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Hypertension and Lifestyle
Modifications in the Elderly

loan Romosan™, MD, PhD; Luiza Spiru?, MD, PhD., C. Dascau’, MD.
'University Medical Clinic, University Hospital, UMF Timisoara
*"Elias" Hospital, UMF "Carol Davila" Bucharest

Physiological effects of aging include reduced myocardial contractility, reduced glomerular filtration, reduced hepa-
tic blood flow and mass, reduced cognitive functions, reduced splanhnic blood flow, total body water, total lean body
mass, and increased body fat. Thus, the volume of distribution of water-soluble drugs may be smaller in the elder-
ly, and the lipid-soluble drugs may have a longer elimination time. Theoretically, these can favor the higher likeli-
hood of adverse reactions in older persons.

The prevalence of hypertension increases with aging. According to the National Health and Nutrition
Examination Survey lll, 1988-1991, the distribution for the population 60 years and older was 49.6% for stage 1
hypertension (140-159/90-99 mmHg) and 24.7% for stage 2 hypertension (>160/100 mmHg). The prevalence for
women exceeds that of men between the fifth and sixth decade of life. The control rate of hypertension is defined
as systolic blood pressure less than 140 mmHg and diastolic blood pressure less than 90 mmHag. It is especially
important that blood pressure control be achieved in older patients to avoid the debilitating complications of stroke,
heart failure, and renal failure.

A study from 1993 has doecumented that systolic blood pressure is a better predictor of cardiovascular events
than diastolic blood pressure. This observation confirmed the original data from the Framingham Study that identi-
fied systolic blood pressure as a prime risk factor for cardiovascular diseases and focused again attention on the
treatment of systolic blood pressure, especially in elderly patients.

The high prevalence of hypertension in older persons suggests that the recognition and treatment of hyper-
tension in elderly should be a priority for physicians. Awareness and treatment for hypertension have been
increased in older patients, but despite this improvement, hypertension continues to be poorly controlled in this
patient population. Complex drug regimens can result in noncompliance, and adverse drug reactions are increased
if high doses of a single drug are used. The American Society of Geriatric Cardiology together with the Joint National
Committee of High Blood Pressure emphasize that lifestyle modification should be a part of the treatment of hyper-
tension, regardless of the patient’s age. The recommended lifestyle modifications are especially weight loss, dietary
changes with a diet low in fat and protein, increased physical activity and limiting of alcohol intake, sodium intake

#Correspondence: loan Romosan, M.D., Ph.D., Semenicul 1, 1900, Timisoara, Romania.
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Hypertension and Lifestyle Modifications in the Elderly

and smoking. It is often said that elderly patients do not change their lifestyle. But if they follow this lifestyle thera-
py, most of the trials, including our own research, have documented benefit from blood pressure lowering.

The impact of diet in the general population is significant. Despite the smaller effect of dietary factors on
blood pressure, there are significant changes that can be achieved. Since dietary habits are potentially modifiable,
the manipulation of diet could have a significant effect on blood pressure levels, but also in the rise in blood pres-
sure with age.

Combination drug therapy may often be necessary to provide additional efficacy in elderly patients. Since
most of the data trials show that the overall response rate is low, it may be necessary that more elderly patients
should receive advices of lifestyle modification and drug therapy combination.

In summary, the treatment of hypertension in elderly patients requires considerations about the possible
adverse drug reactions, but it is important that blood pressure control be achieved to avoid the debilitating effects
of complications that impair the quality of life of older patients.

4 Brain Aging, Vol. 4, No. 1, 2004



Review I

Structural and Functional Correlates in
the Aging of the Cerebral Cortex

A. C. Cuello™**, A. Ribeiro-da-Silva'?, Y. De Koninck**, M. A. Bruno'

' Dept of Pharmacology & Therapeutics, McGill University, Montreal, Canada.

* Dept of Anatomy & Cell Biology, McGill University, Montreal, Canada.

* Dept of Neurology & Neurosurgery, McGill University, Montreal, Canada.

* Division of Cellular Neurobiology, Centre de recherche Université Laval Robert-Giffard, Québec, Canada.
* Dept of Psychiatry, Université Laval, Québec, Canada.

