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ABSTRACT

THE NEUROPATHOLOGY OF COGNITIVE IMPAIRMENT IN 

PARKINSON’S DISEASE

Dementia in Parkinson's disease (PD) is estimated to occur in 10-20% of patients but is 

neither clinically nor pathologically homogeneous. The typical brain stem pathology of PD 

is considered insufficient to cause dementia. Additional cortical and sub-cortical 

pathological features have been implicated, including numerous cortical Lewy bodies, 

ubiquitin immuno-reactive neurites in the hippocampal CA2-3 region, neuronal loss 

nucleus basalis of Meynert (nbM), Alzheimer-type pathology, neurofibrillary tangles 

(NFTs) in the pre-a neurons of the entorhinal cortex and widespread amyloid deposits. 

The association of dementia with numerous cortical Lewy bodies has led to the 

classification, by some authors, of distinct clinico-pathological entities including diffuse 

Lewy body disease, senile dementia of the Lewy body type and the Lewy body variant of 

Alzheimer's disease. The aim of this study was to clarify the histological counterpart's and 

classification of dementia in PD as encountered at the UK Parkinson's Disease Society 

Brain Bank.

Formalin-fixed brains from 40 patients with good clinical documentation and known 

cognitive status ranging from normal to severe dementia, were examined. Cortical Lewy 

body density was assessed in ubiquitin immuno-stained sections of cingulate gyrus and 

frontal, entorhinal and temporal cortex. Temporal sections were also used to assess the 

density of ubiquitin immuno-reactive neurites in the hippocampal CA2-3 region. NbM



neurons were counted in Luxol fast blue-cresyl violet preparations. Modified 

Bielschowsky silver stained sections of frontal and temporal cortex were used to examine 

for diffuse and neuritic senile plaques and NFTs in the neocortex and entorhinal pre-a 

neurons.

Cortical Lewy bodies were found in all the cortical regions examined in all PD brains, 

but were absent in controls. Cortical Lewy body density significantly increased with 

dementia severity, although only half (12/23) of the demented PD cases showed such an 

increase, while in the remainder (11/23) Lewy body density was within the same range as 

found in the non-demented PD group. None of the demented PD cases had sufficient 

clinical or pathological features to diagnose diffuse Lewy body disease, senile dementia of 

the Lewy body type or Lewy body variant of Alzheimer's disease as distinct clinico- 

pathological entities. Ubiquitin immuno-reactive neurites in the hippocampal CA2-3 

region and neuronal loss in the nbM occurred in the majority of PD cases regardless of 

cognitive state. Diffuse and neuritic senile plaques with absent or few cortical NFTs and 

tangle involvement in the pre-a neurons were found in many PD cases, as well as controls. 

Frequent cortical NFTs were found in one demented PD case and this individual had the 

clinical and pathological characteristics of both PD and AD. Diffuse plaques and Pre-a 

neuron NFTs correlated with age at death in the controls, but not in PD. The density of 

diffuse and neuritic plaques correlated with cortical Lewy body density in the PD cases. 

Therefore, of the 23 demented PD cases cognitive impairment may be attributed to cortical 

Lewy body and senile plaque involvement in 12 cases, coexistent PD and AD in one case 

and the remaining 10 cases had no additional pathology which could distinguish them from 

the non-demented PD group.
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CHAPTER 1

INTRODUCTION

I I: PARKINSON'S DISEASE: A CLINICAL DESCRIPTION

Idiopathic Parkinson's disease (PD) was first recognised as a distinct clinical syndrome by 

James Parkinson (1817) who described six cases in his monograph "An Essay on the Shaking 

Palsy". He summarised the characteristics of the disease as "Involuntary tremulous motion, 

with lessened muscular power, in parts not in action and even when supported; with a 

propensity to bend the trunk forward, to pass from a walking to a running pace: the senses 

and intellects being uninjured".

Diagnosis of PD requires the presence of at least two of the following symptoms; resting 

tremor, bradykinesia, rigidity and postural instability (Ward and Gibb 1990). A number of 

other neurological diseases, including multiple system atrophy (MSA), post encephalitic 

parkinsonism (PEP), progressive supranuclear palsy (PSP) and vascular insufficiency, may 

present primarily with parkinsonism (Hughes et al 1992) showing that a clinical diagnosis of 

PD is not as straightforward as it may first appear. To assess the accuracy of clinical 

diagnosis the UK Parkinson's Disease Society Brain Bank (UKPDSBB) clinico-pathologically 

examined one hundred consecutive cases of PD, as diagnosed clinically by a group of 

consultant neurologists (Hughes et al 1992). Seventy six of the cases had the characteristic 

neuropathology of PD, therefore, confirming the clinical diagnosis. The remaining 24 cases
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had alternative pathology diagnostic for a number of other diseases including PSP, MSA, 

Alzheimer's Disease (AD), Alzheimer-type pathology and basal ganglia vascular disease. 

Reassessment of the clinical details using the UKPDSBB clinical criteria, proposed by Gibb 

and Lees (1988) (Appendix 1), reduced the mis-diagnosis rate to 18%. These observations 

show that even when strict clinical criteria are adhered to there will still be a significant 

proportion of false positives. Therefore, until there is either a specific biological marker or 

neuro-imaging technique, to clinically distinguish PD from other parkinsonian type disorders, 

a definite diagnosis of PD requires pathological confirmation.

1.2: NEUROPATHOLOGY OF PARKINSON’S DISEASE

Parkinson's disease is a neurodegenerative disorder predominantly affecting the pigmented 

neurons of the brain stem (Jellinger 1986). The neuropathological features of the disorder 

include severe loss of neuromelanin containing neurons and slight to moderate gliosis in the 

substantia nigra, locus ceruleus and dorsal vagal nucleus (Jellinger 1986). Nigral degeneration 

causes striatal dopamine deficiency which in turn causes the characteristic deficits of PD 

(Hornykiewicz 1984). There is also neuronal loss and gliosis in the nucleus basalis of Meynert 

(nbM) and other sub-cortical nuclei. These neuropathological changes are accompanied by 

the occurrence of Lewy body (LB) inclusions in some of the remaining neurons (Jellinger 

1986). Although not pathognomonic, LBs are essential for the diagnosis of PD (Gibb and 

Lees 1988, 1989). In addition to the brain stem, LBs are also found in the cerebral cortex, 

thalamus, hypothalamus, spinal cord, sympathetic ganglia and neurons of the gastro-intestinal 

tract (Jellinger 1986, Lowe 1994).
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Brain stem LBs are spherical hyaline intracytoplasmic inclusions which are usually round 

or oval in shape, varying in size from 5-25pm in diameter (Greenfield and Bosanquet 1953). 

They can be identified in sections of 10% formalin fixed, paraffin embedded tissue stained 

with Haematoxylin and Eosin (H&E) (Figure la) or modified Bielschowsky silver 

impregnation. Brain stem LBs have a concentric, sometimes laminated, appearance with a 

pale outer zone or halo surrounding a darker stained centre. Many of the larger inclusions 

have a sharply defined acidophilic core (Greenfield and Bosanquet 1953). Brain stem LBs are 

immuno-reactive with ubiquitin, tubulin and some neurofilament anti-sera (Kahn et al 1987). 

When present, the acidophilc core does not immuno-stain but is surrounded by an immuno- 

reactive halo (Figure lb).

Cortical LBs are round, oval or irregular in shape and tend to be smaller (5-15pm in 

diameter) and more homogeneous than their brain stem counterparts and do not posses a 

sharply defined core or laminae (Gibb et al 1987). Cortical LBs are also identified with H&E 

(Figure 2a) and Bielschowsky silver preparations, but are often inconspicuous and difficult to 

identify (Gibb et al 1987, Lennox et al 1989a). They are immuno-reactive with ubiquitin 

anti-sera (Lennox et al 1989a) which has made their identification quicker and easier (Figure 

2b). Ubiquitin is a cell stress protein which has been identified as a component of other 

filamentous cellular deposits, including neurofibrillary tangles (NFTs), in a variety of 

neurodegenerative diseases (Lowe and Mayer 1990). Therefore, ubiquitin immuno-reactive 

(ubiquitin-IR) cortical NFTs may be mistaken for LBs. However, NFTs can usually be 

identified by their fibrous spindle-like structure and their immuno-reactivity to tau protein 

(Love et al 1988), which is a prominent component of NFTs. Cortical LBs, in contrast, do
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not bind with tau anti-sera (Kuzuhara et al 1988, Galloway et ai 1988, Kuzuhara and 

Yoshimura 1993, Lowe 1994) making this antibody a useful marker for distinguishing NFTs 

from LBs.

?

MM■m.
Figure 1 : a) H&E stained brain stem LB in a pigmented neuron Arrow shows characteristic 

halo surrounding the acidophilic core, b) ubiquitin immuno-stained brain stem LB with 

immuno-reactive halo and unstained core. Bars=10pm

Figure 2; a) H&E stained cortical LB lacking a laminar structure b) ubiquitin immuno-stained 

cortical LB. Bars=10|nm
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LBs are incidentally observed in the general (neurologically normal) population (Forno 

1969, Gibb and Lees 1988). Gibb and Lees (1988) found the prevalence of incidental LBs 

increased with age from 3.8% in those aged 65 and under, and up to 12.8% in those aged 

above 80 years. They suggested that these cases may represent mild, early or pre- 

symptomatic PD and that LBs may not simply be non-specific markers for ageing. Such a 

view is supported by the observation that a loss of 80% striatal dopamine and therefore a 

significant decline in nigral neurons, is necessary, before the manifestation of parkinsonian 

symptoms (Bernheimer et al 1973, Hornykiewicz 1984).

An additional inclusion body frequently observed in PD is the pale body, these are round or 

irregular in shape and vary in size from 5-30|Lim in diameter (Gibb et al 1987, Gibb and Lees

1988). They have a fine granular appearance and do not react with any conventional 

histological stains, including H&E or Bielschowsky silver impregnation (Gibb and Lees 1988). 

These inclusions mirror the distribution of brain stem LBs. However, pale bodies are not 

specific to PD, as similar inclusions occur in Pick's disease, corticobasal degeneration, AD and 

PSP.

1.3: DEMENTIA IN PARKINSON’S DISEASE

Dementia is a clinical syndrome and the essential features are progressive and irreversible 

loss of cognitive function including memory impairment, loss of social skills and the capacity 

to solve day to day problems, impairment in learned perceptual motor skills and the abnormal 

control of emotional reactions, all without affecting consciousness (Tomlinson 1992). This
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impairment of higher cortical function is commonly associated with severe destruction or 

disorganisation of the cerebral cortex and its connections (Tomlinson 1992).

James Parkinson (1817) stated that the senses and intellect were uninjured in PD, but 

neuropsychiatrie manifestations including dementia have subsequently been observed (Pollock 

and Hornabrook 1966, Loranger et al 1972). Dementia is now widely accepted as a frequent 

complication of the late stages of PD (Gibb 1989). The major uncertainties regarding 

dementia in PD are 1 ) whether or not the cause is PD itself, or 2) whether dementia is caused 

by other coincidental diseases such as AD.

1.3.1: DIAGNOSIS OF DEMENTIA

A diagnosis of dementia requires demonstrable evidence of memory impairment along with 

other cognitive deficits severe enough to interfere with social or occupational function. 

Before a definite diagnosis of dementia can be made, treatable and reversible causes of 

cognitive dysfunction must be eliminated; these include vitamin deficiencies, infective or 

metabolic disorders, communicating hydrocephalus, subdural haematomas and tumours 

(Brown and Marsden 1984). The most frequently used clinical criteria for the diagnosis of 

dementia, are those of DSM-III: Diagnostic criteria for dementia (American Psychiatric 

Association 1980), (See Appendix 2a), which assesses cognitive decline in relation to 

occupational and social incompetence. To determine if DSM-III criteria apply many clinicians 

use the mini-mental state examination (MMSE) of Folstein (1975), (see Appendix 2b), as a 

preliminary and rapid "bedside" examination (Dick et al 1984) which evaluates a range of
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cognitive functions including orientation, concentration, remote and short term memory, 

abstract and conceptual ability, arithmetic skills, visuo-spatial ability and language skills. 

Anthony et al (1982) found the MMSE 87% sensitive and 82% specific for detecting 

dementia among hospital patients in a general ward. However, it mis-diagnosed 44.1% of the 

patients with 39.4% being false positives (Anthony et al 1982). Thus, the MMSE does not 

permit a definitive diagnosis of dementia. Many researchers doing retrospective studies often 

use the MMSE scores and hospital /GP notes (Gasper and Gray 1984, Mayeux et al 1988, 

Hughes et al 1993) to determine if the patient was demented according to DSM-III criteria 

for dementia.

Diagnosis of dementia in PD is beset with additional problems. The progressive 

incapacitating motor impairment of PD can cause social and occupational decline which may 

be mis-diagnosed as dementia (Brown and Marsden 1984, Gibb 1989, Quinn 1993). Signs of 

dementia such as apraxia and constructional difficulties may be difficult or nearly impossible to 

assess in the presence of profound parkinsonism (Quinn 1993). Personality changes which 

may be caused by PD and age related memory impairment may mimic aspects of dementia 

(Quinn 1993). Depression, a common feature in PD, may also masquerade as dementia 

(Brown and Marsden 1984). Many anti-parkinsonian drugs can cause confusion and 

hallucinations, thereby mimicking dementia (Quinn 1993), although drug induced conftisional 

states are commonest in PD patients who are already demented (De Smet et al 1982, Quinn 

1993). For example. De Smet et al (1982) reported that anticholinergic therapy increased 

conftisional states from 46% in non-treated to 93% in treated demented PD cases, whereas in 

non-demented cases only 8% developed conftisional states due to anticholinergic therapy.
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1.3.2: PREVALENCE OF DEMENTIA IN PARKINSON’S DISEASE

Dementia in the non parkinsonian population can occur at any age, although its prevalence 

increases with advancing age; the most commonly quoted estimates range from 5% in those 

aged over 65 years and up to 20% in those aged over 80 years (Tomlinson 1992).

Over the past thirty years there have been many reports regarding the prevalence of 

dementia in PD, which has been estimated to be between 30-40% (Lieberman et al 1979, 

Mayeux et al 1988, Gibb 1989). Brown and Marsden (1984) considered these estimates too 

high and after critical analysis of a number of reports in which they excluded all cases with an 

uncertain diagnosis of dementia and/or PD, deemed a figure of 15-20% to be more realistic. 

Brown and Marsden (1984) concluded that dementia in PD had been frequently over 

estimated as a result of using simple methods and inadequate criteria for assessment and 

diagnosis. Thus, valid and reliable methods using strict criteria for diagnosis of both PD and 

dementia are required. Lees (1985), using the more rigorous DSM-III criteria, found only 

15% of a population of PD patients to be demented. Gibb (1989) examined various 

prevalence studies and suggested the lifetime risk of moderate to severe DSM-III dementia in 

patients with PD, over 65 years, is probably 10-20% which is just over twice that of the 

general population.

1.3.3: AGE AND DEMENTIA IN PARKINSON’S DISEASE

The prevalence of dementia in PD varies with the age of the patients examined. Mayeux et
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al (1988, 1992) and Biggins et al (1992) found dementia to be more prevalent in older 

patients with a later age of disease onset. Thus, cases with late disease onset (after the age of 

70 years) were 3 times more likely to develop dementia than cases with an earlier age of onset 

(Mayeux et al 1988) and in patients with disease onset over 50 years the number of demented 

cases increased with each decade from 12.5% in the sixth up to 68.75% in the ninth decade 

(Mayeux et al 1992). This figure is considerably higher than the dementia rate in the general 

ageing population, which is 5% over the age of 65 years and up to 20% in those aged over 80 

(Tomlinson 1992).

Dementia in PD patients with an early age of disease onset is exceptionally rare. For 

example three independent studies reviewed by Gibb (1989) examined 123 patients, with 

disease onset before 46 years of age and a mean disease duration of 15 years, in which only 

one case developed dementia.

1.4: NEUROPATHOLOGY OF DEMENTIA IN PARKINSON'S 

DISEASE

A recent clinico-pathological study in the UKPDSBB found 31 (44%) out of 71 clinically 

and pathologically diagnosed cases of PD to be demented (Hughes et al 1993). Of these 31 

cases, 9 (29%) had coincidental AD, 3 (10%) numerous cortical LBs and 2 (6%) vascular 

pathology, while 17 (55%) had no obvious morphological cause for dementia. These 

observations suggested that the pathology for dementia in PD may be multifactorial and in
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many cases may not be due to any particular morphological feature. Gibb (1989) proposed 

that the brain stem pathology of PD (neuronal loss, gliosis and LBs) alone, was not sufficient 

to cause dementia. In the current literature, pathological features implicated as causing 

dementia in PD include one or a combination of degenerative features and neuronal loss. 

Putative pathologies include the presence of large numbers of cortical LBs (Okazaki 1961, 

Kosaka 1978, Gibb et al 1987, 1989, Lennox et al 1989b), ubiquitin-IR neurites in the 

hippocampal CA2-3 region (Dickson et al 1991, Pollanen et al 1993), increased neuronal loss 

in the nbM (Arendt et al 1983, Gasper and Gray 1984, Kosaka et al 1988), the presence of 

Alzheimer-type pathology (Gasper and Gray 1984, Quinn et al 1986) and NFTs in the pre-a 

neurons of the entorhinal cortex, along with widespread cortical amyloid deposits (Braak and 

Braak 1990b).

These observations have generated considerable controversy as to the major causes of 

dementia in PD and the classification of LB disease from a nosological perspective. These 

controversies are discussed in the following sections.

1.4.1: CORTICAL LEWY BODIES

Cortical LBs (see section 1.2) are found in the small to medium sized neurons in the fifth 

and sixth cortical layers (Kosaka 1978, Yoshimura 1983) throughout the cerebral cortex, but 

most particularly in the cingulate gyrus and frontal, temporal, entorhinal and insular cerebral 

cortices (Kosaka 1978, Ikeda et al 1978, Yoshimura 1983 and Eggertson and Sima 1986, 

Lennox 1992). Hughes et al (1992, 1993) found variable numbers of cortical LBs in the
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cingulate gyrus in all cases of PD. It is generally accepted that cortical LBs are more 

prevalent in PD cases with dementia (Kosaka 1978, Gibb et al 1987, 1989 Kosaka et al 1988, 

Kosaka 1993, Duyckaerts et al 1993) and Lennox et al (1989b) found dementia severity to be 

closely related to cortical LB numbers.

Cortical LBs were first described by Okazaki (1961) in 2 cases with dementia and 

quadriparesis in flexion, where the pathology included abundant LBs in the cerebral cortex 

and brain stem. Later Kosaka (1978) reported three cases of progressive dementia and 

muscular rigidity with brain stem and cortical LBs and concomitant senile changes. He 

suggested that these cases may represent either a combination of atypical PD and dementia or 

a separate disease (Kosaka 1978). Subsequently Kosaka et al (1984) reported that typical 

non-demented PD with no or few cortical LBs and demented cases with PD and many cortical 

LBs represented different ends of a single disease spectrum, which they termed "Lewy body 

disease" (LBD). Kosaka (1993) defined LBD as a chronic progressive neuropsychiatrie 

disease, clinically characterised by parkinsonian symptoms, with or without dementia which 

predominated in some cases. Kosaka (1993) described the neuropathology of LBD to include 

numerous LBs and neuronal degeneration throughout the central nervous system, frequently 

combined with senile changes in various degrees. Furthermore, Kosaka et al (1984) and 

Yoshimura (1983) classified three types of LBD based on the distribution of cortical LBs: A) 

diffuse type, B) transitional type and C) brain stem type. Characteristics of the diffuse type, 

so called diffuse Lewy body disease (DLBD), included progressive dementia and rigidity with 

numerous LBs throughout the brain stem and cortex and a high incidence of Alzheimer-type 

changes, but not usually enough for a diagnosis of AD. The transitional type had classical PD,
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with or without dementia and abundant LBs in the brain stem and cortex. Demented cases 

had more cortical LBs than the non-demented cases. The brain stem type, corresponded with 

classical PD without dementia and LBs were predominantly found in the brain stem, with only 

a few in the cortex and senile changes corresponded to age.

