 
increased with the severity of the disease. 
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Of the 14 patients in group D, 3 showed an impairment of conversa
tional ability (Fig. 1) but a combination with naming deficit was not 
observed (Fig. 2). 

If the presence of conversational impairment and naming deficit had 
been used to distinguish between Alzheimer and non-Alzheimer cases in 
the present sample, 80% of the patients would have been correctly 
classified. 

Discussion 

According to the method described, impairment of conversational 
ability was found in the majority of patients with early Alzheimer's 
disease. Even in 4 out of 6 cases which would have been missed by 
formal diagnostic criteria at the initial examination, conversational dis
turbances were demonstrable. 

These results suggest that the newly developed rating procedure for 
the assessment of conversational ability is useful to identify even mild 
degress of language impairment. As the sensitivity of the scale depends 
on the user's competence, it might be increased by an additional rater 
training. 

In a group of patients with disorders that are difficult to distinguish 
from Alzheimer's disease, impairment of conversational ability was 
rarely observed, and the combination with naming deficits was com
pletely absent. 

Further investigation is required to determine the value of the meth
od for the early and differential diagnosis of Alzheimer's disease, partic
ularly with respect to age-related memory problems, to cognitive loss in 
depression and to dementias which are difficult to classify on clinical 
grounds. 
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The Alzheimer patient in the family context: 
how to help the family to cope 

J. Selmes van den Bril and M. Selmes Antoine 

Fundaci6n Ciencia y Medicina, Madrid, Spain 

Summary 

Alzheimer's disease is the commonest type of dementia. At the present time, 
there are no medical or surgical measures for curing it or for preventing its 
appearance - and there will be none in the near future. 

During the years that elapse between the onset of the disease and the death 
of the patient (average 8.1 years), a 'continuum of care' responding to specific 
criteria- adaptation to the patient's condition, flexibility in relation to the course 
of the disease, easy and free access to health services - must be provided. 

Apart from the purely medical aspects, this continuum of care represents an 
extremely heavy social burden. This is borne essentially by two structures: 

the society, or the nation, as a whole, which bears the economic burden; 
the family, in whose bosom, traditionally, the person with this disease is 
provided with care for as long as possible. 

Since the 1980s a movement, operating at a level between the above two 
structures and composed of people who do not find in the existing institutions 
the help or the type of help that they are seeking, has been playing a leading role 
in providing a continuum of care. Based on the principle of self-help, this 
movement has 3 principal aims: (1) to increase the awareness of and to educate 
the public; (2) to provide the patients and their families with material, psycholog
ical and social help; and (3) to incite the political and health authorities to find 
socio-medical solutions. 

Before looking at these 3 aims in more detail, it is important to know why 
the social aspects of the disease have been arousing such great interest in the last 
few years. 

From problem to crisis 

If the socio-economic aspects of Alzheimer's disease seem to consti
tute an important problem today, then by the year 2000 they will very 
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likely have given rise to a real crisis. Several factors account for this 
pessimistic outlook: 

the ageing of the population in the industrialized countries is going 
to increase the number of patients with this disease, and the increase 
in the duration of life indicates that the number of severe forms of the 
disease will increase. Let us remember that the Spanish population 
over the age of 64 years will increase by 61 % between 1980 and the 
year 2000, and that the number of persons over 80 years will be 
almost 1 million at the end of the century; 
the family unit is undergoing profound changes from the sociological 
viewpoint. On the one hand, the availability of the largest group of 
people providing family care, namely wives and children, is less than 
in former times, basically because of the increase in the number of 
women entering the work market. On the other hand, because of the 
decreasing birth rate and the ever-increasing divorce rate, the family 
is often reduced to the simplest of units; 
and finally, the individual, in the assurance of his 'right to health', is 
becoming more and more aware of the problem posed by the demen
tias; he is demanding a quality of care that will take into greater and 
greater consideration the dignity of these patients; he is organizing 
himself into pressure groups in order to incite the health authorities 
to provide new health benefits and to lighten, by the participation of 
the state, the very heavy economic burden associated with caring for 
a patient with Alzheimer's disease in the family environment. 

Thus, all the facts indicate that the socio-economic burden of this 
disease will increase in the very near future. 

Society and the economic burden of Alzheimer's disease 

It is recognized that the economic burden of Alzheimer's disease on 
a nation is heavy, and that in the coming years it will increase in direct 
proportion to the demographic evolution of the population. 

But estimating the exact economic cost remains very uncertain: any 
estimation can only be a rough approximation, which will vary accord
ing to the health systems of each country. 

We are going to refer to the American studies and, in particular, to 
the report published in April 1987 by the Office of Technology Assess
ment of the United States Congress. 

The total cost represented by the dementias (diagnosis, treatment, 
long-term care, family care, indirect costs, etc.) amounted to 38000 
million dollars in 1983, according to a study from the National Institute 
of Aging, and ranged from 24 000 to 48 000 million dollars in 1985, 
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according to a study from the Battelle Memorial Institute. As Alz
heimer's disease constitutes 60% of the dementias, the total cost of this 
disease to the American nation amounted to 23 000 million dollars in 
1983, and between 15000 and 29000 million dollars in 1985. 

Apart from these economic considerations, an increase of 50% in the 
number of patients suffering from Alzheimer's disease is predicted, in 
the United States, for the year 2000. 

In addition to the studies on the estimation of total costs, several 
studies have focused on estimating the specific costs associated with 
different categories. 

Although it is not possible to extrapolate from these studies, they are 
of interest for three reasons: 

they provide a systematization of costs; 
they reveal the methodological difficulties involved in attempting to 
estimate costs; 
and they permit the breaking down of total costs into the specific 
costs associated with the different categories. 

Thus the following categories can be distinguished: 

1) Costs associated with diagnosis. They are estimated on the basis of 
200 000 new cases of severe dementia per year, taking into account the 
fact that the diagnoses may be made in either ambulatory or hospital
ized patients. A reasonable estimate would put the cost at between 
500 and 1000 million dollars per year. 

2) The cost of medicines and of medical services, once the diagnosis has 
been established, would be 10000 million dollars according to a study 
carried out with reference to the year 1983. 

3) The cost of residential care is a matter of pure speculation. It varies 
according to the samples chosen: some studies mention that 3% of 
the population in residential care are patients with dementia, whereas 
in other studies the proportion is between 40 and 60%. And so it is 
easy to see why estimations of the cost range from 10000 to 33000 
million dollars per year, depending on the study. 

4) The cost of care provided in the home - in particular, by the family 
- should include the costs associated with a number of parameters 
that are not easily evaluated, for example: the economic loss resulting 
from the disappearance of income from work (either of the patient, 
if he was professionally active, or of the care-provider), the health 
costs resulting from stress in the care-provider or providers, the cost 
of re-organizing the living space in the home, etc. 

Based on the need for an annual expenditure of 11 700 dollars (in 
1983), for each person involved, to provide home care for a person with 
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dementia, and extrapolating to the level of the American nation, a figure 
of 26 700 million dollars per year is reached. 

A comparison of the costs relating to the different categories shows 
clearly that the predominant share of the total cost is derived from 
long-term care in either an institutional environment or the family unit. 
This category represents a cost that is from 2.5 to 5 times greater than 
the cost of diagnosis, drugs and purely medical services. 

The magnitude of the problem explains the efforts instigated in many 
countries to combat the economic cost, both present and predicted, of 
this disease. At present, within the Spanish Society of Neurology, a 
study group is working with the available economic data on this prob
lem. 

The seriousness of the problem can be broadly outlined as follows: 
if the 230000 patients with Alzheimer's disease in Spain had to be 
admitted to residential care, (on the basis of a daily cost of 10 000 pesetas) 
it would cost 2300 million pesetas per day, that is to say, it would require 
an annual budget of 840 500 million pesetas. 

The family and the patient suffering from Alzheimer's disease 

The family plays a fundamentally important role in the continuum of 
care required by a patient with Alzheimer's disease. Traditionally, the 
family looks after the patient for as long as possible; the decision to place 
the patient in an institution is taken on the basis of not only the course 
of the pathological process and the degree of worsening, but also the 
moral and psychological strength of those providing family care. 

To examine the social role of the family is, at the same time, to answer 
the following questions: 

What type of care does the patient maintained in the family environ
ment require? 
Who takes the responsibility for and charge of providing this care? 
What are the stress factors that make this a difficult and stressful task? 

1 - The type of care 

It is a question of 'informal' care which, most of the time, is not 
strictly medical. Although the type of care may vary considerably de
pending on the degree of deterioration, there is one constant feature -
supervision 24 hours of the day, which is well expressed by the title of 
a guide-book available to American families: 'The 36-hour day'. 

At the onset of the illness, the family has to take a whole series of 
decisions concerning the financial, legal, and practical problems - from 
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driving a car to signing cheques. With time, the family will have to take 
charge of the patient's personal tasks: dressing, washing, eating. Then, 
as the condition worsens, it will have to deal with problems of inconti
nence, excitement, insomnia, aggressive and dangerous behaviour, etc., 
in a situation where communication with the patient is becoming in
creasingly difficult, indeed, even completely impossible. 

If the patient has to be institutionalized, the family often experiences 
not a feeling of freedom but of guilt, arising out of their inability to 
maintain the sick person in his family environment. 

2 - Profile of the care-providers 

In general, the task of providing care falls on to the married couple. 
They constitute 30 to 50% of the providers of family care, followed by 
the children, mainly daughters or daughter-in-laws, who represent 25 to 
30% of care-providers. The overall picture is one where the burden falls 
more on women than on men, perhaps because of the former's tradition
al role in the family or the fact that they are often younger than their 
husbands. 

According to a 1982 Long-Term Care Survey, the average age of 
caregivers is 57 years, with 10% aged 75 or over, which may be unable 
to meet the physical demands of caregiving. 

3- Stress factors 

Three groups of stress factors that make the task facing families more 
difficult can be distinguished: 

- Factors directly related to the disease 

The behaviour of a patient with Alzheimer's disease in the family envi
ronment includes a whole series of features that are considered by his 
close relatives to be stress factors. According to the surveys carried out 
on families, the following can be mentioned in order of decreasing 
frequency: 

nocturnal agitation; 
wandering; 
incontinence; 
aggressive behaviour; 
the successive accumulation of minor problems, leading to a feeling 
of an unbearable burden; 
and secondary effects of prescribed medication. 
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In this respect, a further feature may be added: the emotional shock 
to the care-provider when hefshe is no longer recognized as spouse, 
daughter or daughter-in-law by the patient. 

- At the level of the health professionals, factors related to unawareness of the 
problems 

The families suffer as a result of not being able to find, at the level of 
the nonspecialist health-care professionals, the support and the advice 
that they believe they have a right to expect. 

Lack of knowledge of the disease is particularly evident at the level 
of the general practitioners or family doctors, when they are consulted 
about pathological problems that are not directly related to dementia. 

Where else can the families find the answers to the practical problems 
concerning diet, organization of living space, safety, etc., with which 
they are faced every day? 

The complexity of the social and administrative services that should 
be able to provide help gives the families a feeling that they have been 
abandoned or left alone with their problems; part of the problem is the 
difficulty the families have in understanding a specialized and, indeed, 
confusing vocabulary. 

- Factors related to the repercussions that the presence of a sick person can have 
on the fami!J itself 

Anxiety and fear of the future increase in the providers of family care as 
a result of: 

the effects of the situation on their physical and mental health; 
the absence of possibilities to participate in social activities and the 
feeling of being confined to the home throughout the 24 hours of the 
day; 
the impossibility of making changes in the way of life; 
and the financial insecurity; indeed the care-provider may have to 
give up a stable job in order to look after the patient. 

What can be done to lighten the burden of families that very often appear 
as the secondary victims of the dementing illness? 

Both surveys of and personal interviews with the providers of family 
care have given rise to a definition of their needs. These can be grouped 
under 3 main headings: (1) alleviate the burden of constant 24-hour 
surveillance; (2) provide access to information; and (3) make available 
services that are specifically adapted to this type of illness. 

1 - Alleviate the burden of 24-hour surveillance. Care-providers have 
expressed the essential importance of having at their disposal, for several 
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hours or 24 hours (including the night) per week, a paid person who can 
substitute for them, thus allowing them to rest, to participate in social 
activities, and to attend the meetings of support groups. 

They also stress the need for: 

help in the home with the patient's personal tasks: dressing, washing, 
eating; 
short-stay facilities in hospital or residential care; 
and day centres where the patient can participate in activities compat
ible with his mental state 

2 - The need for information. The families need information on: 

the disease and its course; 
the services and organizations providing care and 
the experience of other families facing the same problem. 

3 - The existence of services specifical(y adapted to this type of patient, in 
particular, home care. The SELF-HELP movement arose out of these 
needs and the inability of the existing health and social structures to 
respond adequately to them. 

The third way: the SELF-HELP movement 

Originating in the United States with the creation of ADRDA 
(Alzheimer Disease and Related Disorders Association) in 1979, this 
movement has given rise to an international organization (Alzheimer's 
Disease International) which groups together the national organizations 
in 20 countries. 

This movement, based on private initiative, brings together - in a 
varying manner, depending on the country - health professionals and 
people who are facing or who have faced the problem of Alzheimer's 
disease in the form of a family member. The aims of this movement are 
to increase awareness of the problem of dementia among the general 
public, to provide the patients and their families with help and informa
tion, and to pressurize the political and health authorities to study and 
to set in motion adequate solutions. 

Without being a substitute for the existing structures, this movement 
constitutes a new dimension in the endeavour to solve the social prob
lems of Alzheimer's disease by promoting: 

the sharing of personal experiences; 
the diffusion of informative material; 
the provision of moral, psychological and, at times, financial support 
for the care-providers; 
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and the setting up of a collective force that can play the role of a 
pressure group by acting on public opinion and the political powers. 

Conclusion 

In view of the considerable economic burden that Alzheimer's disease 
is exerting, and will continue to exert, on society, the social aspects of 
the disease are of prime importance. 

It is a pity that the research effort in the area of the social aspects of 
the disease is not as well developed - and, indeed, lags far behind - as 
that in the areas of aetiology, epidemiology, biochemistry, clinical med
icine and pathology. The types of care required, the techniques, the 
creation of specific services, and the search for financial solutions require 
the participation of everybody: doctors, nurses, social workers, families, 
and politicians. 

Finally, is not helping the family to care for the patient within his own 
environment one of the solutions to the agonizing economic problem 
posed by Alzheimer's disease? 
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Towards a clinically specific profile of severe senile 
primary degenerative dementia of the Alzheimer type 

(PDDAT) 
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Summary 

DSM-III-R-criteria for diagnosis, type, and degree of dementia are applied 
to 65 psychogeriatric in-patients. 

In order to establish a clinically valid profile for PDDAT the degree of 
severity as well as the distinction from other types of dementia are taken into 
consideration. This two-dimensional approach to PDDAT seems to account 
better for the complexity of its clinical phenomenology. Patients with severe 
PDDAT are compared with a moderate PDDAT-group as well as a severe 
MID-group. 

AGP 
DS 
DSI 
DSM-III-R 

IMCT 
IS 
MID 
MMS 
PDDAT 

*** 
** 
* 
T 

Abbreviations 

The AGP System (Guy et al., 1985) 
Dementia Scale (Blessed et al., 1968) 
Depression Status Inventory (Zung, 1972) 
Diagnostic and Statistical Manual of Mental Disorders, Third Edi
tion, Revised (American Psychiatric Association, 1987) 
Information-Memory-Concentration Test (Blessed et al., 1968) 
Ischemic Score (Hachinski et al., 1975) 
Multi-infarct Dementia 
Mini-Mental State (Folstein et al., 1975) 
Primary Degenerative Dementia of the Alzheimer Type (DSM
III-R) 
significance: 
significance: 
significance: 
tendency: 

p < 0.001 
p < 0.01 
p < 0.05 
p < 0.10 
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Introduction 

It is of great importance in clinical research to distinguish between 
PDDAT and other types of dementia. 

Prior to DSM-III-R, even important contributions to the clinical 
discrimination of different etiological groups of dementia do not consid
er the degree of severity to be an integral part of the diagnosis (Hachin
ski et al., 1975; Gustafson and Nilsson, 1982; Brun and Gustafson, 1988). 

On the other hand, most studies dealing with different degrees of 
severity do not take into account different types of dementia (Reisberg, 
1986; Erkinjuntti et al., 1988). 

In order to ascertain clinical differences and find common aspects, 
our study takes into consideration the type of dementia as well as the 
degree of severity. 

A major part of our patients is severely demented. We compare 
groups of elderly patients with severe PDDAT, moderate PDDAT, and 
severe MID, respectively. 

Patients and methods 

65 demented psychogeriatric in-patients (49 women, 16 men; age range 
65-95 yrs., M=80.5). Symptoms existed for about 2 yrs. 

DSM-III-R-criteria for diagnosis, type, and degree of dementia. Severe 
PDDAT: 35 patients, moderate PDDAT: 11 patients, severe MID: 19 patients. 

Methods applied 

Dementia Scale DS (Blessed et al., 1968), Mini-Mental State MMS (Folstein 
et al., 1975), Information-Memory-Concentration Test IMCT (Blessed et al., 
1968), Ischemic Score IS (Hachinski et al., 1975); evaluation of selected partial 
scores and single items; single items of the AGP System (Guy et al., 1985). 
Comparison of frequencies: G-Test (Woolf), two-tailed, continuity-adjusted ac
cording to Yates. 

Results 

Severe vs. moderate PDDAT 

As anticipated, no differences are found with regard to the course of 
the disease. 

"Changes in performance of everyday activities" (1) as well as 
"Changes in habits" (2) occur more often in the severe PDDAT-group 
(94% vs. 0% ***; 89% vs. 18% ***). 
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The severe PDDAT-group is more severely impaired in general cog
nition (3, 4) (80% vs. 27% **; 94% vs. 36% ***). The same holds true 
for "Abstract thinking" (5) (94% vs. 64% *),"Judgment" (6) (97% vs. 
64% *); "Orientation to time" (7) (66% vs. 18% *), "Orientation to 
place" (8) (74% vs. 27% **) as well as "Language-related tasks" (9) 
(57% vs. 9% *).The two groups do not differ with regard to "Impaired 
concentration". Patients with severe PDDAT are more severely im
paired in "Immediate recall" (10) (83% vs. 45% *) and tend to be more 
severely impaired in "Short-term memory" (11) (91% vs. 64% T) and 
"Personal long-term memory" (12) (43% vs. 9% T). In both groups 
"Non-personal long-term memory" is impaired to an equivalent degree. 
In the moderately as well as in the severely demented group personal 
data can be remembered better than non-personal data. The degree of 
"Indecisiveness" is equivalent in both groups. This also holds true for 
"Paranoic symptoms". 

In general, an increase in the severity of symptoms can be observed 
in advanced stages of dementia. Rather unexpectedly, several disorders 
of affect occur more often in the moderate PDDAT-group: these patients 
are more irritable (13) (45% vs. 9% *) and depressed (14) (73% vs. 
29% *)and complain more often about somatic disturbances (15) (45% 
vs. 9% *). 

The "Major depressive syndrome" of DSM-III-R can be found sig
nificantly more often in the moderately demented as compared to the 
severely demented PDDAT-group (16) (64% vs. 20% *). 

With regard to "Emotional incontinence", "Anxiety", "Euphoria", 
and eight DS-items relating to changes in personality, no differences are 
found between the two groups. The same holds true for five IS-items 
concerning somatic and neurological findings. 

Severe PDDAT vs. severe MID 

Four items of the IS relate to the course of the disease. "Abrupt 
onset" (17) and "Stepwise deterioration" (18) are found more often in 
MID-patients (26% vs. 0% **; 74% vs. 26% **), whereas "Fluctuating 
course" and "Nocturnal confusion" occur equally in both groups. 

"Changes in performance of everyday activities" (1) occur more often 
in the PDDAT-group (94% vs. 68% *). "Habits" (Eating, dressing, 
sphincter control) (19) tend to be more severely impaired in the MID
group (58% vs. 29% T). 

No differences can be found with regard to general cognition, "Ab
stract thinking", "Judgment", "Orientation to time", and "Concentra
tion". "Orientation to place" (8) tends to be more severely disturbed in 
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PDDAT-patients (74% vs. 47% T), whereas MID-patients tend to be 
more severely impaired in "Language-related tasks" (9) (84% vs. 57% T). 

In both groups "Immediate recall" and "Long-term memory" are 
impaired to an equivalent degree; "Short-term memory" (20) tends to be 
more severely impaired in PDDAT-patients (100% vs. 84% T). 

Both groups are comparable with regard to disorders of affect and 
most of the personality-related DS-items. 

"Increased rigidity" (21) can be found more often in the MID-group 
(84% vs. 49% *). Surprisingly, "Emotional incontinence" and "Relative 
preservation of personality" do not occur more frequently in patients 
with MID. As could have been expected, significantly more patients 
with "History of strokes" (22), "Focal neurological symptoms" (23), 
and "Focal neurological signs" (24) belong to the MID-group (68% vs. 
3% ***; 53% vs. 11% **; 74% vs. 0% ***). There is only a tendency of 
"History of hypertension" (25) to occur more often in MID-patients 
(37% vs. 11% T), whereas "Evidence of associated atherosclerosis" can 
be found in both groups to an equivalent degree. 

Conclusions 

Our results indicate, that in order to establish a clinically valid profile 
for PDDAT the degree of severity as well as the distinction from other 
types of dementia should be taken into consideration. This two-dimen
sional approach to PDDAT seems to account better for the complexity 
of its clinical phenomenology. Diagnostic precision could be enhanced 
by the additional use of NINCDS-ADRDA-criteria for Alzheimer's 
disease (McKhann et al., 1984; Lauter et al., 1989). 

With regard to the differences found and in order to widen the scope 
of our results it seems worth-while to include a greater number of 
patients with moderate and mild dementia of different types. 

It should be examined, whether pathological changes in different 
areas depend on a difference in type of dementia, degree of severity, or 
both. Based on the outline of DSM-111-R the operational criteria for 
degrees of severity should be elaborated in more detail. 

The diagnostic criteria ofDSM-111-R do not permit the simultaneous 
diagnosis ofPDDAT and MID. If patients with both diagnoses could be 
identified the remaining groups would be more homogeneous etiologi
cally. Thus more distinct clinical profiles of different degrees of severity 
in PDDAT and MID could be established. 
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Notes 

(1) DS partial score (max. partial score: 8; markedfsevere: 4.5-8.0 vs. slight/ 
moderate: 1.0-4.0) 

(2) DS partial score (max. partial score: 9; moderate/severe: 2-9 vs. none/ 
slight: 0-1) 

(3) MMS score (max. score: 30, normal: 24-30; markedfsevere: 0-15 vs. 
slight/moderate: 16-23) 

(4) IMCT score (max. score: 37, normal: 28-37; marked/severe: 0-18.5 vs. 
slight/moderate: 19-27) 

(5) single item (max. score: 2; severe: 0 vs. moderate: 1) 
(6) AGP item 42 (markedly/severely impaired vs. slightly impaired) 
(7) IMCT partial score (max. partial score: 7; severe: 0-1.5 vs. slight/marked: 

2.0-6.5) 
(8) MMS partial score (max. partial score: 5; severe: 0-1 vs. none/marked: 

2-5) 
(9) MMS partial score (max. partial score: 8; markedfsevere: 0-5 vs. none/ 

moderate: 6-8) 
(1 0) IMCT partial score (max. partial score: 5, first trial only; slight/severe: 0-4 

vs. none: 5) 
(11) MMS partial score (max. partial score: 3; severe: 0 vs. moderate/marked: 

1-2) 
(12) IMCT partial score (max. partial score: 7; moderatefsevere: 0-5.5 vs. 

nonefslight: 6-7) 
(13) DSI item 17 (max. score: 4; moderatefsevere: 3-4 vs. nonefslight: 1-2) 
(14) IS item 6 
(15) IS item 7 
(16) Major Depressive Syndrome according to DSM-III-R-criteria 
(17) IS item 1 
(18) IS item 2 
(19) DS partial score (max. partial score: 9; marked/severe: 5-9 vs. none/mod-

erate: 0-4) 
(20) IMCT partial score (max. partial score: 5; severe: 0 vs. marked: 1-2) 
(21) DS item 12 
(22) IS item 10 
(23) IS item 12 
(24) IS item 13 
(25) IS item 9 
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Summary 

In this study an attempt is made to prove whether a sufficient differentiation 
can be obtained by the sequential application of some short scores [Blessed 
Dementia Scale, Mini Mental State Exam, Ischemic Score, and the Alzheimer 
Inventory (Cummings and Benson, 1986)], CT scan, EEG and laboratory tests. 
The data of76 patients admitted with the presumptive diagnosis of dementia are 
presented. 20.5% of the demented patients could be diagnosed to suffer from a 
possibly treatable cause. 

Introduction 

A precise differentiation of the underlying cause of dementia is ur
gently necessary to separate patients with probable Alzheimer's disease 
from cases with other causes of dementia, especially those suffering from 
treatable disorders. 

In this study an attempt is made to prove whether a sufficient differ
entiation can be obtained by the sequential application of some short 
scores, CT scan, EEG and laboratory tests. 

Patients and methods 

In this study 76 patients, 57 female and 19 male (mean age: 74.2 ± 7.8 years, 
range: 45-89 years), admitted consecutively for evaluation of their presumptive 
diagnosis of dementia are included. Education level: 8 years 77.7%; 10 years 
15.8%; ~ 13 years 6.5%. 
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Applied instruments: 

1. modified Dementia-Scale (DS) (Blessed eta!., 1968) and Mini Mental State 
Exam (MMSE) (Folstein eta!., 1975); 

2. Hamilton Depression Scale (HDS) (Hamilton, 1960); 
3. laboratory tests consisting of: thyroid hormones (T3(T4(TSH), vitamine B12, 

folate, treponema! agglutination test and in some cases CSF protein analysis 
4. CT scan; 
5. EEG; 
6. Ischemic Scale (IS) (Hachinski eta!., 1975), and 
7. Alzheimer Inventory (AI) (Cummings eta!., 1986). 

Results 

Discrimination of demented from nondemented patients 

According to the MMS and DS 13 cases (17 .1%) are judged as 
severely (MMS < 10 andfor DS <20), 9 (11.8%) as moderately (MMS 
>10 and <18, DS ~20 and <35), and 22 (28.9%) as mildly demented 
(MMS > 18 and < 25, DS ~ 35 and <50), while 32 patients ( 42.1%) are 
not demented. The correlation between DS and MMS is good (r=0.94; 
p<O.OOO). 

Differentiation of the demented patients 

To differentiate the most common types of dementia, Alzheimer's 
disease (AD) and multiinfarct-dementia (MID), some clinical scores have 
been developed. The Alzheimer Inventory (AI) pretends to differentiate 
AD from other causes of dementia, while the more established Ischemic 
Score (IS) is considered to discriminate MID from degenerative demen-

Table 1 

Ischemic score Alzheimer inventory 

<15 >15 

~4 

5-6 

~7 

20 
5f11f4f0 

6 
3f0f1f1 

11 
5/1/4/1 

5 
2f2f0f1 

2 
2f0f0f0 

0 
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tia. If applied together with IS the AI can only classify 18 (44%) cases 
sufficiently. Seven cases with a IS < 7 and AI > 15 can be classified as 
probable AD-patients, while 11 with IS ~ 7 and AI < 15 can be judged 
as MID-patients. No confusing overlap (cases IS > 7 and AI > 15) can 
be found. But the agreement with the corresponding CT -findings (given 
as cases with WMLfnormal CT or atrophy/infarcts/intracerebral mass in 
the second line) is only poor. 