Abstract

In recent years, we have investigated the impact of aging on the structural and functional parameters of the rat cerebral
cortex. Our studies have included behavioural assessments, light and electron microscopic investigations, and the
electrophysiological analyses of individual, fully characterized, lamina V cortical neurons in tissue slices, which were
intracellularly filled with markers to allow a detailed analysis of their morphology and synaptic patterns. These
investigations revealed that large pyramidal neurons are vulnerable to the aging process, during which they experience
an important reduction in cell body size as well as loss of dendritic processes, in particular distal branches of basilar
dendrites, accompanied by significant synaptic loss. This loss is greatest in the cholinergic system, which
preferentially establishes synapses on the shaft of pyramidal neuronal dendrites. Our electrophysiological analysis
revealed a loss of functional synaptic connections to pyramidal neurons, yet a compensatory increase in synaptic drive
in the aged brain. Moreover, in aged rats displaying cognitive impairment, we found a marked decrease in the number
of cholinergic pre-synaptic boutons in the cerebral cortex. We also found that the delivery of a small, preoteolically
stable agonist of the TrkA receptor, called D3, was capable of reversing the spatial impairment in these aged impaired
rats, leading to a long-lasting rescue of cholinergic pre-synaptic boutons to levels comparable to young and aged
unimpaired animals. This small molecule with selective activity may have a considerable therapeutic potential.

Keywords: cholinergic, pyramidal neurons, cortical synapses, trophic factors, aged-related cognitive impairment, dendritic
atrophy.

Introduction

There is compelling scientific evi-
dence that the human aging process
is accompanied by changes in the
cerebral cortex leading to the deteri-
oration of higher CNS functions. It is
assumed that these changes are at
the heart of the well-known cognitive
deficiencies observed in old age.
Similar changes have been
observed in experimental animals.
These changes include the disap-
pearance of dendrites, dendritic

spines and synapses. Since the
number of neurons appears to
remain stable in the aged cerebral
cortex, the loss of both pre- and
post-synaptic structures is thought to
have the most impact on the mainte-
nance of inter-neuronal connections.
Most of the available data points
towards an age-dependent loss of
pre-synaptic elements without defin-
ing the neurotransmitter involved.
Neurochemical studies, neverthe-
less, would suggest a significant
involvement of cholinergic mecha-

nisms in the aging process™. This
notion is reinforced by the elegant
demonstration that age-related cog-
nitive impairments correlate with cel-
lular atrophy of forebrain cholinergic
neurons®™. A great deal of attention
has been paid to the effect of aging
on these cholinergic cell bodies,
while relatively little attention has
focused on their termination sites in
the cerebral cortex and the
hippocampus, where ultimately
the neurotransmitter acetylcholine
(ACh) acts on target neurons. In this

#Correspondence: A. Claudio Cuello, Dept of Pharmacology & Therapeutics McGill University 3655 Promenade Sir-William-
Osler Montreal, QC, Canada, H3G 1Y6, Tel: 514-398-3618, Fax: 514-398-8317
E-mail: accuello @ pharma.megill.ca
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Structural and Functional Correlates in the Aging of the Cerebral Cortex

review we summarize some of our
efforts to attempt to correlate age-
related structural cortical synaptic
alterations with functional changes.

Neuronal loss

The most striking feature of the
aging human brain is their shrink-
age'""*. The advent of magnetic res-
onance imaging has provided accu-
rate non-invasive proof of brain
shrinkage with age, most notably of
cortical mass'*™.

Extensive neuronal loss has long
been suggested to be the primary
factor explaining age-related brain
shrinkage. A number of studies have
reported that cell loss in the aged
neocortex is primarily due to loss of
large neurons™ '™ although loss of
small neurons has also been report-
ed'”'®, However, the occurrence of
extensive neuronal loss in aged
brains has been questioned by Haug
and coworkers", suggesting that the
number of neurons in young brains
has been overestimated. After cor-
recting for shrinkage, Haug and
Eggers® observed not a loss but an
increase in neuronal density accom-
pany by a decreased brain volume in
the aged cerebral cortex. An inde-
pendent study by Terry et al® also
supported no age-related cell loss in
the cerebral cortex. After careful
analysis of brains from patients who
had died of neurodegenerative
diseases, Terry et al' showed that
large neurons in aged brains
decreased significantly in number
but that the small neurons increased
to an equal extent. This finding sug-
gests that a goed number of the
large neurons may shrink with age,

thus explaining the apparent
increase in small neurons in the
aged brain.