There are numerous reports in the present literature of parkinsonism and dementia with 

cortical LB pathology and the nomenclature proposed by Kosaka et al (1980) and Yoshimura 

(1983), particularly DLBD has been widely adopted (Gibb et al 1987, Burkhardt et al 1988, 

Lennox et al 1989a&b, Dickson et al 1991). However, others have described similar 

conditions with dementia as the predominant clinical feature, for which several terms including 

senile dementia of the Lewy body type (SDLT) (Perry et al 1989a&b, 1990) and the Lewy 

body variant of Alzheimer's disease (LBV) (Hansen et al 1990, Forstl et al 1993) have been 

denominated. In the subsequent sections I shall discuss each of these proposed disease 

entities.

1.4.1a: DIFFUSE LEWY BODY DISEASE

The nosological status of DLBD is controversial. DLBD has been described not only as 

part of the spectrum of LBD (Kosaka et al 1980, Byrne 1992 , Kosaka 1990) but also as a 

distinct clinico-pathological entity (Burkhardt 1988 et al, Yoshimura 1988, Crystal et al 1990) 

and also an extended form of PD (Kosaka 1990). Clinical symptoms of DLBD appear to be 

variable. Presentations with classical parkinsonism and subsequent dementia (Byrne et al

1989), dementia preceding some parkinsonian features such as gait disorders, tremor or
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muscular rigidity (Crystal et al 7990, Kosaka et al 1988, Burkhardt et al 1988), or 

parkinsonian and cognitive symptoms at the onset (Byrne et al 1989), have been described. 

Fluctuating cognitive state and confiision along with hallucinations, depression and delusions 

have often been reported (Burkhardt et al 1988, Byrne et al 1989, Lennox 1992). Crystal et 

al (1990) suggested the clinical features of rapidly progressive dementia, mild gait 

abnormalities, EEG changes (burst pattern) and psychosis (delusions, hallucinations and 

agitation) at the time of mild to moderate dementia, may be sufficient for a diagnosis of 

DLBD. However, Byrne (1992) concluded that it is difficult to regard DLBD as a distinct 

disease entity, because of its poorly defined natural history which is clinically difficult to 

distinguish from other causes of dementia in PD.

Pathologically, DLBD is characterised by large numbers of LBs and the frequent 

occurrence of Alzheimer-type pathology (mainly senile plaques) throughout the cerebral 

cortex (Kosaka et al 1984, Lennox et al 1989b). However, the severity of cortical change 

necessary for the diagnosis is uncertain. Thus, Lennox et al (1989b) concluded that a 

diagnosis of DLBD was justified when more than 12 ubiquitin immuno-stained cortical LBs 

were identified in the cingulate gyrus, whilst Kosaka (1990) required more than 5 cortical LBs 

per xlOO visual field in H&E stained sections throughout each of the anterior frontal, 

cingulate, temporal and insular cortices. Kosaka (1990) further sub-divided DLBD into two 

forms, a) common form and b) pure form, on the basis of severity of concomitant senile 

changes. The common form was distinguished by numerous LBs in the cortex plus many 

senile plaques and/or NFTs. These cases were elderly (mean age of disease onset 69.2 years 

and mean age at death 75.6 years), all had progressive dementia and most had parkinsonian
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features at death (71.4%); 60% initially presented with dementia and 25% presented with 

parkinsonism. The pure form occurred in younger patients (mean age of onset 32.8 years and 

the mean age at death 41.6 years) most of whom had juvenile parkinsonism followed by 

progressive cortical dementia. They had abundant cortical LBs, but no or sparse senile plaque 

or NFT histology. Kosaka (1990) suggested the existence of pure forms demonstrate that if 

sufficiently numerous cortical LBs alone can cause dementia. However, excluding the rare 

pure forms, it is generally accepted that cortical LBs usually occur in association with senile 

plaques (Kosaka et al 1984, Lennox et al 1989b). Lennox et al (1989b) found a correlation 

between senile plaque and cortical LB densities and concluded that dementia is related to a 

cortical process which involves both LB and senile plaque formation. Neither Kosaka (1990) 

nor Lennox et al (1989b) describe the type of senile plaques observed in these studies and it is 

uncertain as to whether they are referring to neuritic or diffuse senile plaques or both (see 

section 1.4.4). Dickson et al (1989) found many diffuse senile plaques in all cases of DLBD 

(27 out of 27) with NFTs being few or absent in most (21 out of 27) cases.

1.4.1b: SENILE DEMENTIA OF THE LEWY BODY TYPE

Perry et al (1989a) described 91 elderly (over 70 years at death) demented cases of whom 

14 had brain stem and cortical LBs, with frequent senile plaques but few neocortical NFTs 

and who therefore did not fulfil their criteria for AD (Tomlinson 1970, Tomlinson 1989, Perry 

and Perry 1993; see section 1.4.4e). The authors proposed the term senile dementia of the 

Lewy body type (SDLT) for such cases. Cortical LBs were most abundant in the cingulate 

gyrus and parahippocampal gyrus and occurred variably in the remaining neocortex. In the
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parahippocampus the mean density was 0.51 LB/mm^ (SD 0.36) in contrast to 0.17 LB/mm^ 

(SD 0.17) observed in typical PD, and the LB density was much lower than observed in 

DLBD (up to xlO more) (Perry et al 1989b). In the brain stem there was moderate pigmented 

neuron loss (42%, compared with age matched controls) in the substantia nigra, which was 

less severe than observed in typical PD (69%, compared with age matched controls). 

Clinically SDLT presented with dementia which was often of an acute onset. The dementia 

fluctuated and was generally accompanied by visual hallucinations and behavioural 

disturbances. Parkinsonian features, usually tremor, developed later or not at all (Perry et al

1990). Perry et al (1989b) suggested SDLT may be considered as an additional group (type 

D) in Yoshimura's LBD categories or a sub-group of the transitional type (type B) 

(Yoshimura 1983).

1.4.1c: LEWY BODY VARIANT OF ALZHEIMER’S DISEASE

Hansen et al (1990) reported finding brain stem and cortical LBs in 13 out of 36 (27.7%) 

clinically and pathologically diagnosed cases of AD, using the Khachaturian (1985) and 

CERAD (Mirra et al 1991) pathological diagnostic criteria (see section 1.4.4e). They 

suggested that these represented a clinico-pathological subset of AD and proposed the term 

Lewy body variant of AD (LBV) to describe this subset. The major clinical feature of LBV 

was dementia as the presenting symptom whilst parkinsonism, if present at all, was usually 

mild and often late. There was no difference in age, gender, or disease duration between the 

LBV and pure AD, but the LBV cases had additional cognitive abnormalities including 

attention and general fluency deficits, visuo-spatial impairment and a propensity to
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hallucinations and delusions. Hansen et al (1990) suggested these cases were a subset of AD 

because neuronal loss in the brain stem was only mild and brain stem LBs without marked cell 

loss and gliosis was not considered to warrant a diagnosis of PD. They concluded that many 

cases of DLBD with sufficient AD pathology, some cases of combined AD and PD with 

cortical LBs and brains with AD pathology and "incidental" LBs were all cases of LBV.

Forstl et al (1993) found LB pathology in 8 out of 65 cases of AD (12.3%). These cases 

originally presented with AD and five later developed parkinsonian features, with rigidity 

being the main symptom. In computerised tomography scans the only variation between AD 

and AD plus LBs was increased atrophy in the frontal cortex in the LB cases. Forstl et al 

(1993) suggested that the clinical diagnosis of LBV should only be considered in patients 

satisfying clinical criteria for AD who later develop rigidity and show frontal atrophy. 

Pathologically they could not determine whether or not the coincidence of diffuse LBs with 

plaques was any more than would be found by chance and concluded that the presence of LBs 

together with AD pathology did not warrant the differentiation of a separate 

clinico-pathological entity.

The confused picture, of these nosological terms, is summarised in Figure 3.
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PARKINSONISM WITH OR WITHOUT DEMENTIA
with brain stem and cortical LBs, with or without Alzheimer-type pathology

LB D
(Yoshimura 1983, Kosaka 1984)

TYPE: A TYPE: B TYPE: C

Diffuse LB disease (DLBD)
Dementia with some 
parkinsonism and numerous 
LBs in cortex and 
brain stem

tCommon form 
DLBD
with

Alzheimer-type
pathology

Transitional type
Non-demented and 
demented PD with LBs in 
brain stem and some in 
cortex

brain stem type
Non-demented PD with 
LBs in the brain stem only

Pure form 
DLBD
without

Alzheimer-type
pathology

(Kosaka 1990)

DEMENTED CASES WITH OR WITHOUT PARKINSONISM
with Alzheimer-type pathology and brain stem and cortical LBs, with only mild or moderate

neuron loss in the substantia nigra

L B V
Cortical LBs and AD according to the 
CERAD criteria

(Hansen et al 1990)

SD L T
Moderate cortical LBs and Alzheimer-type 
pathology insufficient for a diagnosis of AD 
according to Perry and Perry (1993)

Figure 3 : Current classifications of cortical LB disease in parkinsonism and dementia
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1.4.2: UBIQUITIN IMMUNO-REACTIVE NEURITES IN THE 

HIPPOCAMPAL CA2-3 REGION

The CA regions are subdivisions of the hippocampal cornus ammonis recognised by 

Lorente de No in 1933-34 There are four CA regions as shown in Figure 4.

Pyramidal layer

A2

CA3

CA CAl
Dentate
gyrus

Hippocampal
sulcus

*\

Prosubiculum ♦ #

Subiculum

Figure 4: The CA regions of the hippocampus, xl2
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Dickson et al (1991) reported the frequent occurrence of ubiquitin-IR neurites in the 

hippocampal CA2-3 region in DLBD. They examined 104 brains including 23 normal 

controls, 16 cases of pure AD, 5 pure PD, 15 cases of AD plus nigral LBs and 45 cases of 

DLBD (defined by the presence of widespread cortical LBs, with ubiquitin-IR LB numbers 

ranging from 2.8-18.6 per xlO field in the parahippocampus). CA2-3 ubiquitin-IR neurites 

were observed in 43 cases of DLBD and three cases of AD with nigral LBs, but were not 

detected in pure AD or PD or the controls. Analysis of the data showed that CA2-3 neurite 

density was generally higher in cases with many cortical LBs and sparse in cases with fewer 

cortical LBs. They suggested that CA2-3 ubiquitin-IR neurites may be a specific histological 

marker for DLBD. However, subsequent studies (Pollanen et al 1993, Dickson et al 1994) 

have demonstrated ubiquitin-IR neurites in the CA2-3 region in non-demented PD cases, with 

few cortical LBs. Thus, ubiquitin-IR neurites are common in PD with cortical LBs and their 

relevance to dementia is uncertain.

The origin of the ubiquitin-IR neurites is unknown. Dickson et al (1991,1994) cited 

previous work in which dopaminergic neurons projecting to the hippocampus have been 

demonstrated in rodents. However, tyrosine hydroxylase immunocytochemistry failed to 

demonstrate any co-localisation of dopaminergic neurons and CA2-3 ubiquitin-IR neurites in 

human tissue (Dickson et al 1994). Dickson et al (1994) concluded that since CA2-3 

neurites were immunologically similar to cortical LBs, both these lesions may have a similar 

intracortical pathogenesis.
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1.4.3: NUCLEUS BASALIS OF M EYNERT

The nucleus basalis of Meynert (nbM) is a group of large cholinergic, Nissl rich neurons 

which form part of a magnocellular basal forebrain complex (Saper 1990). NbM neurons are 

scattered as single cells and as cell clusters throughout the basal forebrain (substantia 

innominata), they are also present in the diagonal band of Broca (dbB) and medial septum 

(Hedreen et al 1984, Saper 1990) (Figure 5). Neurons of the nbM are the major source of 

cholinergic innervation to the cerebral cortex (Saper 1990, Arendt et al 1983), whilst the 

magnocellular neurons of the medial septum and dbB project to the hippocampus and 

cingulate cortex.

Neuronal loss in the nbM is a potential contributory factor to dementia in AD and PD. 

Approximately 70-73% of cholinergic neurons are lost in AD (Arendt et al 1983, Whitehouse 

et al 1982) and 77% neuronal loss has been reported in PD (Arendt et al 1983). In PD, the 

relationship between dementia and nbM neuronal loss is uncertain as neuronal loss is observed 

in non-demented and demented cases. Whitehouse et al (1983) observed a significant loss in 

nbM, medial septum and dbB neurons in PD with dementia, with non-demented cases having 

cell loss confined to the nbM. Gasper and Gray (1984) examined 32 patients with PD, of 

which 14 were non-demented and 18 were demented. 96% of these PD cases had neuronal 

loss and LBs in the nbM and neuronal loss was greater in the demented (60% mean reduction) 

than the non-demented cases (32% mean reduction). Kosaka et al (1988) found 9 out of 12 

non-demented PD cases with no or very little neuronal loss, whilst 11 out of 12 demented 

cases had moderate to severe neuronal loss.
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a) MEDIAL SEPTUM

Caudate Nucleus

Internal capsule
Medial septum

Putamen

Optic chiasm

b) DIAGONAL BAND OF BROCA

Caudate Nucleus

Internal capsule

Putamen

Globus pallidus

Anterior commissureDiagonal band 
of Broca

Optic chiasm Basal forebrain (substantia innominata)

c) NUCLEUS BASALIS OF MEYNERT

Thalamus

Caudate Nucleus 

Internal capsule 

Putamen 

Globus pallidus 

Anterior commissure

Optic tract nbM Basal forebrain (substantia innominata)

Figure 5; The main regions o f nbM neuron distribution, x 1.3
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A general reduction in nbM neurons in PD with no significant difference between cases 

with or without dementia or DLBD, have also been reported (Lennox et al 1989b, Paulus and 

Jellinger 1991, Duyckaerts et al 1993). Lennox et al (1989b) found moderate to severe cell 

loss, gliosis and LBs in the nbM in both DLBD and non-demented PD cases and concluded 

that neuronal loss in the nbM did not make a major contribution to cognitive impairment in 

DLBD All these observations show that further analysis of the nbM is needed to determine 

whether or not neuronal loss is related to the pathogenesis of dementia in PD
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1.4.4: ALZHEIM ER-TYPE CHANGES

Alzheimer's disease (AD), the commonest cause of dementia in the elderly, causes 

generalised cerebral atrophy, which is usually symmetrical and particularly affects the frontal 

and temporal lobes (Tomlinson 1992). Histological features include abundant neuritic senile 

plaques and NFTs throughout the cerebral cortex, NFTs, granulovacuolar degeneration 

(GVD) and Hirano bodies in the pyramidal neurons of the hippocampus and congophilic 

angiopathy (amyloid deposits) in the cerebral blood vessels (Tomlinson 1992). The 

pathological diagnosis of AD is based on the distribution and density of these lesions in 

relation to the age of the individual (Khachaturian 1985, Mirra et al 1991, Perry and Perry 

1993) (see Tables 1 and 2). None of these pathological characteristics are specific for AD as 

they occur in brains of non-demented middle to older age individuals, although to a lesser 

degree and the pathology is usually restricted to the hippocampus and selected cortical areas 

(Tomlinson 1992). A further characteristic of AD is neuronal loss in the nbM (see section 

1.4.3), with some of the remaining neurons showing degeneration and containing NFTs, 

vacuoles and lipofuscin (Tomlinson 1992, Arendt et al 1983). NbM neuronal loss has also 

been reported in normal ageing (McGeer et al 1984), although to a lesser extent than observed 

in AD. The pathological lesions described above are discussed in the following.

1.4.4a: SENILE PLAQUES

Two major types of senile plaques, are recognised; 1) neuritic (classical) plaques and 2) 

diffuse plaques (Tomlinson 1992). Neuritic plaques are roughly spherical in shape and range
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from 5-150|Lim in diameter. They consist of a dark central core, composed of dense amyloid 

deposits, surrounded by a clear halo around which radiate distended neurites, astrocytic 

processes and microglia. Modified Bielschowsky silver impregnation stains the entire neuritic 

plaque (Figure 6a), alternatively the amyloid component can be selectively stained with Congo 

red, periodic acid schifF reagent (PAS) and thioflavin S (Tomlinson 1992). Immuno

cytochemistry using antibodies to P-amyloid protein labels the amyloid component while the 

distended neurites immuno-react with neurofilament and tau protein antibodies (Love et al 

1988, Tomlinson 1992). Neuritic plaques are abundant in AD and also occur in smaller 

numbers in neurologically normal aged individuals.

Diffuse plaques are irregular in shape and range in diameter from 10-200|iim, they are 

composed of diffuse deposits of amyloid and lack a central core. Diffuse plaques have no 

distended neurites, astrocytic processes or microglia (Masliah et al 1990 and Tomlinson 

1992). They can be observed with some modified Bielschowsky silver impregnation 

techniques (Figure 6b), in addition to P-amyloid protein immunocytochemistry. Diffuse 

plaques often occur amongst neuritic plaques in the cortex in AD and frequently occur in the 

cortex of non-demented elderly brains (Tomlinson 1992). They are not considered to be 

precursors for neuritic plaques as they are often found in areas unassociated with neuritic 

plaques, such as brain stem, basal ganglia and cerebellum (Tomlinson 1992). Also diffuse 

plaques do not reveal any of the neuritic damage, glial cell accumulations (Braak and Braak 

1991), or synaptic loss (Masliah et al 1990) found in neuritic plaques.
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Figure 6: a) Bielschowsky silver stained neuritic plaque with distended neurites (arrow) and an 

amyloid core (arrow head), b) Bielschowsky silver stained diffuse plaque with no neuritic 

elements. Bars=10pm.
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1.4.4b: NEUROFIBRILLARY TANGLES

Another major histological feature o f AD is the presence o f NFTs. These occur 

predominantly in the medium sized pyramidal neurons o f the third and fifth neocortical layers 

(Hauw et a! 1990) (Figure 7a and b) and the pyramidal neurons o f the hippocampus and 

parahippocampus (Figure 7c). NFTs are usually flame shaped and tend to fill the cytoplasm 

and displace the cell nucleus (Figure 7d); they are composed o f closely packed, 20pm 

diameter, paired helical filaments NFTs are easily recognised in modified Bielschowsky silver 

preparations and immuno-react with neurofilament, ubiquitin, microtubule and tau protein 

antibodies (Brion et a! 1988, Love et a! 1988). NFTs occur in large numbers in various 

cerebral disorders including AD, Down's syndrome, PSP and dementia pugilistica and to a 

lesser extent in normal ageing where distribution is limited to the hippocampus and never 

affects the neocortex to more than a slight degree (Tomlinson 1992, Bierer et al 1995). The 

numbers o f affected hippocampal pyramidal neurons increases with advancing age and a 

sizeable number may be found in intellectually normal old people (Tomlinson 1992).

«
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Figure 7: a, b) Bielschowsky silver stained NFTs in the superior frontal cortex. c) 

Bielschowsky silver stained NFTs and neuropil threads in the parahippocampal gyrus, d) Hiigh 

magnification o f  a hippocampal NFT showing its characteristic flame shape and displacemient 

o f the cell cytoplasm and nucleus. Bars=20pm
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1.4.4c: GRANULOVACUOLAR DEGENERATION AND HIRANO 

BODIES

Granulovacuolar degeneration (GVD) and Hirano bodies occur in the hippocampal 

pyramidal neurons in the neurologically normal elderly and in AD (Tomlinson 1992). GVD is 

intracellular and consists o f dense granular material surrounded by a vacuole and a limiting 

membrane The granules can be recognised in Bielschowsky silver impregnated preparations 

(figure. 8a) and some NFT immunocytochemistry (Kahn et al 1985). Hirano bodies are intra 

and extracellular eosinophilic actin-IR rod like structures (Figure. 8b). GVD is considered to 

be related to ageing rather than any specific disease, whereas Hirano bodies, although also age 

related, tend to be increased in demented cases (Tomlinson 1992).

Figure 8: a) Bielschowsky silver stained section o f hippocampus showing GVD (arrow), b) 

H&E stained section o f hippocampus showing a neuron containing a Hirano body (arrow). 

Bars=20pm
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1.4.4d: CONGOPHILIC ANG IO PATH Y (CER EBR A L AM YLO ID  

ANGIOPATHY)

Congophilc angiopathy, refers to the deposition of amyloid in the walls of cerebral blood 

vessels, particularly the arteries and arterioles of the leptomeninges and cerebral cortex 

(Tomlinson 1992). Vascular amyloid is of the same composition as that found in the core of 

neuritic plaques (Tomlinson 1992). Amyloid is intensely eosinophilic in H&E stained sections 

and in congo red preparations it has an apple green birefringence. Mild congophilic 

angiopathy is found in normal ageing brains, but it is far more frequent and severe in AD 

(Tomlinson 1992).

