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SUMMARY

The objective of this research was to investigate the effects of normal aging and the
additional effects of chronic exposure to two experimental diets, one enriched in
aluminium, the other enriched in lecithin, on aspects of the behaviour and brain histology
of the female mouse. The aluminium diet was administered in an attempt to develop a
rodent model of Dementia of the Alzheimer Type (DAT).

With normal aging, almost all assessed aspects of behaviour were found to be impaired.
As regards cognition, selective impairments of single-trial passive avoidance and Morris
place learning were observed. While all aspects of open-field behaviour were impaired,
the degree of impairment was directly related to the degree of motoric complexity.
Deficits were also observed on non-visual sensorimotor coordination tasks and in
olfactory discrimination. Histologically, neuron loss, gliosis, vacuolation and
congophilic angiopathy were observed in several of the brain regions/fibre tracts believed
to contribute to the control of some of the assessed behaviours.

The aluminium treatment had very selective effects on both behaviour and brain
histology. Behaviourally, the treatment induced premature developments of the senile
pattern of swimming, and the senile pattern of Morris place task performance. In
addition, reduced ambulation and disturbed olfactory function were observed in these
animals. Histologically, a near perfect exaggeration of the effects of normal aging was
observed, with significant neuron loss and gliosis in the hippocampus, entorhinal cortex,
amygdala, medial septum, pyriform and pre-frontal cortex. In addition, the brain
distribution of congophilic angiopathy was significantly increased by the treatment.

The lecithin treatment had effects on both non-cognitive and cognitive aspects of
behaviour. The effects of aging on open-field ambulation and rearing were partially
ameliorated by the treatment. A similar effect was observed for single-trial passive
avoidance performance. Age-dependant improvements in acquisition/retention were
observed in 17-23 month mice and Morris place task performance was improved in 11
and 17 month mice. Histologically, a partial sparing of neurons in the cerebellum,
hippocampus, entorhinal cortex and subiculum was observed.

KEY WORDS: Aging, Aluminium, DAT, Lecithin, Behaviour/Brain histology.
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AIMS AND OBJECTIVES OF THE RESEARCH.

The research has three aims. First, to determine the effect of increasing age on aspects of
the behaviour and neurohistology of the female mouse. Second, using the first study as a
baseline, to examine the additional effects of chronic exposure to an aluminium-enriched,
calcium/magnesium deficient diet. This study attempts to develop a mouse model of
DAT. Third, again using the first study as a baseline, to examine the additional effects of
chronic exposure to a lecithin-enriched diet. The behavioural and neurohistological
parameters examined will help determine whether the mouse can act as a model for some

aspects of DAT.

If aluminium deposition in the brain is an important factor in the aetiology of DAT, then
this is likely to be occurring chronically since the disease clinically progresses over
several years (1), and the vast majority of DAT cases are observed in persons over 45
years of age (2). There have been two major shortcomings in the vast majority of
previous studies involving the assessment of the effects of aluminium on the brain and
behaviour of experimental animals. Firstly, biologically unrealistic routes of aluminium
administration have been employed (3) and secondly, the studies have been short-term
i.e. spread over a few weeks (4). The present study considers the long-term effects of
orally administered aluminium. In addition, the positive diagnosis of a DAT-like state in
these animals will be based primarily on the induction of an exaggeration of the normal
effects of aging, on the behaviour and neurohistology of these animals. This is in accord
with the observation that all aspects of either the clinical or neuropathological features of
DAT are present to a lesser extent in intellectually normal aged individuals (5,6).
Deutsch, Mohs and Davies (7) point out that sole reliance on the production of senile
plaques and neurofibrillary tangles, for the diagnosis of a DAT-like state in animals may
have, "resulted in a failure to appreciate development in animal species unable to respond
with plaque and tangle formation." They concluded that a series of novel outcome