Others investigators have found
no age-related loss of cortical neu-
rons in both monkeys* and
humans®. It has been reported that
neuronal numbers in the cerebral
cortex of rats remain unchanged
with age®'*. In line with observations
in the human brain, we have recent-

ly demonstrated a very prominent
shrinkage of the large pyramidal
neurons in the rat®.

In summary, there is no conclu-
sive evidence supporting a signifi-
cant loss of neurons with age.
Instead, the shrinkage of the numer-
ous large pyramidal neurons and the
loss of white matter could be impor-
tant factors contributing to the signif-
icant age-related brain shrinkage in
humans. In addition, Alzheimer’s
disease (AD) cell shrinkage is proba-
bly more marked in discrete neu-
ronal populations, such as choliner-
gic neurons of the nucleus basalis of
Meynert™.

Dendritic loss in aging

About 90% of the total receptive sur-
face area of cortical neurons is con-
stituted by dendrites®*. Presynaptic
boutons establish synaptic contacts
on dendritic shafts and on special-
ized dendritic structures, namely the
dendritic spines. Most synapses
containing excitatory neurotransmit-
ters, like glutamate, establish con-
tacts on dendritic spines®#.

In the following lines we will sum-
marize current ideas on age-related
dendritic changes in cerebral cortex
pyramidal and nonpyramidal neu-
rons. Pyramidal neurons are the
major projection neurons of the cere-
bral cortex**, are present in all corti-
cal layers except layer |, and consti-
tute approximately 70-80% of the
total neuronal population in the cere-
bral cortex.

Although pyramidal neurons dis-
play some heterogeneity, typical
pyramidal neurons carry the follow-
ing three structural characteristics:
(1) a typical dendritic tree, with a
prominent apical dendrite directed
radially towards the brain surface,
from which oblique dendrites arise,
and basal dendrites that originate
from the cell body and extend later-
ally or downward; (2) all dendrites
possess abundant dendritic spines;
and (3) an axon extending from the
cell body directed downwards
towards other cortical or subcortical

regions and which has local axonal
collaterals. Apart from these typical
pyramidal neurons, there are exam-
ples of pyramidal neurons not
possessing some of the above-men-
tioned morphologies.

Since pyramidal neurons repre-
sent the most significant cortical
neuronal populations, we have
focused on structural/ physiological
alterations of these neurons during
the aging process. Significant age-
related loss of dendrites in pyramidal
neurons in the human cerebral cor-
tex was first reported by Scheibel
and coworkers®®. Among different
dendritic compartments of pyramidal
neurons, age-related modifications
appear to be earliest and most
marked in basal dendrites.
Significant loss and shortening of
basal dendrites has been known for
some time now***_ In addition to
the shortening of dendritic struc-
tures, basal dendrites in aged brains
of diverse species also have fewer
branches®**, Apart from a major
loss of basal dendrites, age-related
losses of obliqgue and apical den-
drites have also been reported in the
aged brain®*. It is important to note
that dendritic losses in aged brains
are not inevitable. For instance, no
loss of dendrites in layer || pyramidal
neurons has been reported in the
entorhinal cortex of aged rats®.

Loss of dendritic spines, in parti-
cular in basal dendrites, is also a
characteristic change of aged
pyramidal neurons*##4%  Taken
together, these studies provide evi-
dence for a substantial diminution of
the dendritic surface of pyramidal
neurons in aged brains. Since den-
drites are the major receptive mem-
brane for synaptic inputs®**, the
marked loss of dendritic structures
should limit the postsynaptic sub-
strate available for synaptic connec-
tions in the aged cerebral cortex. We
have reported significant changes in
a number of morphological parame-
ters of lamina V pyramidal in the
parietal cortex of aged rats. With
respect to the total number of basal
dendrites branches, pyramidal neu-
rons from aged animals also pos-

Brain Aging, Vol. 4, No. 1, 2004
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sessed significantly fewer branches
than those from young rats®.
Consequently, the total length of
basal dendrites was also significant-
ly decreased in aged rats. We also
found a significant age-related
decrease in the number of high-
order distal basal dendritic branch-
es. Parallel to the loss of basal den-
drites, the density of spines on these
dendrites was significantly lower in
aged rats®.

Synaptic changes

Numerous studies of synaptic loss
during normal aging have been per-
formed in the last two decades.