1.4.4e: DIAGNOSIS OF A LZ H EIM ER ’S DISEASE

Pathological criteria for the diagnosis of AD have been proposed by a number of 

authorities. The most frequently used criteria are those of Khachaturian (1985) and Mirra et 

al (1991). Khachaturian's criteria (Table 1) are based on the numbers of senile plaques and 

NFTs in the neocortex (frontal, temporal and parietal regions) using Bielschowsky's silver 

impregnation, Thioflavin S or congo red stains. This classification has the major drawback of 

not making a distinction between neuritic and diffuse senile plaques.
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TABLE: 1

Khachaturian (1985) criteria for the pathological diagnosis of Alzheimer's disease

Age SPs NFTs objective

<50 2-5 2-5 X20

8-20 8-20 XlO

50-65 >8 some X20

>32 some XlO

65-75 >10 some X20

>40 some XlO

>75 >15 few/absent X20

>60 few/absent XlO

Mirra et al (1991) have proposed and published the consortium to establish a registry for 

Alzheimer's disease (CERAD), diagnostic criteria for AD (Table 2). This classification relates 

neocortical neuritic senile plaque density to age. The histological diagnosis of AD is based on 

the resultant plaque score.
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TABLE: 2: CERAD Age-related plaque scores*

Age of patient 

at death (years) Frequency of plagues # (at xlOO)

None Sparse Moderate Frequent

<50 0 C C C

50-75 0 B C C

>75 0 A B C

* An age-related score is determined using the patients age along with plaque frequency in the most 

heavily affected neocortical section.

# Based on section of frontal, temporal or parietal cortex with maximum involvement.

The letters correspond to the following assessments.

0 = NO histologic evidence of Alzheimer’s disease.

A = Histologic findings are UNCERTAIN evidence of Alzheimer's disease.

B = Histologic findings SUGGEST the diagnosis of Alzheimer’s disease.

C = Histologic findings INDICATE the diagnosis of Alzheimer’s disease.

The pathological criteria proposed by Khachaturian (1985) and Mirra et al (1991) assume 

clinical dementia consistent with AD and require elimination of any other causes of dementia 

such as ischaemia or Picks disease. Both sets of pathological criteria are mainly based on 

senile plaque density and only use neocortical NFT density in pre-senile cases under 50 years
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of age. The Khachaturian (1985) criteria do not distinguish between neuritic and diffuse 

plaques whereas the CERAD criteria depend on neuritic plaque density only (Mirra et al 

1991). Alternative neuropathological criteria for the diagnosis of AD, originally proposed by 

Tomlinson et al (1970), and used by Perry et al (1990) and Perry and Perry (1993) require the 

presence of both neuritic senile plaques and NFTs at a mean density of 10 or more per mm  ̂in 

frontal, temporal, parietal and occipital cortices. Although most cases of AD have abundant 

neocortical NFTs (Tomlinson 1992), some have few or none, especially in cases over 80 years 

of age. Terry et al (1987) found 30% of demented cases over 74 years at death had no 

neocortical NFTs. The authors suggested that non-tangle forms are indistinguishable from 

cases with neocortical tangles. However, the presence of NFTs has been associated with a 

tendency for greater disease severity (Bierer et al 1995). Thus, Bierer et al (1995) found 

neocortical NFT density to be closely related to dementia severity and found no correlation 

between senile plaque densities and dementia severity, or between hippocampal NFT density 

and dementia.

Tomlinson (1989) regards cases with no or few neocortical NFTs, as probable senile 

dementia of Alzheimer type, on the grounds that some mentally normal older brains may 

contain sufficient senile plaques to diagnose AD using the Khachaturian (1985) and CERAD 

criteria (Mirra et al 1991). He described a group of 56 non-demented cases in which 4 (7%) 

had abundant senile plaques which met the diagnostic criteria for AD. Similar observations 

were made by Katzman et al (1988), who concluded that it may be possible to have senile 

plaque formation without neuronal loss. Tomlinson (1989) therefore highlights the need for 

criteria by which intellectually normal cases with excess neocortical senile plaques can be
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distinguished from demented cases with few or no NFTs. The observations of Tomlinson 

(1989) and Bierer et al (1995) show that a definite histological diagnosis of AD can only be 

made when cortical senile plaques and NFTs are present.

1.4.4f: ALZHEIMER-TYPE PATHOLOGY IN PARKINSON’S 

DISEASE

Age related Alzheimer-type changes occur in normal non-demented elderly subjects 

(Tomlinson et al 1968) as well as in non-demented and demented PD (Caspar and Gray 1984, 

Quinn et al 1986, Gibb et al 1987). If cortical changes sufficient for AD are found in PD a 

diagnosis of coincidental AD may be made (Quinn et al 1986). However, in some cases of 

PD with dementia there may be insufficient plaques and tangles for a diagnosis of coincidental 

AD (Quinn et al 1986). Quinn et al (1986) suggested that sub-clinical degrees of Alzheimer 

change may combine with similar biochemical and neuronal damage, the result of PD, and 

thereby cause a deficit sufficient for dementia. They concluded that 5% of patients with PD 

would coincidentally have AD and an extra 10% would have combined AD and PD pathology 

resulting in dementia. Hansen et al (1990) proposed the term LBV (see section 1.4.1c) for 

some demented cases with combined AD and PD.

Hornykiewicz and Kish (1984) sub-divided PD patients into the following three groups, 

based on the presence or absence of Alzheimer-type changes: 1) mentally normal PD patients,

2) PD with severe dementia and Alzheimer-type pathology and 3) PD with severe dementia 

without any evidence of Alzheimer-type changes. The authors proposed that the additional
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role of other neurotransmitter changes should not be ruled out as cortical, hippocampal and 

subcortical noradrenaline and dopamine reduction were found in PD (Scatton et al 1982 and 

Hornykiewicz and Kish 1984) and AD (Hornykiewicz and Kish 1984). As these 

neurochemical reductions occurred in demented PD cases with and without Alzheimer-type 

pathology they concluded that dementia is not caused solely by Alzheimer-type changes.

1.4.5: ENTORHINAL PR E -a NEURON NEURO FIBRILLARY  

TANGLES AND DIFFUSE PLAQUES IN THE CEREBRAL  

CORTEX

The entorhinal allocortex stretches from the parasubiculum to the collateral sulcus. It is 

composed of a broad molecular layer, an external cellular stratum (Pre) followed by a cell 

sparse zone (lamina dissecans) and an internal cellular stratum (Pri) ( Figure 9). The external 

stratum is divided into a layer of large multipolar neurons (Pre-a) and 2 layers of slender 

pyramidal neurons (Pre-P and pre-y) . The internal stratum is divided into a layer of medium 

sized pyramidal neurons (Pri-a ) a zone of widely spaced slender neurons (Pri-P ) and a layer 

of tightly packed polymorphic neurons (Pri-y ) (Braak and Braak 1985).
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Figure 9; The location of the pre-a neurons within the molecular layer of the entorhinal 

cortex.
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The multipolar pre-a neurons form islands in the molecular layer of the allocortex and in 

the trans-entorhinal cortex these neurons amalgamate to form a plate which gradually 

descends through the outer layers into the third and fourth layers of the temporal isocortex 

(Braak and Braak 1985); during this descent the neurons become regularly aligned and 

gradually transform into pyramidal neurons. NFTs within the pre-a neurons are a prominent 

feature of AD and are also found in brains of non-demented elderly individuals (Braak and 

Braak 1991, Dickson et al 1993). They are considered to be one of the first groups of cells in 

which NFTs develop (Braak and Braak 1991a). Since pre-a neurons are responsible for the 

transfer of information from the cortex to the hippocampal formation (Braak and Braak 

1990b), damage to these neurons is thought to lead to isolation of the hippocampal formation 

and subsequent cognitive impairment (Braak and Braak 1990a, b). Braak and Braak (1990b) 

observed a striking abundance of NFTs in the pre-a neurons with no additional pronounced 

pathology in the remaining hippocampus or entorhinal cortex in cases of PD with dementia. 

They also noted diffuse plaques (Braak et al 1989, Masliah et al 1990), in most areas of the 

cerebral cortex in these demented PD cases. In contrast, cortical neuritic plaques were too 

infrequent to permit a histological diagnosis of AD. It was concluded that cognitive 

impairment frequently seen in patients with PD may be associated with severe pathological 

alteration of the pre-a layer of the entorhinal cortex and widespread amyloid deposits 

throughout the cerebral cortex.

1.5: SUM M ARY

Dementia in PD has been estimated to occur in 10-20% of patients under 65 years of age
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with 50-60% afifected in those aged over 80 years; an increase of more than double the 

number observed in normal controls. Cognitive impairment in PD is neither clinically nor 

pathologically homogeneous and the typical brain stem pathology is considered insufficient to 

cause dementia with the implication of additional cortical and sub-cortical pathologies. The 

major unresolved histopathological issues are listed below.

1) Abundant cortical LBs are reported to be contributory to dementia in PD. However, it 

has not yet been resolved as to whether demented cases with abundant cortical LBs are part of 

the LBD spectrum or a different clinico-pathological entity, such as DLBD or SDLT or a 

subset of AD such as LBV.

2) Ubiquitin-IR neurites in the hippocampal CA2-3 region appear to be a common 

pathological feature in PD, although their contribution to dementia in PD is uncertain.

3) Neuronal loss in the nbM is a common feature of PD and some authors consider this to be 

increased in cases of PD with dementia, whereas others have found no significant increase in 

neuronal loss between demented and non-demented cases of PD.

4) Alzheimer-type pathology has been frequently found in cases of PD with and without 

dementia. In non-demented cases such changes have been considered to be age related. 

Approximately 5% of PD cases will have coincidental AD (Quinn et al 1986). Some 

demented cases have been reported to have increased Alzheimer-type pathology, insufficient 

for a diagnosis of AD and it has been suggested that a combination of PD and AD pathology
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may be sufficient to cause cognitive impairment (Quinn et al 1986). On the other hand, 

Hansen et al (1990) propose that combinations of AD and PD may be recognised as a subset 

of AD.

5) NFTs in the entorhinal Pre-a neurons and abundant amyloid deposits throughout the 

cerebral cortex, which have been observed in both non-demented and demented elderly brains, 

are reported to be abundant in cases of PD with dementia.

1.6: EXPERIM ENTAL AIM S AND RATIONALE

The aims of this study were to determine, 1) which pathological features best relate to 

dementia presence and severity in PD and 2) whether or not the clinico-pathological entities of 

DLBD, SDLT and LBV can be identified in a predominantly PD population.

In the current literature, pathological features implicated as having an influence on 

dementia presence and severity in PD include, cortical LBs, CA2-3 ubiquitin-IR neurites, 

neuronal loss the nbM, Alzheimer-type pathology and NFTs within the pre-a neurons along 

with widespread diffuse senile plaques. As many of the reports regarding these pathologies 

are controversial or scanty, the aim of this study was to clarify the histological counterparts of 

dementia in PD.

The clinico-pathological entities of DLBD, SDLT and LBV are also a matter for debate as 

reports are variable and there is controversy as to whether these cases represent separate
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disease entities, a spectrum of LBD or a subset of PD or AD. A major goal of this study was 

to determine whether or not DLBD, SDLT or LBV, could be identified in a broad spectrum 

of PD cases, collected by the UKPDSBB, with a wide range of cognitive states, and whether 

they warrant the classification of disease entity, spectrum, or subset.
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CHAPTER 2 

MATERIALS AND METHODS

2.1 ASSESSMENT OF PD CASES AND CONTROLS

A group of forty patients fulfilling the UKPDSBB clinical (Appendix 1) and 

histological criteria for PD, with a wide range of cognitive states, were used for this study. 

Most of the PD cases were well documented clinically with sufficient detail for two 

consultant neurologists (Dr AJ Hughes and Dr A Churchyard), to retrospectively 

determine cognitive state, using clinical notes from GPs and hospitals and MMSE scores 

when available (Appendix 2a). In cases where documentation was sparse or confusing, 

Dr AJ Hughes contacted relatives, GPs and nursing home staff. In the demented cases 

dementia severity was rated as mild, moderate or severe following the DSM-III diagnostic 

criteria for dementia (see Appendix 2b). Patients were rated as non-demented where 

repeated examinations, by treating doctors, demonstrated intact cognitive function.

Fourteen age matched, non-parkinsonian cases were used as controls. Clinical details 

for the control cases were sparse and derived from post-mortem reports. The main causes 

of death were cardiac or cancer. The presence of incidental LB disease excluded the 

selection as a control.
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2.2: HISTOLOGY AND TISSUE PREPARATION

Brain tissue from the UKPDSBB, collected over six consecutive years (1986-1991) was 

used. Half brains from each case were fixed in 10% formalin for at least six weeks before 

cutting. Prior to dissection, brains were weighed and macroscopically examined. Blocks 

were taken from the frontal, temporal, parietal and occipital cortices, striatum, thalamus, 

midbrain, pons, medulla and cerebellum. To facilitate comparison between cases, all 

blocks were taken at the same levels (Figure 10). Blocks were processed using a Riechart 

4000 tissue processor, and embedded in paraffin wax.

Sections were taken from each block and stained with haematoxylin and eosin (H&E), 

modified Bielschowsky silver impregnation (7pm sections) and Luxol fast blue-cresyl 

violet (LFB/N) (14pm sections) (Appendix 3). Sections (7pm) of frontal and temporal 

cortex were immuno-stained with a polyclonal antibody to ubiquitin (Dako 1:150) and 

visualised using the biotin-avidin method (Appendix 3). Cases, in which senile plaques and 

NFTs were detected, by modified Bielschowsky silver impregnation, had additional 7pm 

sections immuno-stained with a monoclonal antibody to tau protein (Sigma 1:1000) 

(Appendix 3) in order to distinguish NFTs from cortical LBs and to establish the severity 

of neuritic plaque involvement. Congo red and A4 immunocytochemistry (supplied by 

Professor B. Anderton, Institute of Psychiatry) were used to examine for the presence of 

cerebral amyloid angiopathy.
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10 11 12 13

Figure 10: Standard tissue blocks taken for histopathology 1) anterior frontal, 2) posterior 

frontal, 3) temporal with hippocampus, 4) parietal, 5) occipital, 6) anterior striatum, 7) 

mid striatum with anterior commissure, 8) mid-striatum with substantia innominata, 9) 

posterior striatum with thalamus and subthalamus, 10) rostral midbrain, 11) caudal 

midbrain, 12) rostral pons, 13) caudal pons, 14) rostral medulla, 15) caudal medulla, 16) 

cerebellar hemisphere and 17) cerebellar vermis. Bar=20mm

All cases had a full neuropathological examination by two independent observers (Mrs 

Linda Elliott and Dr S E Daniel) who were blind to the clinical details and cognitive state. 

The diagnosis o f PD was made when there was cell loss, gliosis and LBs in the substantia 

nigra (SN) and locus ceruleus.
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2.3 PA TH O LO G ICA L Q U A N TIFIC A TIO N ’S

2.3.1 PIGMENTED NEURON DENSITY IN THE SUBSTANTIA 

NIGRA

For each PD case and 13 controls neuron density in the substantia nigra (SN) was 

assessed. H&E stained midbrain sections, taken at the level o f the third nerve were used 

and the area to be examined was demarcated on the slide coverslip using a fine tip pen 

The SN was divided from the ventral tegmentum in the region o f  the third nerve and the 

crus cerebri and red nucleus were used as areas o f reference, bordering the SN (Figure

11). All nucleolated pigmented neurons were counted within the marked area, at a 

magnification o f x200, using a square grid eyepiece graticule as a guide. The area 

examined was measured using a Colomorph Image Analyser (Perceptive instruments) and 

the density o f  pigmented neurons per mm" was calculated.

Superior colliculus

Cerebral aqueduct

Red nucleus

Ventral tegmentum

Third nerve

Substantia nigra 

Crus cerebri

---------------Line o f demarcation

Figure 1 1 The area o f  the SN examined for pigmented neuron density, x 2.6
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2.3.2: CORTICAL LEWY BODIES

For each PD and control case, ubiquitin immuno-stained sections of cingulate gyrus, 

superior frontal cortex, entorhinal cortex and temporal cortex (including the fusiform, 

inferior, middle and superior temporal gyri) were assessed for LBs. The cingulate gyrus 

was divided from the superior frontal cortex at the cingulate sulcus (Figure 12). The 

entorhinal cortex was divided from the hippocampus at the subiculum, (where the 

pyramidal layer of the archicortex graduates to form the more rounded neurons of the 

neocortex) and from the temporal cortex through the centre of the collateral sulcus (Figure 

13). The regions to be examined were demarcated by drawing around the cortical ribbon 

on the slide coverslip, over a dark field light box. Each cortical area was examined at a 

magnification of xlOO for counting and x200 to confirm the precise nature of the 

ubiquitin-IR inclusions. A square grid eyepiece graticule was used as a frame of reference. 

The entire cortical region was examined and all cortical LBs were counted, by making 

perpendicular sweeps across the cortex from pia to the grey-white border. The area of the 

cingulate gyrus, superior frontal gyrus, entorhinal cortex and temporal cortex examined in 

each case was measured using a Colormorph Image Analyser (Perceptive Instruments) to 

permit calculation of the density of cortical LBs per mm  ̂ of cortex.

Cortical LBs were counted as such when they conformed to the criteria previously 

outlined in section 1.2. Ubiquitin-IR inclusions with a spindle/tangle type structure were 

judged to represent NFTs and were not counted. In cases with more than 1-2 cortical 

NFTs per x200 field, tau protein immunocytochemistry was used to confirm tangle 

pathology.
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Superior frontal 
gyrus

Cingulate sulcus 

Cingulate gyrus 

Corpus callosum sulcus 

Corpus callosum

Line o f division
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Figure 12: The division between the cingulate gyrus and the superior frontal gyrus.
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Figure 13; The divisions between the entorhinal cortex, subiculum and temporal cortices
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2.3.3: CA2-3 UBIQUITIN IMMUNO-REACTIVE NEURITES

The density o f ubiquitin-IR neurites was estimated in the pyramidal neuron layer o f the 

hippocampal CA2-3 region. Ubiquitin-IR neurites were assessed by eye at xIOO and the 

neurite density was recorded as being either absent (0), sparse (I), moderate (2), or 

frequent (3) (Figure 14 a-c).

% %

-vvV

. U - . - A •* >

t o

a i s w i s

Figure 14: Hippocampal CA2-3 region with ubiquitin-IR neurites (Arrow heads) a) Sparse

density (1) b) moderate (2) and c) frequent density (3). Bars=I00pm
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2.3.4: THE NUCLEUS BASALIS OF MEYNERT

Neuronal loss in the nbM was estimated using three LFB/N stained sections cut at 

35|.im intervals, from the PD cases and controls. As the nbM covers a large area the level 

examined must be consistent for a comparative study, therefore, only cases with suitable 

sections were used for this study. The nbM was examined at the level of anterior 

commissure, optic tract and internal pallidum (Figure 15). The area of interest was 

delineated on the slides using a fine tip pen. Nucleolated neurons greater than 30|_im with 

well defined Nissl substance were counted at a magnification of xlOO. The average 

number of nbM neurons in all three sections was calculated. The delineated area was 

measured using the Colormorph Image Analyser and the density of nbM neurons per mm" 

was calculated.

ClaustrumCaudate nucleus

PutamenInternal capsule

Thalamus

External  ̂
pallidum Anterior

commissure
Internal _ 
pallidum

Optic tract

nbM

Figure 15: Location of the nbM at the level of the optic tract, x 3.

61



2.3.5: ALZHEIMER-TYPE CHANGES

Densities of neuritic and diffuse senile plaques and NFTs were estimated, in both PD 

and control cases, using modified Bielschowsky silver impregnated sections through the 

frontal, temporal, occipital and parietal cortices and the hippocampus. The histological 

appearances of the senile plaques and NFTs are outlined in sections 1.4.4a, b and c. Both 

plaque types were assessed independently and if there was any uncertainty as to the type of 

plaques being observed, tau immunocytochemistry, which only stains the neuritic 

component of the neuritic plaques and not diffuse plaques, was used. As equal numbers of 

NFTs were identified in the Bielschowsky silver impregnated and tau immuno-stained 

sections, NFT density was assessed using the silver stained sections. The density of 

plaques and NFTs was recorded as being absent (0), sparse (1), moderate (2) or frequent 

(3) at X100 (Mirra et al \99\) (Figure 16a-c).