measures needed to be developed for use in such studies.
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The study of the effects of a lecithin-enriched diet, will be the first long-term study (>11
months) of lecithin administration to the aging mouse. Aspects of both the cognitive and
non-cognitive abilities of these animals will be assessed. Previous studies have
concentrated on the effects of lecithin administration on cognition in aging animals.
Nevertheless, it has long been thought that acetylcholine and dopamine play
complementary roles in the control of motor behaviour (8). It follows that lecithin
administration may influence performance of motoric as well as cognitive aspects of
behaviour. Evidence for the role of acetylcholine in the control of motor behaviour
originally came from studies of the hypokinesia of Parkinsonism. This hypokinesia is
correlated with decreased dopamine innervation of the striatum and can be attenuated by
treatment with either dopamine agonists or acetylcholine antagonists (9). There is also
histochemical and pharmacological evidence that cholinergic and dopaminergic neurons
are anatomically and functionally related (10). Dopamine agonists decrease, and
dopamine antagonists increase the firing rate of striatal cholinergic cells (11), for
example, and the apparent inhibitory action of striatally released dopamine on intrinsic
acetylcholine neurons has been suggested to be, at least in part, the morphologic substrate
for the complementary roles of these two transmitter systems in motor behaviour (8). In
addition, the present study will be the first to assess in detail the effects of lecithin on

neurohistological parameters in the aging brain.
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CHAPTER 1.

INTRODUCTION TO DEMENTIA OF THE ALZHEIMER TYPE AND
DESIGN OF THE RESEARCH.

1.1. AN INTRODUCTION TO DEMENTIA OF THE ALZHEIMER TYPE
(DAT): ALZHEIMER'S ORIGINAL CLINICAL AND HISTOLOGICAL
OBSERVATIONS.

In 1907 the German neurologist Alois Alzheimer (12) first described the clinical and
neuropathological features of the presenile form of the dementia which now bears his
name, Alzheimer's disease. Alzheimer followed the progression of dementia ina 51 year
old woman. The first sign of the disease had been expressed as a jealousy towards her
husband. This was soon followed by a loss of spatial orientation, the patient being
unable to find her way around her own house. She carried objects around the house
hiding them from others. At times she became deluded, believing that she was to be
murdered. At the thought of this she shrieked loudly. Following institutionalization, the
patient was totally disorientated for time and place and showed disturbances of
mood/emotion. Frequently, she shricked with a dreadful voice for many hours. The
ability to remember was severely disturbed. In addition disturbances of reading, writing
and speaking were observed. The generalized dementia progressed and after 4 years of
the disease the patient died. At the end she was completely stuporous, she lay in bed
with her legs drawn up under her.

Macroscopically the brain was atrophic. Microscopically, Alzheimer noticed that in silver
stained sections, changes had occured in the neurofibrils of neurons. In many cells these
stood out due to their extraordinary thickness and impregnation. The fibrils congregated
until they filled the entire cell body. Alzheimer noticed that many cells so affected, had
disintegrated leaving behind the dense bundle of fibrils. Neuron loss was most evident
in the upper layers of the cortex. Finally, Alzheimer observed numerous senile plaques

in upper cortical layers and gliosis
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In this thesis, the term Dementia of the Alzheimer Type (DAT) will be used to
encompass both Presenile Alzheimer's Disease and Senile Dementia of the Alzheimer

type, as is in line with current practice (13).

1.1.1. The importance of DAT as a dementing condition.

Although more than sixty conditions can cause dementia, DAT is the most important
single cause accounting for more than 50% of all cases of dementia in those aged over
sixty five (14). Due to improvements in medical care coupled with a declining birth-rate,
75% of those born in the western world now attain the age of sixty and by the year
two-thousand the proportion of elderly people in the population is set to exceed 20%
(15). This has made DAT a major health problem in the western world. In America
alone, one and a half million people are afflicted by it, and one hundred thousand die
from it every year (16). It has been estimated that in the U.S.A. alone, the yearly cost of
institutional care for DAT patients exceeds $25 billion (17). DAT has been variously
described as, "the worst scourge of the later years" (6); "the disease of the century” (18),
and "this approaching epidemic” (19).