Separation of possib(y treatable causes of dementia 

Out of the 22 patients with mild dementia 8 (36.4%) and 2 moderately 
(22.2% ), but none of the severely demented cases have a HDS score 
> 18. These patients are assumed to suffer from major depression too. 
Five (SO%) of these cases improved by an antidepressant treatment. 

Extensive physical examinations and laboratory tests reveal in 2 pa
tients a possibly curable cause of dementia [renal failure, chronic cardiac 
failure (ECG findings: Lown IVb)]. The CSF analysis (not done in all 
cases) reveals in 2 cases a blood-CSF barrier dysfunction. Two further 
patients can be separated by CT bearing a brain metastasis or a frontal 
meningeoma, respectively. 

CT- and EEGjindings 

Nine demented patients (20.5%) show multiple infarcts, 17 (38.6%) 
diffuse white matter lesions, located predominately periventricularly 
(WML) 9 (20.5%) atrophy in CT, while 5 (11.6%) have normal CT-find
ings. The EEG shows in 50% of the demented cases an alpha rhythm, 
in 20% a general slowing and in 30% focal changes. The agreement of 
CT- and BEG-findings is good (data not shown). 

Discussion 

The various approaches to discriminate different types of dementia 
by i.e. IS, AI, CT or EEG yielded, as our data (Table 1) show, in rather 
confusing results. Therefore a sequential procedure is considered to 
allow a more sufficient differentiation. The diagnostic value of the 
applied instruments is still a matter of discussion in literature (i.e. 
Schroder et al., 1989). 

Assuming infarcts seen in CT are the strongest indication for a 
vascular cause of dementia, the following sequential approach to differ
ential diagnosis of dementia is suggested (Fig. 1 ). 
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76 patients 
1. OS> 50 complaining of 
2. MMS > 25 / cognitive 

32 
impairment 

nondemented 
patients 

44 probably 
demented 
patients ~ 

39 
demented 

~ patients 

35 
demented 
patients 

I 
CT-scan 

I 
l I 

multi white atrophy 
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dementia lesions Alzheimer 
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IS 

IS> 6 11s :o;; 6 

vascular senile 
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6 patients Alzheimer 

type 
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if DS > 35 and < 5 0, 
and/or MMS > 18 a nd < 25 
and HDS > 18 
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Fig. 1. Decision-tree for differential diagnosis of dementia 
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In sum, 20.4% of the demented patients can be diagnosed to suffer 
from a possibly treatable disease. 60% of these cases are considered to 
suffer from depressive pseudodementia due to their improvement by 
antidepressant therapy. 10 cases (22.7%) are diagnosed as MID by the 
CT-finding of multiple infarcts. The classification of 14 patients having 
WML in CT is difficult. Although 6 of them have an IS score > 6, 
suggesting they suffer from MID, most of the WML cases have an 
Alzheimer-like course (insidious onset and progressive deterioration). 
Gottfries (1989) reported too, that many senile AD cases show WML in 
CT. But according to the NINCDS-ADRDA criteria (McKhann et al., 
1984) neither these 8 cases nor 2 further cases (due to their CSF findings) 
can be classified as probable AD. Thus, only 9 cases (20.5% of all 
demented cases) fulfill all NINCDS-ADRDA criteria for AD. Our re
sults show that the NINCDS-ADRDA criteria are very specific. 

The sequential application of some short scores, CT, EEG and labo
ratory tests allow a sufficient clinical differential diagnosis of demented 
people. The rating can be done within 1 hour. Therefore even outpa
tients, suspected to suffer from dementia, might be diagnosed by this 
procedure. 
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develop premature brain atrophy? 
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Summary 

Evaluation of the clinical course and of CT examinations of 20 patients with 
Down's syndrome over 40 years of age showed a secondary clinical deterioration 
in cerebral performance in 5 patients, with significant cerebral atrophy in CT in 
4 of them. In the others, the only significant difference to a control group of 40 
patients of the same age were age-dependent atrophic changes of the temporal 
lobes. These findings which are similar to the early stage of Alzheimer's disease 
support the idea of a common genetic defect of both conditions. 

A common genetic defect is discussed in trisomy 21 and Alzheimer's 
disease because of similar degenerative changes on post-mortem brain 
examinations and a reduced activity of the neurotransmitter system. But 
not every patient with Down's syndrome (DS) becomes demented and 
CT studies were not able to show significant or increasing cerebral 
atrophy up to the age of 40 (Ieshima et al., 1984). In the present study, 
the degree of cerebral atrophy in DS of older age is correlated to the 
clinical course. 

Patients and CT examinations 

Clinical evaluation and CT examinations (Somatom DR) are carried out in 2 
groups of 10 DS of 40-49 and 50-63 years of age (7 female, 13 male) and 2 
age-matched control groups of 20 patients without neurological deficit (15 
female, 25 male). The DS have been hospitalised at 2 centres for mental retarda
tion (Stiftung Liebenau and Anstalt Stetten) for mostly over 30 years. Changes 
of daily living skills, social behavior, and personality, neurological signs, 
seizures, and deterioration to dementia could be jugded without difficulty. 
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Clinical findings 

The clinical evaluation of 20 patients with DS showed the following course: 

subgroup 1: no changes: 6; slight deterioration: 9. 
subgroup 2: severe dementia: 3; psychosis/epilepsy: 2. 

CTfindings 

Significant and age-dependent differences between patients with DS and the 
control groups are found only in the temporal lobes (enlargement of temporal 
horn and Sylvian fissure, Figs. 1, 2) whereas other significant changes (size of 
cisterna magna and cerebral peduncles) are similar in both or found in one age 
group only (size of the 3rd ventricle and number of the fissures of the superior 
cerebellar vermis, Fig. 3). The other ventricular parameters (Fig. 4) and the 
frequency of calcifications of the basal ganglia show a non-significant trend 
towards atrophic changes. 

The subgroup of the 5 severely deteriorated patients with DS however, has 
a more pronounced brain atrophy " on inspection" in 4 cases with significant 
enlargement of the CSF spaces (Fig. 5) as compared to their non- or mildly 
affected collegues (Fig. 6, Table 1). 

Fig. 1. CT diagram. Measurement of distances as indicated below 
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Fig. 2. Size of temporal horn and fissure, number/size of fissures of convexity, frontal 
interhemispheric fissure, and fissures of sup. cerebellar vermis. DS (all patients) (o); DS 
(severely deteriorated subgroup 2) (X); control group (e). Age group 40-49 years: left 
symbol. Age group 50-63 years: right symbol. Significant difference to control group: S. 
Significant differences: diameter of temporal horn and width of temporal fissure. Both 
parameters are age-dependent and significantly more pronounced in the severely deterio
rated subgroup and therefore probably represent degenerative changes. The widening of 
the sulci of the cerebellar vermis is significantly different in the younger age group only 

Table 1. Cerebral atrophy and calcifications 

M. Down Control group 

40-49 y 50-63 y subgroup 2 40-49 y 50-63 y 
n=10 n=10 n='S n=20 n=20 

Cerebral atrophy 2 2 4* 0 0 
on inspection 

CSF-cranial ratio 7.2±2.6 8.5±3.2 11.1* 5.8 ± 1.8 6.8±1.3 
in %, ace. to (2) 

Calcification of 6 3 2 3 2 
basal ganglia 

* Significant difference (a=99%) of severely deteriorated subgroup 2 to other 15 OS 
(subgroup 1) ace. to x2-test resp. Student's t-test 
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Fig. 5. M. Down, M. 49 years old. Severely demented. CT: Severe general cortical 
atrophy. Moderate general ventricular enlargement, but important dilatation of the tempo

ral horns. Slight calcification of left basal ganglia 

Fig. 3. Size of cisterna magna, pons, 4th ventricle, and cerebral peduncles. Symbols as in 
Fig. 2. Significant differences: Size of cisterna magna and absolute diameter of the cerebral 
peduncle. These parameters do not change with age and their deviation probably is due 

to developmental reasons 

Fig. 4. Size of 3rd ventricle and lateral ventricles. Symbols as in Fig. 2. Significant differ
ences: enlargement of 3rd ventrile in the DS group of o lder age. Dilatation of the anterior 
horn and cella media which is significantly larger in the deteriorated subgroup of DS. 

These changes probably are due to degeneration 
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Fig. 6. M. Down, E 57 years old. No clinical deterioration. CT: Slight widening of 
Sylvian fissures 

Discussion and conclusion 

Our results show that only a subgroup (20%) of patients with DS 
suffer from secondary clinical cerebral deterioration similar to presenile 
dementia after the age of 40. Only these patients present significant 
general cerebral atrophy in CT. The rest of the Down patients only show 
significant and age-dependent atrophic changes of the temporal lobes. 
Similar histological findings of a high quantity of plaques and tangles as 
in Alzheimer's disease (Wisniewski et al., 1985) support the idea of a 
common genetic defect of both diseases, and recently the - in DS -
triplicated chromosome 21 has been shown to carry the genes responsi-
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ble for the increased formation of amyloid in Alzheimer's dementia (St. 
George-Hyslop et al., 1987). 
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Summary 

In order to determine the impact of neuroimaging methods and EEG brain 
mapping on the differential diagnosis of dementia 11 patients with SDAT and 
11 patients with VD were studied. All SDAT patients scored 2 or less on the 
Rosen-Hackinski scale, the vascular dementia patients 4 or more. The Mini 
Mental and Mattis scale scores were similar. MRI showed cerebral infarcts in 
82% of the VD group versus 0% in the SDAT group. Basal ganglia hyperinten
sities in early confluent and confluent white matter lesions occurred more fre
quently in the VD group SPECT revealed cortical minor perfusions mainly in 
patients with VD, diffuse frontal and diffuse parietal temporal cortical minor 
perfusions were detected exclusively in patients with SDAT. Duplex scanning of 
the carotid arteries showed no significant difference of the status of the extracra
nial carotid arteries between the 2 dementia groups. 

EEG brain mapping clearly demonstrate the slowing down of the basis 
rhythm in the SDAT patients, the main advantage in comparison with routine 
EEG lies in the statistical possibilities of this method. 

It could be shown that the use of neuroimaging methods and EEG brain 
mapping adds significantly to the capability of clinical scores to differentiate 
between degenerative and vascular etiology of dementia, improving the possibil
ities of treatment and prevention. 

Introduction 

Alzheimer's disease and Vascular Dementia are two pathologically 
well-defined diseases, that often cannot be separated reliably enough by 
the clinician (Meyer et al., 1988, 1989). Neuropsychological testing and 
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clinical rating scales allow a differentiation of both diseases to some 
extent. The value of conventional EEG in the differential diagnosis of 
dementias has been described in the 1970s, especially by Obrist (1978) 
and van der Drift and Kok (1972). Considerable progress has been made 
by the introduction of EEG brain mapping, which allows computerized 
data analysis of the amplitudes and topographic distribution of EEG 
frequencies. These distributions may be imaged and averaged values of 
different patient groups can be compared statistically (Duffy et al., 1979). 
Difficulties with this method arise from the absence of a really well 
defined and investigated normal control group and from fluctuations, 
which may occur in normal individuals. To overcome these problems the 
use of additional neuroimaging methods like MRI, SPECT and ultra
sound investigations is necessary. 

The objective of the present study is to investigate the significance of 
EEG brain mapping for the differential diagnosis of Alzheimer's disease 
versus vascular dementia in comparison to the results on MRI, SPECT 
and ultrasound methods in these patient groups. 

Patients and methods 

We studied 22 demented patients (mean age 67 years, 10 male, 12 female). The 
diagnosis of dementia and the differential diagnosis between SDAT and vascular 
dementia was based on the SDM III, the NINCDS-ADRDA criteria and on the 
Rosen-Hachinski scale. The severity of dementia was assessed by the Mini 
Mental State Examination and the Mattis dementia rating scale. 11 patients were 
identified as SDAT cases (mean age 66 years, 4 males, 7 females), 11 patients were 
diagnosed as having vascular dementia (mean age 68 years, 6 males, 5 females). 

All SDAT patients scored 2 or less on the Rosen-Hachinski scale (mean 0.91), 
the vascular dementia patients 4 or more (mean 9.6, p= <0.001, T-Test). The 
SDAT patients had an average score of 17.2 and 78.6 on the Mini Mental and 
Mattis scale respectively versus 22.9 and 104.5 for the vascular dementia patients 
(n.s.). 

For the EEG brain mapping we used the "Brain Atlas III" (Bio-logic 
Systems Corp., Mundelein, IL, U.S.A.). Data from 16 scalp electrodes following 
the 10:20-system and 2 mandibular reference electrodes were worked up. EEG 
data segments of2 seconds duration were subjected to spectral analysis by means 
of fast Fourier transformation (FFT). With only 16 measured values the comput
er calculated the data necessary for the imaging by means of linear interpolation. 
Statistical analysis (t-test) was used to demonstrate the areas where single pa
tients or clinical subgroups, whose data have been averaged differ from a normal 
control group or groups with other clinical diagnoses. 

MRI was performed using a superconducting magnet at a field strength of 
1.5 T (Gyroscan 15, Philips, Eindhoven, The Netherlands) and the spin echo 
technique. A repetition time of 1800-2500 msec and two echo times of 30 and 
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60 msec were used to generate mixed-intensity and T2-weighted images in the 
axial plane. Slices were 5-6 mm thick. 

SPECT was carried out using the Tomomatic 564 (Medimatic, Copenhagen, 
Denmark) 20-30 min after injecting 15-25 mCi Tc99-HMPAO. 

Extracranial Doppler and Duplex sonography of the carotid and vertebral 
arteries (Vingmend CFM 700, Vingmed, Oslo, Norway) was performed in all 
patients. 

Results 

The comparison of the SDAT and vascular dementia groups showed 
a higher incidence of hypertension, diabetes mellitus, coronary heart 
disease and also of hypercholesteremia in the VD patients, although the 
significance level was not reached (see Table 1). A neurological deficit 
was more frequent (8/11 versus 2f11) in patients with vascular dementia 
than in those with SDAT. This difference did not reach significance. The 
status of the extracranial arteries as diagnosed by Duplex scanning was 
similar in both groups (Table 2). 

MRI revealed cerebral infarctions in 9 of 11 (82%) of the VD cases 
versus of0/10 patients with SDAT (p=0.012, Fisher's Exact Test). The 
complete MRI results are shown in Table 3. 

When comparing the SPECT results of SDAT and vascular dementia 
patients, focal cortical minor perfusions were significantly more present 

Table 1. Risk factors for stroke in SDAT and VD (in %) 

Hypertension 
Diabetes mellitus 
Coronary heart disease 
Hypercholesterolemia (>250 mg %) 
Smoking 

* Fisher's exact test 

SDAT 
(n=ll) 

27 
27 
20 
12 

9 

VD 
(n=ll) 

90 
55 
82 
30 

0 

N.S. 
N.S. 
N.S. 
N.S. 
N.S.* 

Table 2. Extracranial vessel wall damage in SDAT and VD patients (in %) 

SDAT VD 
(n= 11) (n = 11) 

Normal 0 0 
ASKL < 50% sten. 91 82 
ASKL ;;:>: 50% sten. 9 18 
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Fig. 1. Tc99-HMPAO SPECT of a 70 year old female patient with SDAT. Parietotemporal 
cortical minor perfusions are visible 

Fig. 2. The averaged EEG brain maps of 11 patients with SDAT 
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Fig. 3. The averaged EEG brain maps of 11 patients with vascular dementia 

Fig. 4. The comparison of SDAT and VD groups reveales significant differences in the 
5- 7 Hz range 
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Table 3. MRI findings in SDAT and VD (in %) 

SDAT VD 
(n = 10) (n = 11) P*= 

Cerebral infarcts 0 82 0.012 
Basal ganglia hyperintensities 20 82 N.S. 
Basal ganglia lacunes 0 27 N.S. 
White matter lesions-punctate 20 18 N.S. 
WML-early confluent+ confluent 30 64 N.S. 
Cortical hyperintensity (Insule, Parahippocampus) 60 20 N.S. 
Cortical atrophy 100 89 N.S. 
Ventricular atrophy 80 89 N.S. 

* Fisher's exact test 

Table 4. Comparison of spect results in patients with SDAT and VD (cortical 
minorperfusion, in %) 

SDAT VD 
(n= 10) (n=9) P*= 

None 0 22 N.S. 
Focal lesion 0 56 0.047 
Patchy 0 22 N.S. 
Diffuse frontal 70 0 0.030 
Diffuse parietotemporal 80 0 0.020 

* Fisher's exact test 

in patients with vascular dementia. Diffuse frontal and diffuse pari
etotemporal cortical minorperfusion was significantly more frequent in 
patients with SDAT (Table 4). A typical example is shown in Fig. 1. 

On EEG brain mapping, focal changes were the dominant finding in 
the vascular dementia group, whereas Alzheimer patients showed re
duced amplitudes of the basis rhythm. Statistical analysis of a compari
son of the averaged results of both groups showed significant differences 
predominantly in the 5 to 7Hz range (see Figs. 2-4). 

Discussion 

The present study describes the results of EEG brain mapping and 
various neuroimaging methods in patients with vascular dementia and 
SDAT. The diagnoses had been established on the basis of a battery of 
psychometric tests and clinical scores. When comparing risk factors 
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stroke (hypertension, diabetes mellitus, coronary heart disease, hyper
cholesteremia, smoking) no significant difference between groups was 
observed. There were also no significant differences in the status of the 
extracranial carotid artery vessel wall. MRI showed cerebral infarcts in 
82% of the vascular dementia group versus 0% of the SDAT group. 
Basal ganglia hyperintensities and early confluent and confluent white 
matter lesions occurred more frequently in the VD group, but there were 
no significant differences. 

SPECT was very helpful and revealed significantly more focal corti
cal minor perfusions in patients with vascular dementia, whereas diffuse 
frontal and diffuse parietal temporal cortical minor perfusions occurred 
exclusively in patients with SDAT. The use of EEG mapping showed a 
slowing down of the basis rhythm as the most striking characteristic for 
separation of SDAT and VD group, a finding that has also been ob
served by classical EEG. The advantage of EEG brain mapping lies 
predominantly in the possibility to. statistically compare and evaluate 
defined patients groups. Fluctuation problems may be solved by increas
ing the registered period of artefact free EEG. MRI and SPECT, cover
ing morphologic and metabolic aspects of the dementia process add 
significant information for and allow improved differential diagnosis 
(Lechner et al., 1990). 
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Summary 

To study the relationship between cholinergic pathology and EEG deteriori
ation, spectral EEG and CSF neurotransmitter markers were examined in 23 
probable AD patients. CSF acetylcholinesterase was correlated with delta power 
and alphafdelta ratio. In an autopsy study, cortical ChAT activity and the nucleus 
basalis cell number were lower and delta power higher in 4 demented patients 
than in 6 age-matched controls. In the group of demented patients, the lowest 
ChAT activities were associated with the highest delta power. 

Introduction 

Alzheimer's disease (AD) is characerized by alterations of the normal 
electrical activity of the brain: a decrease has been observed in both the 
alpha power and in the dominant EEG frequency (Soininen et al., 1982). 
Also an increase in a slow frequencies (Cohen et al., 1983) and a decrease 
in beta power (Duffy, 1984) has been shown to occur in AD patients. 
Further, several studies have demonstrated that the EEG deterioriation 
is correlated with the degree of cognitive decline (Kazsiak et al., 1979), 
and the duration of the illness (Cohen et al., 1985) in AD patients. 
However, a recent follow-up study did show that only in 50% of early 
AD cases EEG worsening could be detected during a period of 1 year 
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(Soininen et al., 1989). Interestingly, in the subpopulation of AD pa
tients with deterioriating EEG, cortical cognitive functions declined 
more during a 3-year follow-up than in the AD patient group with stable 
EEG (Helkala et al., unpublished). 

Though many neurochemical abnormalities occur in the brains of 
patients with AD, the most consistent and severe deficiency is the 
reduction in cortical cholinergic markers (Reinikainen et al., 1988; Bird 
et al., 1983), and degeneration in the nucleus basalis of Meynert (NBM) 
(Whitehouse et al., 1981 ), a cholinergic nucleus located in the basel 
forebrain sending projections to all the areas of the neocortex. 

The cholinergic system has been shown to play an important role in 
the regulation of neocortical electrical activity. Administration of mus
carinic antagonist, scopolamine or atropine, abolish normal EEG activ
ity and produce large amplitude slow waves (Vanderwolf, 197 5; Wikler, 
1952). The role of NBM in the activation of cortical EEG has been 
shown to be crucial; lesioning the basal forebrain cholinergic cells in
creases slow delta waves (Buzsaki, 1988; Stewart, 1984). However, the 
brainstem cholinergic systems located in the pedunculopontine and lat
erodorsal tegmental nuclei, Hallanger (1987), may also contribute to the 
regulation of electrocorticogram, but no studies exist examining the 
effects of restricted destruction of these structures on EEG formation. 

Because cholinergic cells in the NBM function in desynchronization 
of the electrocorticogram, abnormalities in these cells may underlie, at 
least to a certain degree, the EEG deterioriation associated with AD. 
However, to date no studies have examined the possible relationship 
between the cholinergic pathology and changes in quantitative EEG 
parameters in patients with AD. Thus, in the present study the relation
ship between the EEG alterations and the decline of markers of the 
cholinergic system were studied. The CSF study was done in order to 
obtain a deeper understanding of the possible correlation between the 
cholinergic marker (acetylcholinesterase, AChE) and EEG slowing. The 
number of other subcortical structures innervating the neocortex which 
could regulate neocortical EEG are few; the dorsal raphe (Moore et al., 
1978), the locus coruleus (Lindvall et al., 1974), and the ventral tegmen
tal area. Because in AD these systems also degenerate (Palmer et al., 
1987; Rossor and Iversen, 1986; Reinikainen et al., 1988), and thus might 
contribute to the EEG slowing, CSF markers of these systems were 
studied and correlated with the EEG parameters measured. In addition, 
four demented patients (2 cases with stable EEG and 2 with rapidly 
deterioriating EEG) and 6 controls were included in a preliminary 
autopsy study that was conducted to investigate the possible relationship 
between the increase in delta power and loss of presynaptic cholinergic 
markers in the cortex as well as loss of NBM cells. 
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Patients and methods 

CSF stucfy 

The CSF study group consisted of 23 patients (16 women and 7 men) with 
probable AD according to the criteria of the NINCDS-ADRDA Work Group. 
The mean age of the patients was 69 years, S.D. ± 7, the mean age at the onset 
of the disease was 66 years, S.D. ± 6, and the mean duration of the disease 2 
years, S.D. 1. The patients were examined using a clinical neurological investi
gation, neuropsychological evaluation, routine blood and CSF chemical studies, 
EEG and brain CT scan. The severity of the dementia was estimated using the 
Clinical Dementia Rating scale of Hughes et a!. (1982). According to the CDR 
scale, 13 patients had mild, 8 moderate, and one severe dementia. Nineteen 
patients were without CNS active medication; one patient was receiving benzo
diazepine, one patient an antidepressant, and three patients were receiving neu
roleptic drugs in small doses. 

At 8-10.00 a.m. a standard sample of lumbar CSF was obtained from the 
patients as they were lying in a recumbent position. The samples were frozen 
immediately and stored at- 80°C until assayed. Cholinesterase (ChE) activity was 
determined using a modified method of Ellman eta!. (1961). A specific AChE 
inhibitor (BW284C51) was used to inhibit true AChE, and the residual activity 
was subtracted from the ChE activity to obtain the AChE activity. The levels of 
the monoamine metabolites HVA, 5-HIAA, and MHPG were measured with 
HPLC using electrochemical detection. 

Pathology and cell counts 

At autopsy, the brain was halved sagittally. The right half was immersed in 
10% buffered formalin for several weeks. Diagnostic samples were taken from 
twelve standard cortical and subcortical areas and processed into hematoxylin
eosin, Congo red and Bielscowsky sections as described previously (Molsa eta!., 
1987). 

The sample for cell counts was taken at the level of the anterior commisure 
and included the cholinergic Ch4a area (Rinne eta!., 1987). Three 20 J.lm coronal 
sections were taken at 60 J.lm intervals and stained with cresyl violet. The cell 
group of interest was marked with India ink, and - using an ocular grid with an 
area of0.408 mm2 (25 x objective) -a systematic sampling was done comprising 
one sixth of the total area. Nucleolated neurons having a minor perikaryonal 
diameter of 15 J.lm or more were counted in each field. In this report we use the 
cell counts of the fields with maximum cell densities as measures of nucleus 
basalis degeneration. The results of four demented patients were compared with 
six samples from patients (aged 60-83 years) having no history or pathological 
findings of neurological disease. 

The left half of the brain was stored at -70 °C until dissection and biochem
ical assay. At dissection, the brains were sectioned coronally into serial sections 
5-10 mm thick, starting at the frontal pole. Gray matter from the frontal cortex 
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(Brodmann area 9) and from the temporal cortex (Brodmann area 21) were taken 
for the biochemical analysis. 

Noradrenaline and dopamine were analysed in brain areas by high pressure 
liquid chromatography (HPLC) as described by Mefford et al. (1981) with the 
exception that a coulometric detector with an oxidation voltage of 0.40 V was 
used instead of an amperometric detector. Amine metabolites were measured by 
HPLC method with an amperometric detector. ChAT was analysed by the 
method of Fonnum (1975) and AChE by the method of Ellman (1961). 

EEG values 

A conventional EEG recording was performed with a 10- or 16-channel 
Siemens Minograph apparatus using the International 10-20 system in attaching 
the Ag-AgCl-electrodes. The EEG from derivation T6-02 was amplified and 
filtered by a DISA 15C01 amplifier with the bandpass set at 0.5-50 Hz, and 
digitized at 125 samplesfs with a 12-bit multichannel analyzer (Tracor-Northern 
1710). The EEG was visually inspected for artefacts. Four artefact-free epochs 
of 8.192 s were recorded. A Fast Fourier Transform (FFT) was computed on a 
series of half-overlapping sections for each of the four epochs. The first section 
comprised the first half, the second section the second and third quarters, and 
the third section the second half of the epoch. To reduce leakage and time 
truncation errors, the time-domain waveform of each section was multiplied by 
a cosine (Hannig) window before the FFT operation. FFTs from a total of 12 
sections were then averaged to obtain the frequency spectrum of the whole EEG 
sample of 32.772 s. The relative powers (percentage of total power) in the delta 
(1.46-3.91 Hz), theta (4.15-7.32 Hz), alpha (7.57-13.92 Hz) and beta (14.16-
20.02 Hz) bands were calculated. The total range of analysis was 1.46-20.02 Hz. 
Several power ratios: alpha/theta, alpha/delta, alpha(( delta+ theta) and (al
pha+ beta)/(theta +delta) were calculated, as well as the peak and mean frequen
cy values. The subjects were instructed to relax and shut their eyes. Verbal 
communication was used, if necessary, to maintain alertness of the subjects. 

Results 

Spearman's correlation coefficients were used to examine correlations 
between the spectral EEG variables and the CSF values. 