Khachaturian (1985), CERAD (Mirra et al 1991) and Perry and Perry (1993) diagnostic 

neuropathological criteria were used to establish a diagnosis of Alzheimer's disease.
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Figure 16; Bielschowsky silver stained neuritic plaques in the cortex a) sparse (1), b)

moderate (2) and c) frequent density (3). Bars=200pm
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2.3.6: PRE-a NEURON NEUROFIBRILLARY TANGLES AND

AMYLOID DEPOSITS IN THE CEREBRAL CORTEX

Modified Bielschowsky silver impregnated sections o f PD and control temporal lobe 

were used to examine for the presence o f NFTs in the large star-shaped multipolar pre-a  

neurons o f the entorhinal cortex. Their density was assessed by eye at xlOO as being 

absent, sparse, moderate or frequent (Figure 17). For assessment o f amyloid deposits 

(diffuse senile plaques) see section 2.3.5.

> •
4

•  —

Sv'- f-

Figure 17: Bielschowsky sitained NFTs in the pre-a neurons o f  the entorhiml cortex a)

sparse (1), b) moderate (2) and c) frequent density (3). Bars=50pm
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2.4: DATA ANALYSIS

All the data was stored on Microsoft Excel (4.0) spreadsheets and subject to statistical 

analysis using a Mini-tab for windows (release 92) program. Dementia severity, age of 

onset, age at death and disease duration were compared with each other using analysis of 

variance (ANOVA). The relationship of each pathological feature between PD cases and 

controls was assessed using two way t-tests. The significance of each pathological feature 

with the presence and severity of dementia was assessed using ANOVA Kruskal-wallis, 

Mann-Whitney and regression analysis. For regression analysis, a value below r=0.50 was 

considered insignificant. A probability value lower than 0.05 was considered significant 

for all the other statistical tests.
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CHAPTER 3 

RESULTS

3.1: CLINCAL FEATURES AND MENTAL STATE OF THE PD 

CASES

Age at disease onset and death, disease duration, major clinical features and dementia 

severity for each case are shown in Table: 3 and details regarding the mental state of each 

PD patient are shown in Table 4. A typical case from each dementia group is described 

below.

Case 14 (No dementia), was a woman diagnosed with PD at the age of 72. She 

presented with an akinetic-rigid syndrome (Hoehn and Yahr stage 2). Thereafter, her 

parkinsonism progressed with tremor, falls and increasing akinesia and rigidity. L-Dopa 

treatment was started 2 years after diagnosis with an excellent response. The patient had a 

medical history of rheumatic heart disease and osteoporosis. She was described as being 

mentally alert with no dementia 3 months before death. She died, from broncho 

pneumonia, at the age of 80, after 9 years of PD (Hoehn and Yahr stage 4).

Case 19 (Mild dementia) was a man diagnosed with PD at the age of 60. He presented 

with a right sided tremor (Hoehn and Yahr stage 1). Subsequently he developed rigidity, 

bradykinesia, disturbance of gait, speech difficulties and frequent falls. L-Dopa therapy 

commenced 3 years after onset with a good response. Four years before death he had an
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MMSE score of 26 and Beck depression rating of 15. He was reported to have 

intellectual deterioration 1 year before death. The patient had a medical history of angina. 

He died after a right cerebral infarction, at the age of 75 after 15 years of PD (Hoehn and 

Yahr stage 4).

Case 28 (moderate dementia) was a woman diagnosed with PD at the age of 65. She 

presented with a tremulous akinetic-rigid symmetrical syndrome (Hoehn and Yahr stage 

2). L-Dopa therapy started one year after diagnosis with an excellent response. MMSE 

score was 30 after 4 years of PD, 29 (after 5 years), 27 (after 6 years), 24 (after 7 years) 

and 18 (after 9 years). Beck depression ratings were 7, 6, 9, 8 and 20 respectively. Visual 

hallucinations and toxic conftisional state were reported after 7 years of PD, when the 

MMSE score was 24. Six months before death she was described as confused and frankly 

demented. There was no other medical history. The patient died, from unknown causes, 

at the age of 74, after 9 years of PD (Hoehn and Yahr stage 4).

Case 38 (Severe dementia), was a man diagnosed with PD at the age of 54. He 

presented was a right sided tremor (Hoehn and Yahr stage 1). PD was slowly progressive 

and remained assymmetrical with tremor, rigidity, bradykinesia and falls; later the tremor 

became absent. L-Dopa therapy started 6 years after diagnosis with a good response. He 

also had difficulty swallowing for 14 years before death and was depressed. Becks 

depression ratings were 16 (5 years before death), 9 and 7 repectively. MMSE scores 

were 15, 19 and 14 respectively. Two years before death the patient was too demented 

for MMSE to be done, at this stage he was in a nursing home and wheelchair bound. The 

patient died from bronchopneumonia, at the age of 74 after 20 years of PD (Hoehn and 

Yahr stage 4).
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The mean age at disease onset in the PD group was 64.8 (SD 7.2) and the mean age at 

death was 76 (SD 6.0) with a range of 61 to 91 years. The mean age at death of the 

controls was 75.1 (SD 8.9) with a range of 62 to 90. The ages of the PD and controls 

were matched. The mean disease duration in the PD cases was 12.1 (SD 5.0) years with a 

range of 2 to 24 years. The PD cases were divided into sub-groups on the basis of their 

mental state at death: 17 out of 40 cases (41.5%) were not demented, 5 (12.2%) were 

mildly demented, 11 (26.8%) were moderately demented and 7 (19.5%) were severely 

demented. There was no difference between the presence and severity of dementia and 

age at disease onset (P=0.54 ANOVA), age at death (P=0.44 ANOVA) or disease 

duration (P=0.58 ANOVA).
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TABLE 3: Clinical details for the PD cases and controls

Parkinson's disease

Case
number

Age
disease

onset
Age at 
death

H&Y PD 
severity

Disease 
duration 
in years

Dementia
severity

Dementia
duration
in years Clinical features Cause of death

1 60 68 4 8 None Rigidity, bradykinesia and falls Unknown

2 52 69 4 17 None Tremor, rigidity, bradykinesia, 
dyskinesia and severe speech problems

Coronary artery occlusion

3 65 70 3 5 None Tremor dominant and rigidity Myocardial infarction

4 62 73 3 11 None Tremor dominant, rigidity and bradykinesia Bronchopneumonia

5 71 76 4 5 None Tremor rigidity, bradykinesia, depression and 
PMH: Parietal abscess

Pulmonary embolism

6 54 76 4 22 None Rigidity and bradykinesia Aspiration pneumonia

7 66 77 4 11 None Tremor and rigidity Cerebellar haemorrhage

8 57 77 3 20 None Atypical tremor, rigidity and dystonia Congestive cardiac failure

9 68 78 5 10 None Tremor, rigidity, bradykinesia, falls 
and depression

Bronchopneumonia

10 66 78 4 12 None Tremor dominant, rigidity and depression Unknown

11 67 78 3 11 None Tremor, rigidity, bradykinesia and depression Congestive cardiac failure

12 62 78 5 16 None Tremor, rigidity, bradykinesia and falls Bronchopneumonia

13 59 79 4 20 None Tremor dominant and depression Bronchopneumonia

14 71 81 5 10 None Tremor, rigidity, bradykinesia and falls Bronchopneumonia
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TABLE 3 (continued)

Parkinson's d isease

Case
number

Age at 
disease 

onset
Age at 
death

H&Y PD 
severity

Disease 
duration 
in years

Dementia
severity

Dementia 
duration 
in years Clinical features Cause of death

15 71 83 4 12 None - Tremor, rigidity and bradykinesia 
PMH: Pernicious anaemia

intra-cerebral haemorrhage

16 70 84 4 14 None - Tremor dominant, rigidity, bradykinesia, 
falls and depression

Bronchopneumonia

17 77 91 5 14 None - Bradykinesia, rigidity, falls and depression Bronchopneumonia

18 57 74 5 17 Mild 1 Tremor, rigidity, bradykinesia and falls Unknown

19 60 75 4 15 Mild 1 Tremor, rigidity, bradykinesia, falls and 
depression

Stroke

20 68 77 5 9 Mild 4 Tremor, rigidity and bradykinesia Bronchopneumonia

21 74 80 4 6 Mild 1 Tremor, rigidity, bradykinesia and falls Unknown

22 66 80 4 14 Mild 2 Tremor, rigidity, bradykinesia and depression Bronchopneumonia

23 55 61 4 6 Moderate 3 Tremor, rigidity and bradykinesia Bronchopneumonia

24 58 70 4 12 Moderate 1 Tremor, rigidity, falls and depression Unknown

25 60 71 5 11 Moderate 5 Tremor, rigidity, bradykinesia, falls 
and depression

Bronchopneumonia

26 58 73 5 15 Moderate 2 Rigidity, bradykinesia and depression Pneumonia

27 63 73 5 10 Moderate 4 Tremor, rigidity and bradykinesia Bronchopneumonia
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TABLE 3 (continued)

Parkinson's d isease

Case
number

Age at 
disease 
onset

age at 
death

H&Y PD 
severity

Disease 
duration 
in years

Dementia
severity

Dementia 
duration 
in years

Clinical features Cause of death

28 65 74 4 9 Moderate 6 Tremor, rigidity, bradykinesia and depression Unknown

29 56 75 5 24 Moderate 9 Rigidity, bradykinesia, falls and speech 
problems, PMH: Encephalitis 1992?

Bronchopneumonia

30 64 78 5 14 Moderate 2 Tremor, rigidity, bradykinesia and falls Unknown

31 64 78 5 14 Moderate 2 Tremor, rigidity, bradykinesia and depression Pyelonephritis

32 65 80 5 15 Moderate 3 Rigidity and bradykinesia Bronchopneumonia

33 83 91 5 8 Moderate 1 Tremor, bradykinesia and rigidity Unknown

34 58 65 4 7 Severe 5 Rigidity, bradykinesia and myclonic jerks Bronchopneumonia

35 66 68 3 2 Severe 2 Tremor, rigidity, falls and depression Bronchopneumonia

36 66 71 4 5 Severe 2 Tremor, rigidity, bradykinesia and falls Bronchopneumonia

37 64 74 4 10 Severe 4 Tremor, rigidity, falls and depression Unknown

38 54 74 4 20 Severe 5 Initial tremor, rigidity, bradykinesia and 
depression

Bronchopneumonia

39 65 79 5 14 Severe 8 Tremor, rigidity, bradykinesia, falls and 
depression

Stroke

40 73 83 5 10 Severe 5 Tremor, rigidity, bradykinesia, depression 
and myclonic jerks

Peritonitis
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TABLE 3 (continued)

Control ca ses

Case
number

Age at 
death

H&Y PD 
severity

Disease 
duration 
in years

Dementia
severity

Dementia
duration Clinical features Cause of death

41 62 n/a n/a None n/a n/a Acute left ventricular failure

42 63 n/a n/a None n/a n/a Malignant lymphoma

43 67 n/a n/a None n/a n/a Cor pulmonale

44 69 n/a n/a None n/a n/a Carcinoma of bronchus

45 69 n/a n/a None n/a n/a unknown

46 73 n/a n/a None n/a n/a Acute bronchitis

47 73 n/a n/a None n/a n/a Acute cardiac failure

48 76 n/a n/a None n/a n/a Unknown

49 77 n/a n/a None n/a n/a Bronchopneumonia

50 78 n/a n/a None n/a n/a Pulmonary thrombo-embolism

51 80 n/a n/a None n/a n/a Perforated duodenal ulcer

52 86 n/a n/a None n/a n/a Carcinomatosis

53 89 n/a n/a None n/a n/a Purulent peritonitis

54 90 n/a n/a None n/a n/a Unknown
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TABLE 4: Mental state of the PD cases

C ase
no.

MMSE 
score  

(yrs before 
death)

Dementia at 
bedside  

examination
Amnesia Hallucinosis Confusion Depression

Personality changes 
social withdrawal etc.

Other sym ptoms and references to cognition 
in documentation

1 - None - - - - - -

2 - None - + - - Anxiety -

3 - None - - - - - Intellectually intact

4 - None - - - - Anxiety -

5 - None - + - + Anxiety Well orientated

6 - None - + - - - -

7

8

- None

None

- - - + Sexual disinhibition 
and aggressive

No cognitive impairment 3 m onths before death 

Mentally alert 1 year before death

9 - None - - - - - Mentally alert 1 year before death

10 - None - - - - - -

11 - None - + + + Insomnia -

12 - None - +a +a - - Recurrent se izures with secondary confusion (a) 
and hallucinosis (a), cognitively intact

13 - None + - - + - Excellent cognitive function 3 years before death

14 - None - - - - - Mentally alert and active 3 months before death

15 - None - +d +d - - Quite independent around the house 1 year before death

16 2 9 (1 ) None - +d +d - - Lucid and in good spirits 4  months before death

17 - None - - - + - Cognitively intact 1 year prior to death

18 - Mild - +d - - - -

19 26 (4) Mild - - - + Bad dreams Intellectually deteriorating 1 year before death

20 26 (4) Mild - +d +d - - Confused and wandering at night, higher 
mental function impaired 6 yrs before death

a At time of 
seizures

d Drug induced
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TABLE 4: Mental state of the PD ca ses  (continued)

C ase
no.

MMSE 
score 

(yrs before 
death)

Dementia at 
bedside 

examination
Amnesia Hallucinosis Confusion Depression

Personality changes 
social withdrawal etc.

Other symptoms and references to cognition 
in documentation

21 27 (1) Mild - - - - - -

22 - Mild - + - - Anxious, bad dreams -

23 - Moderate + + + Obsessionality, paranoia Dementia well documented

24 - Moderate - - + + Aggressive, violent 
and psychotic (d)

Wandering and getting lost, incontinent

25 Moderate + + + Confused and disorientated, unable to obey 
simple commands

26 22 (1) Moderate - + + - - Cerebral atrophy (CT scan)

27 - Moderate + - + - - Confused with poor memory (2 yrs before death)

28 1 8 (1 ) Moderate - + + + - Confused and frankly demented a couple of 
months before death

29 - Moderate + - - + - L-dopa increased libido and forgetful

30 22 (2) Moderate + + + - Aggressive Disorientated and demented 1 yr before death

31 1 5 (2 ) Moderate - - - + - -

32 1 6 (2 ) Moderate - + - + - -

33 1 8 (1 ) Moderate - - - - - -

34 - Severe + - + - Apathy; agitation -

35 16 Severe + - + + - Both dementia and PD on presentation and 
prior to neuroleptics

36 5 out of 10 Severe + + d +d + Aggressive and agitated -

37 1 Severe + + + - Irritable and aggressive Too demented for Beck test

38 14 (3 ) Severe + - - - - Too demented for MMSE 2 yrs before death

39 10 Severe + + + + Agitation Too demented for MMSE 1 yr before death

40 1 0 (3 ) Severe - + + - Irritable and contrary -

a At time of 
seizures

d Drug induced
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3.2; GENERAL PATHOLOGY OF ALL THE PD CASES 

AND CONTROLS 

3.2.1: MACROSCOPIC APPEARANCE

Details o f  the macroscopic appearance o f PD and control brains are summarised in 

Table 5. The mean brain weight o f the PD cases and controls were 1311.5 gms (SD 

146,8) and 1324.9 gms (SD 155.3) respectively. There was no significant difference 

between PD and control brain weights (P=0.77, two-way t-test). A minority o f PD 

(29.7%) and control brains (21.4%) showed some atrophy, usually along the 

fronto-parietal convexity. In coronal slices, slight to moderate dilatation o f the lateral 

ventricles was found in 30 out o f 40 (73%) PD cases and slight dilatation was observed in 

6 out o f 14 (43% ) control cases. In comparison with the controls all PD brains showed 

marked depigmentation o f the substantia nigra and locus ceruleus (Figure 18).

X
»

Figure 18: Coronal slices through the brain stem showing the substantia nigra (arrows) and

locus ceruleus (arrow heads) in; a) a case o f  Parkinson's disease and b) a control; note

heavy pigmentation. Bars=7.5mm
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TABLE 5: Macroscopic appearence of PD and control brains 

Parkinson's disease

C ase
number

Brain
weight (gms) Atrophy

Lateral ventricle 
dilatation

Nigral and locus 
ceruleus pallor Additional m acroscopic appearence

1 1,608 None None Moderate Infarcts in frontal gyrus and hippocampus
2 1,404 None Slight Severe
3 1,165 None Com pressed Severe Poorly fixed swollen brain
4 1,337 None Slight Severe
5 1,350 Fronto-parietal Moderate Severe A b cess in parietal and occipital area
6 1,475 None Slight Severe
7 1,302 None Moderate Severe
8 1,120 None None Severe
9 1,297 Parietal Moderate Severe Scattered lacunes in the putamen
10 1,441 None Com pressed Severe
11 1,426 None Slight Severe
12 1,190 Fronto-parietal Moderate Severe
13 1,338 None Slight Severe
14 1,315 None Slight Severe
15 1,154 None Moderate Severe Cerebro-vascular haemorrhage
16 1,210 None None Severe
17 1,120 Fronto-parietal Ependymoma Moderate Ependymoma
18 1,195 Temporal Slight Moderate
19 1,428 None Slight Severe
20 1,378 Fronto-parietal Moderate Moderate Atrophy in caudate, possibly vascular in origin
21 1,580 None Moderate Severe
22 1,335 Fronto-par-occ None Severe Microinfarcts
23 1,370 Parietal Slight Severe
24 1,210 None Moderate Severe
25 1,140 None Moderate Severe
26 1,113 Frontal Moderate Severe
27 1,120 None Slight Severe
28 1,250 Frontal Moderate Severe
29 1,130 None Moderate Severe
30 1,510 Frontal Severe Severe
31 1,226 None None Severe
32 1,260 Fronto-parietal Moderate Severe
33 n/a None Moderate Severe Primary cerebral lymphoma
34 n/a n/a n/a n/a
35 n/a Fronto-parietal Slight Severe
36 1,208 None None Severe
37 1,330 None Slight Severe
38 1,680 None Slight Severe
39 1,380 None None Severe Lacunes in the putamen
40 1,425 None Severe Severe Thinning of the corpus callosum
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TABLE 5 (continued) 

Controls

Case
number

Brain
weight (gms) Atrophy

Lateral ventricle 
dilatation

Nigral and locus 
ceruleus pallor Additional macroscopic appearence

41 1,290 Fronto-parietal Slight None
42 1,390 None None None
43 1,356 Frontal Slight None
44 1,220 None Slight None
45 1,500 None None None
46 1,100 None None None
47 1,400 None Compressed None Old ischaemic lesion in the white matter
48 1,238 None Slight None
49 1,420 None Slight None Lacunes in the caudate and putamen
50 1,646 None None None Swollen brain, possibly due to a pulmonary emboli
51 1,100 None Slight None
52 1,450 None None None
53 1,238 Fronto-parietal Moderate None
54 1,200 None None None Severe lacunes in putamen and pallidum
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3.2.2: HISTOLOGICAL DIAGNOSIS OF PD

Microscopic examination o f the substantia nigra and locus ceruleus in all PD cases 

showed loss o f  pigmented neurons and gliosis, (Figure 19a) with many o f the remaining 

pigmented neurons containing LBs (Figure 19c). Extra-neuronal melanin and active 

macrophages containing neuromelanin were also seen In the control cases the substantia 

nigra and locus ceruleus were densely populated with large pigmented, rounded or oval 

shaped nucleolated neurons (Figure 19: b and d) without degeneration or LBs.