Quantitative studies using elec-
tron microscopy revealed significant
loss of synapses with age in labora-
tory animals** and humans**,
However, not every kind of synapse
is altered equally with age. Adams’s
group has reported age-related loss
of asymmetrical synapses, but not
symmetrical synapses, in the layer |
region of the somatosensory cortex
in aged humans*®. Similar preferen-
tial loss of asymmetric synapses
was also observed in the hippocam-
pus®. Alternatively, synapses on
dendritic spines (mostly asymmetric)
are more likely to be affected during
aging when compared with synaps-
es on dendritic shafts*,

Apart from synaptic loss, age-
related modification of synaptic
structure has been reported. Adams
and Jones* showed that terminals in
the parietal cortex of aged rats con-
tain fewer mitochondria, synaptic
vesicles, reduced vacuolar and tubu-
lar cisternae, and displayed smaller
pre-synaptic area. Fewer mitochon-
dria were also observed in post-
synaptic dendritic spines in the same
study. The loss of these intracellular
structures may compromise metabo-
lism and function of synapses in the
aged brain. Indeed, the incidence of
synapses that contain either no or
very few vesicles is largely increa-
sed in the aged brain*. However,
changes in synaptic structures that
may lead to improvement of synaptic

www.brainaging.ro

function have also been reported.
For instance, loss of synapses and
changes in pre-synaptic structures
has been shown to be accompanied
by an increase in the mean length of
the post-synaptic active zone®.
Similar increases in the size of pre-
synaptic terminals after age-related
synaptic loss was observed in the

dentate gyrus®'*. _—
These structural modifications in

the remaining synapses of the aged
brain may represent a compensatory
phenomenon to maintain normal
cortical synaptic function. Age-relat-
ed decreases in the number of corti-
cal synapses have also been report-
ed™"# |nterestingly, there is also
evidence which supports a more
profound reduction of both dendrites
and synapses in deep cortical layers
of aged rats (V, VI) than in superficial
layers®®. In our group, the ultra-
structural analysis of the rat cerebral
cortex revealed a lower density of
pre-synaptic terminals per unit
length of electrophysiologically
characterized and intracellularly
post-synaptic membrane of labeled
pyramidal neurons in aged brain®.
Loss of synaptic elements in layer V
neocortical pyramidal neurons may
result in a decline of function in the
aged brain.

Studies of glucose utilization®
and blood flow®* revealed signifi-
cant reduction in metabolic activity in
the aged cerebral cortex. In addi-
tion, profound trimming of dendritic
spines in the aged brain may sug-
gest a major loss of asymmetric
synapses®. Given that these asym-
metric synapses have been suggest-
ed to be excitatory®*® % age-related
synaptic loss may result in a prefer-
ential reduction of excitatory rather
than inhibitory synaptic inputs to cor-
tical pyramidal neurons.

Although decreases in cortical
neuronal activities have been report-
ed®*, no major loss in the sponta-
neous firing rate of layer V pyramidal
neurons was shown®, |nterestingly,
a similar stability of cellular charac-
teristics in the aged brain has been
observed in the hippocampus®. One
of the possible explanations of this

discrepancy is a compensatory func-
tional change in synaptic transmis-
sion after loss of synapses. In this
regard, our observations indicate
that spontaneous axonal firing may
compensate for losses in functional
synaptic contact on pyramidal neu-
rons in the aged rats. Given the
marked shortening of dendrites and
decrease in presynaptic bouton
density in layer V pyramidal neu-
rons, one would expect a compara-
ble reduction in synaptic input bom-
barding those neurons. Despite the
drastic reduction in synaptic sub-
strate in aged rats, no difference
in the frequency of spontaneous
action potential-dependant currents
(sEPSCs or sIPSCs) between young
and aged rats were found (Figure 1).
However, in the presence of TTX a
clear diminution in the frequency of
both mEPSCs and mIPSCs were
observed, revealing a TTX insensi-
tive component of synaptic bom-
bardment (Figure 2).

The age-related decrease in the
frequency of mIPSCs is consistent
with the reduction of the surface
area of cell body, which appear to be
the primary target of inhibitory
GABAergic synapses®®. Because
most excitatory synapses appear to
occur on dendritic spines®, the
reduction in the spine density is also
consistent with the decreased
mEPSC frequency we observed, as
a preferential loss of asymmetric
synapses has been reported”. The
net result is maintenance of the bal-
ance between the two types of inputs.