Correlations between the CSF ChE, AChE, HVA, 5-HIAA and MH
PG values and spectral EEG variables are shown in Table 1. The CSF 
AChE values correlated significantly with the delta power (r=-0.57; 
p = 0.002) and alphafdelta ratio (r =-0.44; p = 0.017), but not with other 
spectral variables. Also, the total ChE correlated significantly with the 
same EEG parameters (delta; r=-0.59, p=0.002 and alpha/delta; 
r = 0.46, p = 0.013). In addition, low ChE activity correlated with the 
mean frequency in the combined alpha-theta range (r = 0.043; p = 0.019). 
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Table 1. Correlations between spectral EEG variables and CSF total cho
linesterase (ChE), acetylcholinesterase (AChE), homovanillic acid (HVA) 5-
hydroxy-indoleacetic acid (5-HIAA), and 3-methoxy-4-hydroxyphenylglycol 

(MHPG) in patients with Alzheimer disease 

ChE AChE HVA 5-HIAA MHPG 
n=23 n=23 n=23 n=23 n=23 

Beta% 0.31 0.21 0.32 -0.06 -0.10 
Alpha% 0.16 0.15 0.00 -0.02 0.08 
Theta% -0.22 -0.13 0.03 0.14 0.08 
Delta% -0.59 c -0.57 c -0.19 -0.06 0.06 
Alpha/theta ratio 0.22 0.17 0.03 0.00 -0.08 
Alpha/delta ratio 0.46° 0.44 c 0.05 0.00 -0.04 
Alpha/theta+ delta 0.28 0.25 0.07 0.07 0.05 
Alpha+ beta/theta+ delta 0.30 0.26 0.16 0.10 0.09 
Frequency peak Hz 0.15 0.11 0.07 -0.25 -0.24 
Frequency mean Hz 0.43° 0.34 0.20 -0.20 -0.30 

Correlations are calculated with Spearman's correlation test, • p<0.05; b p<0.02; 
c p<0.01 

Table 2. Mean of the frontal and temporal noradrenaline (NA), dopamine 
(DA), homovanillic acid (HVA), 5-hydroxyindoleactic acid (5-HIAA), choline-
acetyltransferase (ChAT), nucleus basalis (NBM) cell density and delta power 

Controls Case 1 Case 2 Case 3 Case 4 

Frontal and 2.9 3.4 29.8 36.9 
temporal NA (pmolfg) 7.7 7.8 39.4 43.1 

Frontal and 10.1 17.8 129.0 
temporal DA (pmolfg) 3.8 8.0 63.7 36.9 

Frontal and 127.0 252.0 173.0 129.0 
temporal HVA (nmol/Q 189.0 23.0 246.0 171.0 248.0 

Frontal and 134.0 196.0 74.0 52.0 
temporal 5-HIAA 164.0 75.0 98.0 142.0 

(mgfwet weight) 

Frontal and 94.5 5.9 22.4 81.6 70.9 
temporal ChAT 11.6 24.4 71.4 88.8 

(nmolfmg prot/min) 

NBM cell density (mm - 2) 195.0 70.0 64.0 108.0 168.0 

Delta power (!l V2) 13.1 55.9 65.2 12.9 30.0 
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In contrast, no systematic correlation could be found between the slow
ing of EEG and the levels of CSF monoamine metabolites. 

The results of the biochemical analysis, nucleus basalis cell counts, 
pathological diagnosis and absolute delta powers are shown in Table 2. 
The mean ChAT levels were lower in the frontal and parietal cortex in 
the demented patients than in the controls. The mean levels of 5-HIAA 
were lowered in the frontal cortex as well as in the temporal cortex in 
the demented patients. Mean HVA values were not changed either in the 
frontal or temporal cortex. Interestingly, the lowest levels of ChAT as 
well as noradrenaline were observed in the two demented patients with 
largest delta power. 

Discussion 

In the present study of a group of AD patients, the lowered level of 
CSF AChE activity correlated with the relative delta power and a de
crease in the alphafdelta ratio of the spectral EEG. No correlation could 
be detected between the CSF markers of the aminergic systems and EEG 
variables. Further, in a preliminary autopsy study the patients with the 
lowest level of cortical ChAT activity as well as NBM cell density had 
the highest amount of delta power, thus highlighting the importance of 
the cholinergic deficit in EEG slowing. 

The CSF AChE activity as a marker of the degeneration of the basal 
forebrain cholinergic neurons in AD patient has many limitations. First, 
the origins of lumbar CSF AChE and the relative amounts of lumbar 
CSF AChE produced by different brain regions are not exactly known. 
Second, AChE is not only found in cholinergic cells but may be pro
duced by non-cholinergic neurons located in the locus coruleus and 
dorsal raphe (Greenfield, 1984), two subcortical areas that also degener
ate in AD (Palmer et al., 1987; Rossor and Iversen, 1986). Third, the 
spinal cord may also contribute to lumbar CSF AChE activity (Apple
yard et al., 1987). Taking the above consideration into account, it is 
important to note that it has consistently been shown that in neuropatho
logically verified AD cases the AChE activity is reduced (Reinikainen et 
al., 1988; Arendt et al., 1984). Further, the two cases in the present study 
that had the lowest density of NBM cells also had the lowest levels of 
CSF AChE activity. Interestingly, following the lesioning of the basal 
forebrain cholinergic neurons in rats the Cisterna Magna CSF AChE 
levels were reduced, thus giving new empirical support for the validity 
of the CSF AChE as a marker indicating the loss of cholinergic cells in 
the basal forebrain (Riekkinen, 1990 a). 
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Despite the above limitations of the CSF AChE activity as a marker 
for the cholinergic neurons, both the correlation observed between the 
CSF AChE and EEG delta power as well as the preliminary autopsy 
evidence relating the loss of both the ChAT activity in neocortex and 
neurons in nucleus basalis support the assumption that the cholinergic 
deficit is responsible, at least partly, for the slowing of the EEG in AD 
patients. This result is interesting in view of the recent experiments 
demonstrating an increase in delta power following lesioning of the 
NBM (Buzsaki et al., 1988). Indeed, the increase of delta power follow
ing the nucleus basalis lesion is correlated with reduced ChAT activity 
(Riekkinen, 1990b). Anti-muscarinic drugs also increase slow delta 
power and the change induced by cholinolytics is smaller in the NBM 
lesioned rats than in control animals, thus further underscoring the 
importance of the cholinergic component of the EEG slowing induced 
by lesioning of the NBM. Further, in aged rats the frontal delta power 
is correlated with the reduction of AChE activity underscoring the 
importance of cholinergic pathology in age-related EEG deterioriation 
(Sirvio, 1989). 

Though the other aminergic systems studied (noradrenaline, seroton
in, dopamine) may play an important role in the regulation of neocortical 
EEG, it is important to note that no correlation could be found between 
the CSF markers of these systems and EEG slowing. The lack of corre
lation could be explained by the less consistent and marked degeneration 
of other aminergic systems compared with the cholinergic (Palmer et al., 
1987; Davies, 1983). Based only on the CSF study it is premature to say 
that only the cholinergic system and not any of other systems studied 
would contribute to the EEG changes in AD patients. Indeed, in the 
autopsy study, the two patients with rapidly deterioriating EEG had not 
only low levels of ChAT but also low levels of noradrenaline in the 
cortical samples measured. 

In the present study, the observed relationship between the reduction 
in CSF AChE activity as well as the low amount of cortical ChAT 
activity and the NBM cell bodies with increased EEG delta power 
support the view that the cholinergic pathology contributes significantly 
to the EEG slowing. However, this relationship as well as the role of the 
other aminergic systems should be further studied in a more extensive 
autopsy study. 
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Summary 

Electroencephalograms (EEG) obtained in a two years follow up period 
from 39 patients with Alzheimer's disease -presenile (AD) and senile (SDAT) 
-were compared with psychomental ratings (MMS and OMDS) and with EEG 
records from two age-matched normal control groups, comprising 33 subjects. 
Normal EEGs were obtained 7 times more often in controls than in Alzheimer 
patients and alpha was mildly to severely disturbed in close to 68 percent of the 
latter. 

The BEG-differences between controls and patients were significant for 
global rating, alpha activity and diffuse slowing. Beta activity was significantly 
reduced in SDAT. Alpha and beta activity were significantly more impaired in 
SDAT than in AD, but their changes with progression of disease did not differ 
significantly. Close to 10% of initial records were and remained normal. 

The study of the sequential EEGs showed a good correlation between global 
rating, slowing of basic rhythm and irregularity of alpha activity and degrees of 
dementia. 

This study, in consistency with most of reports in the literature shows, that 
sequential recording of EEG is a valuable tool in the confirmation of 
Alzheimer's disease in doubtful cases and in the differentiation of this disease 
from normal ageing. 

Introduction 

Electroencephalography (EEG) holds an important position in the 
diagnosis of dementing disorders in the aged. As for senile dementia of 
the Alzheimer type (SDAT) the diagnostic value of EEG is claimed to 
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surpass that of the CT -scan (86% versus 84% ), while their combined use 
can increase the extent of correct classification up to 90 percent (Soininen 
et al., 1982a). Moreover, normal records are rarely found in this condi
tion (around 10 percent), even in the early stages of its clinical manifes
tation. 

In addition to this diagnostic efficiency EEG qualifies itself as a 
painless, non-invasive and low-priced technique. Easily performable, it 
is free of the effects of repetition ("practice effect") and motivation, 
encountered in psychomental evaluations. 

The study of the possible contribution of electroencephalography in 
the field of the dementias, started by Berger (1932) close to sixty years 
ago, has led to a respectable number of publications. To those based on 
conventional EEG techniques, more elaborated ones, like frequency and 
power-spectral analysis and finally also topographical mapping of brain 
potentials have been added in recent years. 

In all these studies the hallmark of EEG pathology in Alzheimer's 
disease has been shown to be a progressive slowing of brain potentials, 
with an early bilateral reduction of occipitoparietal rhythmic activity. 
This alpha (8-12 c/s) rhythm is progressively replaced by diffuse theta 
(4-7 cjs), theta-delta and finally by delta (0.5-3 c/s) activity alone. Oth
er changes affect beta rhythm (14-30 cjs), responsivity to intermittent 
light stimulation and to overbreathing, as well as the appearance of 
paroxysmal activity, of sharp waves and rarely also of triphasic wave
forms. 

The main problem in the diagnosis of dementia in ageing people is 
the differentiation of Alzheimer's disease from depression with cognitive 
retardation, from a variety of organic or functional cerebral disorders, 
especially multi-infarct dementia (MID) and, in early stages also from 
normal ageing. 

Senescence in itself implies a continuance of slowly appearing EEG 
alterations, the significance of which is still being debated. Regarding 
the anomalies found in about one third of records from aged people, 
good concensus exists on a) a slight decrease of alpha presence and 
frequency b) a slight increase in theta and delta and c) an increase in beta 
activity. Some authors claim additional changes like the appearance of 
paroxysms and of slow temporal activity (especially left), while others 
point to the reduced response to hyperventilation and to intermittent 
photic stimulation (Guggenheim and Karbowski, 1979; Soininen et al., 
1982 b; Busse, 1983). 

While qualitatively similar to those of the healthy elderly the basic 
EEG changes in demented aged persons are much more pronounced and 
their progress is remarkably accelerated. This stresses the need for fol
low-up in suspected and established cases of dementia. Such studies, 
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while undoubtedly of diagnostic importance, if properly designed, 
should help to further the understanding of the disruptions of the 
cerebral functions, which lead to dementia and of the significance of 
concomitantly occurring changes in the electrical brain signals. 

Assuming a satisfactory knowledge of how to measure severity of 
EEG abnormality and degree of dementia, the question evolves, 
whether, how and to what extent are impairments in memory, cognition 
and in the behavioural adaptabilities of Alzheimer's disease mirrored 
andfor measurable by BEG-techniques. 

Serial EEG studies in Alzheimer's disease, which seem to have start
ed with that of Gordon (1968), initially aimed only at the changes of the 
electrical potentials per se, have recently also taken up the problems of 
their correlation with psychometric data and even with quantitative 
histopathological findings. 

This report deals with a two-years follow-up of EEGs of two groups 
of Alzheimer patients, namely that of (presenile) early onset (AD) versus 
that of senile (late) onset (SDAT). We studied the intercorrelation of 
their BEG-parameters also with respect to the degree of dementia. 

Methods 

The following findings are derived from ongoing studies on dementia in the 
aged, conducted by the Alzheimer-Dementia Research Group of the Ludwig 
Boltzmann Institute of Geriatric Research. All Alzheimer cases were in-patients 
of the neurological department of the Lainz-Vienna Geriatric Hospital (Vienna, 
Austria). As shown in Table 2, 33 volunteers served as age-matched healthy 
controls: 15 subjects 69 years and below (range 55-69 years, average 63.6±3.4) 
and 18 in the age range of74-97 years, average 81.1 ±6.7. These subjects had 
one to two EEG's each. 

In all the 39 Alzheimer patients the disease had presumptively started two to 
thirteen years before the first EEG and in all, except for one patient, two more 
EEGs were recorded within 24 months of follow-up. Eleven of these subjects 
belong to the early onset group (AD) and 28 to the senile type (SDAT). 

The diagnosis of Alzheimer's disease was based on clinical criteria, on those 
of the DSM-III-R and the Hachinski Ischemic Score (Hachinski, 1975); on 
neuroimaging methods (CT in all patients) and on neuro-psychological testing: 
Mini-Mental Scale ofFolstein (MMS) (Folstein et al., 1975), the Organic Mental 
Disorder Scale (OMDS) (Danielczyk, 1986) - Table 1 - and the Hamilton 
depression scale (Hamilton, 1967). The degrees of dementia in most patients 
listed from moderate to marked. 

Medication, wherever necessary consisted in minor tranquilizers, cardiac 
fortificants, vitamin-mineral supplements and occasional light hypnotics. 

The EEGs were recorded in the waking state, visually analyzed by two 
independent observers and globally classified - Table 1 - as: 0 =normal; 
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Table 1. Grading of dementia: Organic Mental Disorder Scale (OMDS) and of 
EEG-parameters 

0 = No cognitive and intellectual impairment 
1 = Mild memory and concentration disorders, irresoluteness, mild organic personality 

syndrome 
2 = Obvious impairment of memory and concentration, reduced capability of criticism 
3 = Additionally: temporary mental disorientation, confusion and aggressivity, severe 

impairment in capability of criticism, no insight into illness 
4 = Persistent disorientation, disturbed communication, incontinence, psychological test-

ing impracticable 

Grading of BEG-parameters 

0 =Normal 
1 = Mildly disturbed 
2 = Moderately disturbed 
3 = Severely disturbed 

Table 2. Demographic data 

AD* SDAT* 

n=11 n=28 

Gender f/m 6/5 27/1 

Age in years at the time of last EEG 

Average (SD) 65.1 (5.6) 84.4 (5.5) 
Range 60-76 76-97 

Age at onset 

Average (SD) 59.5 (3.6) 77.7 (7.1) 
Range 53-64 66-91 

Duration of disease at the time of last EEG 

Average (SD) 6.0 (3.3) 6.2 (3.4) 
Range 2-13 1-17 

Last OMDS 

Average (SD) 3.5 (0.68) 3.3 (0.82) 
Range 2-4 1-4 

* AD Alzheimer's disease (onset before age 65) 

Controls 
<70 yrs 
n=15 

13/2 

63.6 (3.4) 
55-69 

0 

SDAT Senile Dementia of Alzheimer's Type (onset after age 65) 

Controls 
> 70 yrs 
n=18 

17/1 

81.1 (6. 7) 
74-97 

0 

1 =mildly irregular; 2 =moderately irregular and 3 =severely irregular. Features 
especially looked for were basic rhythm, global rating, alpha activity, beta 
activity, paroxysmal activity, focal changes, myoclonic discharges, sharp waves, 
triphasic waves and reaction to hyperventilation and intermittent light stimula
tion. Only the first five features lent themselves to a meaningful inter-compari
son and to a correlation with levels of dementia. 
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For statistical analysis the Student-t-test and the methods of Kruskal-Wallis, 
Mann-Whitney and Spearman-Brown were used. 

Results 

During the years 1985-1988 seventy Alzheimer patients had been 
included in the study but only 39, fulfilling all criteria are presently 
discussed. In 13 patients the clinical diagnosis of Alzheimer's disease was 
confirmed by post-mortem studies. 

As shown in Table 2 the average age at disease onset was 59.5 ± 3.6 
years (range: 53-64 years) in the AD group and 77.7±7.1 years (range: 
66-91 years) for the SDAT patients. The average duration of disease was 
about six years in both groups at the time of inclusion in the study. 

Since, as seen in Table 5 the performance of the patients on the 
Mini-Mental-Scale (MMS) correlated well with their rating in the Or
ganic Mental Disorder Scale (OMDS) - which presents a fairly compre
hensive portrayal of the patients psychomental and social abilities, only 
the statistical correlations of the latter with EEG parameters are shown 
in the Tables. 

The OMDS ratings, 3.26±0.87 for AD and 3.14±0.94 for SDAT at 
the onset declined to 3.5 ± 0.68 and 3.3 ± 0.82 respectively during the 
two-years period. The difference between these two deteriorations is not 
significant. Of the 33 EEGs obtained from the controls -Table 3 -none 
was rated as globally severely disturbed, in contrast to more than half of 
the patients records. The comparison of the two control groups (A 
versus B) shows a significant slowing of "basic rhythm" in the older 
group while the other parameters are not significantly different. 

When comparing controls with patients (A versus C and B versus D), 
differences relating to global evaluation and to alpha reactivity are high
ly significant, attesting to the marked deterioration in the patients. For 
basic rhythm, the highly significant difference, shown between the older 
cohorts is not found between the younger ones. As for beta activity we 
find a significant reduction in the SDAT-group. Differences regarding 
paroxysmal activity and presence of sharp waves (not shown in Table 3) 
are of no significance in any of the comparisons. 

Comparison of the two patient groups (C versus D) reveals a signif
icant worsening of alpha activity in the presenile group, while beta 
activity is reduced in the senile contingent. The deterioration of the basic 
rhythm only borders on significance. 

In Table 4 a the EEG development in the two patient groups is shown 
by comparing the last records of each individual. The mean time interval 
between two compared records is equal in the two groups (p = 0.590) 
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Table 4b. Changes in routine EEG in Alzheimer's disease (AD and SDAT) 
during 24 months of follow up (N =53 comparisons) 

Global Alpha-reaction Paroxysmal activity 

+2 +1 0 -1 -2 +1 0 -1 +1 0 -1 

N 0 3 35 13 2 3 39 10* 0 21 32 
% 0 5 66 25 4 6 75 19 0 40 60 

* only 52 comparisons possible 
Range of interval between EEGs: 6-24 months mean time interval: 12.7 ± 5.8 months. 
0, no change; +, improvement; -, worsening 

Table 5. Rank correlation coefficients between EEG and degree of dementia 
and age; presenile and senile patients; 101 records (significance in brackets) 

Global Alpha- Paroxy Beta Basic-
reaction rhythm 

OMDS• 0.4331 0.4512 0.2172 0.0067 -0.2767 
(0.001) (0.000) (0.057) (0.481) (0.020) 

MMSE* -0.4526 -0.5604 -0.2312 0.0028 0.2882 
(0.000) (0.000) (0.050) (0.492) (0.020) 

Age 0.165 0.0750 0.0080 0.2004 -0.3876 
(0.024) (0.197) (0.462) (0.008) (0.000) 

a Organic Mental Disease Scale 
* Mini Mental State Examination 

and also the difference between the degree of dementia (OMDS) of the 
two groups is not significant (p = 0.260) at the time of the last record. 
The differences of changes in global rating (p = 0. 919) and in alpha 
activity (p=0.934) in the two patient cohorts (ADjSDAT) also are 
non-significant. This shows that the rate of deterioration was globally 
equal in both Alzheimer varieties. 

The statistically almost significant reduction of paroxysmal activity in 
SDAT, compared to AD (p = 0.019) is an unexpected finding. It should 
be mentioned that Soininen et al. (1982a) had reported paroxysmal 
bifrontal episodic runs of delta waves, of paroxysmal connotation, 10 
times more often in demented than in healthy old people. 

Table 4b shows that within one half to two years, average 12.7±5.8 
months, the majority of EEGs have remained practically unchanged 
with respect to global rating (66%) and alpha reactivity (75%). A fur-
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ther, mainly moderate deterioration, was found in less than one third of 
Alzheimer (DAT) patients, while a moderate improvement occurred in 
six percent. 

Based on 101 records of presenile and senile DAT patients (Table 5) 
the calculation of rank correlation coefficients shows a significant corre
lation between grades of dementia, as established by OMDS and MMS 
and global EEG rating and alpha activity. The correlation with slowing 
of basic rhythm borders on significance. The psychometric tests do not 
correlate with absence or presence of beta and of paroxysmal activity. 

Age on the other hand correlates significantly with beta presence and 
with slowing of the basic rhythm. Occipito-parietal rhythmic activity i.e. 
alpha, however does not correlate with age. As already shown before 
(Table 3), alpha is significantly reduced in both Alzheimer cohorts, 
compared to age matched controls. 

These findings permit the conclusion that good alpha activity pleads 
against the diagnosis of Alzheimer's disease. 

About 11% of the patient records, see Table 3, were classified as 
"globally" normal, compared to average 70% normal global ratings for 
both aged control groups. This incidence of "normalcy" in the present 
study is consistent with that reported in other studies. 

The corresponding figure for "severely disturbed" global ratings, 
zero in the controls, amounts to 56% in the patients. 

Discussion 

In the Alzheimer patients 90 percent of the records were abnormal, 
displaying a severe disturbance in more than half, while in the aged 
control person about 70% were normal and mildly to moderately dis
turbed records were encountered in about 30 percent. None of the 
control records was found to be severely disturbed. In the patients close 
to 10 percent of the records were classified as normal (Table 3). 

The differences between patient and control records with regard to 
the EEG parameters global assessment and alpha reactivity are highly 
significant and are close to significance also for paroxysmal activity and 
basic rhythm (Table 3). Beta presence is statistically reduced in the late 
onset patient group (SDAT) when compared both with aged normal 
controls and the presenile patient cohort (AD) (Table 3). 

These findings are in line with those reported in the majority of 
pertinent studies (Cohen et al., 1983; Kaszniak et al., 1979; Letemendia 
and Pampiglione, 1959; Deisenhammer and ]ellinger, 1972; Pillhatsch, 
1985) and attest to the diagnostic value of routine EEG in the diagnosis 
of Alzheimer's disease. 
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Comparing EEG with degree of dementia, Table 5, we find a highly 
significant correlation between the psycho-mental evaluations and the 
BEG-parameters of global rating and alpha reactivity and borderline 
significance also for basic rhythm (see also Johanneson et a!., 1979; 
Rae-Grant et a!., 1987; Soininen and Partanen, 1988). The differences 
between the initial versus final psycho-mental test scores, however, 
showed no significance, which seems to portray a rather parallel and 
equal rate of mental decline in our two patient cohorts during the 
observation period. 

Intercorrelating EEG course and mental developments, the findings 
of the present follow-up study can be compared with those of other 
longitudinal studies, published during the past 20 years (Gordon, 1968; 
Johanneson eta!., 1977, 1979; Coben eta!., 1983, 1985; Soininen and 
Partanen, 1988; Giannitrapani and Collins, 1968). Some of these were 
based on EEG spectral analysis. Findings, common to both modes of 
analysis, visual and computerized, are slowing of dominant frequency, 
especially of the occipito-parietal alpha activity, as well as the episodic 
increase in theta and delta. These changes, which seem to attest to a 
progressive loss of the capacity for rhythmic potential generation, can 
indeed be expected to appear and progress alongside with the decrease 
in intellectual functioning. 

Also beta activity, which increases with ageing, has been shown to 
decrease with the progression of dementia (see also Coben et a!., 1983; 
Berg et a!., 1984; Visser et a!., 1985). 

While well in line with these findings, the present study, as outlined 
previously shows that close to two thirds of our Alzheimer patients, in 
spite of disease progression, maintained their EEG pattern and grading 
during the two years of follow-up. Only 29 percent deteriorated. In 
about 5 percent a slight improvement was scored. 

This lack of conspicuous progression of EEG deterioration during 
follow-up studies has already be pointed out by Letemendia and 
Pampiglione (1959) "in a number of cases" and by Gordon (1968). 
] ohanneson et a!. (1977) reported in three out of seven patients no EEG 
deterioration in a four-years follow-up. Rae-Grant et a!. (1987), stressed 
this "even greater tendency for the (EEG) findings to remain the same" 
in a one to four year study period. "Indeed," - 12 percent -, "of the 
EEGs from patients with dementia showed improvement from initial to 
final study and in three patients this was apparent over a four-year 
period". 

Coben et a!. (1985) had, however observed significant EEG changes 
already during one year of follow-up, while they encountered several 
demented patients with normal EEG and no worsening during one year. 
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Soininen and Partanen (1988) recently reported a significant deterio
ration within one year in 12 out of 24 DAT patients. "There were 
(however) 12 patients (50%!) with a quite normal BEG at baseline and 
with minor or no changes between baseline and one-year recordings. 
Four of the patients with unchanged BEG had moderate dementia and 
8 had mild dementia." 

As for the study of Rae-Grant (1987) and the present one it should 
be kept in mind that a considerable proportion of patients, at the time 
of their inclusion in the study, had been sick for several years and had 
already presented moderate to marked initial grades of mental decline 
and BEG perturbation. 

Although there is no one-to-one correlation and no parallelism in 
course between slowing of BEG activity and decline in intellectual 
performance, this study shows that BEG, and particularly the test-retest 
method of sequential recording constitutes a valuable tool for the early 
recognition and confirmation of doubtful Alzheimer's disease. This sim
ple procedure is also particularly helpful in the differentiation of this 
disorder from senility and from pseudo-demential depression. 
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Decreased hippocampal metabolic rate in patients 
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Summary 

Positron emission tomography with F-18 deoxyglucose was used to assess 
cortical metabolic rate during an olfactory memory task in six patients with 
senile dementia of the Alzheimer's type and six healthy, age-matched controls. 
Decreases in metabolic rate were observed in the anterior portion of the medial 
temporal cortex, especially on the left in the patients. This region is known to 
receive a large olfactory input, and to have been implicated in the encoding of 
human memory. Our results are consistent with earlier reports of temporal lobe 
decreases in metabolic rate, extending them by examining areas salient to the 
behavioral loss. 

Introduction 

Patients with Alzheimer's disease have been reported to have a loss 
of cells in the entorhinal and subicular areas, located along the medial
ventral surface of the temporal lobe (Hyman et al., 1984). The entorhi
nal-hippocampal-subicular complex has been implicated as a key struc
ture in the encoding of human memory. Entorhinal cortex is also known 
to receive a large olfactory input via the lateral olfactory tract which 
originates in the olfactory bulbs. Olfactory areas also have been reported 
to show more marked neurofibrillary tangles and neuritic plaques than 
visual cortex or other sensory areas (Pearson et al., 1985). Consequently, 
one would predict that Alzheimer's disease patients would be deficient 
in the performance of an olfactory memory task. While such a deficit 
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might be demonstrable as a fall in psychophysical performance scores, 
deficits in attention, motivation, cooperation, and olfactory sensitivity 
could also contribute. These factors could also appear in other demen
tias, blurring the distinction between Alzheimer's and non-Alzheimer's 
patients. Direct assessment of entorhinal metabolic rate with positron 
emission tomography (PET) during performance of an olfactory memo
ry test would provide a neuroanatomically based functional evaluation 
of these brain regions and might provide a test to facilitate the early 
detection and diagnosis of Alzheimer's disease. 

PET studies have revealed decreases in glucose metabolic rate ratios 
of frontal to temporal regions (Friedland et al., 1983, 1985) and general 
decreases in metabolic rate (Friedland et al., 1983). More marked parietal 
and temporal but not frontal decreases are shown in the data of Duara 
et al. (1986) and McGeer et al. (1986) and diagram of Tamminga et al. 
(1987). Recently Miller et al. (1987) obtained PET scans during a verbal 
memory task. While widespread cortical reduction in metabolic rate was 
observed in patients during baseline, only the temporal lobe showed a 
differential task effect. Normal individuals activated their left temporal 
lobe with the task, whereas patients activated the right side. Several 
limitations of these studies as a test of hippocampal memory deficit in 
Alzheimer's disease should be noted. First, the Friedland et al. (1983), de 
Leon et al. (1983), McGeer et al. (1986), and Duara et al. (1986) studies 
did not use a memory task. The regions of interest in all of these studies 
were either lateral temporal or whole temporal lobe, rather than limited 
to the hippocampus. Definition of hippocampal metabolic rate is also 
diminished because the scans were obtained parallel to the canthomeatal 
line while the hippocampus itself is tilted with respect to this plane. 
Nevertheless, the studies were not inconsistent with hippocampal 
deficits. In the current study, we report decreased metabolic rates in 
patients carrying out an olfactory memory task during FDG uptake with 
the use of small hippocampal regions of measurement and slices tilted 15 
degrees to parallel the hippocampal plane. 