%■ c •
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Figure 19: H&E stained substantia nigra in a) PD showing neuronal loss, gliosis, LBs 

(arrow head) and macrophages (arrow): Bar=50pm, b) normal control with many 

pigmented neurons: Bar=50pm, c) neuron from a PD nigra containing a LB (arrow): 

Bar=10pm  and d) normal pigmented nigral neuron from a control brain. Bar=10pm.
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The numbers and density of pigmented SN neurons are shown in Table 6 and Figure 

20. The mean neuronal density in the SN of PD cases and controls was 8.52 neurons/mm^ 

(SD 3.49) and 35.56/mm“ (SD 10.85) respectively. Nigral neuronal density was 

significantly less in PD than controls (P<0.00, two-way t-test). SN pigmented neuron 

density showed no significant relationship with age at death in either PD (r=0.06) or 

controls (r=0.42). In PD there was no significant relationship between nigral neuron 

density and disease duration (r=0.31), age at disease onset (r=0.28) or dementia severity 

(r=0.29).
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P arkinson's d is e a s e C ontrols

C ase Total Area of Pigmented Case Total Area of Pigmented
number neurons SN/mm^ neurons /mm^ number neurons SN/mm^ neurons /mm^

1 596 48.8 12.2 41 885 22.2 40.2
2 329 41.0 8.0 42 1062 32.0 33.1
3 508 23.4 12.0 43 1189 25.9 45.9
4 256 26.3 9.7 44 n/a n/a n/a
5 305 32.5 9.3 45 812 32.0 25.4
6 90 23.9 3.8 46 1194 21.7 55.0
7 207 23.7 8.7 47 1623 36.1 45.0
8 479 46.5 10.3 48 1268 35.5 35.7
9 308 26.3 11.7 49 796 28.8 27.7

10 291 40.6 7.2 50 1083 21.0 51.5
11 272 15.6 17.5 51 855 33.8 25.3
12 139 28.6 4.9 52 829 34.0 24.4
13 168 31.6 5.3 53 813 32.5 25.8
14 540 47.4 11.4 54 928 34.0 27.3
15 185 23.1 8.0
16 428 35.3 12.1
17 394 38.3 10.3
18 127 21.1 6.0
19 180 30.4 5.9
20 288 18.2 15.8
21 382 31.0 12.3
22 278 36.7 7.6
23 250 45.2 5.5
24 402 28.4 14.2
25 148 39.2 3.8
26 126 32.3 3.9
27 93 30.3 3.1
28 137 22.7 6.0
29 214 29.6 7.2
30 267 28.4 9.4
31 150 30.3 5.0
32 289 26.1 11.1
33 289 38.0 7.6
34 449 38.7 11.6
35 283 42.0 6.7
36 214 23.2 9.2
37 306 27.6 11.1
38 155 29.1 5.3
39 178 31.1 5.7
40 127 29.3 4.3
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Figure 20: Pigmented neuron density in the substantia nigra of PD cases and controls
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3.3: Q UA N TIFIC A TIO N  OF SPEC IFIC  PA TH O LO G IC A L  

FEATURES

3.3.1: CORTICAL LEWY BODIES 

3.3.1a: HISTOPATHOLOGY

Brain stem and cortical LBs were found in all PD cases and were absent in the controls 

(Table 7). Cortical LBs occurred in neurons o f the deeper cortical layers (laminae 5 and 

6), where they appeared in small clusters (Figure 21). Affected neurons usually contained 

one homogeneous round, oval or crescent shaped ubiquitin-IR LB ranging in size from 

5-15pm (Figure 21; inset). In these neurons the nucleus was eccentrically displaced and 

no cytoplasm was visible.

. #

• ^ »

Figure 21: Ubiquitin-IR cortical LBs in the deeper cortical layers o f  the cingulate gyrus.

Bar= 100pm. Inset, LB containing neuron showing displaced nucleus: Bar=20pm.
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3.3.1b: CORTICAL LEWY BODY DENSITY AND DEMENTIA

The number of cortical LBs per mm  ̂ for each cortical region examined can be seen in 

Table 7 and Figures 22-27. LBs were more abundant in the anterior cingulate gyrus and 

entorhinal cortex than in the superior frontal and temporal cortices. The median LB 

density and range for all four cortical regions is shown below;

Cingulate Median 
(LB/mm-) (Ql-3)

Range

None

0.42
(0.28-0.83)

0.11-1.29

Dementia severity 

Mild Moderate

0.69
(0.63-1.77)

0.57-1.86

1.55

Severe

2.02
(0.35-2.00) (0.93-3.39)

0.08-3.66 0.76-4.63

Frontal Median 
(LB/mm^) (Ql-3)

Range

0.05
(0.03-0.16)

0.02-0.34

0.12
(0.08-0.38)

0.07-0.62

0.28
(0.04-0.49)

0.02-0.99

0.34
(0.28-0.84)

0.10-1.51

Entorhinal Median 
(LB/mm-) (Ql-3)

Range

0.17
(0.11-0.33)

0.03-0.94

0.28
(0.09-0.36)

0.02-0.42

0.50
(0.05-1.67)

0.02-1.73

1.76
(0.58-3.27)

0.10-3.99

Temporal Median 
(LB/mm-) (Ql-3)

Range

0.07
(0.03-0.14)

0.01-0.34

0.08
(0.07-0.59)

0.06-1.08

0.30
(0.06-0.47)

0.03-1.46

0.50
(0.27-0.85)

0.12-0.85

Q = Interquartile range

From the above it can be seen that there was substantial overlap in cortical LB density 

between the dementia subgroups as shown in Figure 22.
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Figure 22; Comparison of LB density between the dementia sub-goups in the anterior 

cingulate gyrus

Regardless of this overlap a significant increase in cortical LB density with dementia 

severity occurred in all the cortical regions examined, (P<0.01 in cingulate, frontal and 

temporal cortices and p<0.03 in the entorhinal cortex, Kruskal-Wallis). However, when 

the dementia sub-groups were compared there was no difference in LB density, in any 

cortical region, between non-demented and mildly demented or between mildly demented 

and moderately demented or between moderatly demented and severely demented cases. 

A signifcant increase in LB density was only found when the non-demented and severely 

demented groups were compared, in each cortical region ( P=0.002 in cingulate gyrus, 

P=0.001 in frontal cortex, P=0.005 in the entorhinal cortex and P=0.009 in the temporal 

cortex, Mann-Whitney). When the 23 demented cases were examined individually only 12 

(52.2%) actually had a substantially increased LB density (anterior cingulate gyrus) and 

the remaining 11 (47.8%) cases had LB densities within the same range as the non- 

demented PD cases (Figures 22 and 23).
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In all the cortical regions examined for LBs there was a significant relationship between 

cortical LB and diffuse senile plaque density (P=0.000 in cingulate gyrus, P=0.000 in 

frontal cortex, P=0.002 in the entorhinal cortex and P=0.001 in the temporal cortex, 

Kruskal-Wallis) (see Figure 28) and there was a significant increase in LB and neuritic 

senile plaque density in the cingulate gyrus (P=0.027 Kruskal-Wallis) (see Figure 29) and 

frontal cortex (P=0.023 Kruskal-Wallis), but not in the entorhinal (P=0.25, Kruskal- 

Wallis) or temporal cortices (P=0.S9, kruskal-Wallis).

Cortical LB density did not correlate with age at disease onset (r=0.07), age at death 

(r^0.12) or disease duration (r=0.05).
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TABLE 7: Cortical Lewy bodies per mm' for cortical régions examined

Parkinson's disease Controls

Case
number

Dementia
severity Cingulate

Cortical Lewv bodies per mm' 
Frontal Entorhinal Temporal

Total
cib/mm'

1 None 0.13 0.03 0.11 0.01 0.02
2 None 0.21 0.03 0.11 0.02 0.04
3 None 0.73 0.17 0.25 0.13 0.20
4 None 0.42 0.08 0.17 0.03 0.11
5 None 0.83 0.34 0.25 0.14 0.26
6 None 1.29 0.16 0.10 0.16 0.19
7 None 0.36 0.03 0.12 0.02 0.06
8 None 0.23 0.02 0.03 0.01 0.02
9 None 0.46 0.03 0.53 0.06 0.08
10 None 0.50 0.07 0.29 0.07 0.12
11 None 0.83 0.04 0.11 0.10 0.10
12 None 0.32 0.05 0.42 0.10 0.12
13 None 0.11 0.03 0.06 0.04 0.04
14 None 0.40 0.05 0.20 0.05 0.08
15 None 1.22 0.15 0.94 0.34 0.38
16 None 0.33 0.02 0.37 0.14 0.12
17 None 1.04 0.16 0.07 0.13 0.25

18 Mild 1.86 0.62 0.15 1.08 1.01
19 Mild 0.57 0.08 0.30 0.06 0.10
20 Mild 0.69 0.07 0.42 0.08 0.14
21 Mild 0.68 0.12 0.02 0.07 0.11
22 Mild 1.68 0.13 0.28 0.09 0.19

23 Moderate 0.72 0.09 0.05 0.19 0.18
24 Moderate 2.00 0.34 0.62 0.44 0.51
25 Moderate 1.92 0.99 1.67 1.46 1.34
26 Moderate 3.66 0.49 1.68 0.47 0.82
27 Moderate 2.27 0.74 1.30 0.30 0.66
28 Moderate 1.90 0.32 1.73 0.47 0.63
29 Moderate 0.70 0.06 0.15 0.21 0.18
30 Moderate 0.14 0.01 0.03 0.03 0.03
31 Moderate 1.55 0.28 0.11 0.68 0.55
32 Moderate 0.35 0.04 0.50 0.06 0.11
33 Moderate 0.08 0.02 0.02 0.03 0.03

34 Severe 1.02 0.28 1.08 0.38 0.44
35 Severe 0.93 0.34 0.58 0.27 0.33
36 Severe 3.39 0.84 3.27 0.85 1.21
37 Severe 2.02 0.43 3.99 0.85 0.94
38 Severe 2.91 0.28 2.51 0.50 0.76
39 Severe 0.76 0.10 0.10 0.12 0.22
40 Severe 4.53 1.51 1.76 0.74 1.43

Case Dementia Cortical Lewv bodies per mm^ Total
number severity Cingulate Frontal Entorhinal Temporal clb/mm^

41 None
42 None - - - - -

43 None - - - - -

44 None - - - - -

45 None - - - - -

46 None - - - - -

47 None - - - - -

48 None - - - - -

49 None - - - - -

50 None - - - - -

51 None - - - - -

52 None - - - - -

53 None - - - - -

54 None - - - - -
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Figure 23: Cortical LB density in the cingulate gyrus and dementia severity in PD
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Figure 24: Cortical LB density in the superior frontal cortex and dementia severity in PD
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Figure 25: Cortical LB density in the entorhinal cortex and dementia severity in PD
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Figure 26: Cortical LB density in the temporal cortex and dementia severity in PD
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Figure 27: Mean cortical LB density for all four cortical regions and dementia severity in PD
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Figure 28: The relationship between cingulate gyrus LB density and diffuse plaque density
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Figure 29: The relationship between cingulate gyrus LB density and neuritic plaque density
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3.3.2: EXAMINATION OF UBIQUITIN IMMUNO-REACTIVE 

NEURITES IN THE HIPPOCAMPAL CA2-3 REGION

3.3.2a: HISTOPATHOLOGY

Ubiquitin-IR neurites were found running both parallel and perpendicular to the 

pyramidal neurons o f the hippocampal CA2-3 region in 36 o f the 40 (90%) PD cases, but 

were not detected in any controls (Table: 8). The neurites varied in length from 5 to 

100pm or more and some exhibited a segmental appearance with dilatation's and 

constrictions along their length (Figure 30),
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Figure 30: CA2-3 region showing ubiquitin-IR neurites with constrictions and dilatation's 

along their length (arrow heads). Bar^lOO pm
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3.3.2b: UBIQUITIN IMMUNO-REACTIVE NEURITE DENSITY 

AND DEMENTIA

The densities of CA2-3 ubiquitin-IR neurites in each of the PD cases are shown in 

Table 8 and Figure 32. The densities of ubiquitin-IR neurites in the CA2-3 region varied 

markedly between cases with similar degrees of dementia (Figure 31). Ubiquitin-IR 

neurites were detected in 76.5% of non-demented cases and 95.64% of demented PD 

cases. There appeared to be a slight trend towards increased ubiquitin-IR neurite density 

with dementia severity. However, this was not found to be significant (P=0.06 ANOVA).

Ubiquitin-IR
neurite
density

3

2

1

0
Moderate SevereMildNone

Dementia

Figure 31 : Comparison of ubiquitin-IR neurite density and dementia

There was no significance between the densities of ubiquitin-IR neurite and cortical 

LBs (P=0.52 kruskal-Wallis), neuritic senile plaques (r=0.01) or diffuse senile plaques 

(r=0.04).
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TABLE 8: Hippocampal CA2-3 ubiquitin- IR neurites density

Parkinson's disease Controls

Case
number

Dementia
severity

Hippocampal CA2-3 
ubiquitin-IR neurite density

1 None 1
2 None 2
3 None 1
4 None 0
5 None 1
6 None 0
7 None 1
8 None 0
9 None 2
10 None 2
11 None 1
12 None 3
13 None 1
14 None 2
15 None 1
16 None 3
17 None 1

18 Mild 2
19 Mild 2
20 Mild 2
21 Mild 1
22 Mild 2

23 Moderate 0
24 Moderate 1
25 Moderate 2
26 Moderate 1
27 Moderate 2
28 Moderate 3
29 Moderate 3
30 Moderate 2
31 Moderate 2
32 Moderate 2
33 Moderate 1

34 Severe 2
35 Severe 2
36 Severe 2
37 Severe 3
38 Severe 3
39 Severe 2
40 Severe 2

Case Dementia Hippocampal CA2-3
number severity ubiquitin-IR neurite density

41 None
42 None -

43 None -

44 None -

45 None -

46 None -

47 None -

48 None -

49 None -

50 None -

51 None -

52 None -

53 None -

54 None -
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Figure 32: CA2-3 ubiquitin immuno-reactive neurite density and dementia severity in PD
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3.3.3 NUCLEUS BASALIS OF MEYNERT

3.3.3a: HISTOPATHOLOGY

In the controls, the nbM was densely populated with large bipolar nucleolated nbM 

neurons (Figure 33 a) which were oval or rounded in shape with a Nissl rich perikarya 

(Figure 34a). In PD, nbM neurons were sparsely distributed and there was moderate to 

severe gliosis (Figure 33b). Many of the remaining neurons showed signs of degeneration 

with sparse peripherally distributed Nissl substance, vacuolation (Figure 34d), lipofuscin 

accumulation, globose NFTs and moderately frequent LBs or Pale bodies. The LBs were 

similar to those seen in the substantia nigra, with a classical core and halo appearance 

(Figure 34b). Pale bodies were round, with a homogeneous, non-staining, granular 

appearance (Figure 34c).
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Figure. 33; LFB/N stained nbM of, a) control case showing a well populated nbM, b) PD 

case showing nbM neuronal loss. Bars= 100pm
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Figure 34: H&E stained, a) normal nbM neuron from a control case, b) a shrunken PD 

nbM neuron containing a LB, c) PD, nbM neuron containing a pale body and cytoplasmic 

vacuolation and d) PD, nbM neuron with vacuolation o f  the cytoplasm Bars=20pm
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3.3.3b: NEURONAL LOSS IN THE NUCLEUS BASALIS OF MEYNERT

The densities of nbM neurons in PD cases and the controls are shown in Table 9 and 

Figures 35 and 36. The mean density of nbM neurons in controls and PD were 25.58/mm' 

(SD 9.00) and 12.33/mm' (SD 4.87) respectively. NbM neurons were significantly 

reduced in PD (P<0.0002, two sample t-test). The density of nbM neurons for each PD 

dementia sub-group were:- no dementia 12.8/mm' (SD 4.1), mild dementia 11.2/mm' (SD 

1.6), moderate dementia 12.2/mm' (SD 5.2) and severe dementia 12.2/mm' (SD 7.7). 

There was substantial overlap between the sub-groups, as shown in Figure 37. In the PD 

cases there was no significant relationship between nbM neuron density with dementia 

severity (P=0.938 ANOVA) or age at death (r=0.19). In the control cases there was a 

significant reduction in nbM neuron density with age at death (r=0.55).

nbM neuron 
density/mm'

40-

35"

30-

25-

20 -

15-

10 "

None SevereMild Moderate 

Dementia

Figure 35. Comparison o f  nbM neuron densities in the PD sub-groups and controls

Controls
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TABLE 9: NbM neuron density for the PD ca ses  and controls

Parkinson's disease Controls

C ase
number

Dementia
severity

nbM 
neurons/ mm=

1 None 10.2
2 None 8.1
3 None 14.0
4 None 8.3
5 None 18.0
6 None 7.8
7 None 10.7
8 None 14.9
9 None 11.9
10 None 11.1
11 None n/a
12 None 11.8
13 None 20.9
14 None 18.5
15 None 18.2
16 None 9.3
17 None 11.5

18 Mild 11.6
19 Mild 13.8
20 Mild 10.1
21 Mild 9.6
22 Mild 11.0

23 Moderate 7.9
24 Moderate 14.8
25 Moderate 6.6
26 Moderate 8.8
27 Moderate 19.3
28 Moderate 18.5
29 Moderate 11.6
30 Moderate 6.5
31 Moderate 8.9
32 Moderate 20.2
33 Moderate 11.3

34 Severe 5.3
35 Severe 12.3
36 Severe 16.6
37 Severe 8.9
38 Severe 8.3
39 Severe 27.4
40 Severe 6.5

Case
number

Dementia
severity

nbM 
neurons/ mm*

41 None 35.6
42 None 38.6
43 None 20.7
44 None 28.6
45 None 22.9
46 None 19.8
47 None 37.8
48 None 16.3
49 None 37.5
50 None 18.9
51 None 20.7
52 None n/a
53 None 12.4
54 None 23.0
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Figure 36: NbM neuron density for PD cases and controls
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3.3.4: ANALYSIS OF ALZHEIMER-TYPE PATHOLOGY

Bielschowsky silver stained sections o f cortex and hippocampus were examined for 

senile plaques and NFTs. Combinations o f neuritic and diffuse senile plaques (Figure 37) 

were found in the cerebral neocortex in 22 o f the 40 (55%) PD cases and 6 o f  the 14 

(42.8%) controls, NFTs were generally found in the hippocampal region, but were sparse 

or absent in the neocortex in 39 o f the 40 (97.5%) PD cases and all controls. In some 

cases granulovacuolar degeneration (28 PD and 6 controls) and Hirano bodies (14 PD and 

2 controls) were observed in pyramidal neurons o f the hippocampus.

Figure 37: Bielschowsky silver stained frontal cortex containing a combination o f diffuse 

(arrow head) and neuritic (arrow) senile plaques. Bar= 100pm
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The densities and distribution of Alzheimer-type pathology are shown in Table 10. The 

densities of cortical neuritic senile plaques in each PD case and control are shown in 

Figure 38. Fourteen of the PD cases and 7 controls had no neocortical neuritic plaques or 

NFTs, although hippocampal NFTs were found in many. Twenty one PD and 6 control 

cases had some cortical neuritic plaques and NFTs which were below the age related 

numbers required for a histological diagnosis of AD. Five demented PD cases (cases 24, 

27, 35, 36 and 37) had abundant neuritic senile plaques sufficient for a histological 

diagnosis of AD using the CERAD (Mirra et al 1991) and Khachaturian (1985) criteria. In 

4 of these cases (cases 24, 27, 36 and 37) cortical NFTs were absent or sparse and 

hippocampal NFTs were moderate in 2. Only one case (case 35) fulfilled the Perry and 

Perry (1993) criteria, having frequent cortical and hippocampal NFTs. Other AD 

pathology observed in these 5 cases included Hirano bodies, GVD and congophilic 

angiopathy, these features were most prevalent in case number 35.

In the control cases there was a significant correlation between neuritic plaque density 

and age at death (r=0.79), this was not found in the PD cases (r=0.17). However, in the 

PD cases neuritic plaques correlated with cingulate gyrus (P=0.027, Kruskal-Wallis) and 

superior frontal cortex (P=0.023, Kruskal-Wallis) LB density.
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TABLE 10 : Alzheimer-type pathology for PD cases and controls

Parkinson's disease Controls

Case
number

Dementia
severity Age

Brain
weight

Frontal/temporal cortex 
N.sps D.sps NFTs

Hippocampus 
N.sps D.sps NFTs Khacha

Diagnosis of AD
Perry and 

CERAD Perry (1993)

1 None 68 1,608 1 2 1 1 1 2 B
2 None 69 1,404 0 0 0 0 0 2 -

3 None 70 1,165 2 2 1 0 0 0 . B
4 None 73 1,337 1 2 1 0 0 1 B
5 None 76 1,350 0 0 0 0 0 1
6 None 76 1,475 1 2 0 1 1 1 A
7 None 77 1,302 0 0 0 0 0 1
8 None 77 1,120 0 0 0 0 0 0
9 None 78 1,297 2 1 1 1 1 3 A
10 None 78 1,441 0 0 0 0 0 1 .

11 None 78 1,426 0 0 0 0 0 3 .

12 None 78 1,190 0 0 0 0 0 2 .

13 None 79 1,338 2 1 1 0 0 1 A
14 None 81 1,315 1 1 1 0 0 1 A
15 None 83 1,154 1 2 1 2 1 3 . A
16 None 84 1,210 0 0 0 0 0 1 .