As no age-related changes has
been observed in the frequency of
the spontaneous PSCs (either exci-
tatory or inhibitory) despite the struc-
tural losses of presynaptic inputs
and of diminution of the incidence of
miniature PSCs, it can be concluded
that the maintenance of these
synaptic discharges at normal fre-
quencies reflect a compensatory
effort of the aged brain. This can be
interpreted as indicating an increase
in action potential-dependant input
(i.e. an increase in the ratio of sPSC
frequency to mPSC frequency) and
thus an increased activity in neurons
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Figure 1. No significant change in the frequency of spontaneously occurring EPSCs and
IPSCs in cortical pyramidal neurons of aged rats. A. Schematic diagram showing the type of
activity reflected by sPSCs recorded in layer V pyramidal neurons (contrast with figure 2A.).
These sPSCs result from the sum of both the intrinsic releasing properties of the synaptic ter-
minal and the action potential firing activity in neurons presynaptic to the recorded cell. B. C.
Histograms show the frequency of both SEPSCs and sIPSCs from young and aged rats. The
cumulative probability plots on the right of each histogram further illustrate the lack of modifi-
cation in the distribution of frequency of both sSEPSCs and sIPSCs with aging. Reproduced, with
permission, from Wong et al*.
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Figure 2. Significant reduction in the frequency of action potential-independent mEPSCs and
miPSCs in cortical pyramidal neurons of aged rats. A. Schematic diagram showing the type of
activity reflected by mPSCs recorded from layer V pyramidal neurons (contrast with figure 1A).
With the propagation of action potential being blocked by the addition of 1M tetrodotoxin (TTX)
in the bathing solution, the mPSCs correspond only to action potential independent sponta-
neous release of neurotransmitter from synaptic terminals effectively uncoupled from the soma-
dendritic region of the presynaptic cell. B. Histogram displaying the significant 33.3% decrease
in the frequency of mEPSCs in aged rats (p<0.05) C. A similar significant 36.7% decrease in
the frequency of mIPSCs in aged rats (p<0.05). The graphs on the right are cumulative proba-
bility plots of interevent intervals further illustrating the decrease in frequency of mPSCs in aged
rats. Reproduced. with permission, from Wong et al™.
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that are presynaptic to pyramidal
neurons in aged animals®.

The basalo-cortical
forebrain cholinergic
system in aging

Since the number of neurons proba-
bly remains rather stable in the aged
cerebral cortex, the loss of these
pre- and post-synaptic structures
would result in a substantial loss of
interneuronal connections  with
aging. The cholinergic innervations
of the cerebral cortex has been
extensively investigated because of
its role in arousal, learning and
memory®”, Cholinergic neurons in
the nucleus basalis magnocellularis
(NBM) and associated forebrain
nuclei are the major sources of the
extrinsic cholinergic innervations of
the cortex™”. In rodents, a small
portion of the cortical cholinergic
innervation is also derived from
intrinsic neurons™. The density of
cholinergic terminals is particularly
high in cortical layer V™, where
pyramidal neurons, the principal out-
put of the cells from this area, are
located®™. The role of ACh in mem-
ory has become of interest since the
learning and memory deficits of
aging and AD have been attributed,
at least in part, to a decline in the
functional integrity of the forebrain
cholinergic systems®*.

Stronger support for a critical role
of cortical ACh in age- and demen-
tia-associated cognitive decline has
been provide by studies demonstra-
ting a correlation between decrea-
ses in markers of cortical ACh and
the severity of dementia®***. Several
studies support the hypothesis that
the integrity of the basal forebrain
cholinergic neurons that project to
cortical areas is compromised during
normal aging and in dementia. With
aging, neurons in the basal forebrain
undergo a process of atrophy, as
judged from morphological and bio-
chemical parameters®®,

In addition, preliminary data from
our laboratory has demonstrated
that there is an age-related loss of
cholinergic boutons in the parietal

Brain Aging, Vol. 4, No. 1, 2004
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cortex with a more pronounced
decline in layers V and VI
Interestingly, layer V is the area
where the highest age-related loss in
the total population of synaptic
boutons is also observed®.

More recently, cortical cholinergic
terminations have also been regard-
ed as essential to the cerebral cor-
tex's ability to acquire adequate rep-
resentations in response to sensory
experiences®, It is ironic that,
although ACh was the first neuro-
chemical to be proposed as a CNS
transmitter®**, it was only in the
early eighties that we were able to
identify microscopically CNS cholin-
ergic neurons and fibre pathways,
thanks to the development of reliable
markers for cholinergic neurons, i.e.
specific antibodies capable of
detecting the ACh biosynthetic
enzyme, choline acetyltransferase
(ChAT), by immunocytochem-
istry*7795%6 A complete understand-
ing of this transmitter system is
nowadays part of classical neu-
ropharmacology.