Methods 

Patients 

Six patients with senile dementia of the Alzheimer's type, mean age 67.8, 
SD = 11.1, two men and four women, served as subjects. They were recruited 
from the Alzheimer's Disease Diagnostic and Treatment Center of the University 
of Southern California at Rancho Los Amigos Medical Center. All six met 
NINCDS criteria for probable Alzheimer's disease (McKhann et al., 1984) and 
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DSM-III criteria (American Psychiatric Association, 1980) for primary degener
ative dementia. The clinical evaluation included complete histories, physical and 
neurological examinations, and the following laboratory studies: complete blood 
count, electrolytes, liver, kidney and thyroid functions, calcium, phosphorus, 
B12, folic acid, and syphilis serology. All patients had Hachinski Ischemia 
(Hachinski et al., 1975) Scores <4. No focal abnormalities were noted in com
puterized tomographic scans of the head. Electroencephalography showed mild 
slowing in four patients. The mean duration of the dementia symptoms was 5.8 
years and mean age of onset was 65 years. Mean Mini-Mental State Exam score 
(Folstein et al., 1975) was 15.2 (range 11-21 out of 30). Mean score on the 
Everyday Activities and Habits sections of the Blessed-Tomlinson-Roth Demen
tia Scale (Blessed et al., 1968) was 5.2 ± 2.1 (17 indicating greatest disability). 
Patients were not taking psychoactive medications. 

Five of the patients were enrolled in a double-blind, placebo controlled 
cross-over study of intraventricular bethanechol chloride (Harbaugh et al., 1984) 
after completion of the PET scan. In these patients, cerebral cortical biopsies 
were obtained from the right frontal lobe at the time of intraventricular catheter 
placement. In all five subjects, plaques and tangles were found in Bielschowsky 
silver-stained formalin-fixed sections, thereby confirming the diagnoses of 
Alzheimer's disease. 

Six normal subjects, three men and three women, mean age 67.8, SD = 5.2, 
served as controls. They received a medical and psychiatric history, physical 
exam and screening blood chemistry; subjects with significant medical or psychi
atric illness, head injury, epilepsy, family history of psychiatric illness or 
Alzheimer's disease were excluded. 

Task 

An olfactory match to sample test was administered for 30 minutes following 
FDG injection. The patient performed the test in a dimly lit room sitting in an 
office chair. The examiner sat in front of him across a small table. The patient 
was instructed not to speak during uptake. At the time of FDG injection a series 
of 30 match-to-sample trials were started, each trial lasting approximately one 
minute. Each trial was as follows: the patient was first asked to smell a target 
odor for 2-3 seconds. Following a 10-second delay, the patient was presented 
with three other odors, one at time. The patient was then asked which one of 
the three "best matched" the target and was instructed to raise either one, two 
or three fingers on his right hand to signal his answer. A small penlight was used 
to illuminate his right hand for viewing. The presentation of the matched 
samples was randomized, and each stimulus was presented approximately an 
equal number of times as either a target or potential match. 

Positron emission tomography 

Regional brain activity changes were imaged as glucose metabolic rate using 
sterile, pyrogen-free IBF-2-deoxyglucose, prepared at the Crocker Nuclear Labo-
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ratory, University of California, Davis. Before PET scanning, an individually 
molded, thermosetting plastic head holder was made for each subject to mini
mize head movement. The same head holder was used for MRI scans. 

For the PET procedure, subjects were seated in a darkened isolation room 
and IV lines inserted as described elsewhere (Buchsbaum eta!., 1987). At 2-3 
minutes before the 18F-2-deoxyglucose injection, room lights were extinguished 
and the olfactory task was begun; the stimuli continued for 30-35 minutes after 
isotope injection. Subjects were not spoken to during uptake, and all remained 
quiet and cooperative. Subjects received 4 to 5.2 millicuries of FDG. After 
30-35 minutes of FDG uptake, the subject was transferred to the adjacent 
scanning room. Three planes (CTI NeuroECAT) at 10 mm increments and at 15 
degrees of extension relative to the canthomeatalline (CM) were done between 
45 and 100 minutes after FDG injection. Scans were performed with both 
shadow and septa shields in, a configuration with measured in plane resolution 
of 7.6 mm and 10.9 mm resolution in the Z-dimension. Typical total plane 
counts were in the range of 800,000-1,200,000 counts. 

Scans were transformed to glucose metabolic rate according to the model of 
Sokoloff et a!. (1977), using kinetic constants and the lumped constant from 
Phelps eta!. (1979). Following a method common in cerebral blood flow analysis 
and in reports on Alzheimer's disease by de Leon et a!. (1983), Friedland et a!. 
(1983) and McGeer et a!. (1986), we expressed data as a fraction of whole slice 
metabolic rate to correct for individual differences in brain metabolism unrelated 
to regional activation. 

Magnetic resonance procedure 

Fourteen horizontal planes were obtained at 10 mm increments at 15 degrees 
extension to the canthomeatal line (Fig. 1). The 15-degree angle was chosen 
because it would provide a plane parallel to the entorhinal cortex (Salamon and 
Huang, 1980). Due to logistical issues, MRI were not obtained on all patients and 
normals. However, the MRI on the first patient was used as a template for 
locating regions of interest on all 14 subjects as described below. 

A diagrammatic representation of the template MRI is shown in Fig. 1. In 
the lower section, the pons and cerebellum can be visualized in the center of the 
brain, anterior to the suprasagittal sinus and dorsal of the optic tract and optic 
chiasm. The parahippocampal gyrusjentorhinal cortex appears lateral to the 
cerebellum and medial from the collateral sulcus. The hippocampus was visual
ized on the cut 10 mm dorsal. At this upper level, the ventral portion of the 
frontal cortex is clearly seen. The dorsal portion of the cerebellum is also 
apparent. Lateral ventricles can be seen in the posterior half of the scan. The 
hippocampi are located immediately lateral to the cerebellum and hypothalamus. 
The two PET slices best matching these anatomical images were chosen from 
among the 3-4 obtained on each subject. One subject did not have a suitable 
upper slice, and was excluded from upper slice and combined slice ANOVA. 
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Fig. 1. Above: Sagittal view of human brain adapted from Roberts and Hanaway (1970) 
showing the approximate plane of the PET scans (tilted at 15 degrees). The two planes 
(below) were drawn from MRI with details adapted from the Salamon atlas (Salamon and 
Huang, 1980) to develop a typical example of structures seen in the two planes at 30 and 

20 mm above the CM line 

Region of interest location 

The box method used small 3 x 3 pixel square regions of interest. Five boxes 
were placed along the medial temporal cortex in areas corresponding to the 
parahippocampal gyrus in an anterior to posterior direction. The proportional 
locations on the PET scan were located using a computer program (Fig. 1). 

The peel method (Fig. 2) used a computer algorithm described elsewhere 
(Buchsbaum et al., 1984). In a second step, an area swept at a distance of 18 mm 
from the surface with a thickness of 6 mm was obtained, to assess medial 
temporal cortical measurement. The cortical strip from each hemisphere was 
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Fig. 2. The cortical peel algorithm applied to the two PET slices. Left: The PET images 
showing the placement of the external outline. Center: The vertical and horizontal merid
ians are fitted to the outline by least-squares and sector boundaries drawn. The cortical 
strip is shown in white, part way through its 360-degree sweep. Right: The medial 

temporal peel is similarly constructed, here shown reaching 180 degrees 

divided into four sectors from front to back at the 45-, 90-, and 1 35-degree 
positions. Eight values (four anteroposterior sectors for each hemisphere) were 
obtained from each slice. With this method, the second and third sectors lie 
within the temporal lobe, both on the outer and inner peel segments. 

Statistical methods 

The main hypothesis predicted diminished relative glucose metabolism in the 
most anterior regions of the medial temporal cortex in patients with Alzheimer's 
disease while performing an olfactory memory task. This was examined with a 
t-test on the hippocampus obtained from the peel (sector 2) and box (box 1) 
methods selected on this a priori basis. We also used repeated measures ANOVA 
to examine the difference in metabolic rate between anterior, more olfactory 
regions, and posterior, more visual regions. These analyses used BMDP 2V 
(Dixon, 1981) with independent groups (normals, patients) and repeated mea
sures dimensions of hemisphere (right, left), anteroposterior position, slice level, 
and for the peel analysis, medial and lateral cortex. The a priori assumption is 
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that a group by region interaction would be significant since decreases in the 
hippocampus but sparing in visual cortex was hypothesized. 

T-tests on other regions are presented on an exploratory basis. Two other 
statistical evaluations were performed to match the right minus left score vari
ance differences between normals and patients reported by Friedland et al. (1985) 
and Duara et al. (1986), and a right greater than left abnormal asymmetry during 
a memory task reported by Miller et al. (1987); both of these replication findings 
are tested with t-tests, one-tailed. 

Results 

Stereotaxic box method 

Decreased relative metabolic rate was confirmed in the anterior por
tion of the left anterior medial temporal cortex (Tables 1 and 2) at both 
levels and on the right side for the upper level. We considered the most 
anterior box in the upper and lower slices as representing the best 
estimate of the olfactory memory area of the hippocampus. Combining 
across levels and hemispheres for the anterior-most box yielded signifi
cantly higher values for normals (1.01, SD =0.15) than for patients (0.81, 
SD =0.10) by t-test (t=2.44, d.f. =9, p=0.04). Using 1.00 as a dividing 
criterion identifies four of five patients and five of six normals correctly. 
An ANOVA with diagnostic group (Alzheimer's, controls), and repeat
ed measures for anteroposterior position (five boxed from anterior 
hippocampus to the margin of the visual cortex), hemisphere (right, left) 
and level (upper slice, lower slice) confirmed the critical group by 
anteroposterior position interaction for our major hypothesis (Table 1); 
post-hoc t-tests confirmed the difference in the most anterior region, 
most closely corresponding to the olfactory region, and showed no 
difference in the posterior-most box, on the border of the occipital 
cortex. 

Normals had higher metabolic rates on the left than on the right in 
boxes 1, 2, 4, and 5 on the upper slice and 1, 2, 3, and 4 on the lower 
slice. This asymmetry was statistically confirmed for box 2 in the upper 
slice (t=2.77, p<0.01) and box 1 in the lower slice (t=2.31, p<0.05). 
Patients with Alzheimer's disease had higher values on the right than the 
left for boxes 1, 2, 4, and 5 on the upper slice and boxes 3 and 5 on the 
lower slice; only box 1 on the upper slice differed significantly between 
normals and patients in asymmetry [unpaired t contrasting difference 
scores, t = 2.13, p = 0.03, 1-tailed replication of Miller et al. (1987)]. 

A focal asymmetry in metabolism not favoring either hemisphere was 
tested for by comparing the variances of left minus right metabolic 
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Table 1. Relative hippocampal metabolic rate; 30 mm and 20 mm slices 
combined 

Controls SDAT 
n=6 n=5 

1. Hippocampus 1.01 ±0.16 0.82±0.11 * 
2. Ant. parahippocampus 0.96±0.14 0.95±0.11 
3. Medial parahippocampus 1.02±0.23 1.16±0.16 
4. Post. parahippocampus 1.17 ±0.20 1.46±0.24 
5. Visual cortex 1.36±0.24 1.49±0.25 

* Different from controls by 2-tailed t-test, df = 9, 2, p = 0.04. 
ANOVA is group (control, sdat) by anteroposterior box position (1, 2, 3, 4, 5), F=4.24, 
Huyhn-Feldt adhusted df=1.87, 16.82, p=0.0345 

Table 2. Relative hippocampal metabolic rate 

Controls 
n=6 

+30mm L R 

1.06 ±0.18 0.96±0.07 
2 1.06±0.18 0.90±0.13 
3 0.88±0.25 0.93±0.22 
4 1.20±0.27 1.06 ±0.31 
5 1.38±0.39 1.28±0.28 

+20mm n=6 

1.14±0.22 0.89±0.31 
2 0.94±0.27 0.92±0.21 
3 1.14±0.25 1.11 ±0.29 
4 1.22±0.20 1.19 ±0.26 
5 1.35 ±0.18 1.42 ±0.27 

Areas 1-5 are as listed in Table 1. 
t-test, * p < 0.05, ** p = 0.01. 

SDAT 
n=5 

Comb. L R 

1.01 0.80 ± 0.07 ** 0.85±0.08* 
0.98 0.86±0.22 0.93±0.16 
0.90 0.97±0.21 0.90±0.16 
1.13 1.35±0.30 1.44±0.26 
1.33 1.53±0.44 1.62 ±0.22 

n=6 

1.02 0.80 ± 0.21 ** 0.80±0.32 
0.93 0.92±0.26 0.92±0.26 
1.13 1.19 ±0.43 1.28±0.44 
1.20 1.48 ±0.31 1.42±0.29 
1.39 1.34±0.36 1.45 ±0.25 

Comb. 

0.82* 
0.90 
0.94 
1.40 
1.58 

0.80 
0.90 
1.23 
1.45 
1.39 

Anteroposterior position main effect, F=25.0, df=1.84, 16.8, p<0.0001. Position by 
group effect, F = 4.24, p = 0.03; see collapsed means, Table 1. Slice level by anteroposterior 
position, F=7.09, df=3.2, 28.8, p=0.0009. Slice by position by group, F=2.38, p=0.08 

difference or quotient scores between patients and controls. Using the 
same statistical method, we found 8 of 10 left minus right difference 
score variances to be higher in the patients, with box 2 on the upper slice 
and box 3 on the lower slice reaching statistical significance (F > 5.05, 
p < 0.05). However, in one of the boxes showing patient/normal differ-
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ences in metabolic rate (box 1, left hemisphere, upper slice), this variance 
was nonsignificantly smaller in the patients. 

Cortical peel method 

Consistent with the box results, decreased relative metabolic rate was 
observed in the anterior portion of the left medial temporal cortex peel 
(upper level) of patients with Alzheimer's disease (0. 78, SD = 0.09) in 
contrast to normal controls (0.86, SD = 0.05). This was confirmed by 
t-test (see Table 3). Lateral temporal cortex also showed a significant 
decrease, confirmed both by t-test and by ANOVA (Table 3). A similar 
left-sided reduction was seen at the lower level (Table 3) in the medial 
region but not in the lateral cortex. Examination of micromole metabolic 
rate data yielded similar findings; the left hemisphere medial peel most 
anterior segment was significantly reduced (t = 1.95, p = 0.046, 1-tailed) 
and the anterior lateral peel sectors on the left at the upper level (t = 2. 72, 
p=0.012, 1-tailed) and lower level (t=2.09, p=0.034, 1-tailed) also 
reached significance. 

The ANOVA revealed a significant anteroposterior position by 
group interaction for the lateral temporal cortex peel but not for the 
medial peel, unlike the box analysis (Table 3). A five-way ANOVA with 
diagnostic group, anteroposterior position, lobe position (medial, later
al), hemisphere (right, left) and level (upper and lower slice) did not 
confirm a group by lobe position by anteroposterior position interaction 
or any other diagnostic group effect or interaction term with diagnostic 
group (main effects of anteroposterior position, lobe position, and level 
as well as interactions with hemisphere not including group were all 
significant). This ANOVA was also carried out on micromole metabolic 
rate data with a similar lack of significance, indicating that whole tempo
ral lobe metabolic rate was not significantly decreased in our patients. 

In the anterior lateral temporal lobe, normals had higher relative 
metabolic rates on the left and patients on the right as found with box 
values. This difference was confirmed by unpaired t-test on right minus 
left difference scores at the upper slice level (t=2.85, p=0.02). The 
asymmetry in normals was small, but in patients the right was much 
higher than the left (right minus left scores in patients, paired t = 4.4, 
p = 0.01, see Table 3). Right-left asymmetries were not found significant 
for medial cortex peel or at the lower level. Analysis of glucose metabolic 
rate in micromoles glucose/100 gfmin revealed similar findings, al
though of mildly diminished statistical power, again with only the ante
rior lateral cortical peel sector showing a significant normal patient 
difference in asymmetry [right minus left scores, t=1.91, p=0.045, 
1-tailed replication of Miller et al. (1987)]. 
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Discussion 

Our finding of a relative reduction of metabolic rate in the temporal 
lobe of patients with senile dementia of the Alzheimer's type is consistent 
with earlier reports (de Leon et al., 1983; Friedland et al., 1983; Friedland 
et al., 1985; Duara et al., 1986; Miller et al., 1987) and extends them in 
demonstrating the reduction in an area of the temporal lobe specifically 
related to the memory deficit and to cholinergic function. Friedland et 
al. (1983) used a region of interest similar to our third sector in antero
posterior cortical location but narrower (about 10 mm), higher above 
the CM line (temporoparietal margin), and expressed as a frontal lobe/ 
temporal lobe ratio rather than as a ratio to whole slice. They report a 
valaue of 1.34 in normals and 1.04 in patients (left side), expectedly 
higher than our values but showing a similar normal/patient difference 
to our 1.13 in normals and 0.86 in patients (Table 1 ). They also investi
gated hemispheric asymmetry (Friedland et al., 1985), finding an absence 
of significant right-left differences, but noting a greater tendency for 
either right or left to be decreased leading to an increased variance in left 
minus right difference scores. We confirmed this finding as did Duara et 
al. (1986) with analysis of variances of R- L/R + L scores and McGeer 
et al. (1986) with analyses of absolute values of left/right scores. 

Greater parietal and temporal than occipital decreases were observed 
by Duara et al. (1986) and McGeer et al. (1986). Our results similarly 
showed decreases in temporal but not occipital cortex. Of the studies 
reporting metabolic rates for the four lobes of the brain only, de Leon 
et al. (1983) found all areas showing approximately equal decreases in 
patients with dementia. The pattern of temporal and parietal but not 
occipital metabolic decreases is consistent with the distribution of neu
rofibrillary tangles and neuritic plaques reported by Pearson et al. (1985). 
They observed changes in association areas of temporal and parietal 
cortex with motor, somatic sensory and primary visual areas relatively 
unaffected. They also noted "the invariable and severe involvement of 
the olfactory areas of the brain ... in striking contrast to the minimal 
changes in the somatic sensory and primary visual areas raises the possi
bility that the olfactory pathway may be initially involved". In order to 
obtain the maximal resolution for olfactory areas in planes containing 
the hippocampus and other temporal lobe structures with our single
ring tomograph, we did not obtain slices surveying the entire cortex. 
Our findings were not uniform throughout the temporal lobe, but 
decreases of metabolic rate in patients were restricted to the anterior 
portions, both medial and lateral and were absent in visual cortex, 
consistent with the pathological changes reported. This is demonstrated 
by the finding of actually higher relative metabolic rate values in poste-
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rior hippocampus and visual regions in patients (Tables 1 and 2) and by 
the significant group by region interaction in the ANOVA on box data. 
While the ANOVA did not show a significant group by anteroposterior 
position by hemisphere interaction, we examined right-left differences 
by t-test on the strength of the lateral asymmetry results of Miller et al. 
(1987) during a verbal memory task. Our results are consistent with 
theirs, finding normal individuals with left greater than right temporal 
lobe metabolic rates during a memory task but patients with right 
greater than left. In the study of Miller et al. (1987), the slices were cut 
parallel to the CM line at the basal ganglia and centrum semiovale level; 
the temporal lobe region of interest extended from lateral cortex to the 
lateral ventricles medially. Our results found the effect limited to anteri
or temporal cortex, both medial and lateral. It should be noted that the 
results of Friedland et al. (1985) of increased variance in right minus left 
scores are not necessarily contradictory, and suggest a range of severity 
within the patient group beyond the normal variation in the controls. 

Statistical analysis of relative and absolute metabolic rate data pro
duced very similar results, with relative metabolic rates tending to yield 
stronger regional interactions in ANOVA and larger asymmetries. Both 
measures find that it is the decrease in left temporal lobe rather than an 
increase in the right which characterizes the patient group. While our 
study did not have a baseline non-memory control task, Miller et al. 
(1987) found no significant group differences in asymmetry in subjects 
resting with eyes open. Further, temporal lobe metabolic rate showed a 
similar percent decrease in patients compared to controls (-27%) to 
those found in parietal (-27%) and frontal regions (-22%). Thus, the 
activation condition reveals a relatively specific functional regional 
deficit related to the behavioral deficit in memory observed clinically. 
No PET study to date has included contrast groups of demented patients 
of other etiologies than Alzheimer's, but these results suggest that 
memory tasks may be important in developing a diagnostic test with 
specificity. 
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Summary 

At present, PET is the only technology affording the quantitative, three-di
mensional 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 2(1BF)-flu
oro-2-deoxy-D-glucose (FDG) are widely applied for investigating the participa
tion 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 is decreased slightly with age in a regionally 
different degree, in most types of dementia severe changes of glucose 
metabolism are observed. Degenerative dementia of the Alzheimer type is char
acterized by a metabolic disturbance most prominent in the parieto-occipito-tem
poral association cortex and later in the frontal lobe, while primary cortical areas, 
basal ganglia, thalamus, brainstem and cerebellum are not affected. By this 
typical pattern Alzheimer disease can be differentiated from other dementia 
syndromes, as e. g., Pick's disease (with the metabolic depression most promi
nent in the frontal and temporal lobe), multi infarct dementia (with multiple 
focal metabolic defects), Huntington's chorea (with metabolic disturbance in the 
neostriatum) and other diseases leading to cognitive impairment with more or 
less typical metabolic patterns. A ratio calculated from CMRGl of affected 
(temporo-parieto-occipital and frontal association cortex) and non-affected brain 
regions (primary cortical areas, brainstem, cerebellum) was able to separate 
clearly AD patients from age-matched controls and permitted discrimination of 
patients suffering from cognitive impairment of other origin in 82%. The 
discrimination power can be further improved by specific activitation studies. In 
demented patients PET can also be used to assess treatment effects on disturbed 
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metabolism. Such studies demonstrated an equalization of metabolic hetero
geneities in patients responding to muscarinergic cholinagonists and diffuse 
increase of metabolism during treatment with piracetam and phosphatidylserine. 
The therapeutic relevance of such metabolic effects, however, must 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 with
out it being possible to draw conclusions with respect to etiology. 
Dementias, which are clinically manifested primarily as non-localizable 
disturbances of cerebral function, can hardly be diagnosed by conven
tional supplementary neurological investigations, which detect mainly 
localized morphologic lesions. Although regional structural cerebral 
injuries can be demonstrated in many forms of secondary dementia, the 
degree of dementia often depends on functional disorders of cerebral 
regions not primarily affected by the disease. The primary (degenerative) 
diseases leading to dementia are accompanied 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 tomog
raphy. 

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 al., 1984). The overall metabolic 
level depends to a great degree on internal (anxiety, vigilance) and 
external (illumination, environmental noise) conditions (Mazziotta et al., 
1982) so that the resting conditions for the investigations 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 
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(age 43±19.1 years, 14 women, 28 men) was 34.6±3.83J.!molf100 g 
cerebral tissue/min. Highly significant regional differences (Fig. 1 a) 
with values between 40 and 50 Jlmol/100 g/min were detected in the 
striatum, upper limbic system, insula, frontal cortex and primary visual 
cortex, between 35 and 40 Jlmol/100 g/min in the other gray structures 
of the hemispheres, between 30 and 35 Jlmol/100 g/min in the cerebel
lum and hippocampal structures and below 20 Jlmol/100 g/min in the 
medullary layer. Our studies confirm additionally a certain age depen
dency: the global rate of cerebral glucose 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 re
vealed that the individual brain regions were affected symmetrically but 
to rather differing degrees (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, common to all 
of which are 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 intelli
gence structures- and greatly exceed them in scope. Clinical symptoms 
include impairment of learning ability and memory and reduction of 
attention, orientation, critical faculty and judgement. These are fre
quently associated with disturbances of visual-spatial orientation, speech 
functions and apraxie. 

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 al., 1981 ), disturbance of various transmitter systems (Rossor 
et al., 1982) but also by selective reduction of specific projection systems 
[especially the cholinergic system (Coyle et al., 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 
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Fig. 1 a. PET scans of glucose metabolism (llmol/100 gjmin) (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 

glucose metabolism [similar to oxygen utilization and blood flow 
(Frackowiak et al., 1981)] proportional to the severity of the dementia. 
The reduced metabolism is detectable (Fig. 2) before the occurrence of 
atrophic changes in CT and shows significant regional differences: the 
bilateral local reductions are especially pronounced in the parieto-tempo
ral and frontal cortex (Fig. 2) and do not affect the primary visual and 
sensorimotor cortex or the subcortical structures and the cerebellum 
(Kuhl et al., 1983; Deleon et al., 1983; Friedland et al., 1983; Duara et al., 
1986). 

In studies which compared results of PET and neuropsychological 
tests, it was possible to demonstrate a relationship between leading 
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LINEAR REGRESSION ON AGE AND 95"1. PREDICTION LIMITS FOR SINGLE CASES 
OF CMRglc IN 42 NORMAL SUBJECTS AT REST 

45 
c 

~ 
"' 0 
0 ._ 40 .. 
0 • • E • • .3 • • • • UJ ... 
<( 

35 a:: 
u 
::; 
0 

"' :! 
"' • ::1: 30 • • 
"' • "' 0 
u 
:::> 
...J 

C> 
z 25 < 
"' ID 
.:, CMRglc =37.4 -0.065• AGE 
C: (P<0.05) 
:t: 

~ 20 

15 25 35 45 55 65 75 
AGE (years) 

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 

symptoms and the localization of especially reduced glucose metabolism: 
when an aphasic disorder was predominant, glucose metabolic distur
bance was more pronounced in the left than in the right parietal lobe, 
when apraxic symptoms predominated this parameter was disturbed 
more on the right than the left, while on predominance of amnestic 
deficits no asymmetry was present (Foster et al., 1983). 

In the second, but much rarer form of primary degenerative demen
tia, 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 dis
tinctly different pattern of damage allows Pick's disease to be differenti
ated from AD; in moderate cases it is often not possible to make this 
distinction on the basis of clinical finding alone. The typical reduction 
of metabolism in the (frequently asymmetrically affected) atrophic fron
tallobes and lower temporal lobes and in the much less changed parietal 
lobes as well as the basal ganglia and the thalamus is correlated with the 
degree of gliosis and cell depletion (Kamo et al., 1987). 

85 
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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 dist inctly 
reduced parieto-occipito-temporal, in severe dementia there is diffuse atrophy and pro
nounced reduction of cortical metabolism with recessing of primary somatosensory and 

visual areas and of basal ganglia/thalamus and cerebellum 

The pattern of metabolic disturbance is also characteristic in Hunt
ington's chorea which in addition to the extrapyramidal-hyperkinetic 
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 increases, metabolism is seen to be reduced in the nucleus cauda
tus and putamen, and later (according to the degree of severity of 
dementia) also the cerebral cortex (Kuhl et al. , 1984). Since the metabolic 
disturbances precede the clinical manifestations of the disease, PET 
studies may possibly help to identify persons at risks in chorea families, 
and these studies as well as genetic investigations can be used to establish 
a prognosis for the subsequent appearance of the disease (Hayden et al. , 
1987; Mazziotta et al., 1987). 
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CT CMRGI 
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Fig. 3. CT and PET scans of glucose metabolism of patients with Huntington's chorea. 
In still non-pathological CT, metabolism is reduced in the neostriatum (caudate nucleus 

and putamen) 

In Parkinson's disease, a degeneration of the dopaminergic nigrostri
atal 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 18F-dopa (Nahmias eta!., 1985). Only on develop
ment of a dementia, a frequent concomitant of Parkinson's disease, are 
the metabolic changes typical of AD also in evidence (Kuhl eta!., 1985). 