1.1.2. Clinical features of DAT.

"The clinical course of Alzheimer's disease is an extraordinary tragic one" (20). DAT
presents as a slowly progressive organic dementia with insidious onset (7). At present
there is no effective treatment and DAT terminates in patient death (7). All of the clinical
features are observed in normal aged individuals, though to a much lesser extent (5, 6).
Sjogren (1) found in his cases of DAT that the average duration of the disease was 8.5
years, with a duration of 5 to 16 years. Sjogren (1) first recognized three stages of
disease development and this pattern is now universally accepted. The following account
is based on the classical descriptions of Sjogren (1) and those of Huppert and Tym (21).
Stage one: Here in the beginning, the symptoms are of a vague and often diffuse type.
type. Impairment of memory for recent events is usually the primary feature. Spatial

perception and topographical memory also decline and disorientation for time and place
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is frequently observed. One may also observe syncope, dizziness, restlessness, anxiety,
impaired concentration and the beginning of exaggeration/alteration of life-long
personality traits.

Stage two (after 2-3 years): To the progressive amnestic syndrome is now added, the
focal signs which give a more typical picture of DAT: various speech disturbances are
observed. Deformed or substituted words may creep into the phraseology. In more
extreme cases there is a complete disappearance of speech inhibitions: the speech
becomes a meaningless gibberish. A very typical sign of DAT is logoclonia in which
there is incessant repetition of the initial letters in a word. Verbigeration is also common,
i.e. completely irrelevant words and phrases are repeated in a monotonous tone.
Echolalia, in which there is an involuntary repetition of words heard, can persist into the
terminal stage and may form the last remnant of language. Another feature of this stage
is acalculia, an inability to perform mathematical calculations. There is a blunting of
emotions and apathy begins to dominate the mood state. Judgement and the capacity for
abstract thought and reason disappear. A characteristic disturbance of gait may also be
observed during this stage.

Stage three (terminal stage): There is a gross disturbance of all intellectual functions,
such that the patient cannot recognize relatives or their own face in a mirror. There is
also a gross emotional disturbance, the former personality being totally lost. During this
stage a pronounced hypokinesis combines with disturbances of sensorimotor
coordination. This may result in the patients sitting year after year, as still as statues in a
chair. However ambulation is still possible, the gait being slow, widely spaced and
unsteady. The features are stiff, expressionless and mask-like. Forced crying, laughing
and grinning are often observed. Eventually the patient presents with primitive reflex
automatisms and forced grasping and groping. In the final period of this stage, the
patient is bedfast and increasingly incapacitated through myoclonus and spasticity. They
are doubly incontinent and in a vegetative state. Life may continue in this state for a
couple of years. Roth (6) has described this state as, "the spectre of dying in a state of

mental oblivion."
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1.1.3. The relationship between age at onset and incidence of
DAT.

Sjogren (1) observed that the average age at onset for DAT was 56.3 years in his
cases. He also noted that onset seldom occured below the age of 45 years.

Heston and White (2) reported very similar findings: only 3% of DAT cases
occurred prior to 45 years of age and the vast majority (78%) occurred between
60 and 84 years. Few cases were observed to commence after the age of 85. Thus
we conclude that increasing age (over 45) is concomitant with increased
incidence of DAT up to a point (around 85 years), but thereafter few further cases
develop. With regard to cases of DAT in the young, several cases of DAT
occuring in 25-40 year olds are reported in the literature (22). So too is the case
of a 7 year old boy, who developed histologically verified DAT following a dose

of Scarlet fever (1).

1.1.4. Neuropathological features of DAT.

All forms of pathological change observed in the brains of patients with DAT
are observed to a lesser extent in the brains of intellectually normal aged

individuals (6).

1.1.4.1. Macroscopic brain features.

Macroscopically, the traditional feature associated with DAT is brain atrophy
(23). In the cerebral cortex of aged senile DAT cases, the frontal and temporal
lobes are often strikingly affected with concomitant ventricular enlargement (23).
However, as patient age increases it becomes more difficult to distinguish
between DAT cases and non-dements on the basis of atrophy and overall this
seems to relate more to age than to the extent of the disease (23). In contrast, in
younger presenile cases of DAT, there is a global cortical atrophy averaging
about 12% (24). In these patients there is also usually a significant reduction in
brain weight (24). Fairly convincing evidence also exists that the total breadth

of the cortical mantle decreases by up to 15% in DAT. Rather unexpectedly, a
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