17 None 1,120 1 1 0 0 1 1 - A -

18 Mild 74 1,195 2 2 1 2 1 1 B
19 Mild 75 1,428 0 0 0 0 0 1 .

20 Mild 77 1,378 0 0 0 0 0 1 .

21 Mild 80 1,580 0 0 0 0 0 2 .

22 Mild 80 1.335 1 1 1 0 1 1 - A -

23 Moderate 61 1,120 0 0 0 0 0 1 .

24 Moderate 70 1,140 2 2 1 2 1 1 yes C
25 Moderate 71 1,113 1 3 1 3 1 1 B
26 Moderate 73 1,120 1 3 1 2 0 1 B
27 Moderate 73 n/a 2 2 1 1 1 1 yes C
28 Moderate 74 1,130 0 1 0 1 0 2
29 Moderate 75 1,510 0 0 0 0 0 2
30 Moderate 78 1,228 0 1 1 0 0 2
31 Moderate 78 1,206 2 2 1 1 1 1 B
32 Moderate 80 n/a 0 1 1 0 0 1
33 Moderate 91 n/a 2 0 1 1 0 2 - B -

34 Severe 65 n/a 1 1 1 0 0 1 B
35 Severe 68 n/a 3 3 3 2 2 3 yes C yes
36 Severe 71 1,208 2 3 1 3 1 3 yes C .

37 Severe 74 1,330 2 2 1 2 1 2 yes C -

38 Severe 74 1,680 1 3 1 1 1 2 B .

39 Severe 79 1,380 0 0 1 0 0 2
40 Severe 83 1,425 2 3 1 3 1 3 - B -

Case
number

Dementia
severity Age

Brain
weight

Frontal/temporal cortex 
N.sps D.sps NFTs

Hippocampus 
N.sps D.sps NFTs

Diagnosis of AD
Perry and 

Khacha CERAD Perry (1993)

41 None 62 1,290 0 1 0 0 0 0 .

42 None 63 1,390 0 1 0 0 0 0 .

43 None 67 1,356 0 1 1 0 0 1 .

44 None 69 1,220 0 0 0 0 0 1
45 None 69 1,500 0 0 0 0 0 0 — _ -

46 None 73 1,100 0 0 0 0 0 0 -

47 None 73 1,486 0 0 0 0 0 0 -

48 None 76 1,480 1 1 1 0 0 1 A
49 None 77 1,105 1 2 1 2 0 2 B
50 None 78 1,646 1 1 0 2 1 1 B
51 None 80 1,100 0 0 0 0 0 1 .

52 None 86 1,450 2 2 1 2 1 3 B
53 None 89 1,238 2 3 1 2 0 3 B
54 None 90 1,200 2 2 1 2 1 2 B

N.sps; neuritic senile plaques 

D.sps: diffuse senile plaques

CERAD criteria

A: Histologic findings are uncertain evidence of AD 

B; Histologic findings suggest the diagnosis of AD 

C: Histologic findings indicate the diagnosis of AD
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Figure 38: Neuritic senile plaque density in PD cases and controls
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3.3.5: PRE-a NEURON NEUROFIBRILLARY TANGLES AND 

AMYLOID DEPOSITS IN THE CEREBRAL CORTEX

Bielschowsky silver stained sections o f temporal cortex showed NFTs in the multipolar 

pre-a  neurons o f the entorhinal cortex in 39 (97.5%) cases o f PD and 10 (71.4%) 

controls. These neurons contained large tangles which filled most o f the cytoplasm and 

extended into the dendrites (Figure 39).

V  '

%

> '

Figure 39: Multipolar p re-a  neuron containing a neurofibrillary tangle. Bar=20pm

Diffuse (amyloid) plaques were observed in Bielschowsky silver stained sections of 

frontal and temporal cortex in 25 (62.5%) PD cases and 9 (64.3% ) controls. The 

frequency o f p re-a  neuron NFTs and cortical diffuse plaques are shown in Table 11.
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The density of NFTs in the pre-a neurons ranged from sparse to frequent in all the PD 

dementia sub-groups (Figures 40 and 41). In the PD cases no significant relationship was 

found between pre-a NFT density and age at death (r=0.04), dementia severity (r=0.07) or 

cortical LBs, in any of the cortical areas (cingulate P=0.21, frontal P=0.24, entorhinal 

P=0.36 and temporal P=0.25, Kruskal-Wallis). In the controls, the density of NFTs in 

pre-a neurons significantly increased with age (r=0.69).

P re-a
NFT density

3

2

0

None Mild Moderate Severe

Dementia

Figure 40; Comparison of pre-a NFT density and dementia severity in PD

The frequency of diffuse plaques is shown in Figure 42. In the PD cases there was no 

relationship between diffuse plaque density and either age at death (r=0.34) or dementia 

severity (r=0.43). In the controls diffuse plaque density increased with age at death 

(r=0.60). In the PD cases diffuse plaques increased with cortical LB density (P=0.000 in 

the cingulate gyrus, Kruskal-Wallis, see section 3.31b). No significant relationship was 

found between cortical diffuse plaque and pre-a NFT density (P=0.28, Kruskal-Wallis).
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TABLE 11; pre- a  neuron NFTs and diffuse senile plaque density

Parkinson's disease Controls

Case Dementia Pre- a Cortical diffuse case Dementia Pre- a Cortical diffuse
number severity NFTS senile plaques number severity NFTs senile plaques

1 None 2 2 41 None 0 1
2 None 1 0 42 None 1 1
3 None 2 2 43 None 1 1
4 None 1 2 44 None 1 0
5 None 1 0 45 None 0 0
6 None 2 2 46 None 0 0
7 None 1 0 47 None 0 0
8 None 0 0 48 None 1 1
9 None 2 1 49 None 2 2
10 None 2 0 50 None 3 1
11 None 3 0 51 None 1 0
12 None 1 0 52 None 2 2
13 None 1 1 53 None 3 3
14 None 1 1 54 None 2 2
15 None 3 2
16 None 1 0
17 None 1 1

18 Mild 3 2
19 Mild 3 0
20 Mild 1 0
21 Mild 2 0
22 Mild 3 1

23 Moderate 1 0
24 Moderate 3 2
25 Moderate 2 3
26 Moderate 1 3
27 Moderate 2 2
28 Moderate 3 1
29 Moderate 1 0
30 Moderate 2 1
31 Moderate 1 2
32 Moderate 1 1
33 Moderate 2 0

34 Severe 1 2
35 Severe 3 3
36 Severe 2 3
37 Severe 1 2
38 Severe 1 3
39 Severe 1 0
40 Severe 2 2
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Figure 41: Density of Pre-a neuron NFTs in all PD cases and controls

2.5 -

V)
c0)■o

1.5

0.5

C N J C O T j - i r ) C D I ^ O O O > O T - C M C O T j - l O < D h ' 0 0 0 ) O t - C N C O T j - l f ) < O h ~ C O O > O T - C \ | C O ' ^ m c O r ^ O O O > 0  T— T— T— T— T—T— ■r-T— T— T— cNCNOjojCNCMCNC\CNjCN)rorococorococococorOTj-

Parkinson's disease

T - C V I C O ' ^ l O t O r ^ O O O O - r - C s l C O ' ^^Tj-Tj-TfTfTi-TtTj-Tj-LnLomunun

Controls

112



Figure 42: Diffuse senile plaque density in PD cases and controls
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3.4: SUMMARY OF RESULTS

1) In PD there was no significant difference between dementia severity and age at 

disease onset, age at death or disease duration.

2) The only obvious macroscopic difference between the PD cases and the controls was 

loss of pigment in the substantia nigra and locus ceruleus in PD All PD cases had the 

characteristic brain stem pathology of the disease and cortical LBs.

3) The density of cortical LBs in all regions significantly increased with dementia 

severity. However, this was only significant when the non-demented and severely 

demented groups were compared. Half of the demented cases had cortical LB densities 

with in the same range as the non-demented cases. A significant increase in LB density 

with neuritic and diffuse senile plaque density was found.

4) Ubiquitin-IR neurites in the hippocampal CA2-3 region were found in most PD cases, 

but not controls. The density of these neurites did not correlate with either dementia 

severity, cortical LB density or neuritic plaque density.

5) There was a significant decrease in neuron density in the nbM in all PD cases, but this 

loss did not correlate with the severity of dementia.

6) Neuritic and diffuse plaques were found in many PD cases and some controls. 

Cortical NFTs were infrequent or absent in most PD cases and controls. Using the criteria 

proposed by Khachaturian (1985) and CERAD (Mirra et al 1991), AD could be
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pathologically diagnosed in 5 of the demented PD cases, although only one case had 

cortical NFTs and fulfilled the Perry and Perry (1993) pathological criteria for AD.

7) NFTs in the entorhinal Pre-a neurons and diffuse plaques occurred in both PD cases 

and the controls. There was no significant increase in pre-a neuron NFTs or cortical 

diffuse plaques with dementia severity or age at death in PD Whereas, in the controls 

there was a significant increase in both NFT and diffuse plaque density with age at death. 

A significant correlation was found between diffuse plaque density and cortical LB density. 

No such correlation was found between pre-a NFTs and cortical LB density.
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CHAPTER 4 

DISCUSSION

4.1: CLINICAL AND PATHOLOGICAL DESCRIPTION OF ALL THE 

PD CASES AND CONTROLS

All the PD cases in this study conformed to the UKPDSBB clinical diagnostic criteria 

(Hughes et al 1992) and each case has undergone a full neuropathological examination to 

confirm the diagnosis of PD. All the PD cases had at least two of the diagnostic clinical 

features of the disease (tremor, rigidity, bradykinesia, gait disturbance and frequent falls). 

Some cases had hallucinations (47.5%), confusion (45%), depression (37.5%) and dementia 

(57.5%). The controls had sparse clinical records derived from post-mortem reports and to 

the best of my knowledge had no neurological or psychiatric disorders.

Macroscopic examination of PD and control brains showed only a slight, non-significant, 

variation in brain weights between the 2 groups indicating that in PD, as a whole, atrophy 

over and above that associated with age is not a feature. The most striking macroscopic 

feature of all the PD cases was depigmentation of the substantia nigra and locus ceruleus, both 

of which were well pigmented in the controls. All PD cases had severe neuronal loss, gliosis 

and Lewy body inclusions in the substantia nigra. These neurodegenerative features were 

absent in the controls and no other pathology was observed in these brains. In the control 

group the density of pigmented SN neurons did not significantly decline with age, as reported
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by Mann and Yates (1974), however the number of control cases was small (n=13). There 

was a mean of 76% SN pigmented neuronal loss (compared with the age matched controls) in 

the PD group. Thus, confirming the observations of Hirsch et al (1988) who found 77% loss 

of melanized neurons in PD. There was no significant relationship between SN neuron density 

and either disease duration, age at disease onset or death or dementia severity in PD.

4.2: DIAGNOSIS AND PREVALENCE OF DEMENTIA IN THE PD 

CASES

Brown and Marsden (1984) found that the prevalence of dementia in PD had been 

frequently over estimated as a result of using inadequate criteria for assessment and diagnosis 

of both PD and dementia. Thus, emphasising the need for reliable criteria for the diagnosis of 

both disorders. They suggested that an accurate diagnosis of PD must distinguish it from 

other parkinsonian diseases, such as PEP, PSP, MSA, drug induced parkinsonism, 

hydrocephalus and cerebrovascular disease. A diagnosis of dementia in PD should only be 

made when alternative causes for cognitive impairment are excluded.

In this study, all patients presented with typical PD and fulfilled the UKPDSBB clinical and 

pathological criteria. The diagnosis of dementia depended upon MMSE scores and 

neurological assessments reviewed retrospectively from the patients medical records. 

Although the MMSE scores may overestimate the presence of dementia, having a false 

positive rate of 28-39% (Quinn 1993), the inclusion of treating doctor and hospital records 

increases the accuracy of diagnosis, allowing assessment of DSM-III diagnostic criteria for
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dementia to be made. Amongst the PD cases there was frequent occurrence of hallucinations 

and confusion (see Table 4) and in many cases this may have been caused by anti-parkinsonian 

drug therapy. Therefore these symptoms were not used as an indicator for dementia in this 

study. Using retrospective analysis of the documentation, as described above, 17 PD cases, 

were not demented and in the remaining 23 cases the severity of dementia ranged from mild 

(n=5) to moderate (n=ll) and severe (n=7). As the cases for this study were selected only 

from well documented patients, the presence of dementia may not reflect the true prevalence 

of cognitive impairment within a consecutive PD population.

In 22 of the 23 demented PD cases, parkinsonism was the presenting syndrome and 

dementia was a late manifestation occurring in the last few years of the disease (mean disease 

duration for all the demented cases was 11.6 years ± 5.1 and the mean dementia duration 3.4 

years ± 2.3). Only case 35 had both dementia and parkinsonism at presentation. This pattern 

of clinical presentation is not surprising since the majority of cases in the UKPDSBB are 

recruited via the PDS and have parkinsonism as their initial presentation. Those whom 

initially present with dementia and few or atypical parkinsonian symptoms are rarely collected, 

because of the marked selection bias towards patients with PD. Similar selection bias maybe 

found in other brain banks i.e. those concerned with ageing, dementia's etc. For example, 

Perry et al (1990) base their SDLT studies on psychogeriatric patients and Hansen et al 

(1990) base their LBV studies on patients from AD research and treatment centres. 

Therefore, predominantly parkinsonian patients would be rarely examined by these two 

groups. These selection biases may account for much of the variation in the clinical and 

pathological descriptions of the various LB diseases, encountered in the literature.
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In this series we found no correlation between dementia presence or severity and either age 

at disease onset, age at death or disease duration. Similar observations were made by 

Loranger et al { \972) who also found no relationship between intellectual impairment and age 

at disease onset (mean 64.4 years) or disease duration (mean 7.2 years). Mayeux et al (1988) 

reported that dementia often complicated late onset PD, quoting a mean age of onset of 65.28 

(SD 10.43) for their demented cases. As the mean age of onset for all PD cases in this study 

was 64.8 (SD 7.2) most of the cases could be classified as late onset PD and this may account 

for the lack of correlation between dementia and age at disease onset, age at death or disease 

duration.

4.3: QUANTIFICATION OF THE PATHOLOGICAL FEATURES 

ASSOCIATED WITH DEMENTIA 

4.3.1a: CORTICAL LEWY BODIES

Cortical LBs were found in all the PD cases, confirming the observations of Hughes et al 

(1992 and 1993), but were absent in the controls. Cortical LBs were most prevalent in the 

cingulate gyrus and entorhinal cortex and less numerous in the superior frontal and temporal 

cortices. Perry et al (1990) and Lennox et al (1989b) also reported cortical LBs to be more 

abundant in the cingulate gyrus and entorhinal cortex, than the sensory motor cortex. Lennox 

et al (1989b) also found LBs to abundant in the inferior temporal and insular cortices, but 

these regions were not specifically examined by myself or Perry et al (1990). LB density, in 

most cases (85%), was found to be higher in the cingulate gyrus than in the entorhinal cortex.
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There was a large variation in cortical LB density in the PD cases (0.008 - 4.43 LB/mm^ 

in the cingulate gyrus) and within the dementia sub-groups. All the non-demented and 11 

demented cases (3 mild, 5 moderate and 3 severe) had LB densities below 1.50 LB/mm^ in the 

cingulate gyrus. In the remaining 12 demented cases (2 mild, 6 moderate and 4 severe) the 

cortical LB densities exceeded 1.50 LB/mm\ Overall, a significant increase in cortical LB 

density with increasing severity of dementia was found in all of the cortical regions examined. 

However, this relationship between dementia and cortical LBs was due entirely to the 

difference between the non-demented and severely demented groups. In previous studies, 

Lennox et al (1989b) found a highly significant correlation between dementia severity and 

cortical LB density, whereas Xuereb et al (1990) found no parallel between the presence and 

severity of dementia and cortical LB density. The findings from this study probably fall 

between these two observations. Because there was such a large overlap in cortical LB 

density within each dementia sub-group, it may be possible that there are two sub-populations 

of demented PD cases within this study, one comprised of individuals with increased cortical 

LB density and the other comprised of individuals with few cortical LBs. Similar LB 

distribution was reported by Duyckaerts et al (1993), who examined 12 PD cases of whom 2 

were non-demented, 7 had confusion and hallucinations and 3 were demented. They found 

less than 5 LBs in the cingulate gyrus in all the non-demented cases, those with confusion and 

hallucinations and 2 of the demented cases, whilst the third demented case had 25 LBs in the 

cingulate gyrus.

Subsequent examination of other cases in the UKPDSBB has found some non-demented 

PD cases with high numbers of cortical LBs. In fact the highest cortical LB count (5.58/mm^)
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in the brain bank, so far, was found in a PD case (age at disease onset 60 and age at death 71) 

with no record of dementia, but with visual hallucinations even when off drug therapy (Quinn 

1993). Ikeda et al (1978) described a case with young onset PD and no dementia, with 

numerous LBs throughout the cortex and no senile changes. Both these cases show that it is 

possible to have both young and old age onset patients with abundant cortical LBs and no 

dementia. However, these cases are rare and from our observations it appears that most cases 

with abundant cortical LBs do tend to be demented, although not all demented cases 

necessarily have high cortical LB numbers.

The variation in LB density maybe due to a number of reasons. Firstly, dementia may be 

caused by neuronal loss and LBs may be markers of this neuronal degeneration. Therefore, 

demented cases with few LBs may represent an end stage where LBs and affected neurons 

have been destroyed and disposed off by macrophages, in a manner analogous to the brain 

stem. However, there were no obvious signs of this type of degeneration in the cortex. Also 

shrinkage of the cortical ribbon (a possible indication of neuronal loss) was not observed in 

any of the cortical regions in the PD cases, when compared with the age matched controls 

(L.Elliott unpublished data). Similar observations were made by Duyckaerts et al (1993) who 

found cerebral cortex volume in non-demented and demented PD cases to be the same as in 

controls. Therefore neuronal loss may not be such an important factor. Another possibility is 

neuronal dysfunction, without overt neuronal loss, caused by LBs or a biochemical factor. 

Further studies are needed to determine neuron density and degeneration and to establish the 

viability of the cortical neurons with and without LBs. This would involve neuronal counting 

and immunocytochemistry for the neurotransmitters usually produced by these neurons and
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maybe electron microscopy to visualise neuronal degeneration. Alternatively multiple 

pathological or biochemical factors may combine with LB pathology to cause dementia, in 

which case no single pathological abnormality need be invariably found in demented cases. 

Alternatively, it is possible that if there is another undetected pathological or biochemical 

cause for dementia in PD, abundant cortical LBs maybe blamed for the dementia, even though 

they are an epiphenomenon.

Alzheimer-type pathology is commonly reported in cases with abundant cortical LBs 

(Yoshimura 1983, Kosaka et al 1984, 1988, Lennox et al 1989b and Kosaka 1990) and in 

this study 11 of the 12 demented cases with increased cortical LB density also had both 

neuritic and diffuse senile plaques. Diffuse plaques were found to significantly correlate with 

cortical LB density in all cortical regions examined and neuritic plaques correlated with 

cingulate gyrus and frontal cortex LB density. Similarly, Lennox et al (1989b), found that 

cortical senile plaque density was proportional to the number of cortical LBs; later Lennox 

(1992) reported these plaques to be generally of the diffuse type. Neocortical NFTs were few 

or absent and in most cases were restricted to the hippocampus (Lennox 1992). This 

characteristic has been previously reported by Dickson et al (1989), Lennox (1992) and 

Hansen et al (1993). These observations could be interpreted as showing that a combination 

of numerous cortical LBs and senile plaques, particularly of the diffuse type, may contribute to 

dementia. However, diffuse plaques are a common feature in non-demented elderly brains and 

are considered to be of limited significance in AD (Braak and Braak 1991a). Therefore, their 

contribution to dementia in PD is uncertain.
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4.3.1b: DIFFUSE LEWY BODY DISEASE, SENILE DEMENTIA OF THE LEWY 

BODY TYPE AND LEWY BODY VARIANT OF AD

DLBD, SDLT and LBV could not be recognised as separate clinico-pathological entities in 

this series. Although many cases had marked cortical pathology, they did not fit both the 

clinical descriptions or have the necessary reported brain stem pathology.