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 



480 W.-D. Heiss eta!. 

impair cerebral function in the form of dementia (multi-infarct dementia) 
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 dementia syndrome in addition to the focally dependent neurolog
ical symptoms. Chronic 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 localized, is likely to be 
present only in exceptional cases or to be of temporary duration follow
ing transient blood flow disturbances. Such deficient perfusion syn
dromes 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 et al., 1981; Gibbs et al., 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 al., 1975) is 
often difficult, and diagnostic classification is often easier on the basis of 
morphological lesions demonstrated by CT or MRI. In MID patients, 
PET can clearly differentiate mostly multilocular metabolic reductions 
from the pattern typical of AD (Kuhl et al., 1983). Detection of ischemic 
lesions in the medullary layer in MID and Binswanger's disease can be 
performed with great sensitivity by means of T 2-weighted MRI (Heiss 
et al., 1986; Alavi et al., 1987), and the regions of reduced metabolism 
then correspond to the superjacent deafferentated cortical areas (Fig. 4). 

Small isolated infarctions in the cerebral regions which are particular
ly important for the integrity of the personality lead to disturbances 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 encephalitis, 
HIV encephalopathy, Creutzfeldt-Jakob disease; posttraumatic en
cephalopathy; toxic affections of the central nervous system; communi
cating hydrocephalus- can lead to severe dementias which then must be 
differentiated from the more frequent etiologies. Their representation in 
PET is usually not following a typical pattern- as AD or Pick's disease 
-or metabolic changes are not restricted to small areas- as in postinfarc-
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Fig. 4. CT and PET scans of glucose metabolism in patients with multiple infarcts: several 
morphological lesions (CT) cause regional metabolic disturbances in the infarcted area or 

in the superjacent deafferentated cortex 

tion states. Therefore, a differentiation from the more frequently occur
ring form of dementia - e. g., AD and MID - can usually be achieved. 

It is often difficult to differentiate the affective disorders with impair
ment of drive and psychomotoricity seen in depressions from similar 
symptoms in the early stages of dementia. The metabolic patterns ob
served in depressed patients are not comparable to the characteristic 
changes seen in dementias, particularly in AD. When the overall meta
bolic 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. 
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Differentiation of AD from other dementias 

In order to test the value of FDG-PET in the differential diagnosis 
of dementias, rCMRGl measurements of 19 patients with probable Alz
heimer's disease according to the NINCDS-ARDA criteria (McKhann 
et al., 1984) were compared to those from 19 age-matched healthy sub
jects and 22 patients with cognitive impairment due to other diseases. In 
comparison to the 19 healthy normals 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 character
ized by significantly lower global cerebral metabolic rates for glucose 
(30.3 ± 3.2 J..Lmol/100 g/min) and considerable metabolic asymmetries 
with the most conspicious decrease of regional CMRGl (in terms of 
Z-transforms) found in the supramarginal and angular gyrus, the adja
cent 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 re
gions maintained a strikingly normal metabolism even in most severely 
affected patients. Those regions were the cerebellum, brainstem, 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-affected 
regions, a ratio R of the rCMRGl in those regions was calculated. Its 
average value in normals was 1.09 (SD 0.084, range 1.01 to 1.15) vs. 0.77 
(SD 0.11, range 0.60 to 1.00) in AD, thus a complete separation of the 
two groups was achieved. 

The diagnostic criteria of AD deducted from the metabolic pattern 
on FDG-PET- reduced temporo-parietal metabolism, normal cerebel
lar metabolism, reduced CMRGl ratio of temporo-parietal and frontal 
association areas to primary sensory areas, brainstem and cerebellum -
were fulfilled only by 4 of the 22 patients with cognitive impairment 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 the cognitive 
impairment was a sequel to diffuse hypoxic or hypoglycemic brain 
damage. The overall specificity of this diagnostic procedure in this 
sample was 82%. FDG-PET reaches a diagnostic sensitivity and 
specificity unsurpassed by other imaging modalities (see also Szelies 
et al., this symposium). 
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Since AD affects mainly and primarily parieto-temporo-occipital ar
eas involved in processing of visual information, a test procedure was 
developed to further improve the diagnostic sensitivity of PET measure
ments. When a continuous visual recognition task (Kessler et al., 1989) 
is performed during metabolic studies a significant activation is ob
served in normal controls averaging 24% for global CMRGl 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 primarily not 
affected by the disease. This finding points to the impaired functional 
reserve capacity of the brain in degenerative dementia of the Alzheimer 
type. The pattern typical for AD - low CMRGl in parieto-temporo-oc
cipital regions, high CMRGl in primary cortical areas, brainstem 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 the degenerative diseases often progress slowly 
or intermittently or are interrupted by phases without appreciable dete
rioration. Because of the differences in the disease dynamics, it is also 
very difficult to make comparisons between individuals. Because meta
bolic disturbances show a characteristic distribution particularly in de
generative dementias of the Alzheimer type and furthermore are corre
lated 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 inves
tigations could then also be useful in providing objective evidence of 
therapeutic results within a relatively short time, when clinical improve
ments 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 thera
peutic strategies aimed at improving certain clinical deficits in senile or 
presenile degenerative dementia of the Alzheimer type (AD). These 
concepts include measures for substitution of cholinergic deficiency that 
is presumed to be specific (Davies and Maloney, 1976; Coyle et al., 
1983). This can be done by inducing a presynaptic increase in the synthe
sis 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 
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cholinergic activity have reportedly brought about improvements in the 
memory disturbances typical of AD, with inhibition of cholinesterase 
with physostigmine (Davis eta!., 1978) and the administration of 
tetrahyodroaminoacridine in larger controlled clinical studies yielding 
successful results in individual cases (Summers eta!., 1986). Muscariner
gic choline agonists have also been able to improve the symptoms in 
cases that are not so advanced (Szelies eta!., 1986). In contrast, precur
sors of acetylcholine administered by improving its bioavailability were 
not effective if they were given as the sole form of therapy (review by 
Kurz eta!., 1986; Hollander eta!., 1986) although specific memory dis
turbances were improved by a combination with nootropic substances 
which stimulate cerebral metabolism (Ferris eta!., 1982; Smith eta!., 
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 differing 
severity undergoing therapy with the muscarinic choline agonist (RS 86 
Sandoz, 2.5-3 mgjd, Szelies eta!., 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 
on 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 whose AD was less severe. 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 eta!., 1988) examined 
whether piracetam, which improves memory performance when admin
istered in combination with precursors of acetylcholine (Ferris et a!., 
1982; Smith eta!., 1984) has metabolic effects in AD. Of 16 patients with 
dementia syndrome (DSM-III, American Psychiatric Association, 1980) 
nine fulfilled the criteria for AD (McKhann eta!., 1984) and the remain
ing seven were graded as MID or unclassifiable and used as a control 
group. Between the PET investigations all patients received 6 g pirac
etam b.i.d. (Nootrop ®, UCB) for 14 days as a short infusion. The groups 
differed significantly from each other and from a control group of 
similar age with respect to regional rates of glucose metabolism, the 
reductions being particularly pronounced in the parieto-temporo-occip-
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ital 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 
thalamus 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 (AN OVA P < 0.02 for inter
actions between regions, treatment and group); on the basis of the 
ANOVA, the increases in the individual regions were 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 mgfd for 3 weeks) 
which is suggested to have an effect on membrane structure and cell 
function. In these patients rCMRGl increased during the treatment with 
the most significant effect in occipital areas (+17%, P<O.OS). For all 
drugs shown to be effective on one aspect of AD - the regional distur
bance of metabolism- controlled clinical studies will be needed in order 
to justify their clinical use. 
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Summary 

Positron Emission Tomography (PET) is a quantitative technique which can 
be used to measure regional values of cerebral metabolism in the living human 
at rest. While structural scans (CT or MRI) may be normal in the degenerative 
dementias, or show generalised atrophy, functional imaging techniques allow 
differentiation of subtypes of dementias according to patterns of dysmetabolism. 
This paper describes some of the variety of alterations in patterns of oxygen 
metabolism that may be observed in degenerative cognitive disorders, and their 
correlations with clinical subtypes. 

Introduction 

The degenerative dementias are a group of disorders characterised by 
gradually progressive neuronal loss, often in association with other 
histopathological changes, such as the senile plaques and neurofibrillary 
tangles of Alzheimer's disease, or the inclusion bodies of Pick's disease. 
Clinically, they are typically characterised by the inexorable loss of intel
lectual and social skills. The most widely studied of the degenerative 
dementias is Alzheimer's disease, which is associated with posterior 
biparietal and bitemporal hypometabolism on PET scan (Frackowiak 
et al., 1981). However, it is becoming increasingly apparent that patients 
with degenerative cognitive disorders may differ considerably in the 
clinical features with which they present, and such clinical variation may 
be reflected in the anatomical site and pathological nature of the dis
order. 
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1. Oxygen studies in dementia of the Alzheimer type 

Dementia of the Alzheimer type (DAT) is associated with a character
istic pattern of posterior biparietal and bitemporal hypometabolism, 
associated in more severely demented cases with bifrontal hypome
tabolism (Frackowiak et al., 1981). Metabolism in the anterior temporal, 
parietal, and occipital cortices, and cerebellum, may be normal. As in the 
other degenerative dementias, this reduction in oxygen metabolism 
(CMR02) is matched by an equivalent and appropriate drop in cerebral 
blood flow (CBF), with normal oxygen extraction (OER). Correlations 
are observed between patterns of hypometabolism and neuropsycholog
ical features, for example, patients with dysphasia exhibit a predominant 
reduction in metabolism in the left hemisphere, while patients with more 
severe visuospatial abnormalities may have more prominent right hemi
sphere abnormalities (Foster et al., 1983). In addition, the severity of 
dementia correlates well with the degree of reduction in metabolism. 

Although the pattern of posterior biparietal hypometabolism is typi
cal of DAT, it is not absolutely specific: other dementias, for example 
Creutzfeld-Jakob disease, may have a similar metabolic picture (Fried
land et al., 1984). 

2. Oxygen metabolism in the non-Alzheimer dementias 

Whilst DAT is the commonest of the degenerative dementias, other 
degenerative dementias may be associated with other patterns of hy
pometabolism. Frontal lobe hypometabolism is seen in Pick's disease 
(Kamo et al., 1987) where the severity of hypometabolism has been 
correlated with the presence of gliosis and neuronal loss seen at post
mortem. In addition, cerebral blood flow studies using Xenon have 
shown bifrontal hypometabolism in a group of patients with a "frontal
lobe dementia", characterised clinically by early behavioral change in 
addition to intellectual decline, and pathologically by spongiform degen
eration without Pick bodies (Risberg, 1987; Gustafsson, 1987; Brun, 
1987). The same pattern has been observed using HMPAO and SPECT 
(single photon emission tomography) scanning, in a similar group of 
patients (Neary et al., 1988). 
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3. Oxygen metabolism in focal progressive cognitive disorders 

Focal progressive dysphasia without dementia 

Focal progressive dysphasia without dementia was first described by 
Mesulam in 1982, who reported six patients with a slowly progressive 
language disorder, which continued to deteriorate in the presence of 
relatively intact non-verbal intellectual skills. The length of history var
ied, but one patient was followed for 11 years after initial presentation. 
CT head scans performed in a number of the cases revealed left hemi
sphere or bilateral fronto-temporal atrophy. The pathology underlying 
this condition is unclear. However, one case with a six month history of 
progressive dysphasia preceding the development of a more generalised 
dementia was subsequently found to have Alzheimer's disease at post
mortem (Pogacar and Williams, 1984), one case was found to have Pick's 
disease (Wechsler et al., 1982), two cases had a localised left fronto-tem
poral spongiform degeneration (Kirshner et al., 1987), and two Jakob
Creutzfeld disease (Yamanouchi, 1986; Mandell et al., 1989). Two pa
tients reported by Chawluk et al. (1986) underwent PET scans, using 
tSFDG, which showed left frontotemporal hypometabolism, in the ab
sence of posterior parietal hypometabolism. We have studied six such 
patients, using the !SO-steady state technique, to obtain regional values 
of CMR02 • The six cases varied in length of history from two to six 
years, and varied in severity. The least affected patient had an isolated 
naming deficit, with a normal verbal and performance IQ, but poor 
performance on a stringent naming test (McKenna and Warrington, 
1983). In contrast, the most severely affected patient, who also had the 
longest history, had complete obliteration of all language skills with 
maintenance of at least some non-verbal skills, for example continuing 
to drive a car and to be able to navigate in his locality without difficulty. 
The other patients studied had varying degrees of difficulty with verbal 
comprehension and expression, reflected in impaired scores on the verbal 
sub-tests of the Wechsler Adult Intelligence Scale (WAIS). One patient 
differed from the others, in that she had primarily a deficit of speech 
expression, associated with an orofacial dyspraxia, in the presence of 
intact verbal comprehension. All patients had a slowly progressive histo
ry, suggesting a degenerative rather than a vascular aetiology. MRI and 
or CT scans performed on these patients were either normal, or showed 
left hemisphere atrophy. 150 steady state scans revealed various patterns 
of hypometabolism, affecting various areas ofleft, and in two cases, right 
hemispheres, correlating with the severity of the clinical deficit. Using 
a stereotactic localisation technique (Friston et al., 1989), based on the 
atlas of Talairach et al. (1967), regional values of CMR02 were obtained 
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for different anatomical areas, including the three frontal gyri and three 
temporal gyri on each side, together with values for parietal and occipital 
cortices. The patient with the isolated naming deficit had an area of 
hypometabolism limited to the left superior temporal gyrus, while the 
most severely affected patient had severe and widespread reductions 
throughout the entire left hemisphere, and an additional area of right 
temporal lobe hypometabolism. The patient with the orofacial dyspraxia 
and loss of speech expression had a deficit of left fronto-temporal hy
pometabolism, affecting primarily the left inferior frontal gyrus. The 
other cases, with varying severities of language comprehension and 
expression, also had left fronto-temporal lobe deficits, but these were 
maximal in the left superior temporal gyrus (Tyrrell et al., 1990). The 
heterogeneity of the oxygen scans reflect the heterogeneity of the clinical 
features of the disorder, and may reflect heterogeneity of the underlying 
pathology. 

Progressive occipital atrophy 

Progressive cortical blindness as a presenting feature of a dementing 
illness has been reported in one patient who subsequently developed 
pathologically confirmed Alzheimer's disease (Faden and Townsend, 
1976), and as an initial presentation in a number of patients who eventu
ally developed generalised dementia (Benson et al., 1988). One patient 
with a 12 year history of progressive cortical blindness, with a Balint 
type syndrome and recent development of more widespread cognitive 
abnormalities, has been studied with the 150-steady state technique. This 
revealed widespread bilateral occipital hypometabolism, with forward 
projection into the posterior temporal and parietal lobes. This pattern is 
reminiscent of the pattern ofhypometabolism commonly seen in demen
tia of the Alzheimer type (Frackowiak et al., 1981). 

Discussion 

These studies reflect the variety of clinical presentations of cortical 
degenerative disease, and the different patterns of dysmetabolism that 
may be observed. The extent of the hypometabolism seen in all these 
cases is greater than the area of atrophy visible on the CT or MRI scans, 
and indeed in some cases the structural scans were normal. Functional 
imaging is therefore of considerably more value than structural imaging 
in delineating the site and extent of the abnormal tissue in cortical 
degenerative disease, and allows more precise correlations between the 
anatomical site of a lesion, and its clinical and neuropsychological con-
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sequences. Although it is not possible to diagnose the underlying patho
logical disorder from the PET scan, some clues about possible aetiology 
may be obtained. For example, the fact that the patient with progressive 
occipital atrophy who is now developing widespread neuropsychologi
cal abnormalities, has bilateral posterior temporal and parietal hy
pometabolism suggests that he may be developing an Alzheimer type 
dementia. Functional metabolic scanning, coupled with clinical, neu
ropsychological, and eventually pathological evaluation of patients with 
different presentations of cortical degenerations, is likely to be of consid
erable value in the classification of the dementias. 
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Summary 

In a 52-year-old patient, member of a family with an accumulated number of 
dementias, the diagnosis of Alzheimer's disease was confirmed by measurement 
of cerebral glucose metabolism. Three of her first-degree relatives without 
clinical abnormalities were also examined and showed a normal pattern of 
metabolism. 

Introduction 

It has been demonstrated that positron emission tomography (PET) 
with 18F-2-fluoro-deoxyglucose (FDG) shows characteristic metabolic 
alterations of cerebral glucose metabolism (CMRGlu) in patients with 
Alzheimer's disease (AD). The typical findings include hypometabolism 
of the temporoparietal association areas, and in most cases, especially in 
more advanced stages, also of frontal association areas but preservation 
of normal metabolism in cerebellum, brainstem, and in most cases also 
of primary visual and primary sensorimotor cortex. As an example of the 
diagnostic use of the method, we demonstrate the findings in a patient 
with familial dementia. 

Patients and methods 

A 52-year-old female (E. K.) was admitted to a psychiatric clinic because of 
paranoid delusion and progressive dementia. One year ago she gradually began 
to loose memory, about six months before she had difficulty recalling words 
when speaking and was impaired in performing her household duties. Besides 



496 R. Adams et a!. 

Fig. 1. Neuropsychological test battery. Results of neuropsychological examinations in 
the 4 tested subjects 

Subjects 

E.K. A.D. A.B. S.R. 

Mini-mental-state-test 8 28 30 29 

GoUin's incomplete pic-
tures (5 step version) 

1st presentation naming not 2.9 2.1 2.6 
(mean of 1st identification) 

2nd presentation possible 1.7 1.2 1.3 
(mean of 1st identification) 

Saving-score 26% 27.2% 33.3% 

Buschke's selective re-
minding paradigm 
(percentage of recalled 26.6% 58% 74% 76% 
items in 5 trials) DR*=O% DR=50% DR=70% DR=80% 

Corsi's tapping task 2 5 7 6 

Token-test (subtest 4) 
(percentage of errors) 80% 10% 0% 0% 

Reaction time-measuring not possible X=0.6ms X=0.402ms X=0.5ms 
S =0.185ms S =0.041ms S =0.067ms 

Laterality -q uestionaire 
(modified after Oldfield) right right right right 

Tapping task le ri le ri le ri le ri 
(32 sec) 119 127 209 208 174 201 168 201 

Pursuit rotor not possible 61 errors 58 errors 52 errors 

Apraxia (range: 0-3) 3 0 0 0 

Aphasia transcortical 
sen so ric 

State-trait anxiety inven- not possible RS=25 RS=31 RS=30 
tory from Spielberger PR= 9 PR=39 PR=34 

* DeJa yed recall after 30 min 

of nicotine, there were no risk factors for vascular disease present. Neither was 
there a history of alcohol or drug abuse. - Other medical history: appendectomie 
1955, extrauterine pregnancy 1969, nephrolithiasis. 

Family history: The patient's mother had also suffered from a severe confu
sional state before her death at age 38 (suicide). The father was unknown. A 
48-year-old brother was also demented, but unavailable for examination, alcohol 
abuse was suspected. A 58-year-old sister (A. D.) and two daughters (S. R., 
A. B.) did not show clinical abnormalities. 
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Fig. 2. CT and MR imaging of patient E. K. with mild global atrophy 

General physical examination was unremarkable. - Findings from neurolog
ical examination were normal besides a dysdiadochocinesia and an inborn con
vergent strabismus of the right eye. 

The mental status examination indicated that the patient was disorientated to 
place and time. Her speech and motor activity were slowed, but periods of 
agitation and apprehensiveness sometimes intervened. Memory was impaired 
severly. The affect was dull and mentation was slowed. Further there was a 
weakness of comprehension and impulse debilation. Delusion of persecution 
exsisted and suspicion of cenesthetic hallucination arised. The patient herself did 
not feel ill. The GDS score of Reisberg eta!. (1982) was 6. 

Neuropsychological examinations see Fig. 1. 
The laboratory examinations, including serum electrolytes, glucose, BUN, 

SGOT, SGPT, ceruloplasmin, thyroid function tests, serum vitamin B 12 level 
and routine urinanalysis were all normal. Serological tests for syphilis and HIV 
were negative. Cerebrospinal fluid, ECG and chest radiographs were also nor
mal. CT and magnetic resonance imaging (see Fig. 2) showed mild global brain 
atrophy. In the EEG background activity was only slightly present and slowed. 
Focal abnormalities did not exist. 

FDG-PET findings: The 18-F-2-fluoro-2-deoxyglucose (FDG) technique, as 
described by Reivich et a!. (1979) and Phelps (1981) was used. 30 to 50 min after 
an i.v.-injection of approximately 190 mbq FDG a total of 14 partially overlap
ping transaxial images of regional brain glucose metabolism were acquired in 
parallel to the canthomeatal line using a four-ring PET-Scanner (Scanditronix 
PC 384). The in-plane resolution was 7.8 mm at a slice thickness of 11 mm. 
Regions of interest (ROI) were outlined according to a standard scheme using 
a semiautomatic computer-assisted procedure (Herholz et al., 1985). During the 
measurement subjects lay quietly in supine position under dim lighting with 
closed eyes and unplugged ears. 
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Fig. 3. Regional glucose metabolism of the patient E. K. 

Fig. 4. A lateral view of the differences in the regional relative glucose metabolism 
between patient E. K. and a control group (n = 20) 
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Fig. 5. Regional glucose metabolism of patient's sister A. D. 

Resting FDG-PET revealed severe hypometabolism of the left temporopari
etal association cortex (22 ).lmolflOO gfmin, normal range 29.6 to 45.3) and of the 
frontal association cortex (left 26, right 27 J.lmolflOO gfmin). The right tem
poroparietal cortex was less severly affected. CMRGlu was normal in cerebellum, 
visual cortex, basal ganglia, and primary sensorimotor cortex (see Figs. 3, 4). In 
contrast the FDG-PET examinations of the clinically unaffected sister (see 
Fig. 5) and the two daughters were completely normal. 

Comments 

Our patient showed a typical pattern of glucose metabolism as it is 
known to exist in Alzheimer's disease with a hypometabolism in 
parieto-temporal region and in the frontal areas. Global metabolism 
was also decreased. 
Thus PET is able to confirm the clinical diagnosis of Alzheimer's 
disease not only by exclusion like other investigations. It renders 
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other possible causes of familial dementia unlikely, in particular met
abolic disorders. 
Perhaps genetic predisposition caused the early onset of the disease. 
PET findings in inherited and sporadic AD seem to be similar, as 
reported earlier (Cutler et al., 1985; Polinsky et al., 1987; Hoffmann 
et al., 1989). Thus there are no differences to be expected in the 
patterns of familial and sporadic AD. 
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Summary 

In an ongoing 2-year-prospective study 21 patients with probable 
Alzheimer's disease (Global Deterioration Scale 3-6) using NINCDS-ADRDA 
criteria were examined by PET of glucose metabolism and P300 brain mapping 
to compare the power of both functional imaging methods to distinguish be
tween patients and normals. 

Data of P300 latency and topography were compared with a ratio of glucose 
metabolism in frontal and temporoparietal association areas over typically not 
affected regions. PET proved to be a method with high sensitivity (85%) and 
specificity (90%) while P300 mapping was less sensitive with 58% at a specificity 
of 90%. 

Introduction 

Many imaging procedures have been proposed as an adjunct in the 
diagnosis of Alzheimer's disease. Among them, positron emission to
mography (PET) with 18-F-2-fluoro-2-deoxyglucose (FDG) emerged as 
the most promising method (Cutler et al., 1985; DeLeon et al., 1983; 
Duara et al., 1985; Foster et al., 1983; Friedland et al., 1983). Yet, PET 
is still very expensive and therefore restricted to few centers. P300 is 
reported to be a sensitive functional parameter in the diagnosis of de
mentia (Maurer and Dierks, 1987; Pfefferbaum et al., 1984; Gordon 
et al., 1986; Goodin et al., 1983; Polich et al., 1986). Computerized brain 
mapping is much less expensive and therefore more widely applicable. 
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As part of an ongoing 2-year prospective study we therefore compare the 
diagnostic power of the two methods and present here preliminary 
results obtained in 21 patients with DAT with FDG-PET and P300 brain 
mapping. 

Methods 

FDG-PET 

The 18-F-2-fluoro-2-deoxyglucose (FDG) technique (PET), as described by 
Reivich et al. (1979) and Phelps (1981) was used in this study. A four-ring 
PET-scanner (Scanditronix PC 384) was used. The in-plane resolution was 
7.8 mm at a slice thickness of 11 mm. Regions of interests (ROI) were outlined 
according to a standard scheme using a semiautomatic computer-assisted proce
dure (Herholz et al., 1985). 

As reported in many studies before DAT patients show a reduction of 
glucose metabolism in the superior temporal and adjacent parietal cortex, as well 
as in the middle frontal areas. This pattern of hypometabolism matches the 
location reported for pathological and neurochemical alterations in convexity 
cortex. Considering the contrast between most affected (temporoparietal cortex, 
middle frontal cortex) and least affected regions (cerebellum, primary visual 
cortex, primary sensorimotor cortex) a ratio of the regional cerebral metabolic 
rate of glucose (rCMRGlu) in these regions was calculated. As we saw in a pilot 
study, this ratio is able to distinguish patients with probable Alzheimer's disease 
from normals and other organic brain syndromes. Nearly all DAT patients 
showed a ratio lower than 1.0. 

P 300 brain mapping 

P300 was elicited with a two-tone "oddball" paradigm according to Maurer 
et al. (1988) using a Brain atlas system III (Biologic Corp.) (analysis time 
1024 ms, pre-post point -55, stimulus rate 0.5/s, P300-ratio 5, stimulation of 
both ears with a 1000/2000 Hzf90 dB tone burst, raisejfall10 ms, plateau 50 ms, 
number of rare tones: 30. Gain 20000, high filter 30Hz, low filter 1.0 Hz). 
Surface scalp electrodes were applied according to the international 10-20 
system with linked mastoid reference. Two identical runs were done, P300 
latency was determined by two independent investigators. For each participant 
a mean P300 latency was calculated and examined individually to determine 
whether it was within 95% prediction limits. We also calculated a "latency ratio" 
between the deviation of the individual latency from the age corrected normal 
mean value and the difference between the age corrected normal mean value and 
the corresponding upper 95% prediction limit. Ratios greater than 1 indicated 
a latency beyond the 95% prediction limit. Group means of P300 latency were 
compared via Wilcoxon test. In order to assess the fronto-parietal spatial distri
bution a mean amplitude of the 8 pre- and 8 postcentral electrodes and the 
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difference between them were calculated. The individual fronto-parietal differ
ences as well as the group means were analyzed statistically. 

Subjects 

21 patients with probable Alzheimer's disease according to the NINCDS
ADRDA workgroup (McKhann et al., 1984) and DSM-III-R criteria were tested 
(14 females, 7 males, mean age 65.9 ± 7.3 years). Duration of illness was 6 months 
at minimum. The patients were mildly to moderately demented and scored 
between 3 to 6 on the GDS of Reisberg et al. (1982). (Mean GDS 4.1 ± 1.2, mean 
MMSE 15.0±6.5). 

All subjects underwent detailed neurological and psychiatric examination 
including extensive laboratory studies, ultrasound examination of the neck ves
sels, chest radiographs, ECG, MRI or x-ray CT of the brain and extensive 
neuropsychological testing (e.g. Buschke's selective reminding paradigm, Cor
si's tapping task, GoUin's incomplete pictures, Token test, Pursuit rotor, Reac
tion time measurement). 