The issue of how ACh acts in the
cerebral cortex has been an issue of
controversy for some time. Although
the electrophysiological data®®
clearly points towards a synaptic
action of ACh in the CNS, the preva-
lent opinion has been that this trans-
mitter acted in the cerebral cortex in
a diffuse, non-synaptic manner®'®', a
concept falling within the framework

b

of the so-called “volume transmis-
sion"®"_ These views have been
widely supported in recent years.

Recent technological develop-
ments and the application of more
suitable antibodies to reveal cholin-
ergic neurons have made it possible
to derive precise qualitative and
quantitative information on choliner-
gic presynaptic sites. Our studies™®
applying vesicular ACh transporter
(VAChT) antibodies and improved
immunocytochemical protocols have
unequivocally demonstrated that
cortical cholinergic boutons (VAChT-
immunoreactive) establish, in their
majority, classical synapses. These
are mostly synapses of the symmet-
ric type terminating on dendritic
shafts. These findings strongly sup-
port a “classical” (point-to-point)
synaptic transmitter role for cortical
ACh in opposition to a non-synaptic
diffused release modality of action.
Furthermore, the same studies indi-
cated a severe age-dependent atro-
phy (as shown by means of 2D
quantification as well as 3D recon-
structions) of these cortical pre-
synaptic cholinergic boutons with a
concomitant loss of the synaptic
area (Figure 3)',

The cholinergic neurons located
in the NBM (nucleus of Meynert in
primates), and associated forebrain
nuclei, were shown to be the major
sources of the extrinsic cholinergic
innervation of the neocortex™'®. The

density of cholinergic terminals is
particularly high in neocortical layer
V™ which is precisely where the
larger pyramidal neurons are locat-
ed®, Interestingly, the most recent
data from our lab and others sup-
ports a more profound reduction in
both dendrites® and synapses® in
deep cortical layers (V, VI) of aged
rats than in superficial layers. Thus,
our recent investigations have
shown that the cholinergic pre-
synaptic component is more vulner-
able to the aging process than the
overall pre-synaptic population'”. In
addition, these correlative studies
characterizing layer V pyramidal
neurons by intracellular filling with
biocytin along with the electron
microscopical detection of VAChT
demonstrated the preferential asso-
ciation of cholinergic pre-synaptic
boutons with pyramidal neurons, in
particular with the distal segments of
basal dendrites (Figure 4)'”. In sum-
mary, this recent information brings
our knowledge of the basalo-cortical
cholinergic projection to a new level
by providing a detailed account of its
presynaptic terminals in the neocor-
tex upon their targets, the pyramidal
neurons, where primarily ACh acts.

Trophic support in aged
cortical circuits

As discussed in the previous sec-
tion, the cholinergic system is com-

Morphometric features of VAChT-IR varicosities in layer V of young and

aged rats.

Young Aged
Isolated sections
Profile area (um?) 0.313+£0.005 0.241+0.004
Perimeter (um) 2.404+0.060 2.052+0.017
Serial section reconstructions
Volume (um?) 0.252+0.046 0.129+0.015
Surface area (um?) 2.239+0.326 1.44140.118
Synaptic area (um?) 0.090+0.020 0.040+0.004

Figure 3. Serial section reconstructions of VAChT-IR boutons in layer V of the parietal cortex of young (a,c) and aged (b,d) rats, obtained with
the help of the MCID-M4 image analysis system. Green highlighted areas in the reconstructed boutons represent regions of synaptic contacts.
Note the smaller volume and synaptic area in the aged boutons compared to young. Scale bar, 0.5 ym. The values shown in the table repre-
sent the mean of each parameter per animal + S.E.M. *p <0.05; Student's t-test. Reproduced, with permission, from Turrini et al'®.
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Figure 4. Morphological and immunocytochemical properties of a biocytin-labeled lamina V
pyramidal neuron from a young (on the left, A to F) and aged rat (on the right, A to F). (A)
Camera lucida reconstruction of the cell. (B) Micrograph of part of the cell obtained from a
50pm thick plastic section. (C) Micrograph from a 4um thick plastic section obtained after Epon
re-embedding of the 50um thick section from B. (D) Electron micrograph of the cell body area
obtained after further re-embedding the 4pym thick shown in (C). Note the absence of VAChT-
IR boutons apposed to the cell body and elsewhere in the surrounding neuropile (E,F). Electron
micrographs of proximal and distal dendrites, respectively; note the VAChT-IR boutons
apposed to the dendrites (arrows). Scale bars in (A), (B) and (C) = 5um; (E) and (F) = 1pm.