Using the pathological criteria proposed by Lennox et al (1989b) of more than 12 LBs in a 

ubiquitin immuno-stained section of cingulate gyrus, 32 out of the 40 PD cases would be 

classified as DLBD. However, a number of these cases were not demented (cases 

3,4,5,6,7,9,10,11,15 and 17). Using the criteria proposed by Kosaka (1990) of the 

occurrence of 5 or more cortical LBs per xlOO field in the predilection sites in a H&E stained 

section, 8 cases (case numbers 24,25,26,27,36,37,38 and 40) in this study could be 

pathologically diagnosed as DLBD. These cases were moderately (n=4) or severely (n=4) 

demented at death and they presented with characteristic PD and demented only in the last 

few years. There was no clinical difference between these 8 cases and the rest of the 

demented PD cases in this population. DLBD has been clinically described as progressive 

dementia with generalised rigidity and few or no other parkinsonian symptoms (Kosaka 1978, 

Yoshimura 1983 and Burkhardt et al 1988) or as progressive dementia with mild gait 

abnormalities (Crystal et al 1990). Therefore, although 8 cases in this series may be classified 

as DLBD on pathological grounds, none fulfilled the full clinical criteria of DLBD.

SDLT is characterised histologically by the presence of brain stem and cortical LBs in
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association with numerous senile plaques and few or no neocortical NFTs (Perry et al 1990) 

and only mild to moderate nigral neuronal loss. In this study similar cortical pathology and 

LB densities were observed in many of the PD cases. However, it was impossible to separate 

typical PD pathology from SDLT on account of cortical LB density, which varied depending 

on whether the in cingulate or entorhinal cortex were used. Moreover, there was severe loss 

of pigmented nigral neurons in all the PD cases, with a mean of 76% loss, whereas Perry et al 

(1990) quote mild or moderate nigral neuron loss in SDLT with a mean of 42%. 

Furthermore, the clinical features of SDLT (Perry et al 1990) which include, fluctuating 

dementia with confusion and visual hallucinations as the presenting symptoms and atypical 

parkinsonian features which develop later or not at all, were not found in this series. Most of 

the patients in this series presented with parkinsonism and developed dementia and/or 

hallucinations and confusion later as a complication of advanced disease.

LBV is recognised histologically by the presence of AD, using the Khachaturian (1985) 

or CERAD (Mirra et al 1991) criteria, along with the occurrence of brain stem and cortical 

LBs (Hansen et al 1990). SN pigmented neuronal loss is mild or moderate in most cases and 

is not considered to be sufficient for a pathological diagnosis of PD. Hansen et al (1990) 

made no distinction between cases with few or many cortical LBs and they based their LB 

observations only on the superior temporal cortex. They used the term DLBD for demented 

cases with cortical LBs, but insufficient AD pathology. LBV is defined clinically as dementia 

with or without mild parkinsonian features. In this study 5 demented cases had numerous 

neuritic senile plaques and therefore fulfilled the Khachaturian (1985) and CERAD (Mirra et 

al 1991) histological criteria for AD. Only one of these cases (number 35) had substantial
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numbers of cortical NFTs and fulfilled the Perry and Perry (1993) histological criteria for AD. 

However, although these 5 cases could be diagnosed as LBV on grounds of their cortical 

pathology, 4 of the cases did not have early dementia. In case 35, dementia and PD presented 

simultaneously, making this case a possible candidate for LBV on clinical grounds. Moreover, 

all 5 cases (including number 35) had severe loss of pigmented neurons in the SN and fulfilled 

the pathological criteria for PD, and so cannot be classified as LBV in any case. Because of 

its clinical characteristics and pathology case 35 maybe classified as combined PD and AD 

(see section 4.3.4).

In this series there were no definite clinical or pathological features to distinguish one 

demented case from another. In half the demented cases cortical LBs increased with dementia 

severity, but there were no cut off points which permitted delineation of a separate disease 

entity such as DLBD, SDLT or LBV. The pathological features of all these LB diseases were 

similar and the major difference between them is their clinical expression. This study suggests 

that in patients presenting with parkinsonism, the clinical features and brain stem pathology 

are more in keeping with PD with subsequent dementia, rather than the dementia-parkinsonian 

syndromes described by Kosaka et al (1988), Perry et al (1990) or Hansen et al (1990).

For such PD cases with disordered higher mental function and subcortical and cortical LBs 

Lennox (1992) proposed the term LB dementia. This broad term excluded non-demented 

PD, but included cases described under the headings of DLBD, SDLT and LBV. Lennox

(1992) referred to cases with typical late onset PD in which dementia followed months or 

years later. Visual hallucinations were usually the first symptoms and these often disappeared
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if anti-cholinergic drugs and levadopa were withdrawn only to reappear later. This clinical 

description (Lennox 1992) appears to be more appropriate for most of the cases in this study, 

rather than the clinical descriptions of DLBD, SDLT and LBV Lennox ( 1992) suggests that 

PD with subsequent dementia is under-recognised and that dementia frequently complicates 

late onset PD and is most often caused by LBs The author proposed that there is a spectrum 

of clinical manifestations in LB dementia which may reflect the development and progress of 

LB pathology in different brain regions, thus when the disease begins in the brain stem and 

later spreads into the cerebral cortex the patient presents with PD and later develops 

dementia. On the other hand, if the disease process begins in the cortex and spreads to the 

brain stem, the patient will present with dementia and later develop parkinsonian symptoms. 

However, other observations including our own indicate that brain stem and cortical LBs 

develop at the same time. Thus, cortical LBs are found in cases of incidental LB disease 

(Forno 1969, SE Daniel personal communication) and in the UKPDSBB they have been found 

in variable numbers in every PD case (Hughes et al 1992, 1993). Interestingly there are no 

reports of cases with cortical LBs in the absence of brain stem LBs. However, in a 

UKPDSBB case of 2 years disease duration cortical Lewy bodies were abundant, whereas few 

nigral LBs were observed (SE Daniel personal communication). Therefore, it may be possible 

that cortical LB development is accelerated or more prevalent in the cortex of some 

individuals.
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4.3.2: CA2-3 UBIQUITIN IMMUNO-REACTIVE NEURITES

Ubiquitin-IR neurites in the hippocampal CA2-3 region, which were initially reported to be 

specific for DLBD (Dickson et al 1991), but later observed in non-demented PD cases 

(Pollanen et al 1993), were found in 35 of the 40 PD cases in this study, including many of the 

non-demented individuals (14 of 17). Ubiquitin-IR neurites were not observed in any 

controls. In PD these abnormal neurites did not significantly correlate with dementia severity, 

cortical LB density or diffuse or neuritic senile plaque density. These observations show that 

they are not specific for DLBD, as first proposed by Dickson et al (1991), but are a usual 

occurrence in PD with or without dementia.

The significance of ubiquitin-IR neurites is uncertain, but they probably represent some 

form of neurodegeneration. Therefore it may be more informative to calculate the neuron 

density in this region to determine whether or not neuronal loss in the CA2-3 region is related 

to dementia presence or severity.

4.3.3 NUCLEUS BASALIS OF MEYNERT

Neuronal degeneration and loss in the nbM was found in all PD cases. There was no 

correlation between nbM neuronal density and age at death or dementia presence or severity, 

thus supporting the observations of Lennox et al (1989b), Paulus and Jellinger (1991) and 

Duyckaerts et al (1993). There was no relationship between nbM neuron density and the 

density of SN pigmented neurons, cortical LBs, CA2-3 ubiquitin-IR neurites, diffuse or
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neuritic senile plaques or pre-a NFTs. The most commonly observed features of neuronal 

degeneration in the nbM were LBs, pale bodies, lipofuscin, cytoplasmic vacoulation and 

globose NFTs. It appears that neuronal degeneration and loss in this nucleus is a common 

pathological feature of PD regardless of cognitive function. In the controls a significant 

reduction in nbM neurons with advancing age at death was found, similar observations were 

reported by Me Geer et a / (1984).

Using potent excitotoxins including -amino-3-hydroxy-5-methyl-4-isoxazole propionic acid 

(AMPA) to lesion the nbM, Muir et al (1993) showed that destruction of the nbM did not 

provide a simple animal model of the cognitive deficits found in ageing and Alzheimer's 

disease, and suggested that neuronal loss in the nbM may not be a direct cause for dementia in 

either AD or PD. Further studies (Muir et al 1993) have shown that disruption of the 

cortico-striatal output passing through the dorsal and ventral globus pallidus could induce 

cognitive defects. Therefore, further analysis of the nbM and globus pallidus are essential for 

better understanding of the affects of damage to these areas in cognitive decline.

4.3.4: ALZHEIMER-TYPE PATHOLOGY

Neuritic and diffuse senile plaques were found in many PD cases and some controls. 

Neocortical NFTs were few or absent and most tangle pathology was restricted to the 

hippocampus in both PD cases and controls. Similar combinations of senile plaques and NFTs 

have been reported in PD and the various LB diseases including DLBD, SDLT, and LBV 

(Xuereb et al 1990, Lennox et al 1989b, Dickson et al 1989, Hansen et al 1993 and Perry and
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Perry 1993), non-demented elderly brains (Katzman et al 1988) and in a number of AD cases 

(Terry et al 1987). Terry et al (1987) reported finding these "plaque only" Alzheimer 

changes in 30% of AD cases over 74 years of age. Hansen et a/ (1993) reported that 66% of 

LBV cases were "plaque only" whereas 25% of AD cases had few cortical NFTs. Dickson et 

al (1993) found all DLBD cases in their study (n=27) to have senile plaques but only 6 cases 

had cortical NFTs.

In this study, 5 PD cases fulfilled the pathological criteria proposed by Khachturian (1985) 

and CERAD (Mirra et al 1991) for the diagnosis of AD, which are based on the density of 

senile plaques in relation to age. Khachaturian's (1985) criteria does not specify plaque type 

whereas the CERAD (Mirra et al 1991) criteria is based only on neuritic senile plaque density. 

Both criteria use cortical NFTs for diagnosis of AD in patients of less than 50 years of age. 

However, cortical NFTs have been reported to be more significantly related to dementia 

prevalence and severity than senile plaques and Bierer et al (1995) found a strong correlation 

between superior temporal NFT density and dementia severity but no relationship between 

senile plaque density and dementia. Tomlinson (1989), Perry et al (1990) and Perry and Perry

(1993) use the presence of both neuritic senile plaques and cortical NFTs (>10/mm^ ) as 

diagnostic features and if this criteria were applied to this population only case 35 could 

definitely be diagnosed as AD. This individual was clinically atypical from the rest of the 

population as the disease duration was brief (2 years) and the presentation was with both 

dementia and moderate parkinsonism (Hoehn & Yahr score 3). Pathological features included 

frequent neuritic and diffuse senile plaques and NFTs throughout the cerebral cortex, as well 

as frequent NFTs, GVD and Hirano bodies in the hippocampus and cerebral congophilic
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angiopathy. Other pathological features included brain stem and cortical LBs (0.93 LB/mm^ 

in the cingulate gyrus), which were insufficient for a pathological diagnosis of DLBD (Kosaka 

1990). Within the brain stem there was severe loss of pigmented SN neurons and gliosis. 

Therefore this case maybe classified as coexistent PD and AD. The 4 remaining "plaque only" 

cases could not be classified as AD using the Perry's criteria. Hansen et al (1993) suggested 

that plaque only AD, often found in LBV (dementia with or without parkinsonism), may 

represent an earlier developmental stage of AD, corresponding to stages 2, 3 or 4 (Braak and 

Braak 1991a). These stages are usually pre-symptomatic and NFTs are not found until stages 

5-6. Hansen's observations may correspond with the suggestions of Quinn et al (1986), that 

subclinical degrees of AD combined with the deficits caused by PD may be sufficient to cause 

dementia. Applying this hypothesis (Quinn et al 1986) to our population, one case (2.5%) had 

pathology sufficient for a diagnosis of coincidental AD and 4 cases (10%) may have sufficient 

degrees of PD and AD pathology to cause dementia.

Diagnosis of AD in LB disease is contentious. Hansen et al (1990) consider cases with 

frequent plaques and cortical LBs to be a variant of AD, whereas Perry and Perry (1993) 

consider such cases to be more closely related to PD than AD. Hansen et al (1993) proposed 

that a combination of PD pathology and the early stages of AD may accelerate or worsen 

cognitive decline and suggested SDLT maybe analogous to LBV, but could not be designated 

a form of AD due to the lack of cortical NFTs. Therefore, Perry et al (1990) and Hansen et 

al (1990) appear to describe the same clinico-pathological syndrome, whilst using different 

criteria for the pathological diagnosis of AD. In this study we found the parkinsonian cases to 

have PD pathology rather than AD. Distinguishing pathological features include; 1) Frequent
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diffuse plaques, which are common in normal elderly individuals (Braak and Braak 1991a); 2) 

Few or no cortical NFTs; 3) NbM pathology of PD, as LBs, pale bodies, lipofuscin and 

vacoulation were more common than NFTs; 4) Cerebral congophilic angiopathy, GVD and 

Hirano bodies were frequent only in case 35, and were sparse and infrequent in the other 

cases; 5) Ubiquitin-IR CA2-3 neurites which were found in nearly all the PD cases, do not to 

appear in pure AD (Dickson et al 1991); 6) Nigral neuronal loss in all PD cases was severe 

with gliosis, macrophages and LB inclusions in some remaining neurons, all these features are 

indicative for PD Therefore, these cases are best classified as part of the spectrum of PD 

rather than a subset of AD

4.3.5: PRE-a NEURON TANGLES AND DIFFUSE SENILE PLAQUES

Braak and Braak (1990b) reported demented PD cases with large numbers of NFTs in the 

entorhinal pre-a neurons, while NFTs or neuritic senile plaques elsewhere were scarce. In 

this study, NFTs within the entorhinal pre-a neurons correlated with age at death in the 

control group. In the PD cases they did not correlate with age at death or dementia presence 

or severity. Braak and Braak (1991a) suggested that the trans-entorhinal pre-a neurons were 

the first to develop NFTs in the very early stages of Alzheimer changes and as these changes 

worsen the NFTs become more prevalent throughout the pre-a layer. This study did not 

differentiate between trans-entorhinal and entorhinal divisions of the pre-a layer. Therefore, 

further studies are necessary and must account for regional differences to determine whether 

or not pre-a involvement in PD is the same as that observed in the early stages of Alzheimer 

changes.
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Diffuse senile plaques were found in many PD cases and controls and in most cases they 

were found along with similar densities of neuritic plaques in the frontal and temporal cortices. 

There was a significant increase in diffuse plaque density with age at death in the controls. In 

PD there was no relationship between age at death and diffuse plaque density, which however, 

correlated with cortical LB density. Therefore, in PD the development of diffuse plaques 

maybe influenced by LB development, or vice versa, rather than by age.

4.4: PATHOGENESIS OF DEMENTIA IN THE PD POPULATION

All the pathological features examined in this study were found in variable degrees in both 

non-demented and demented PD cases. Of the 23 demented cases, 12 (cases 18, 22,24, 25, 

26, 27, 28, 31, 36, 37, 38, and 40) had increased cortical LB density in the cingulate gyrus. 

All 12 cases also had diffuse senile plaques and 11 had neuritic plaques, with 4 (cases 24, 27, 

36 and 37) having sufficient neuritic plaques for a diagnosis of AD using the Khachaturian 

(1985) and CERAD (Mirra et al 1991) criteria. In these 12 cases dementia might be 

attributed to abundant cortical LBs and senile plaques. The proposed clinico-pathological 

entities of DLBD, SDLT or LBV could not be recognised in any of these 12 cases either 

because they did not satisfy clinical criteria or because brain stem pathology was too severe. 

One severely demented case (number 35), with a relatively low cortical LB density (0.93 

LB/mm^), was clinically and pathologically recognised as coincidental PD and AD, using the 

Perry and Perry (1993) pathological criteria for AD.

The remaining 10 demented cases (cases 19, 20, 21, 23, 29, 30, 32, 33, 34 and 39) had no
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obvious pathological cause of cognitive impairment; in this group 3 cases had mild dementia, 

5 moderate and 2 severe. No pathological difference could be found between these 10 

demented cases and the non-demented PD group. In both groups the densities of cortical LBs 

(0.55 LB/mm“ (SD 0.14) for the non-demented and 0.57 LB/mm" (SD 0.09) for the demented 

cases in the cingulate gyrus), AD pathology, CA2-3 ubiquitin-IR neurites, nbM neurons, 

pre-a tangles and diffuse senile plaques, were similar. None of these demented cases had any 

additional pathology to which dementia could be attributed. Demented cases with no 

pathological counterpart have been reported in the literature. Katzman et al (1988) described 

an elderly population in which 11% of the demented cases had no demonstrable histological or 

neurochemical reason for their dementia. They suggested that dementia may be caused by 

metabolic or toxic conditions not recognised during life or to neuronal changes which are not 

evident in light microscope examinations. Hughes et al (1993) found 55% of a group of PD 

cases with dementia to have no pathological features to account for mental impairment. 

These observations suggest that the 10 cases with no obvious pathological markers for 

dementia, have an unidentified pathological or biochemical factor causing cognitive 

impairment. This observation highlights the need for a more intensive pathological and/or 

biochemical analysis of such cases to enhance our understanding of underlying cause for 

dementia.

4.5: CONCLUSIONS

In this study 40 cases of PD were extensively clinically and pathologically examined. In 

the demented PD group 22 out of 23 cases had characteristic parkinsonian features for many
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years before developing dementia. The group was representative of late onset PD. Dementia 

prevalence and severity did not correlate with age at disease onset, age at death, or disease 

duration.

Cortical LB density was increased in half of the demented cases, but the proposed clinico- 

pathological entities of DLBD, SDLT and LBV could not be delineated. Cortical LBs 

significantly correlated with diffuse plaque density, showing that abundant cortical LBs and 

diffuse plaques may contribute towards dementia in certain individuals.

Ubiquitin-IR neurites in the CA2-3 region occurred in most cases of non-demented and 

demented PD, but their density did not correlate with the severity of dementia. There was 

neuronal loss in the nbM in all cases of PD regardless of cognitive state suggesting, in 

agreement with the recent observations of Muir et al (1993), that neuronal loss in the nbM 

may not be related to dementia observed in PD.

Alzheimer-type pathology was observed in many PD cases and some controls with neuritic 

and diffuse senile plaques being the most abundant features; cortical NFTs were few or 

absent. Five cases could be pathologically diagnosed as AD using the criteria proposed by 

Khachaturian and CERAD (Mirra et al 1991). However, using criteria proposed by Perry and 

Perry (1993) only one case could definitely be diagnosed as AD. NFTs in the entorhinal pre-a 

neurons were found in PD cases and controls and in the controls they correlated with age. In 

the PD cases tangles in pre-a neurons did not correlate with age or dementia severity. Diffuse 

plaques were found in both PD and control cases, they correlated with age at death in the
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controls, but not the PD cases. Diffuse plaque density correlated with cortical LB density in 

the PD cases, as previously discussed.

In summary, cortical LBs and diffuse plaque involvement were the most likely candidates 

for the pathogenesis of dementia in half of the PD cases. Ubiquitin-IR neurites in the 

hippocampal CA2-3 region and neuronal loss in the nbM occurred in the majority of PD cases 

regardless of cognitive state. Of the 23 demented PD cases, in this study, 12 had an 

increased density of cortical LBs, one case had coincidental PD and AD and 10 cases had no 

obvious pathological counterpart for dementia.

4.6: SUGGESTIONS FOR FURTHER STUDIES

This study was based on a population whose primary clinical condition was PD. In many 

other studies, especially those of DLBD, SDLT and LBV, the subjects were drawn from 

populations of patients presenting with dementia. Therefore, a comparative study between 

this PD population and an age matched demented population with cortical LBs and a clinical 

and pathological diagnosis of DLBD, SDLT or LBV, may indicate whether there is any 

pathological difference between these diseases or whether the difference is solely a clinical 

one.

Examination and quantification of pathological features may be improved in a number of 

ways. In this study cortical LB numbers, CA2-3 hippocampal neurite density, pre-a neuron 

NFTs and senile plaques were quantified using one 7pm section. As this method of sampling
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was consistent for all the cases and all tissue blocks were taken at the same levels in each case, 

a comparative analysis could be made. However, this method of assessment may be hampered 

by regional or neuronal variations as well as variable tissue shrinkage and gliosis. 

Quantification may be improved by using serial or step sections or stereological techniques as 

these would help to eliminate any possible discrepancies within the areas being examined. 

Neuronal loss the nbM was assessed from 3 step sections cut at 3 5pm intervals, to help 

eliminate regional variations and to give a mean neuronal count for the area. Again this 

method of quantification may be improved by employing stereological techniques. The recent 

observations of Muir et al (1993) which suggest that dementia may be caused by disruption of 

the globus pallidus rather than the nbM, poses another scope for examination for neuronal loss 

and degeneration.