The Brain mapping control group (n=39, 18 female, 21 male, mean age 
44.2 ± 16.3 years) consisted of healthy volunteers and patients of our hospital 
without diseases of the central nervous system. None had subjective memory 
complaints or abnormal EEG. The latencies of the normal participants were 
regressed on their ages, and the resulting linear equation, y = 0.9 X age+ 302, 
demonstrated that P300 latency increased by 0.9 msecfyear. From this regression 
equation age dependent normal values and 95% prediction limits were derived. 
There was no statistically significant relationship between amplitude and age. 
The subjects in the PET-control group were found healthy upon medical exam
ination and without abnormal neurological or psychiatric history. Subjective 
memory complaints could not be verified psychometrically. The groups were 
comparable in age, education and profession. 

Results 

A P300 potential could be identified in 19 out of21 DAT patients, the 
maximal difference between the two runs was 24 msec in both groups. 
The mean latency was significantly greater in the demented (385 msec, 
SD 35.5) than in the normal subjects (342 msec, SD 31.5) (p<0.01) (see 
Fig. 1 and Fig. 2) but only two demented patients had latencies that 
exceeded the 95% prediction limits. The mean precentral and postcentral 
amplitudes as well as the differences between them were different be
tween the DAT and control group showing a lower postcentral ampli
tude (4.9±4.3 vs 9.1 ±3.8) (p<0.01), a higher precentral amplitude 
(1.3 ± 4.3 vs 0.5 ± 4.6) (p: n.s. ), and a lower difference between post and 
precental amplitudes (3. 7 ± 5.8 vs 8.6 ± 4.2) (p < 0.01) in the demented 
patients. 6 (32%) of the 19 DAT patients, but no normal participant, had 
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Fig. 1. Mean P300 latency of 19 patients with O AT 

Fig. 2. Mean P300 latency of the control group (n = 39) 
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Fig. 3. A lateral view of the differences in the regional relative glucose metabolism 
between DAT group (n=21) and a control group (n=20) 

a negative difference, 10 (53%) of the DAT patients had a difference 
lower than 2.8 but one (2.6%) normal fell in this range. 8 (42%) of the 
19 DAT patients but also one normal subject (2.6%) had a latency ratio 
greater than 0.75. A combination of the two criteria did not add useful 
diagnostic information. 

With PET, most DAT patients showed the typical metabolic pattern 
as described above (see Fig. 3). Global metabolic rate was only slightly 
decreased in comparison with the control group. The metabolic ratio 
separated OAT patients from control subjects with a sensitivity of 85% 
and a specificity of 90% (see Fig. 4). 

Discussion 

Both functional imaging methods, PET of glucose metabolism and 
P300 brain mapping showed significant differences between groups of 
clinically diagnosed mild to moderate forms of DAT and normal con
trols. Furthermore PET proved to be a method with high sensitivity 
(85%) and specificity (90%). P300 brain mapping did not reach a com-
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parable power to distinguish between DAT patients and normals. Sensi
tivity of spatial distribution was only 58% at a specificity of 90%, or, if 
one would attempt to achieve a sensitivity of 85%, specificity drops to 
21 % . Sensitivity of latency was only 47% at a specificity of 90% . 
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Summary 

High-resolution regional cerebral blood flow (rCBF) measurements using 
inhalation of 133xenon and a newly developed 254 detector system were per
formed in patients with organic dementia. Neuropathological findings were 
compared to rCBF in 13 deceased patients. A close relationship was found 
between the localization and severety of atrophy andfor infarcts situated in the 
cortical mantle and the rCBF-findings. Pathological changes in subcortical re
gions and white matter showed a less clear relationship to rCBF. The rCBF 
technique was found to be a useful diagnostic tool. 

Introduction 

One of the first functional brain imaging methods was the intra
carotid t33xenon injection technique for measurement of the regional 
cerebral blood flow (rCBF; Lassen and Ingvar, 1961). Although the 
close coupling between cortical flow and function was not empirically 
proven until several years later (Raichle et al., 1976), were rCBF mea
surements used early for describing functional brain disturbances in 
organic dementia (Ingvar and Gustafson, 1970). The potential of rCBF 
data for differential diagnosis of organic dementia was evident already 
from the results of these studies. Soon were neuropathologically verified 
diagnoses available and found to compare favourably with the rCBF 
findings (Brun et al., 1975). The invasive nature of the intra-arterial 
injection technique prohibited, however, a routine clinical use of the 
method. 
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In the middle of the 1970-ies was the intra-arterial rCBF technique 
replaced by non-invasive methodology based on inhalation or i. v. injec
tion of 133Xe (Obrist et al., 1975; Risberg et al., 1975). Large series of 
patients could now be studied as well as normal control groups. We 
continued our prospective longitudinal study of rCBF in dementia and 
were soon able to demonstrate the existence of different and rather 
specific rCBF changes in patients with different diagnoses based on 
clinical criteria (Alzheimer's disease, frontal lobe dementia, multi-infarct 
dementia; Gustafson and Risberg, 1979). In a later study we compared 
autopsy verified diagnoses with diagnoses based on evaluation of the 
regional flow pattern and found an agreement in 90% of the patients 
(Risberg, 1985). 

Until now the standard rCBF recording systems have contained 32 
scintillation detectors covering the hemispheres with a spatial resolution 
of3-5 em. This poor resolution has limited the possibility to study flow 
changes localized within small areas of the normal brain (e. g. rCBF 
changes during mental activation) as well as in focal brain disorders. In 
the present paper a new high-resolution rCBF system (spatial resolution 
about 1 em) is described and its potential for research and routine clinical 
use in organic dementia is illustrated by some preliminary findings. 

Material and methods 

The high-resolution rCBF system (Cortexplorer 256 HR; Scan. Detectronic 
Inc., Hadsund, Denmark) contains 254 scintillation detectors [10 mm x 10 mm 
Nal (Tl) crystals] mounted in a pneumatically controlled helmet type of holder. 
The system adjusts for a wide variation of head sizes and shapes providing an 
optimal coverage of all parts of the hemispheric cortical mantle. The measure
ment procedure starts with one minute of inhalation of a mixture of 133Xe and 
air (90 MBq/1) followed by 10 minutes of breathing of ordinary air. The detectors 

Fig. 1. High-resolution regional cerebral blood flow results in a normal subject obtained 
by 133-Xe inhalation and the Cortexplorer 256-HR system (Scan. Detectronic Inc., 
Hadsund, Denmark). The hemispheric average flow (lSI units of cortical blood flow) is 
shown in the lower part of the figure. The vertex projection shows all parts of the cortical 
mantle and indicates regional flow values as per cent of the average flow by means of a 
colour code (red shades-values above and green-values below the average). Note the 

normal "hyperfrontal" flow pattern 

Fig. 2. RCBF results from a patient with OAT. The neuropathological investigation 
(upper left) showed the typical distribution of degeneration with the corresponding flow 
changes shown as high-resolution lateral (upper right) and vertex (lower right) maps. As 
a comparison are simulated low resolution results (32 detectors) shown in the lower left 

part of the figure. The colour coding is the same as in Fig. 1 
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record the arrival and disappearance of the gamma-emitting, inert and diffusible 
tracer. The rate of wash-out of the isotope forms the basis for calculation of 
different flow measures. The methods of calculation are described in detail 
elsewhere (Obrist eta!., 1975; Risberg eta!., 1975). The Cortexplorer software 
contains some further improvements regarding artefact correction and statistical 
filtering of the flow maps, which are described in detail in Risberg (1987). The 
data presented here will be based on the Initial Slope Index (lSI; Risberg eta!., 
1975), which is a parameter of mainly grey matter flow. The rCBF results will 
be presented as "BEAM-type" of vertex flow maps with triangular interpolation 
of data. A typical normal flow map is shown in Fig. 1. 

Results will be presented from a group of 13 deceased patients with autopsy 
verified diagnosis of organic dementia. There were 7 females and 6 males in the 
group and the average age at death was 75 years (range 58-84 years). The 
average time interval from the last rCBF study to the death of the patient was 
8 months (range 0-15 months). The neuropathological investigation included 
macro- and micro-scopic analyses of semiserial whole brain sections. 

Some results from individual cases belonging to our longitudinal prospective 
study will also be presented. 

Results 

The neuropathological investigation showed that 6 patients had suf
fered from dementia of Alzheimer type (DAT), 4 cases had multi-infarct 
dementia (MID) and 3 patients had both disorders (MIXED). The 6 
DAT patients could be subdivided in 3 groups. The first group consisted 
of 3 patients with temporoparietal, limbic and, to a very limited extent, 
frontal degeneration. A typical case from this group is shown in Fig. 2. 
The patients had the typical rCBF pattern of DAT with marked accentu
ation of the flow decreases in parieto-temporal areas bilaterally. The 
figure also illustrates the gains obtained with the high-resolution system 
by showing how the same data would have looked with the resolution 
of a 32 detector standard system. The second DAT subgroup consisted 
of two cases with marked frontal degeneration in addition to a pro
nounced limbic and temporo-parietal involvement. These cases showed 
in rCBF frontal flow decreases in addition to marked temporo-parietal 
diminutions. The best preserved flow levels were seen in central and 

Fig. 3. Neuropathological findings and rCBF results in a case of MID. The colour coding 
is the same as in Fig. 1 

Fig. 4. High-resolution rCBF in a case of progressing tentative frontal lobe degeneration 
of non-Alzhein).~l' type. Note the marked frontal flow dt;ereases especially at the second 
investigation vl~en the clinicai·'Symptoms of frontal lobe dysfunction were very prominent. 

· Symbols as in Fig. 1 
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Fig. 5. High-resolution rCBF in a case with the clinical diagnosis of DAT. The resting 
flow pattern is shown in the upper left part of the figure and the flow map obtained during 
activation by repetition of digits forward is shown to the right. The difference between 
the two maps (the isolated activation response) is shown at the bottom. Colour coding as 
in Fig. 1. Note the absence of flow responses in the parietotemporal areas, which are the 

ones most affected in DAT 

occipital regions bilaterally, which was in agreement with the neu
ropathological results. These 5 cases thus showed a good agreement 
between neuropathology and rCBF. The last patient in the OAT group 
showed, however, some discrepancy with pronounced frontal flow de
creases in combination with an unusual pattern of asymmetric and main
ly temporal atrophy. 

Three of the 4 MID cases showed a good agreement between focal 
flow decreases and the presence of superficial cortical infarcts. A typical 
case is shown in Fig. 3. The last MID case showed marked flow decreas
es in superior frontal, central, temporal and parietal areas bilaterally, 
which did not fit with the neuropathological findings of multiple small 
infarcts primarily involving the right frontal lobe. (An extended neu
ropathological investigation will be made in this case to elucidate 
whether the marked flow decreases were caused by any subcortical 
pathology.) Finally the 3 MIXED cases showed generally a good agree
ment between rCBF and the presence of cortical infarcts and degenera-
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tion. The relationship between subcortical grey and white matter 
changes and rCBF was less clear. 

Figure 4 shows typical rCBF findings in a case of tentative fronto
temporal degeneration of non-Alzheimer type. The patient showed a 
rapidly progressing dementia dominated by frontal symptoms parallel to 
progressive frontal flow diminutions. 

Finally, Fig. 5 illustrates the enhancing effect of mental activation on 
the rCBF pathology in a case of tentative DAT. The digit-span test given 
during the second flow measurement caused flow increases only in areas 
known to be affected to a lesser extent by the disease. 

Discussion 

The present results lend further support to the clinical usefulness of 
rCBF measurements for the diagnosis of dementia. The existence of 
fairly specific topographic DAT pathology involving mainly posterior, 
parieto-temporal cortical areas has now been established also with sever
al other brain imaging methods (PET, SPECT, BEAM). The 133Xe 
inhalation technique, as described here, provides a moderately expensive 
(100-200 US$) and rather easily applicable technique for the demonstra
tion of this regional functional pathology. The technique provides abso
lute flow values (in contrast to SPECT with 99mTc-HM-PAO) and fairly 
unlimited repeatability (due to rapid elimination of the tracer and low 
radiation dose). This makes the method suitable also for the study of 
flow changes induced by mental activation or drug treatment. The study 
of such changes of rCBF might further improve the possibility to early 
and correctly diagnose Alzheimer's disease and to follow the effects of 
treatment. 
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Summary 

The diagnostic value of SPECT in Pick's disease is discussed on the basis of 
two cases. Personality changes predominated in both of them. Atrophy of the 
frontal and temporal lobes was seen on CT only in one of the two female 
patients, who was in a stage of advanced dementia. SPECT showed reduced 
frontal accumulation in both cases in analogy to PET studies. The results of the 
present study demonstrate that a tentative diagnosis of Pick's disease can either 
be excluded or substantiated with the help of SPECT. 

Pick's disease has a special position among the dementias because of 
its rare incidence, particular epidemiology and circumscribed (lobar) 
atrophy. Its histological characteristics are gliosis and neuronal loss in 
the atrophic area and intracellular Pick bodies in various localizations 
(Seitlberger et al., 1983). Clinical observations of the few neuropatho
logically verified cases show that personality changes, emotional disor
ders, speech disturbances and hyperorality - similar to Kluver-Bucy 
syndrome- predominate in the early stages of the disease, while intellec
tual defects prevail only later in the illness (Constantinidis et al., 1974; 
Cummings and Duchen, 1981; Gustafson and Nilson, 1982; Knopman 
et al., 1989; Munoz-Garcia and Ludwin, 1984; Seitlberger et al., 1983). 
Therefore, it is often difficult to distinguish Pick's disease in its inital 
stages from affective psychoses and also from Alzheimer's disease in 
cases with marked intellectual deficits or memory impairment (Cum
mings and Duchen, 1981; Knopman et al., 1989). 
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X-ray transmission computed tomography (CT) shows frontal and 
fronto-temporal atrophies (Corsellis, 1977), but also global atrophies 
with accentuation outside the frontal lobe have been identified (Groen 
and Hekster, 1982; Cummings and Duchen, 1981; Knopman et al., 1989; 
Munoz-Garcia and Ludwin, 1984). 

Szelies and Karenberg (1986) studied glucose metabolism in a de
mented female patient with atrophy predominantly located in the frontal 
lobe using positron emission tomography (PET) and found global hy
pometabolism which was clearly accentuated in the frontal lobes (left 
more than right). Similar metabolic conditions were found by Kamo 
et a!. (1987) in a comparable patient, quantitative metabolic analysis 
showing high-grade correlation between metabolic decrements and 
frontally accentuated gliosis as well as neuronal loss. The authors con
clude from their results that a premortem diagnosis of Pick's disease 
might be possible with the help of PET. 

Single photon emission computed tomography (SPECT) with tracers 
that pass the blood-brain barrier (IMP, HMPAO) performed in patients 
with Alzheimer-type dementia showed perfusion patterns similar to 
those obtained with PET measurements (Deisenhammer eta!., 1989). 
Another SPECT study (Leblhuber eta!., 1989) demonstrated abnormal
ities similar to those detected by PET also in other forms of primary 
degenerative dementias. 

We performed SPECT studies in two female patients suspected of 
suffering from Pick's disease. 

Case reports 

Case 1 

A 67-year-old woman had been experiencing progressive personality changes 
for about a decade. Initially her personality profile became coarsened, she lost 
interest, showed signs of disinhibition, flat drive and increased suggestibility; 
polyphagia, polydipsia and oral mechanisms followed. Later on intellectual 
deficits, memory impairment, unmotivated and uncontrolled movements, states 
of confusion, urinary incontinence occurred. 

When the patient was seen for the first time, she was alert, completely 
disoriented to time and place, and partly oriented to person. She showed high
grade amnestic impairment, perseveration, oral mechanisms with thumb suck
ing, disinhibition and undirected motor activity. The neurological examination 
revealed a positive snapping reflex on the left side and the presence of a snout 
reflex. The patient reached 8 points on the Hachinski Ischemia Scale and 12 
points on the Mini-Mental Scale. Psychometric testing (Rohrschach, Raven, 
HAWIE, Benton) revealed deficits in abstract logical thinking, in availability of 
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Fig. 1. CT (a) and SPECT (b) studies of case 1 (axial slices parallel to, and approximately 
5 em above cantho-meatal plane). There is a marked atrophy in the frontal and temporal 

lobe and a severe decrease of tracer uptake in SPECT 

general knowledge and understanding of social environment, impaired short
term recall of geometric figures, medium-term memory, attention, concentra
tion, calculation, spatial orientation and planning. 

Laboratory examination showed creatinine and cholesterol to be elevated, 
while all other values including vitamin B12 and folic acid were normal. EEG 
was normal, CT showed marked, predominantly cortical atrophy in frontal and 
temporal lobes (Fig. 1 a). SPECT studies with HMPAO revealed reduced accu
mulation in the frontal lobe extending to the insula and exceeding by far the 
magnitude of the atrophy (Fig. 1 b). 

Case 2 

A 63-year-old woman was hospitalized because of a manic disorder with 
paranoid symptoms. The patient had been getting more and more forgetful for 
some years. She used to go shopping without any reason up to twenty times a 
day, imagined to receive letters from strangers, felt robbed, showed abnormal 
drinking behaviour and consumed up to 3 liters of coffee per day. Upon admis
sion she was well oriented to time, place and person and was sociable. The 
clinical picture was that of a manic disorder with foolish euphoric behaviour, 
increased drive, psychomotor unrest, desultory thinking, logorrhea, lack of 
criticism and distance, impaired memory. Neurological findings were normal 
apart from the presence of a snout reflex. The patient reached 25 points on the 
Mini-Mental Scale and 2 points on the Hachinski Ischemia Scale. Psychometric 
testing (see case 1) revealed severe impairment of short-term memory, medium
term memory and recall, concentration, attention and analytical synthetic think
ing. Laboratory parameters including vitamin B12 and folic acid were normal, 
with the exception of elevated cholesterol. The EEG showed minor general 

b 
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Fig. 2. CT (a) and SPECT (b) studies of case 2 (axial slices parallel to, and approximately 
7.5 em above cantho-meatal plane). There is only a mild atrophy in CT, but a marked 

frontal decrease of tracer uptake in the SPECT 

alterations, slight enlargements of the cisterns around the midbrain and of the 
sylvian and frontal fissures were seen on CT (Fig. 2a). SPECT with HMPAO 
showed markedly reduced accumulation in the frontal lobes (Fig. 2 b). 

Discussion 

PET studies performed in a patient with Pick's disease who subse
quently died showed a high-grade correlation between the extent of 
hypometabolism and typical histological abnormalities, i.e. gliosis and 
neuronal loss (Kamo eta!., 1987). The frontal accentuation of these 
abnormalities results in a typical hypofrontal PET image. The coupling 
of regional blood flow to regional metabolism (Lou et a!., 1987) permits 
-in analogy to PET- the interpretation of blood flow patterns tomo
graphically demonstrated by SPECT imaging as the expression of re
gional metabolism. Advanced dementia, hyperorality, and frontal atro
phy suggested the diagnosis of Pick's disease in case one. The hypofron
tal pattern of the SPECT images seems to substantiate this diagnosis. 
The second patient on the other hand presented with manic psychosis 
without proof of dementia and without lobar atrophy so that a differen
tiation from affective psychosis was impossible. In this case only the 
SPECT pattern lead to the suspicion of Pick's disease. Although histo
logical verification is lacking we believe on the basis of our experience 
with typical PET-type SPECT patterns that it is possible to substantiate 
a tentative diagnosis of Pick's disease during the patient's lifetime -

b 
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similar to Alzheimer's disease (Deisenhammer et al., 1989) and Hunting
ton's chorea (Leblhuber et al., 1989) - or to suspect Pick's disease in 
cases of affective psychoses. 
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Summary 

Using 5 mm negative angulation CT scans, observations on the temporal 
lobes and hippocampal areas were made on 113 Alzheimer (AD) patients and 72 
controls. The results indicate that hippocampal changes including dilatation of 
the choroidal and hippocampal fissures, appear to be an early feature of AD. 
Over a three year interval these changes are predictive of AD type clinical 
deterioration in non-demented elderly subjects. The CT hippocampal changes 
are correlated with postmortem hippocampal changes. Hippocampal evaluations 
in individuals < 80 years of age are a useful addition to the diagnostic workup 
of AD patients. 

Introduction 

Severe hippocampal degeneration is often documented in AD and is 
occasionally observed in the absence of neocortical deficits; these find
ings have led to the characterization of AD as "a hippocampal dementia" 
(Ball et al., 1985). It has been observed recently that the first site of 
degeneration in Down's syndrome occurs in the hippocampus (Mann 
and Esiri, 1988). The structural hippocampal abnormalities document
ed in AD include neuronal loss, granulovacuolar degeneration, neu
rofibrillary tangles and neuritic plaques (Ball, 1978; Kemper, 1984; Terry 
et al., 1981). Numerous biochemical deficits have been reported in
cluding depletions of hippocampal acetylcholinesterase, choline acetyl
transferase, norepinephrine, somatostatin and glutamate (Davies and 
Maloney, 1976; Powers et al., 1988; Hyman et al., 1987; for a review see 
Selkoe and Kosik, 1983). 
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Neuropathological findings in AD show a consistent topography 
with respect to the hippocampal formation and its efferent projections. 
Pyramidal cells located within layer II and superficial layer III of entorhi
nal cortex are the primary neuronal population involved. These are the 
neurons of origin of the perforant pathway. The subiculum, CA 1 of the 
hippocampus and Layers II, III and IV of temporal association cortex are 
also involved. This pattern of degeneration results in the "isolation" of 
the hippocampal formation from its input to neocortical association 
areas (Hyman eta!., 1984). 

Structural hippocampal pathology qualitatively similar to that docu
mented in AD also occurs in normal aging. From the seventh to tenth 
decade, hippocampal neuronal loss, neurofibrillary tangles, granulovac
uolar degeneration and neuritic plaques have been reported (Ball, 1978; 
Kemper, 1984; Terry eta!., 1981; Hyman and Van Boesen, 1988). Char
acterization of the hippocampal lesions and their temporal relation to the 
development of intellectual changes and neocortical pathology may be 
essential for an understanding of the early stages of AD progression and 
the normal aging process. 

Recent CT and MRI studies have also yielded valuable data on 
temporal lobe and hippocampal changes in AD. LeMay eta!. (1986) 
found that subjective ratings of temporal lobe atrophy produced a high 
classification accuracy in identifying AD patients vs. normal controls. 
Our findings, using a special "negative angle" imaging protocol (de 
Leon eta!., 1988), indicate for the first time that atrophic changes of the 
hippocampus and parahippocampal areas can be visualized in vivo with 
CT. Moreover, our data indicated that atrophic hippocampal changes are 
related to altered endocrine functioning (de Leon eta!., 1988) and with 
good pathologic verification and anatomical specificity to the symptoms 
of dementia (George eta!., 1990). In an important but preliminary study, 
Seab et a!. (1988) found MRI hippocampal volumes reduced in AD 
relative to control. We now extend our CT results to a large cohort of 
175 patients and controls. A report of this work is also found in de Leon 
eta!. (1989). 

Method 

Using aGE 9800 scanner, CT evaluations were conducted using a gantry tilt 
that produced a scan angulation of 20° negative to the can tho-meatal plane. The 
slice thickness was 5 mm. All study participants received extensive research 
diagnostic evaluations that included medical, neurologic, psychiatric, neuropsy
chological, and laboratory examinations. All AD patients met NINCDS-ADR
DA diagnostic criteria. Controls were volunteers, generally spouses and relatives 
of affected patients. The 1 to 7 scale of the GDS (Reisberg eta!., 1982) was used 
to stage the severity of cognitive change. The CT scans of 113 AD patients (aged 
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Fig. 1. Four levels of increasing atrophic change of the hippocampus (a) no atrophy 
(b) questionable and insufficient evidence of atrophy (c) mild but definite atrophy and 

(d) moderate to severe atrophy 
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70.3 ± 8. 7) and 72 controls (aged 71.1 ± 8.0) were evaluated subjectively on the 
basis of hippocampal lucencies. Findings were rated on a four-point scale for 
each hemisphere: 0 =no lesion, 1 =questionable lesion, 2 =mild-moderate lesion 
and 3 =severe lesion (see Figs. 1a -1d). A 3-year longitudinal study was done on 
48 non-demented individuals. 

Results 

Using a cut-off hippocampal rating of ~2 for either hemisphere, 
hippocampal atrophic changes or alternatively hippocampal lucencies 
were significantly more prevalent in AD than in controls (77% versus 
22%, p<.01). The hippocampallucencies occurred more frequently in 
the advanced stages of AD (see Fig. 2). Consistent with the neuropatho
logical literature, the normal controls with hippocampallucencies were 
significantly older than those without lucencies (75.2 versus 68.9 years, 
see Fig. 3). In AD patients, lucencies were equally distributed across all 
age groups. 

The severity of hippocampal damage from both hemispheres was 
estimated by creating a composite score with the addition of the right 
and left rating scores. The composite score was subjected to analyses of 
variance to establish the significance of lucency severity across: AD and 
normal samples, levels of disease severity, and in both groups, as a 
function of advancing age. The results indicated that hippocampallucen
cies were significantly more severe relative to normal controls in each of 
the questionable, mild and moderate to severe AD patient groups 
(Fig. 4). Moreover, the severity of the hippocampal changes were signif
icantly associated with increasing cognitive impairment. A significant 
age by diagnosis interaction was found for the severity of hippocampal 
lucencies. Specifically, from the fifth to seventh decade lucencies in AD 
patients were more severe than in normals. Lesions were equally severe 
in both groups in the ninth decade. AD patients showed a consistent 
relationship between cognitive impairment and the severity of 
hippocampal damage but did not show any evidence of an age effect. 
Normal controls demonstrated a clear cut age dependence. 

In the longitudinal study, subjects deteriorated and received the 
clinical diagnosis of AD. At baseline 91% of these subjects showed 
hippocampal atrophy. Of the 37 subjects that did not deteriorate 81% 
did not show baseline hippocampal atrophy. Postmortem neuropatho
logic correlation with antemortem CT and postmortem MRI has also 
been conducted on six cases. The neuropathology protocol included 
coronal hippocampal samples taken at the level of the lateral geniculate 
nucleus. Following standard processing with paraffin, the formalin-fixed 
sections were stained with Luxol fast blue and with hematoxylin and 
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eosin, Congo Red, and Naomenko-Feigin silver stains. The results, 
compared against two controls, indicated extensive neurofibrillary tangles 
and neuronal loss in the hippocampal formation and parahippocampal 
gyrus of the AD patients. An excellent relationship was observed be
tween neuropathologic evidence of dilated hippocampal fissures and the 
antemortem severity of the hippocampal lucencies. 

Discussion 

In conclusion, the in vivo observation of hippocampal changes in AD 
is of clinical value. Our CT data are in agreement with the neuropatho
logical literature and our results directly show a correlation between the 
CT and the postmortem appearance of the choroidal hippocampal fissure 
complex. 