Reproduced, with permission, from Casu et al'".

promised in aging and, even more
so, in AD*#1% The selective cholin-
ergic involvement in AD has been
recently replicated by us in trans-
genic animals reproducing features
of the amyloid pathology®. It would
follow from our knowledge of the
exquisite NGF dependence of the
forebrain cholinergic phenotype that
both in aging and in AD pathology a
failure of the trophic factor feedback
is responsible for the cholinergic
decline occurring in such circum-
stances. However, the evidence for
a decreased production of NGF in
aging or AD is not compelling.
Communications regarding age-
dependent changes in NGF protein
levels or its mRNA in the cerebral
cortex and hippocampus vary from a
decrease, to no change or to an
elevation and, in many occasions,
a dissociation of these two mar-
kers™ "3, Early results obtained by
Gage, Bkjorklund and Thoenen™
reported that behaviorally impaired
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rats display normal or elevated NGF
levels in the CNS, which, based on
the available information, we would
interpret as a possible increase in
Pro-NGF (immature NGF) material
rather than NGF itself.

The NGF status in AD is also
puzzling as there is an apparent dis-
sociation between the classical
markers of this neurotrophin (the
peptide and its mMRNA content) and
the phenotypic state of forebrain
cholinergic neurons. Thus, as ele-
gantly demonstrated by Fahnestock
and collaborators, in post-mortem
cortical samples of AD the NGF pep-
tide content is elevated"*"* while
there is no change in the correspon-
ding mRNA", This situation would
imply a failure in NGF processing
and maturation. The observation of
elevated NGF peptides and normal
levels of NGF mRNA in the AD brain
has been confirmed by others™" ",
In addition, Fahnestock and collabo-
rators™ have shown that immunoas-

sayable NGF in the mouse, rat and
human brains is largely represented
by the precursor, immature form of
the NGF protein. This elevation of
Pro-NGF levels might explain the
trophic uncoupling of forebrain
cholinergic neurons in AD.

In AD, along with the well-known
loss of nucleus basalis neurons* or
their atrophy'®, several authors have
found a decrease in the retrogradely
transported NGF protein in this fore-
brain region (by ELISA) or in the
nucleus basalis cells (by immunocy-
tochemistry)'®'#, This situation has
been attributed to a failure of the
NGF retrograde axonal transport
system from the cerebral cortex to
the cell soma'™'*. As the TrkA
receptor appears down regulated in
the nucleus basalis of AD patients
and aged rats'®'®1%1%  the trophic
disconnection could be due to the
inability of cholinergic terminals to
bind and internalize TrkA/NGF com-
plexes. However, it is also possible
that these conditions (i.e. a lack of
NGF transport and the down regula-
tion of TrkA receptors) are related to
a single factor: the failure of the mat-
uration of Pro-NGF into a biological-
ly active trophic molecule. One fac-
tor favouring such an interpretation
is that the lesion-induced trophic dis-
connection of the nucleus basalis™
or the septal nucleus™ leads to a
down regulation of the TrkA mRNA
message. The down regulated trkA
message in atrophic neurons in both
models (septum and nucleus
basalis) still respond positively to the
exogenous administration of NGF by
up-regulating the TrkA mRNA mes-
sage129.13€l_

Alternative for a trophic
therapy?