As most of the features examined in this study were pathological markers, i.e. LBs, NFTs 

senile plaques, they may not specifically correlate with neuron loss or dysfunction. Neuronal 

loss or damage in the cortex and hippocampus (CA2-3 fields) may correlate better with 

dementia than the pathological markers (LBs and ubiquitin-IR neurites) examined in this 

study. As well as examining for neuron loss, immunocytochemical and biochemical 

examination should also be performed in these regions to determine the viability of existing 

neurons.

Cases with no obvious pathological reason for dementia may have another pathology or 

biochemical cause which has not yet been recognised. Moreover, cases with abundant LBs 

may have an additional unrecognised pathology or biochemical factors causing dementia. For
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example, putative causes of dementia not examined in this study include damage or neuronal 

loss in other nuclei such as the thalamus, ventral tegmental area, amygdala or globus pallidus. 

Braak and Braak (1991b) found amyloid and neurofibrillary changes in the limbic nuclei of the 

thalamus in AD and suggested this damage to the thalamus may hamper the transport of 

information through the limbic circuits thus, affecting the cingulate, entorhinal and insular 

cortices. Braak and Braak (1994) observed LBs and ubiquitin-IR neurites in the amygdala in 

all cases of PD. As the amygdala has many connections particularly with the nbM and limbic 

system (hippocampus, entorhinal and cingulate cortex) and is influential in social behaviour, 

affect-related movement initiation, memory functions and regulation of endocrine and 

autonomic functions (Braak and Braak 1994). It may be possible that damage to this region 

may influence cognitive function. However, Braak and Braak (1994) found no relationship 

between LB and neurite involvement in the amygdala and dementia presence or absence. 

They suggested that the amygdala may contribute to cognitive impairment, but is certainly not 

the main cause and that dementia is probably more closely related to AD pathology. Sawada 

et al (1992) observed a decrease in blood flow in the frontal cortex in 12 out of 13 demented 

PD patients, compared with non-demented PD and controls. They suggested that 

hypoperfusion in the frontal cortex may reflect damage to the ventral tegmental area and that 

this damage may cause behavioural disturbances. Muir et al (1993) suggested that the 

cognitive deficits in AD and PD may be due to disruption of the globus pallidus rather than 

the nbM. Therefore examination of such regions and their connections may provide an 

alternative cause for dementia in PD.
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APPENDIX: 1

UK Parkinson's Disease Society Brain Bank clinical diagnostic criteria

Step 1 Diagnosis of Parkinsonian Syndrome
* Bradykinesia (slowness of initiation of voluntary movement with progressive reduction 

in speed and amplitude of repetitive actions)
* And at least one of the following:

muscular rigidity 
4-6 Hz rest tremor

postural instability not caused by primary visual, vestibular, cerebellar or 
proprioceptive dysfunction

Step 2 Exclusion criteria for Parkinson's disease

* History of repeated strokes with stepwise progression of parkinsonian features
* History of repeated head injury
* History of definite encephalitis
* Oculogyric crisis
* Neuroleptic treatment at onset of symptoms
* More than one affected relative
* Sustained remission
* Strictly unilateral features after 3 years
* Supranuclear gaze palsy
* Cerebellar signs
* Early severe autonomic involvement
* Early severe dementia with disturbances of memory, language and praxis
* Babinski sign
* Presence of cerebral tumour or communicating hydrocephalus on CT scan
* Negative response to large doses of levadopa (if malabsorption excluded)
* MPT? exposure

Step 3 Supportive prospective positive criteria for Parkinson's disease
(three or more required for diagnosis of definite Parkinson's disease)

* Unilateral onset
* Rest tremor present
* Progressive disorder
* Persistent asymmetry affecting side of onset most
* Excellent response (70-100%) to levadopa
* Severe levadopa-induced chorea
* Levadopa response for 5 years or more
* Clinical course of 10 years or more
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APPENDIX: 2a 

Diagnostic Criteria for Dementia (DSM III)

A. Demonstrable evidence of impairment in short and long term memory (inability to learn 

new information) may be indicated by inability to remember three objects after five 

minutes. Long term memory impairment (ability to remember information that was known 

in the past) maybe indicated by inability to remember past personal information (eg. what 

happened yesterday, birth place, occupation) or facts of common knowledge (eg. past 

presidents, well known dates).

B. At least one of the following:

1) Impairment in abstract thinking, as indicated by inability to find similarities and 

differences between related words, difficulty in defining words and concepts, and similar 

tasks.

2) Impaired judgement, as indicated by inability to make reasonable plans to deal with 

interpersonal, family, and job-related problems and issues.

3) Other disturbances of higher cortical function, such as aphasia (disorder of language) 

apraxia (inability to carry out motor activities despite intact comprehension and motor 

function), agnosia (failure to recognise or identify objects despite intact sensory function), 

and "constructional difficulty" (e.g., inability to copy three-dimensional figures, assemble 

blocks, or arrange sticks in specific designs)

4) Personality change, i.e., alteration or accentuation of premorbid traits.

C. The disturbance in A and B significantly interferes with work or usual social activities 

or relationships with others.

D. Not occurring exclusively during the course of delirium.

E. Either (1) or (2):
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( 1 ) There is evidence from the history, physical examination, or laboratory tests of a 

specific organic factor (or factors) judged to be etiologically related to the disturbance

(2) in the absence of such evidence, an etiologic factor can be presumed if the 

disturbance cannot be accounted for by any non-organic mental disorder, e.g., major 

depression accounting for cognitive impairment.

Criteria for severity of dementia

Mild: Although work or social activities are significantly impaired, the capacity for 

independent living remains, with adequate personal hygiene and relatively intact 

judgement.

Moderate: Independent living is hazardous, and some degree of supervision is necessary.

Severe: Activities of daily living are so impaired that continual supervision is required, 

e.g., unable to maintain minimal hygiene; largely incoherent or mute.
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APPENDIX: 2b

INSTRUCTIONS FOR ADMINISTRATION OF 

FOLSTEIN MINI-MENTAL STATE EXAMINATION

Orientation

1) Ask for the date. Then ask for the parts omitted, e.g. " Can you tell me what season it 

is?" One point for each correct.

2) Ask, in turn, "Can you tell me the name of this hospital" (town, country, etc.). One 

point for each correct.

Registration

Ask the patient if you may test his memory. Then say the names of three unrelated 

objects, clearly and slowly , about one second for each. After you have said all three, ask 

him to repeat them. This first repetition determines his score (0-3) but keep saying them 

until he can repeat all three, up to six trials. If he does not eventually learn all three, recall 

cannot be meaningfully tested.

Attention and calculation

Ask the patient to begin with 100 to count backwards by seven. Stop after five 

subtractions (93, 86, 79, 72, 65). Score the total number of correct order.

Recall

Ask the patient if he can recall the three words you previously asked him to remember. 

Score (0-3)

Language

Naming: Show the patient a wrist-watch and ask him what it is. Repeat for the pencil. 

(Score 0-2).

Repetition: Ask the patient to repeat the sentence after you. Allow only one trial. Score 

(0- 1).

3-stage command: Give the patient a piece of plain blank paper and repeat the command. 

Score one point for each part correctly executed.
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Reading: On a blank piece of paper print the sentence "close your eyes", in letters large 

enough for the patient to see clearly. Ask him to read it and do what it says. Score 1 

point if he actually closes his eyes.

Writing: Give the patient a blank piece of paper and ask him to write a sentence for you. 

Do not dictate a sentence, it is to be written spontaneously. It must contain a subject and 

a verb and be sensible. Correct grammar and punctuation are not necessary.

Copying: On a clean piece of paper, draw intersecting pentagons, each side about 1 inch, 

and ask him to copy it exactly as it is. All 10 angles must be present and two must 

intersect to score one point. Tremor and rotation are ignored.
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"MINI-MENTAL STATE"

Patients Name:
Examiner:
Date:

Maximum
score Score

Orientation

5 ( ) What is the (year) (season) (date) (day) (month)?
5 ( ) Where are we: Country, Town, District, Hospital, Ward?

Registration

3 ( ) Name three objects: one second to say each. Then ask the
patient all three after you have said them. Give 1 point 
for each correct answer.

Then repeat the trials until he either learns all three, or has 
six trials. Count all trials and record them.

No. of Trials

Attention and calculation

5 ( ) Serial 7's, one point for each correct. Stop after 5 answers.
Alternatively , Spell "World" backwards.

Recall

3 ( ) Ask for the three objects repeated above. Give one point for each
correct answer.

Language

2 ( ) Name a pencil and a watch.

1 ( ) Repeat the following: "No ifs ands or buts".

3 ( ) Follow a tree-stage command: " Take a sheet of paper in your
right hand, fold it in half, and put it on the floor".

1 ( ) Read and obey the following: CLOSE YOUR EYES.

1 ( ) Write a sentence.

1 ( ) Copy a design
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APPENDIX: 3

HISTOLOGICAL AND IMMUNOCYTOCHEMICAL STAINING 

PROTOCOLS 

HAEMATOXYLIN AND EOSIN

TISSUE:

Formalin fixed, paraffin embedded, 7pm sections.

SOLUTIONS:

a) Harris's haematoxylin (MERCK), used neat

b) 0.5% Eosin, (MERCK) in distilled water

c) Acid alcohol, 0.5% hydrochloric acid (MERCK) in distilled water

METHOD

1 ) Dewax the sections in xylene and rehydrate through graded alcohol's to distilled water.

2) Place in Harris's haematoxylin for three minutes.

3) Blue in running tap water.

4) Differentiate in acid alcohol and blue in tap water again.

5) Place in eosin for 2 minutes.

6) Rinse in running tap water.

7) Dehydrate, clear and mount

RESULTS:

nuclei - blue 

cytoplasm - varying shades of pink 

red blood cells - red 

muscle fibres - deep pink/red
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LUXOL FAST BLUE/CREYSL FAST VIOLET (LFB/NISSL) 

TISSUE:

Formalin fixed, paraffin embedded, 14pm sections.

SOLUTIONS:

a) 0.1% Luxol fast blue (LFB): 0. Ig LFB (MERCK)

lOOmls 96% alcohol (Hays)

0.5mis of 10 % acetic acid (MERCK)

b) 0.05% Aqueous lithium carbonate (MERCK)

c) 0.1% Creysl fast violet (CFV): O.lg CFV (MERCK)

lOOmIs distilled water

0.5mls of 10% acetic acid (MERCK)

METHOD:

1) Dewax sections and bring them down to 96% alcohol.

2) Place in 0.1% LFB and leave overnight at 60°C.

3) Remove from the oven and place the sections in 96% alcohol and then wash in distilled 

water.

4) Differentiate each slide separately in a sequence of 0.05% lithium carbonate, 70% 

alcohol and distilled water, check microscopically.

5) Once differentiated leave the slides in fresh distilled water until all the sections are 

ready for CFV staining.

6) Place the slides in warm (60°C) CFV for 3 minutes.

7) Rinse in distilled water.

8) differentiate in 96% alcohol.

9) dehydrate, clear and mount.

RESULTS:

nuclei and Nissl - purple 

myelin sheaths - blue
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MODIFIED BIELSCHOWSKY SILVER IMPREGNATION

TISSUE:

Formalin fixed, paraffin embedded, 7pm sections 

SOLUTIONS:

a) 20% silver nitrate (Johnson Matthey chemicals), diluted in distilled water, made fresh 

and heated in a 37°C oven.

b) Ammonia solution (.880) (MERCK)

c) Developer - 10% formalin (1 Omis)

Distilled water (lOOmIs)

Concentrated nitric acid ( 1 drop)

Citric acid (0.5g)

d) 10% Formalin

e) 0.5% Gold chloride (Johnson Matthey chemicals)

f) Hypo- 50 gm sodium thiosulphate

1 litre distilled water

METHOD:

1) Dewax sections in xylene and rehydrate through graded alcohol's to distilled water.

2) Place in silver nitrate at 37°C for 15 minutes.

3) Remove the sections and wash 3 times in distilled water.

4) Pour the silver into a conical flask and whilst stirring/shaking add ammonia drop by 

drop until the initial precipitate disappears.

5) Place the sections back into the ammonical 20% silver for 15 minutes at 37°C.

6) Remove the sections and wash in 3 changes of distilled water.

7) To the silver solution, add 1ml developer and 0.5mis formalin per lOOmIs of silver.

8) Place the sections into the silver solution and monitor the colour change until the 

myelin turns dark brown to black and the background turns tan.

9) Wash in distilled water.

10) Tone in gold chloride for 5 minutes, replace with fresh solution after IVi minutes, this 

turns the silver staining black and grey.
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11) Wash in distilled water.

12) fix in 5% hypo for 3 minutes.

13) Wash in distilled water.

14) Dehydrate, clear and mount.

RESULTS:

Myelin - dark grey/black 

Background - light grey/opaque
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HIGHMAN’S CONGO RED

TISSUE:

Formalin fixed, paraffin embedded, 7pm sections 

SOLUTIONS:

a) 0.5% Congo red - O.Sgm Congo red (MERCK)

lOOmIs alcohol

b) Differentiator - O.Sgm potassium hydroxide

25Omis 80% alcohol

c) Harris's haematoxylin

METHOD:

1) Dewax the sections and rehydrate through graded alcohol's to distilled water.

2) Stain in congo red for 5 minutes at room temperature.

3) Wash in tap water.

4) Differentiate until the background is clear, check microscopically.

5) Wash in tap water and then distilled.

6) Counterstain in Harris's haematoxylin for one minute.

7) Blue in running tap water.

8) Dehydrate clear and mount.

RESULTS:

nuclei - blue 

background - clear 

amyloid - pink 

eosinophil's eg. corpora amylacea - pink

elastin - pink

amyloid in cross polarised light - apple green birefringence

165



UBIQUITIN IMMUNOCYTOCHEMISTRY

TISSUE:

Formalin fixed, paraffin embedded, 7pm sections 

SOLUTIONS:

a) Phosphate buffer (PB) (Sigma chemical co)

b) Phosphate buffered saline (PBS) (Sigma chemical co)

c) Antibody diluent - 0.5mls normal horse serum (Gibco)

50mls PBS

d) Blocking solution - 0.3% hydrogen peroxide in methanol (MERCK)

e) 10% normal horse serum - 1ml normal horse serum

lOmls antibody diluent

f) Polyclonal ubiquitin antibody (DAKO), diluted 1/150 in antibody diluent

g) Biotinylated donkey anti-rabbit whole antibody (Amersham), diluted 1/100

h) Streptavidin-biotinylated horseradish peroxidase complex (Amersham), diluted 1/100

i) DAB chromogen solution:

10 mg 3-3' Diaminobenzidine tetrahydrochloride (Sigma chemical co) 

20mls phosphate buffer 

j) Activator - 3.2% hydrogen peroxide, diluted in PB 

k) Harris's haematoxylin

METHOD:

1) Dewax the sections in xylene and transfer to 2 changes of absolute alcohol.

2) Place slides into blocking solution for 10 minutes (reduces endogenous enzyme activity)

3) Rehydrate from methanol through graded alcohol's, to distilled water and then PBS.

4) Carefully dry the slide around the section and ring the staining area with a wax pen.

5) Apply 10% normal horse serum for 10 minutes (reduces non-specific antibody binding)

6) Shake the normal horse serum off, do not wash.

7) Incubate in ubiquitin antibody for one hour at room temperature.

8) Wash in 3 changes of PBS for 5 minutes each.

9) Incubate in biotinylated anti-rabbit for one hour.

10) Wash in 3 changes of PBS for 5 minutes each.
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11) Incubate in streptavidin complex for 30 minutes.

12) Wash in PBS for 10 minutes.

13) Wash in PB for 5 minutes.

14) Add activator to the DAB (lOOpl per 10ml DAB).

15) Incubate the slides in DAB for 6 minutes.

16) Wash sections with PB and then distilled water.

17) Counterstain in Harris's haematoxylin and blue in running tap water.

18) Dehydrate, clear and mount.

RESULTS:

Lewy bodies - brown 

neurofibrillary tangles - brown 

distended neurites - brown 

nuclei - blue
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A4 IMMUNOCYTOCHEMISTRY

TISSUE:

Formalin fixed, paraffin embedded, 7pm sections 

SOLUTIONS:

a) Phosphate buffer (PB) (Sigma chemical co)

b) Phosphate buffered saline (PBS) (Sigma chemical co)

c) Antibody diluent - 0.5 mis normal horse serum (Gibco)

50 mis PBS

d) Blocking solution - 0.3% hydrogen peroxide in methanol (MERCK)

e) Formic acid (MERCK)

f) 10% normal horse serum - 1 ml normal horse serum

10 mis antibody diluent

g) Polyclonal A4 (12-28) antibody, diluted 1/1200 in antibody diluent (supplied by 

professor B Anderton).

h) Biotinylated donkey anti-rabbit whole antibody (Amersham), diluted 1/100

i) Streptavidin-biotinylated horseradish peroxidase complex (Amersham), diluted 1/100 

j) DAB chromogen solution:

10 mg 3'-3' Diaminobenzidine tetrahydrochloride (Sigma chemical co) 

20 mis phosphate buffer 

k) Activator - 3.2% hydrogen peroxide, diluted in PB

1) Harris's haematoxylin

METHOD:

1) Dewax the sections in xylene and transfer to 2 changes of absolute alcohol.

2) Place slides into blocking solution for 10 minutes (reduces endogenous enzyme activity)

3) Wash in running tap water for 10 minutes.

4) Place into neat formic acid for 6 minutes.

5) Wash in running tap water for 10 minutes.

6) Wash twice in PBS for 5 minutes each.

7) Carefully dry the slide around the section and ring the staining area with a wax pen.
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8) Apply 10% normal horse serum for 10 minutes (reduces non-specific antibody binding)

9) Shake the normal horse serum off, do not wash.

10) Incubate in anti-A4 for one hour at room temperature.

11) Wash in 3 changes of PBS for 5 minutes each.

12) Incubate in biotinylated anti-rabbit for one hour.

13) Wash in 3 changes of PBS for 5 minutes each.

14) Incubate in streptavidin complex for 30 minutes.

15) Wash in PBS for 10 minutes.

16) Wash in PB for 5 minutes.

17) Add activator to the DAB (lOOpl per 10ml DAB).

18) Incubate the slides in DAB for 6 minutes.

19) Wash with PB and then distilled water.

20) Counterstain in Harris's haematoxylin and blue in running tap water.

21) Dehydrate, clear and mount.

RESULTS:

amyloid - brown 

nuclei - blue
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TAU IMMUNOCYTOCHEMISTRY

TISSUE:

Formalin fixed, paraffin embedded, 7fim sections 

SOLUTIONS:

a) Phosphate buffer (PB) (Sigma chemical co)

b) Phosphate buffered saline (PBS) (Sigma chemical co)

c) Antibody diluent - O.Smls normal horse serum (Gibco)

50mls PBS

d) Blocking solution - 0.3% hydrogen peroxide in methanol (MERCK)

e) Monoclonal anti-tau (Sigma chemical co ), diluted 1/1000

f) Biotinylated sheep anti-mouse (Amersham), diluted 1/100

g) Streptavidin-biotinylated horseradish peroxidase complex (Amersham), diluted 1/100

h) DAB chromogen solution

lOmg 3-3' Diaminobenzidine tetrahydrochloride (Sigma chemical co) 

20mls phosphate buffer

i) Activator - 3.2% hydrogen peroxide, diluted in PB 

j) Harris's haematoxylin

METHOD:

1) Dewax the sections in xylene and transfer to 2 changes of absolute alcohol.

2) Place slides in blocking solution for 10 minutes (reduces endogenous enzyme activity)

3) Rehydrate from methanol, through graded alcohol's, to distilled water and then PBS.

4) Carefully dry the slide around the section and ring the staining area with a wax pen.

5) Wash in PBS.

6) Incubate in anti-tau for one hour at room temperature.

7) Wash in 3 changes of PBS for 5 minutes each.

8) Incubate in biotinylated anti-mouse for one hour.

9) Wash in 3 changes of PBS for 5 minutes each.

10) Incubate in streptavidin complex for 30 minutes.

11) Wash in PBS for 10 minutes.

12) Wash in PB for 5 minutes.

13) Add the activator to the DAB (lOOpl per lOmls DAB).
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14) Incubate the slides in DAB for 6 minutes.

15) Wash in PB and then distilled water.

16) Counterstain in Harris's haematoxylin.

17) Dehydrate, clear and mount.

RESULTS:

neurofibrillary tangles - brown 

nuclei - blue

171