Moreover, our results provide the first evidence demonstrating that 
hippocampal changes are among the earliest brain changes to be detect
ed in vivo. These brain changes are strongly related to the early subjec
tive complaints that precede objectively verified cognitive symptoms. Of 
particular importance is the observation that hippocampal atrophy pre
dicts cognitive deterioration and dementia. The universality of the aging 
effect on the hippocampus in individuals > 80 years of age may explain 
the high prevalence of memory disorders in epidemiologic studies of the 
elderly. These results also limit the utility of hippocampal assessments to 
individuals younger than 80 years. We propose that future AD studies 
routinely utilize a negative angulation hippocampal protocol in the clin
ical brain examination of memory changes in elderly groups. 
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General recommendations 

In the course of the discussion concerning proof of the clinical 
relevance of nootropic effects, which was started in 1975 by Kanowski, 
the following items have been generally adopted as a basis for agreement 
on the performance of clinical studies for evaluating the efficacy of 
nootropics: 

a) Selection of the trial parameters and thus of the target criteria is 
to take place as directed by theory. Among other factors, as a prerequire
ment for this, only those areas of function can be taken into account as 
target criteria for which a change correlated with modifications in cere
bral performance andjor syndromal modifications have been demon
strated in these fields. 

b) Confirmatory analysis of data presupposes an a priori definition of 
the target criteria and the methods of statistical inference. 

c) Evaluating the effect of the test substance is to be carried out on 
different planes which are independent of each other (e.g. physician, 
patient, nursing staff or objective test procedures, subjective assessment 
by third parties and everyday behaviour). 

d) Complex target criteria (such as e.g. objective test procedures) are 
to be examined as regards the importance of therapy-induced changes 
for the everyday behaviour of the patient and his subjective state, that 
is: they are to be validated. 

e) The measurement methods to be applied must meet the generally 
valid theoretical test requirements as to objectivity, reliability, validity 
and dimensionality, and be standardized or be in accordance with norms 
in the context of the age group to which a sample set of patients belongs. 

f) Where findings are to be evaluated parametrically, the effects 
ought to involve approximately half of a standard deviation in order to 
be clinically relevant. 
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g) Non-parametric evaluation of the findings (e.g. in the form of the 
number of patients plus relevant effects) is less subject to influence 
through extreme values and, at the same time, makes easier recognition 
of the effects possible for the sample (of patients) examined. 

h) Taking into account that in multicentre studies the drug effect 
may be conceiled or accentuated by differences in therapeutic settings, 
long duration of the study, social structures, meteorological influences, 
dietary habits etc. etc. a comparable specific effect being documented in 
all or at least a majority of the study centres involved would doubtlessly 
be accepted as an indicator for therapeutical efficacy of the drug. 

General study design 

To demonstrate the clinical efficacy of a nootropic, a randomized, 
double-blind study versus placebo (or active placebo) is a conditio sine 
qua non. 

Comparison with a second substance known to be active is problem
atic in that very large patient numbers are required to represent a differ
ence at an approximately equal potency. However it may be defined, a 
medicational equality is generally not accepted as a proof of efficacy. 

Single vs multicentre testing 

Single-centre tials present the fewest problems and should therefore be 
the preferred clinical testing strategy, provided that a sufficient number 
of patients is available. Multicenter trials may be performed by different 
ways. 

a) Multiple, single-centre testing. This model presents the advantage of 
internal replication (confirmation by replication) as well as approxima
tive assessment of the influence of varying conditions in therapeutical 
environment. The possibility of a sequential assessment is a further 
advantage which, nevertheless, must be established in the test plan prior 
to starting the study (Bauer, 1987). As the test protocol does not have 
to be exactly the same for each centre, room is still available for proce
dures and study methods specific to each centre. 

b) Multicentre testing with one team of examiners. Quasi single-centre (single 
examiner model; comp. Oswald, 1987; Oswald and Oswald, 1988): min
imization of the systematic error variance produced by different examin-
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ers which, in the case of evaluation scales especially, results in a marked 
reduction in reliability, consequently having a pronouncedly restrictive 
effect on both the sensitivity and the validity of test parameters. 

In this model particularly, however, major logistic problems are yet 
to be solved. 

c) Multicentre testing with multiple teams of examiners. Individual evalua
tion of each single centre is not possible due to restrictions in the 
contribuable number of patients. 

This means that the impact of the variance in environment conditions 
depending on the centres in question cannot be estimated. To compen
sate for the variability of different examiners, a uniform training of the 
examining team and their monitoring during the entire study period is 
deemed obligatory. 

Neurophysiological tests 

The neurophysiologic and functional dynamic test methods cannot so 
far be used to proof the efficacy of nootropic drugs. 

Nonetheless they provide valuable tools to analyse and describe var
ious effects of these drugs. The following target variables can be deter
mined: 

EEG a) Bioavailability 
b) Determination of dosage window! 
c) Assessment of vigilance 
d) Speed components of cognitive information processing (e.g. 

P300) 
e) Substance-specific action profiles 

PET a) Metabolic changes 
b) Neutrotransmitterreceptor dynamics 
c) Cerebral blood flow (CBF) 
d) Oxygen extraction 

SPECT a) Cerebral blood flow 
b) Neurotransmitterreceptor dynamics 

CBF a) Cerebral blood flow 

In the above procedures, all parameters measured can, in addition, be 
brought into relation with cognitive activation and/or deprivation of 
performance. 
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Patient selection criteria 

Patient groups must exhibit the target symptoms to be improved by 
therapy with nootropics. In this case, patients suffering from a dementia 
in accordance with the criteria of the DSM IIIR or, respectively, the ICD 
10 must be involved: this means that patients with a pseudodementia 
(depression), consciousness disturbances and primary intellectual retar
dation are to be excluded. The diagnostic procedure may be directed by 
the following decision-tree: For assuming the diagnosis of SDAT the 
NINCDS-ADRA criteria should be applied. 

DEMENTIA 
(DSM IIIR, lCD 10) 

Secondary dementia 
e.g. hepatotoxic etc. 

Primary cerebral dementia 
e.g. trauma, intoxication etc. 

Primary degenerative dementia Vascular dementia 

----------~--------- ~~~ 
Pick Huntington's SDAT Mixed MID other 

chorea SDATfMID forms 

(Kanowski and Hedde, 1986) 

According to the apparatus and logistics available, substrate-specific 
methods (such as CT, NMR and Doppler/Duplex) and functionally 
dynamic methods (EEG, PET, SPECT, CBF and Doppler) may also be 
applied over and beyond the differentiation given above. 

Inclusion criteria 

The diagnosis of dementia is to be undertaken clinically, whereby the 
extent of a cognitive disturbance andjor dementia must be defined via 
psychological tests. Furthermore, only patients with a primary degener
ative dementia or a vascular dementia are to be included, in which case 
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the other forms of dementia (secondary) are to be excluded either clini
cally or using laboratory and test apparatus methods. 

As a rule, only patients with mild to medium symptoms ought to be 
included in clinical trials with nootropic substances, as no evidence has 
been presented up till now that these substances produce relevant effects 
in patients with more severe disturbances. Nonetheless, when defining 
inclusion criteria, the fact should be considered that, in the light of 
fundamental statistical considerations, inclusion parameters should not 
be applied simultaneously or evaluating therapeutic drug effects. 

Patients with mild to medium forms of dementia (corresponding to 
the chronic organic brain syndrome) can be diagnosed, among other 
factors, in the context of their cognitive performance, this taking place 
via: 

SCAG 

SKT 
BCRS 
NAB 
NAA 

score from 40 through 90, 
with the mean value ;::: 3.5 in the items 2, 3, 6 and 8, total point 
value ;::: 24 in the items 1-8, whereby none of these items have 
a point value of 7 

9:s;point value :::;18 
2::;; point value ::;; 4, max. 5 on each scale 

17::;; test value ::;; 27 
25::;; test value ::;; 45. 

Exclusion criteria 

Other severe mental conditions not in connection with dementia 
(major affective disorders, schizophrenia) 
Physical (non-mental) conditions which are capable of exerting, due 
to their degree of severity, a considerable influence on a patient's 
general condition, or which may result in a considerable change of the 
overall situation due to exacerbations or improvement. 
Steady state conditions can therefore be accepted when the above 
considerations are taken into account. 
The ability to communicate with the patient must be maintained as 
far as possible. An absence of his or her capacity to understand 
instructions, diseases affecting the sensory system considerably influ
encing communication perception or fine motor functions thus con
stitute exclusion criteria. In the same way, patients with aphasia, 
apraxia or other disturbances of the higher cerebral performance level 
which present major hindrance to communication, are not conducive 
to examination. 
Where cases of high-degree dementia are encountered, difficulties of 
the same kind may also arise, so that special target symptoms and 
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testing instrumentation have to be defined for such patients with 
communication disturbances and( or high-degree dementias- if these 
are to be tested in particular. 
In the case of patients not capable of understanding, for example, the 
Nuremberg Ageing Inventory (Niirnberger-Alters-Inventar) NAI 
(Oswald and Fleischmann, 1986) and processing it without a set time 
limit, the reliability and validity as well as the completeness of data 
gathering cannot be guaranteed. 
Conditions not subject to control such as a patient's environment/ 
surroundings and life habits. 

Comedication 

a) Total exclusion: 

Other nootropics 
Stimulants 

b) Relative exclusion: 

Hypnotics 
Sedatives 
Antidepressants 
Neuroleptics 
Tranquillizers 

Insofar as those forms of medication belonging to the relative exclu
sion group cannot be dispensed with, the requirement must be made that 
these be in a steady state throughout the entire duration of the study and 
be uninterruptedly documented. This allows a stratified evaluation of 
the study comparing the group of patients without any comedication to 
the patients in whom comedication could not be avoided and its influ
ence on the therapeutic results. 

Observation planes 

The variables aimed at in a test on efficacy should at all times include 
the following areas, whereby only the first three come under consider
ation for an assessment of their efficary at present. For the purpose of 
complementation, the effect can be described and analyzed on the plane 
of neurophysiology/functional dynamics. 

The psychopathological plane. 
- The psychometric plane. 
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The behavioural plane. 
The plane of neurophysiology/functional dynamics. 

If significant changes are demonstrated versus placebo in one variable 
respectively from two of the above planes (1- 3), which are to be eval
uated independently (or in all target planes after corresponding alpha-ad
justment), a proof of efficacy may then be assumed insofar as the study 
has been carried out under adequate adherence to the criteria listed under 
1 a-h. 

In the area of cognitive performance capacity, only those test proce
dures may as a result be applied which meet the requirements for internal 
and internal validity. This means that they must be correlated according 
to age, differentiated between normal and pathological changes in cere
bral performance and, over and beyond this, be capable of reproducing 
those partial performances important for carrying out everyday activities 
(in the context of clinical relevance). These requirements are only ful
filled by test methods capable of being assigned to the areas listed for 
functions related to rapidity (of performance) and/ or the secondary 
memory field. 

Table 1. Shows, by way of example, the individual processes actually applied on 
the separate planes (for explanation of abbreviations see appendix, pages 539-540) 

1 Psychopathologic plane 

2 Psychometric plane 

3 Behavioural plane 

4 Neurophysiologic/ functional 
dynamic plane 

CGI SCAG 
AGP MMS 
BCRS 

NAS LT-G 
NAF LATL 
BF-S BT 
ZVT-G SKT 
ZS-G 
Multiple choice reaction 

a) Activities of daily living 

NOSIE NAB 
BGP GBB 

b) Instrumental activities of daily living 
NAA NAB 

c) Behavioural assessment 
NAR 

d) Specific questioning 
AAT DT 
NAI 

EEG 
PET 
Doppler 

SPECT 
CBF 
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Clinical relevance 

Does the clinically demonstrated therapeutical efficacy of a given 
nootropic produce an increase in a patient's ability to meet the demands 
of everyday existence? How can clinical relevance be operationalized to 
be taken as a basis in the clinical assessment of nootropics? 

Different solutions to this problem are conceivable: 

a) Agreement of therapeutical results on different planes of observa
tions independent of each other could be considered as an indicator of 
clinical relevance (see Observation planes). 

b) Percentage threshold value for the number of improved clinical 
symptoms coupled with a second percentage threshold value for the 
improvement of each individual symptom. 

c) Number of improved patients as complementary measure. 
d) Effect of active medicational treatment in long-term studies on the 

delay in progression of the disease concerned, using the placebo group 
as reference. 

e) Improvement by one or two stages when using instruments such 
as Alzheimer staging according to Reisberg et al. (1982, 1983). 

f) Improvement in competent behaviour (Quality of life), procedures 
already in common use as ADL and IADL activities as well as of life 
satisfaction (Israel et al., 1984) could thus become a starting point for 
initial concepts in the development of objective and subjective measure
ment procedures. 

In this context, the question may also be asked as to whether the 
training of cognitive and everyday competence in effective combination 
with nootropic medication produces better results than each method by 
itself. Initial results by Yesavage et al.(1985) point in this direction and 
ought to stimulate further research in this direction. 

Ethical and legal aspects 

Under prevailing legal conditions, the following recommendations 
may be made: 

1. The ability to understand explanations and give consent must be 
examined carefully in the case of each patient. 

2. In spite of "dementia" being given as a diagnosis, patients capable of 
giving their consent may be included in therapeutical studies; here, as 
a rule, we are probably dealing with mild to medium cases of demen
tia. 
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3. If the ability to understand explanations and give consent is not 
present, and there is a legal guardianship for the corresponding 
duties, the person to whom such a guardianship case has been en
trusted is able to give hisfher assent to inclusion of the patient in a 
therapeutical study. 

4. Patients without any ability to understand explanations and give 
consent and patients not subject to a legal guardianship as described 
cannot, unter present regulations, be included in any therapy studies 
(phase III and IV tests). We must here go by the assumption that legal 
counsellors are not, at present, willing to establish special "research 
care provisions" exclusively for this purpose. 

Appendix 

(Explanation of abbreviations of Table 1) 

SCAG Sandoz Clinical Assessment Geriatric Scale 
Venn et a!. (1986) 

SKT Syndrom-Kurztest 
Erzigkeit (1986) 

BCRS Brief cognitive rating scale 
Reisberg et a!. (1983) 

CGI Clinical Global Impressions; National Institute of Mental Health; 
Vgl. CIPS (1986) 

AG P Dokumentationssystem der Arbeitsgemeinschaft fiir Gerontopsych
iatrie 
Ciampi et a!. (1986) 

MMS Mini-Mental-State 
Folstein et a!. (1975) 

N AS Nurnberger-Alters-Selbstbeurteilungs-Skala 
Oswald and Fleischmann (1986) 

NAP Niirnberger-Alters-Fragebogen 
Oswald and Fleischmann (1986) 

Bf-5 Befindlichkeits-Skala 
von Zerssen (1986) 

ZVT-G Zahlen-Verbindungs-Test, a revised form of the Trail Making-Tests; 
Reitan (1958), vgl. auch Oswald and Roth (1987) 

ZS-G Zahlen-Symbol-Test, a revised form of ZS, 
Wechsler (1964) 

LT-G Labyrinth-Test, a revised form of common Maze-Tests, 
e.g. von Chapuis (1959) 

LATL Latentes Lemen 
similar to Bromley (1958), Randt eta!. (1984) 

BT Bilder-Test, a revised form similar to Ferris et a!. (1980), Wechsler 
(1945) 
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NOSIE Nurses' Observation Scale for Inpatient Evaluation 
Honigfeld eta!. (1986) 

NAB Niirnberger-Alters-Beobachtungs-Skala from the NAI 
Oswald and Fleischmann (1986) 

BG P Beurteilungsskala fiir geriatrische Patienten, 
Mol (1972), Kam eta!. (1986), similar to BOP and BAP 

G BB Geriatrischer Beurteilungsbogen 
Schneider and Fisch (1981) 

NAA Niirnberger-Alters-Alltags-Skala NAA from the NAI 
Oswald and Fleischmann (1986) 

NAR Niirnberger-Alters-Rating from the NAI 
Oswald and Fleischmann (1986) 

AAT Aachener Aphasie Test 
Huber et a!. (1982) 

DT Demenztest 
Markowitsch et a!. (1988) 

NAI Niirnberger-Alters-lnventar 
Oswald and Fleischmann (1986) 
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Summary 

In a brief review it is shown that historically drug treatment of Alzheimer's 
disease has addressed at first unspecific symptoms. The subsequent therapy with 
vasodilators reflected the understanding of the nature of the illness at the time. 
Another intellectual construction was derived from the amine deficiency hypo
thesis of depression (use of stimulants). The many subsequent efforts in the 
development of therapeutic progress based on morphological and biochemical 
deficits have demonstrated that all the simple cause/effect models are inappropri
ate. New concepts are matter for discussion. 

"In line with the nature of the disease, the therapy of senile dementia 
usually has only a very narrow scope. The things that can be done are: 
physical care, supervising the often fragile and weak patients, regulating 
their way of life, especially regulation of diet and digestive problems, 
treatment of anxiety by administering small doses of opium, treatment 
of insomnia with bath therapy, prudent use of compresses, occasional 
administration of paraldehyde or Veronal. For delirious states of excite
ment one often needs the application of padded beds or prolonged baths 
as well as special diets with or without the addition of essential sedatives. 
On the other hand, for the calm form of dementia there is usually no 
need for institutionalization; the patient can be taken care of by his 
family or by a welfare worker". 

This paragraph ends the chapter "Senile and pre-senile dementia" 
(Das senile und prasenile Irresein) in the textbook for medical students 
and physicians: P.rychiatry written in 1910 by the famous German psychi
atrist, Dr. Emil Kraepelin. 

In 1986, in the summary of the book 'Treatment development strate
gies for Alzheimer's disease' Hollister deduces: "One can safely say 80 
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years after Alzheimer first described the disease that bears his eponym, 
that we still have very little understanding of it. To paraphrase Winston 
Churchill's famous statement concerning the Russians: AD is a riddle 
wrapped in an enigma wrapped in a mystery. This is not to say that we 
have not learned much about the disease, but rather that our attempts to 
understand its etiology and to treat it effectively still remain rather 
primitive" (Hollister, 1986). 

But what have we learned and why, nevertheless, has the therapy 
remained unsatisfactory up to now? 

Probably, there are many reasons for the decade-long standstill in the 
development of effective drugs against Alzheimer's disease. But one 
cause in particular seems to be worth mentioning, especially since this 
phenomenon has been rather the exception in the neurobiological re
search of the last 40 years. It is the fact that in no treatment strategies 
to improve impaired brain functions were outdated principles adhered 
to so permanently and with such remarkable perseverance as in those of 
organic brain syndrome and dementia. This has been the case even 
though the original premise could no longer be maintained. 

The most impressive example of this is the use of drugs for improve
ment of the cerebral blood flow. From the knowledge of the fifties it was 
plausible that due to the development of arteriosclerosis in old age the 
blood supply to the brain becomes deficient and the resulting relative 
hypoxia affects the brain metabolism. As soon as less energy is at the 
brain's disposal an impairment of cognitive faculties should occur. 
Drugs that can improve the cerebral blood flow ought to bring about 
a favourable effect, especially since cerebral blood flow is in fact dimin
ished in patients with dementia (Obrist, 1979). 

However, in 1959 the premise for this was called into question 
(Lassen, 1959) and for nearly 20 years it has been clear that only 25% of 
dementia cases are of vascular origin (Tomlinson et al., 1970). In the 
meantime Rogers et al. (1986) could substantiate in a prospective study 
of seven years' duration that decreased cerebral blood flow precedes 
multi-infarct dementia, but follows senile dementia of Alzheimer type 
(see also Tachibana et al., 1984; Hoyer, 1986). Thus, drugs that should 
boost cerebral blood flow can be profitable only for a small group of 
patients. Independent of this limitation, when given orally and in the 
dosage recommended, none of the respective substances on the market 
has a therapeutic efficacy resulting from an increased cerebral blood flow 
(Hollister, 1986; Yesavage et al., 1979). 

Later on, a number of these drugs were asserted to act by increasing 
brain metabolism, in particular the glucose utilisation. It would be of no 
benefit to present the many arguments against this interpretation (Coper 
et al., 1987; Duara et al., 1984; Szelies et al., 1986). But it is indisputable 
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that the effect neither clarifies pathogenetic relationships nor substanti
ates the efficacy of the drugs, giving rise instead to false associations. 

A look into the so-called "Red List" of 1988 ~a selection of all drugs 
available in West Germany ~ shows that drugs which are intended to 
improve the cerebral blood flow or which use the glucose utilization as 
an argumentation corroborate the thesis mentioned above, that in this 
field there is little readiness to draw conclusions from inopportune 
information. Evidently, negative consequences like loss of credibility in 
the Pharmaceutical Industry and also in medical practice seem to be 
secondary. But even the sciences seem to be little worried about this 
untenable situation. 

The use of psychostimulants was also primarily not based on the 
therapeutic efficacy of the drugs but rather on intellectual consider
ations. Referring to high fatigue in old people, their reduced drive and 
other mental infirmities, Jacobson (1958) attempted to utilize the cere
bral adrenergic properties of stimulants as mild antidepressive supple
mentary medication in elderly depressive patients with decreased mental 
performances. This idea has been examined in manifold ways. But the 
asserted success could never be scientifically confirmed. All critical ex
aminations have shown that stimulants only initially produce some pos
itive reactions~ if any at all. Subsequently, however, after six weeks, for 
example, there was rather an increase in depressive states, anxiety, rest
lessness and so on (for review see Loew and Singer, 1983). Nevertheless, 
in several countries Ritalin is still used for the indication discussed. 

As opposed to the idle perseverance in unsatisfactory therapeutic 
experiences in Germany, the neurobiological research of dementia was 
turbulently set in motion in the early seventies in Great Britain and the 
USA. It was established that the amount of the enzyme cholineacetyl
transferase (CAT), which is responsible for the synthesis of acetyl
choline, was much lower in the brains of Alzheimer patients than in the 
brains of old people who have a reduced content of it as it is (Bowen 
et al., 1976; Bowen, 1981). The density of muscarinic receptors, howev
er, was not found to be reduced to such an extent (Mash et al., 1985). 
Further findings on the structural, functional and molecular levels 
(Davies, 1985; Plotkin and J arvik, 1985) have established the choline 
deficiency hypothesis and today nobody doubts that disturbances of 
cholinergic transmission have a share in causing the impairments in 
cognitive capacities (Bartus et al., 1985). In analogy to Parkinson's dis
ease, it was presumed that if the signal-emitting apparatus is defective 
with the recognition site still intact in principle, it could be expected that 
direct or indirect stimulation of muscarinic receptors in the CNS could 
outmaneuver the impaired neurotransmission. The results with acetyl
choline precursors ( deanol, choline and lecithine ), inhibitors of acetyl-
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cholinesterase such as physostigmine, or cholinomimetics such as areco
line, are disillusioning, but after all, not surprising (Bowen and Davison, 
1981; Bartus etal., 1984; Mohs etal., 1985; Hollander etal., 1986). 

1. The dopaminergic neurotransmission takes a more or less continuous 
course, the system is more circumscribed and in general more mod
ulating. Cholinergic neurons as an "output system", as it is termed 
by Davies (1985), have quite another pattern of activity. It can be 
characterized as more superordinating. It is impulse-dependent and 
therefore of a discontinuous structure. Thus, an attempt to repair the 
partially disturbed cholinergic transmission by stimulation of the 
receptor site with a simple overflow must fail and may also be the cause 
of the high incidence of adverse side effects and the narrow therapeutic 
window of some receptor agonists or inhibitors of acetylcholinesterase. 
Possibly in the future better cholinomimetics can be synthesized. At 
present it is discussed whether tetrahydroaminoacridine can be con
sidered as an advance in this field (Summers et al., 1986). 

2. The second and main reason for failure of any decisive break-through 
arising from the cholinergic deficiency hypothesis, however, is due to 
oversimplification. This judgement is based on the fact that changes 
also in other noncholinergic transmitter or modulator systems occur 
with age and especially with dementia (Narang et al., 1986; Zornet
zer, 1986). However, if these alterations are again viewed in isolation 
they will also be unable to help to establish any significant relation
ship to particular symptoms of dementia or to be a basic idea for 
therapeutic strategies (Kopelman and Lishman, 1986). 

With its limited possibilities for reacting by promotion or inhibition of 
impulse transportation for communication and selection of information, 
the CNS forms innumerable reaction patterns, the sum of which delin
eate a regulated balance. Therefore, the loss of several information 
carriers and of their mutual connections and decreased homeostatic 
stability have more consequences for disturbed cognitive performances 
than can be compensated for by substituting only one transmitter or 
modulator. From this it is safe to assume that, similar to neuroleptics and 
antidepressants, for the efficacy of drugs used in treating impaired brain 
functions not only one specific reaction is decisive. Instead, they must 
have a certain- in part even antagonistic- profile of action which is able 
to normalize a deviation of homeostasis. 

Along these lines, studies on muscarinic receptor density (Pilch and 
Muller, 1988) and clinical results point to the superior effects of combi
nations e.g. of arecoline + tacrine or of piracetam with choline or with 
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pentoxyphylline as compared to a mono-drug therapy (Bartus et al., 
1981; Ferris et al., 1982; Parnetti et al., 1985; Bartus et al., 1986; Flood 
and Cherkin, 1988). 

Furthermore, it is an accepted fact that "pure" anticholinergics such 
as scopolamine deteriorate cognitive performances, especially in old age 
(Drachmann and Leavitt, 1974; Ghoneim and Mewald, 1975; Drach
mann, 1977; Davies, 1985; Broks et al., 1988). However, a remarkably 
large number of reports describe first the risk of confusional and deliri
ous states occurring in old patients treated with antidepressants having 
anticholinergic properties (Bran cannier and Cole, 1981; Breyer-Pfaff and 
Gaertner, 1987; Kalinowsky and Hippius, 1969). The same applies to 
elderly patients suffering from Parkinson's disease who received anti
cholinergics like biperiden or trihexyphenidyl (DeSmet et al., 1982). 
Only occasionally, and neither regularly nor systematically, were strong 
effects on memory, orientation or concentration, emphasized (Perlick 
et al., 1986; Sadeh et al., 1982). These drugs are not "pure" anticholiner
gics but are simultaneously antihistamines or interfere additionally with 
the adrenergic or serotonergic systems. 

Such reflections, which we have entertained for several years, can 
probably widen and supplement the hitherto existing concepts and even
tually present new therapeutic approaches. 

For a long time in the various theories about aging and especially 
about dementia the question has been ignored as to what extent individ
ual basic components of the neuronal system and their interactions must 
be preserved so as to guarantee the upkeep of cognitive performances. 
There is still no convincing answer. But in the last decades it has 
increasingly been deliberated that the upkeep of nearly all centrally 
regulated functions is guaranteed in many different ways. This principle 
permits every creature to adapt constantly to its environment. By numer
ous compensatory mechanisms, as a rule, sufficient stability, plasticity, 
and capacity of structures and molecular reactions, exist to maintain 
homeostasis even under stressed and unfavorable conditions. In this way 
the continuity during ontogenesis and characteristic reactions to actual 
situations are always available. But with progressive age the ability to 
adapt diminishes. This decrease is probably the most important deficien
cy of ageing and impaired brain functions (Caper et al., 1986). With 
great interindividual variability the central information processing be
comes slower and possibly more incorrect. The norm range narrows and 
is less flexible, the compensation stability and capacity smaller. The 
response to exogenous stimuli sometimes appears in surplus, sometimes 
fails to occur at all, when under high demands or stress adaptive prop
erties are mostly insufficient so that the reaction to particular perfor
mance is overtaxed. But remarkably, cognitive infirmities can partly be 
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compensated for by practice, that means, the organism still has a utiliz
able reserve even in old age (Baltes and Willis, 1982). 

Within this concept the nootropics have at least a heuristic value. As 
a class of their own they have been the subject of discussion for nearly 
10 years. The name was introduced in 1972 by Giurgea to describe some 
special effects of piracetam in animal experiments. Later on the term was 
taken to comprise a group of substances with a similar sphere of action 
but different mode of action. 

The profile of this group consists in a normalization or stabilization 
of impaired homoeostastic functions of the central nervous system (Cop
er and Herrmann, 1988). It includes the restoration of reduced activation 
and the elimination of premature fatiguability and distractability associ
ated with an improvement of performance and emotional stability. The 
therapeutic benefit of nootropics was evaluated in 1986 by the "Commit
tee for Geriatric Diseases and Asthenias" at the Health Bureau of the 
Federal Republic of Germany. The experts did not accept a general 
efficacy for organic brain syndrome or senile dementia. But it was 
attested that at least a percentage of patients benefit from treatment with 
hydergine, piracetam and pyritinol. It must be taken into consideration, 
however, that often improvement did not occur before 6-12 weeks and 
that for hydergine higher doses than the usual 1 mg were necessary 
(Yoshikawa et al., 1983). Furthermore, it is true that the presupposition 
for an efficient medication is not yet clarified. The same is evident for 
the mode of functioning. At present great interest has centered around 
the development of more effective nootropics and there is some hope 
that such drugs will be available soon. 

In a short overview, it is impossible to report on all efforts to 
improve the therapy of Alzheimer's disease (Crook et al., 1986; Hock, 
1987). With the rapid development of new knowledge such complete
ness is not even necessary. Instead, one should remember that it has 
taken nearly 80 years to be engaged in this field so intensively. Compared 
to the history of chemotherapy, regarding the current drug treatment of 
Alzheimer's disease today, I believe, we are now in the stage of prontosil, 
the first sulfonamide of clinical applicability. But we can hope that we 
will need much less time to acquire corresponding effective drugs for 
dementia than it took to acquire the broad-range antibiotics available 
today. 
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Summary 

In animal studies, ZK 93 426 antagonised scopolamine-induced decrements 
in certain tests measuring memory or vigilance, but did not show any effect when 
given on its own. On the other hand, studies in humans indicated that ZK 93426 
selectively improves delayed recall of pictures shown after its administration. 
Additionally, evidence has been adduced for an improvement of performance in 
attentional tasks induced by ZK 93 426. 

In a memory test sensitive to scopolamine effects (word list), ZK 93426 had 
neither an effect on its own nor did it antagonise scopolamine induced decre
ments. Further studies in combination with scopolamine are required to clarify 
this apparent contradiction between the animal and the human data. 

Introduction 

Although, or perhaps because there is as yet no treatment for de
menting diseases, a major research effort is being made to develop 
therapies, especially for senile dementia of the Alzheimer type. Because 
of the evidence that one of the earliest changes in SDAT is a loss of 
cholinergic neurones, the most popular strategy is to develop and test 
pharmacological probes aimed at improving cholinergic neurotransmis
sion, either, in analogy with the use of L-DOPA as a precursor to 
stimulate the synthesis of dopamine in Parkinson's disease, by supplying 
choline or other precursors of acetylcholine synthesis, or by developing 
muscarinic agonists to stimulate directly muscarinic receptors. To date, 
neither of these approaches has proved successful, the latter possibly 
because currently available muscarinic drugs may penetrate poorly into 
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the brain, or because those that do enter the brain in an adequate way 
may only poorly activate second messenger systems. We have adopted 
a third approach, to attempt to increase cholinergic neurotransmission 
by reducing inhibitory influences on surviving cholinergic systems 
(Sarter et al., 1988). 

GABA is the major inhibitory neurotransmitter in the brain, and 
appears to regulate cholineric neurotransmission at two levels. Firstly, 
cholinergic cell bodies in the basal forebrain area of Meynert receive a 
rich innervation of G ABA neurones, and express a high density of 
GABAfbenzodiazepine receptors (Sarter and Schneider, 1988; Turner et 
al., 1990). Secondly, cholinergic nerve terminals in the cortex are sub
jected to inhibition from cortical GABA interneurones. It might there
fore be speculated that cholinergic neurotransmission could be enhanced 
by reducing the inhibitory effects of GABA at either location. Since 
inverse agonist benzodiazepine receptor offer a powerful tool for reduc
ing the effects of GABA on chloride channel activity, and because 
benzodiazepines themselves impair cognitive function by potentiating 
GABA effects, we have investigated the effects of certain inverse ago
nists from the P-carboline substance class on cognitive performance. 
Since certain substances from this class are known to possess convulsant 
properties in animals and to induce anxiety in both animals and humans, 
we have concentrated on a single substance, ZK 93426, which has been 
characterised in biochemical and pharmacological studies in animals as 
a benzodiazepine receptor antagonist with some weak partial inverse 
agonist components (Jensen et al., 1987). In early studies in volunteers, 
we found that ZK 93 426 does not induce abnormal EEG characteristics, 
nor induce an anxiety state (Duka et al., 1987, 1988). 

Material, methods and results 

Evidence from animals 

Effects of ZK 93426 on cognitive function of animals has been found in a 
number of tests (see Stephens et al., 1990) including antagonism of scopolamine 
effects on vigilance (Stephens and Sarter, 1988), passive avoidance performance 
(Jensen et al., 1987), and spontaneous alternation (Sarter et al., 1988), and 
amelioration of spatial learning deficits induced by lesions of the basal forebrain 
(Sarter and Steckler, 1989; Hodges et al., 1989). Only three examples will be 
given here as illustration of these effects. 

NMRI mice introduced for the first time into a Y-maze explore the maze 
systematically, tending to enter each of the three arms in turn. This pattern of 
exploration is known as spontaneous alteration, and has been hypothesised to 
depend upon an intact spatial working memory (Sarter et al., 1988). Spontaneous 
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Fig. 1. The effects of the antagonist P-carboline ZK 93 426 (2.5 mgfkg i.p.) in interaction 
with vehicle (cremophor EL) or scopolamine in different doses on spontaneous alteration 

performance (a) and total arm entries (b);* p<O.OS (Dunnet test) 

alteration peformance is disrupted by the muscarinic antagonist scopolamine at 
low doses, but at higher doses the animals adopt a forced stereotyped pattern of 
behaviour resulting in an apparent systematic visiting of the three arms (Anis
man, 1975, and Fig. 1 ). ZK 93 426 at a dose of 2.5 mgfkg antagonised the effect 
of scopolamine on alternation behaviour while increasing the effects of scopo
lamine on activity (Fig. 1). 

When mice are exposed in a two compartment box to foot shock on entering 
one compartment (the "punished compartment"), on retesting up to several 
weeks later they avoid entering this compartment. With this paradigm we have 
tested the effects of ZK 93 426 in mice made amnesic either by treatment with 
scopolamine (3 mgfkg) or by corneal electroshock (7.5 rnA for 2 sec) given 
following the acquisition. As can be seen in Fig. 2, ZK 93426 in the doses of 10, 
30 and 100 mgfkg antagonised the amnesic effects of scopolamine but not of the 
corneal electroshock. 

In order to test possible vigilance enhancing properties of ZK 93 426 we used 
a method available for measuring vigilance in animals according to signal detec
tion analysis. In this paradigm the animal "reports" whether a signal has been 
detected by pressing a bar. Operation of the bar during the signal (correct 
responses, 'hits') leads to food reward. Operation of the bar in the absence of 
signal (false alarm; 'misses') does not deliver food and delays signal onset by a 
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Fig. 2. The effects of different doses of ZK 93426 injected i.p. on scopolamine-(3 mgjkg 
i.p.) or corneal electroshock-induced amnesia (decrease in step through latency on retesting 
day); 30 and 100 mgjkg i.p. of ZK 93426 were found to antagonise the effect of scopo-

lamine (p < 0.05, Dunnet test) 

variable time. From this data, estimates can be made both of the signal detectabil
ity and of the tendency of a particular animal to operate the lever at a low or high 
detection criterion. The response probabilities are used to estimate parameters 
of sensitivity to the signal (vigilance) and of the tendency to respond, according 
to the formulae of Grier (1971 ). 

In the experiment demonswited here signal detection performance was im
paired through treatment with scopolamine (0.6 mgfkg). Figure 3 shows that 
ZK 93426 in the dose of 10 mgfkg partially antagonised the ability of scopol
amine to impair indices of signal detectability (A') calculated on the basis of a 
formula of Grier (1971 ). 

Evidence from humans 

The effects of ZK 93 426 on memory have been tested in a study with healthy 
males applying tests which have been used to demonstrate effects of benzodi
azepine agonists and antagonists (Ott et al., 1988; Dorow et al., 1988). Another 
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Fig- 3. The effect of ZK 93426 on scopolamine-induced decrease in signal sensitivity. 
Symbols:* p<O.OS versus saline, +p<O.OS versus scopolamine (Student' t-test) 

objective of this study was to investigate whether ZK 93 426 antagonised the 
effects of scopolamine on memory. Lists of 6 words were presented according 
to Buschke restrictive reminding technique (Buschke and Altman Fuld, 197 4) 
and acquisition and learning was evaluated. Visual memory was tested by pro
jecting pairs of simple pictures onto a screen for 5 sec; acquisition was ensured 
by immediate recall and rehearsal prevented by requiring the subjects to perform 
simple arithmetic tasks. 2 hours later recall and recognition was tested. Four 
pairs of pictures and a 6-word list, representing one session, were presented 
every 15 min for 1 h (five sessions). Scopolamine or saline was administered 
before any presentation; 60 minutes later the first 6-word list and 4 pairs of 
pictures were shown; after the second set of presentation (second session) either 
ZK 93 426 (0.04 mgfkg) or the same volume of vehicle (Intralipid®) was admin
istered and 3 more sets were presented to the subjects. 

As is shown in Table 1, scopolamine delayed acquisition; ZK 93426 neither 
had an effect on its own nor antagonised the scopolamine effect. In the test of 
delayed recall which took place 2 hours later, ZK 93426, as is shown in Fig- 4, 
improved performance for the pictures shown after drug application but im
paired performance for the pictures shown before. Both these effects are oppo
site to the effects on benzodiazepines on similar memory tests. Scopolamine 
showed no clear effect on this test. 
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Fig. 4. The effects of ZK 93426 (0.04 mgfkg i.v.) or vehicle (lntralipid ®)combined with 
saline sc injection on memory performance during which delayed recall of pictures pre
sented before or after ZK 93426 or vehicle injection is tested. 100% performance before 
ZK 93426 or vehicle administration represents recall of 16 pictures whereas after ZK 93426 

or vehicle injection 24 pictures. * p < 0.07 compared to placebo 

Table 1. Acquisition score (mean ± SD). The effects of scopolamine or saline 
alone and in combination with either ZK 93 426 or Placebo (lntralipid ®) on 
acquisition score during word-list learning according to Buschke restrictive 
reminding technique. Acquisition score: Times of word-reading during restric
tive reminding. Sessions 1 and 2 take place after either scopolamine or saline 
injection, sessions 3, 4 and 5 follow the injection of either ZK 93426 or placebo 

Treatments 

Saline+ Placebo 
Saline+ ZK 93 426 
Scopolamine+ Saline 
Scopolamine+ ZK 93 426 

Sessions 

2±1 
2 ±1 
3±2 
3±2 

2 

3±2 
2±1 
5± 5 
4±2 

3 4 5 

3±2 1 ± 1 4±2 
2±1 3±2 3 ±1 
5 ± 4 5±4 7±7 
5±3 4 ±2 6±4 

In another study the effects of ZK 93 426 were tested employing continuous 
attention tasks. Data will be presented here from an auditory vigilance task 
(Wilkinson, 1968; Tip lady, 1985) and a visual vigilance task (Tiplady, 1985). 
Subjects were trained the day before the study to reach equal basal response in 
the attentional tasks. On the day of the study subjects received 0.04 mg/kg 
ZK 93 426 or placebo intravenously and 10 min later performed on the auditory 
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Fig. 5. The effects of ZK 93426 (0.04 mgfkg i.v.) or vehicle (lntralipid ®) on the time 
required to a correct response in a visual vigilance task. Performance was found to be 

significantly different between the two treatments (p<0.07 MANOVA) 

Table 2. The effects of ZK 93426 (0.04 mg/kg i.v.) or vehicle (Intralipid ®)on 
the errors of commission [median, (min -max)] during performance in a contin

uous attention task, the auditory vigilance task 

Treatment Time (min) performing 

0- 10 min 10-20 min 20-30 min 30-40 min Total 

ZK 93426 0 (0- 3) 1 (0-3) 0 (0- 1) 0 (0-1) (0- 5) * 
(0.04 mgfkgfi.v.) 

Placebo 0 (0- 2) 0 (0- 3) 0 (0- 3) 0.5 (0-3) 2.5 (1 -5) 

* p < O.OS compared to placebo (Mann-Whitney U-test) 

vigilance task for 40 min; following this task subjects were tested on the visual 
vigilance task which lasted 10 min. During the auditory vigilance task, subjects 
had to detect a signal (400 ms tone) out of a background (tones of 500 ms). 
Number of correct responses and errors of comission were evaluated. Subjects 
were trained the day before until in a 20 min text they made at least 25 correct 
responses with no more than 1 error of comission. 

As can be seen from Table 2 subjects who received ZK 93 426 performed 
with fewer errors of comission. No effects were found concerning number of 
correct responses. 

In the visual vigilance task subjects had to detect a signal (gradual appearance 
of a shape) out of a background noise (the 'snow' on a TV monitor). The time 
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for a correct response and errors of comission were evaluated. Subjects were 
trained the day before to a criterion with the time for a correct response more 
than 16 sec and less than 22 sec. 

As can be seen from Fig. 5 subjects under ZK 93426 were faster in their 
correct responses. No effects were found in errors of comission. 

Discussion 

In the present brief review evidence has been given from studies in 
animals and humans that ZK 93 426 improves cognitive function in 
several tests. 

In the animal studies, effects of ZK 93 426 were only seen when 
behaviour was disrupted by administration of scopolamine; no effects 
were seen with intact animals. Accordingly in recent studies in which 
spatial memory performance was tested, ZK 93 426 was also effective in 
improving performance in animals subjected to basal forebrain lesions 
but not in the sham operated animals (Sarter and Steckler, 1989). 

The data from the human studies were consistent with ZK 93 426 
exerting effects on memory and vigilance opposite to those of benzodi
azepines. In the study investigating memory performance in which sco
polamine was given, ZK 93 426 did not antagonise the scopolamine 
induced disruption of performance (Duka et al., in preparation). Lack of 
such an effect of ZK 93 426 could be for several reasons: firstly, the dose 
chosen either of scopolamine or of ZK 93 426 may not have been the 
right one; for instance in the data from animals presented here (Fig. 1) 
the dose response curve of scopolamine-induced disruptive behaviour 
was ofU-shape, scopolamine not being active in higher doses. In another 
study in which different doses of ZK 93 426 were used to antagonise the 
disruptive effects of scopolamine (1 mgjkg ip) (Sarter et al., 1988), the 
dose response curve of ZK 93 426 was biphasic, ZK 93 426 not being 
effective in higher doses; secondly, it could be that the cognitive tests 
used were not the appropriate ones to detect such an interaction. For 
instance, scopolamine-disruptive effects were seen in a words list proce
dure, during which challenges of memory are more related to perceiving 
and processing the information rather than encoding and storing it. In 
accordance the effects of ZK 93 426 on its own were found in those 
memory tests (delayed recall) in which encoding and storage were the 
memory functions challenged. 

Unfortunately ZK 93426 itself cannot be developed as a cognitive 
enhancer to be used in the clinic, due to its poor bioavailability in people. 
Nevertheless it promises to be the forerunner of class of substances 
which could be beneficial for the treatment of memory and other cogni
tive disorders. 
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Summary 

A group of 26 patients with the clinical diagnosis of Senile Dementia of 
Alzheimer's type (SDAT) was randomly assigned in a double blind cross-over 
trial of pyritinol versus placebo. Psychiatric and neurological examination, psy
chometric testing and regional cerebral blood flow measurements were used to 
assess the effects of medication. Pyritinol had a beneficial effect on cognitive 
performance which was sustained during the long term follow up of one year. 

Introduction 

The prevalence of Alzheimer's disease is steadily raising with aging 
of the population and our understanding of the disease is improving, but 
still the search for treatment has not yielded very promising results. 
Since there is no specific treatment for SDAT even symptomatic therapy 
presents a challenge. The aim of this trial was to test the effects of 
pyritinol in patients with senile dementia of Alzheimer's type (SDAT). 

Pyritinol is a pyridoxine derivative with a different pharmacological 
profile. Pre-clinical research by Hoyer et al. (1977), Martin et al. (1987), 
Pavlik et al. (1987), Greiner et al. (1988), and clinical research by 
Hamouz (1977), Cooper et al. (1980), Hermann et al. (1986), and Oswald 
et al. (1986) suggest the possible beneficial effect of pyritinol on cogni
tive performance in SDAT patients. 
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Patients and methods 

The effect of pyritinol was evaluated against placebo in a randomized double
blind cross-over trial with a treatment period of 10 weeks. Pyritinol was admin
istered in a dose of 200 mg three times daily. Placebo was administered in the 
same way and it contained 10 mg of pyritinol which was known to have no 
pharmacological effects in this low dosage. This was considered necessary be
cause of the unusual taste of the drug. During a two week period before the trial 
all patients received one coated tablet of placebo 3 times daily (washout period). 
In the following 10 weeks patients received either the active drug at a daily dose 
of 600 mg, or a daily dose of placebo. During the second 10 weeks period the 
drug and placebo administration was reversed without a washout period as no 
carryover effects were expected. Active drug and placebo were identical in taste 
and appearance, and they were administered at mealtimes under the supervision 
of a nurse to maintain compliance. 

After the 20 weeks of the cross-over trial the study was continued and 
patients were left on the second drug of the first part of the study because we 
wanted to see whether the effects found in the acute trial would last in the follow 
up. The investigators did not know the individual results of the first part of the 
trial and were blind to the drug that the patients were using. The follow up was 
planned to last one year after the first part of the trial. The average duration of 
the whole investigation was 75 weeks. 

Patients 

A total of 31 patients were included at the beginning of the trial. Informed 
consent was obtained from all. Five patients were excluded from the trial (1 died 
of myocardial infarction, and 4 refused to take part in the CBF measurements). 
Of the 26 patients who finished the trial 6 were men and 20 women, mean age 
was 76.2 years (SD = 8.0). They were all residents of an Old Peoples' Nursing 
Home in Zagreb, Yugoslavia, where all examinations (except rCBF and CT) were 
performed by the same neurologist and psychologist. 

Patients were first screened for dementia using DSM III criteria and then 
differentiated in those who have the Alzheimer's or MID type of disease. In 
order to exclude patients suffering from dementing disorders other than AD a 
detailed history, ECG, extensive laboratory tests and aCT were performed. All 
patients in whom some other cause of dementia was suspected and all who were 
continuously on medication that to our knowledge might have caused their 
symptoms were not included in the study. Beyond that, only patients with mild 
to moderate dementia with a total score between 9 and 24 on the Short Cognitive 
Performance Test - SKT (Erzigkeit, 1986) and a total score between 9 and 24 
in the factor "Cognitive Disturbances" of the Sandoz Clinical Assessment Geri
atric-SCAG (Venn, 1983) were included. 
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Methods 

All patients were examined on 4 occasions: after 2 week wash-out phase, at 
the end of each of the two consecutive 10 week treatment periods and at the end 
of the follow up. At each session, psychiatric and neurological examination, and 
psychometric testing were performed. RCBF measurements at rest and after the 
mental activation were made at the first three examinations. 

SCAG and Alzheimer's Diseases Assessment Scale - ADAS (Rosen et al., 
1984) were used for psychiatric evaluation. Neurological examination was con
ducted with special attention to soft neurological signs such as graphesthesia, 
stereognosia, two point discrimination, coordination, finger and foot tapping 
and its synchronization, stance and gait. Each sign was scored and the overall 
neurological score was the sum of all the scores. 

Psychometric testing was performed with three instruments. SKT, a Self 
Assessment Scale - SASS and an experimental psychological test - Contextual 
Effects upon Text Memory - CETM (Spilich et al., 1983). 

The SKT consists of 9 subtests and is designed to assess cognitive deficits in 
demented patients, particularly disturbances of memory and concentration. 

The SASS consists of 9 items related to general condition, concentration, 
mood, short term memory, motivation, speed of performing everyday tasks, 
irritability and sociability. For each item a 10 point scale was presented to the 
patients and a total score was analysed. The testing was done twice, after each 
10 weeks period, and our patients who were mildly to moderately demented 
understood the task very well. 

The CETM was developed by Spilich and Voss (1983) and it is based on 
recent research in the area of memory and dementia (Cohen, 1979; Cohen et al., 
1981; Spilich, 1983, 1985). It was developed to identify major changes in the way 
in which the brain processes information. It is thought that the disturbances of 
the "carry-forward" capacity of short term memory change the way in which the 
individual builds contextual relations among events. Each unit of the CETM is 
composed of a 3 sentence context followed by a to-be-recalled target sentence, 
which is clearly marked. The semantic relationship between target and the 
context varies in three stages from clear and strong through weak but coherent 
to no context at all. Subjects read both context and target materials aloud. The 
retrieval part of the test involves only the target sentences and patients are made 
aware of this through instruction and practice trials. The retrieval is recorded as 
free recall as well as recognition of sentences among distractors. Additional 
information about the construction ofCETM, and counter balancing procedures 
between contexts and targets is available in Spilich et al. (1983). 

The regional cerebral blood flow measurements (rCBF) were performed 
always at the same time of day with a standard equipment (Novo Diagnostic 
Systems) using 32 bilateral detectors and the inhalation method (Obrist et al., 
1975; Risberg, 1980, 1985). The first measurement was made during rest with 
eyes closed. Fifteen minutes later the activation measurement was performed as 
described by Mubrin et al. (1985 a, b). A slightly modified version of the Word 
Pair Learning and Recall (WPLR) subtest of the Wechsler Memory Scale (Wech
sler, 1945) was used. Twelve word pairs, half highly related and half unrelated, 
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were presented 3 times by tape recorder during the second rCBF measurement. 
After each presentation, the word pairs were recalled aloud by the patient, while 
rCBF was measured. The initial slope index (lSI), originally defined by Risberg 
et al. (1975) was used in the analysis of rCBF data. 

Results 

Detailed description of the results of the first part of the trial was 
published by Knezevic et al. (1989). 

Results from neurological examination (NEUR), SCAG, ADAS, 
SKT and SASS are shown in the Table 1. They all show a tendency to 
improvement on pyritinol, except the neurological examination which is 
virtually unchanged. After the follow up all the results are in the same 
range and none show significant differences between treatments. 

CETM results, for both free recall and recognition as well as the 
summary of statistical analysis are shown in Table 2. It is quite clear that 

Table 1. Results of the neurological examination and descriptive psychiatric 
and psychometric measures 

NEUR SCAG ADAS SKT SASS 

Pretreatment mean 41.39 12.46 23.58 12.42 
sd 9.00 2.39 7.31 3.80 

Placebo mean 41.19 10.85 19.59 9.19 48.56 
sd 11.98 2.65 8.72 4.61 18.38 

Pyritinol mean 39.50 10.92 18.34 8.23 53.90 
sd 9.85 2.67 6.50 3.94 14.81 

Table 2. Descriptive results of CETM 

CETM Recall Recognition 

Pretreatment mean 3.60 6.52 
sd 2.65 3.87 

Placebo mean 4.24 7.40 
sd 2.80 3.04 

Pyritinol mean 5.36 8.80 
sd 3.29 3.66 

Statistics (ANOVA) 
Pretreatment/placebo p<0.05 p<0.04 
Pretreatmentjpyritinol p<0.002 p<0.002 
Placebojpyritinol p<0.002 p<0.001 
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after treatment with pyritinol patients recalled and recognized signifi
cantly more information than they did following placebo or at the 
pretreatment examination. The improvement following pyritinol and 
placebo expressed as per cent of pretreatment scores is illustrated in 
Fig. 1. 

The improvement in recall memory performance for placebo was 
17.8%, and for pyritinol 48.8% . The active drug gave 2.7 times the 
improvement that followed placebo. The corresponding improvement 
of recognition memory was 13.5% and 35% respectively, thus the active 
drug was about 2.5 times better than placebo. 

Figure 2 shows the results of patients on follow up. It is evident that 
patients who were taking pyritinol in the second phase of the trial did 
better, and that the improvement was prolonged in the follow up in 
which the patients even continued to improve slightly. Patients who 
continued to take placebo deteriorated quite markedly while on placebo, 
although in the second phase of the trial they showed some increase in 
performance. 

Investigation of the regional cerebral blood flow measurements was 
done before the trial, and after both 10 weeks periods. They were 
reported in details in Knezevic et al. (1989). The results are summarized 
in Fig. 3. 

Control subjects (elderly non demented) show a significant increase 
in rCBF after the activation in 13 regions of the brain bilaterally mainly 
in the central and temporal parts of the brain.· Demented patients before 
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the treatment show a very increased area of significant activation after 
the same memory activation procedure. They increase the flow in 28 (out 
of 32) regions of the brain, so that practically all measured regions of 
both hemispheres have a very significant increase in rCBF. Placebo 
treatment results in a decrease of the number of regions in which the 
rCBF is increased and pyritinol treatment results in a further shrinkage 
of the activation area so that on placebo 23 regions are activated and on 
pyritinol only 17. It is clear that pyritinolleads to "normalization" of the 
pattern of increase in cerebral blood flow following the treatment with 
pyritinol and the result becomes similar to that found in elderly control 
subjects. WPLR result was monitored during the same time and Fig. 3 
shows that as the rCBF pattern was "normalized" the performance of 
patients on WPLR increased, approaching that of the controls. Statistical 
analysis showed all differences in Fig. 3 to be significant at a level of at 
least p < 0.05. 

Discussion 

The aim of this study was to evaluate the therapeutic effects of 
pyritinol in patients with SDAT. The results were first assessed with the 
battery of usual tests: SCAG, SKT, ADAS, neurological examination 
(Table 1 ). Although they show a beneficial effect of pyritinol we did not 
find these tests sensitive enough for measuring the effects of symptomat
ic treatment. SASS is rarely used in demented patients but we were glad 
to find that our patients understood the procedure very well and they 
favourably rated their treatment with pyritinol. 

We believe that better tests should be developed for clinical trials in 
demented patients and our experience in other groups of patients with 
disturbances of memory showed that CETM might be a more sensitive 
test. CETM was primarily designed and used to assess changes in work
ing memory operations. Such changes are widely considered to be one 
of the characteristics of dementing disorders. Our results (Table 2, 
Fig. 1) clearly indicate that the test is practical and sensitive enough as 
it shows very consistently the difference between placebo and pyritinol 
treatment. The effect of pyritinol treatment is about 2.5 times larger than 
the effect of placebo therapy, and we believe that we can safely conclude 
that pyritinol exerts a beneficial effect upon cognitive operations in 
demented individuals. 

We were interested to know whether this effect is sustained during a 
prolonged use of pyritinol and we examined our patients after one year 
of follow up (Fig. 2). We have demonstrated that patients on pyritinol 
reach a certain level of cognitive improvement which is sustained for the 
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whole year, while patients on placebo after reaching a similar level on 
pyritinol and placebo start to deteriorate in memory operations. 

RCBF and WPLR results show that the improvement, shown also in 
WPLR results, is accompanied by a measurable change in CBF after the 
memory activation. Both measures clearly tend to "normalize" after 
treatment with pyritinol (Fig. 3). The relation of performance to blood 
flow changes has been discussed recently by Maximilian and Brawanski 
(1988). We regret that we were not able to repeat the CBF studies after 
the follow up period, but our patients found the CBF measurements 
cumbersome (transportation to the hospital, 90 minutes of lying still on 
a bed, etc) and even in the first part of the study 4 patients refused to 
take part in it. 

Our conclusion from this study is that pyritinol clearly improves the 
cognitive performance in patients with SDAT. The improvement is 
especially striking on CETM which we believe to be a much more 
sensitive test than the conventional ones. The beneficial effect is also 
clinically relevant as seen in SASS, and it might have a neurophysiolog
ical basis in some metabolic improvements as suggested by rCBF and 
WPLR measurements. The analysis of individual results which is not 
presented here shows that a number of patients do particularly well on 
pyritinol so that in the next phase of this study we believe that a search 
for pyritinol "responders" should be undertaken. 
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