Our observations have shown that
either provoking the immunoneutral-
ization of endogenous NGF or the
blockade of their TrkA receptors,
results in the loss of pre-existing cor-
tical cholinergic pre-synaptic sites.
This is a strong argument favouring
a role of endogenous NGF in the
maintenance of the steady-state
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number of cholinergic connections in
mature animals'',

We have also shown that syn-
thetic cyclic-peptides mimicking the
92-96 loop (B turn) of the NGF mole-
cule act as antagonists to the TrkA
receptor molecule, modulating
cholinergic phenotype in vitro'® as
well as in vivo™. As a result, we
investigated the ability of a new
small molecular weight agent,
named D3', to alter the atrophic
cortical cholinergic pre-synaptic ter-
minations in age-impaired rats in the
search for alternative therapeutic
compounds affecting solely the TrkA
neurotrophin receptor without cross-
binding to the ubiguitous p75™™ low
affinity receptor. As a result of an
intracerebroventricular delivery of
D3 to cognitively impaired rats, we
found a marked increase in the num-
ber of the pre-synaptic cholinergic
boutons in the cerebral cortex of
aged rats. Moreover, D3 treatment
for two weeks was capable of
reverse the spatial learning impair-
ment displayed by a small portion of
24 months old Fischer-344 rats,
using the Morris water maze task
(Bruno et al., submitted).

Conflicting results may also arise
from the fact that the aged popula-
tions represent a heterogeneous
group with varying levels of cognitive
deficits. Our preliminary results indi-
cate that separation of aged animals
into memory impaired vs. unim-
paired reveals potentially dramatic
differences in synaptic elements
between the two groups. Further-
more, our results not only point to a
differential atrophy of synapses
between the two groups of aged ani-
mals but also, and perhaps more
importantly, to a differential atrophy
between neurotransmitter systems
(cholinergic vs. non-cholinergic and
excitatory vs. inhibitory), and thus a
change in the balance of inputs to
specific cell populations may be a
prominent factor affecting cognitive
performance in aged individuals.

The question which remains is
whether this age-related cholinergic
atrophy is a widespread predica-
ment in aging, or is it more pro-

www.brainaging.ro

nounced or selective to aged
impaired animals. We hypothesize
that severe structural cortical cholin-
ergic synaptic deterioration should
tilt the balance of CNS transmitter
functions negatively leading to age-
related cognitive impairments.

Concluding remarks

Our investigations revealed that a
major shrinkage of large pyramidal
neurons takes place with aging.
Furthermore, that there is a close
correlation between these loses of
presynaptic input to morphologically
and electrophysiological character-
ized pyramidal neurons with TTX
insensitive synaptic current (excita-
tory and inhibitory). We have further
demonstrated that a compensatory
synaptic activity occurs in aged cere-
bral cortex. Our investigations also
revealed that most of the synaptic
losses occur at deep cortical layers
and preferentially affect cholinergic
inputs.

Cholinergic presynaptic boutons
terminate mostly in pyramidal neu-
rons and develop an age-related
atrophy along with losses of synaptic
contacts. These cholinergic synaptic
contacts are dependant upon
endogenous NGF secretions and
they can be rescue in aged cogni-
tively impaired rats with the applica-
tion of exogenous NGF or NGF-
derivatives.
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by APP Disfunction |
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Abstract

At present time, the initiating cause of neurodegeneration in Alzheimer's Disease (AD) is still a matter of debate. A
number of hypotheses are proposed including the extracellular neurotoxicity of Af or oligomers, the intracellular one,
or a loss of function of APP. However, the amyloid cascade hypothesis reflects the major trend of research of the last
decade, leaving tau pathology as a possible Iate consequence. Our biochemical spatiotemporal analysis of tau
pathology in non-demented elderly patients from a prospective and multidisciplinary approach corroborates
neuropathological findings. Indeed, tau pathology spreads progressively, invariably, hierarchically, from the
transentorhinal cortex to the whole neocortex, along cortico-cortical connections. We have shown that tau pathology
develops in parallel to AB deposition, and is even sometimes present is absence of AP deposits. The fact that tau
pathology is a neuron-to-neuron spreading phenomenon, and that the neocortical involvement is always found in the
presence of AB deposits demonstrate that: (1) AD is a real tauopathy; (2) There is a synergy between amyloidosis and
tauopathy; (3) The early transformation and decrease of APP carboxy-terminal fragments (APP-CTFs), in parallel to tau
pathology, is in favor of a loss of APP function as the central cause of AD. It could be explained by the loss of APP-
CTFs trophic activities, provoking the extent of tau pathology. The aiternative hypothesis is a neurotoxic effect of

N-truncated AP species, that aggregate before full lenght Ap.

1. Alzheimer’s Disease:
the conjunction of two
degenerative processes

Since the beginning of last century, it
is well known that AD is characte-
rized by the presence of two neu-
ropathological hallmarks that are
amyloid deposits and neurofibrillary
tangles'. These lesions are distrib-
uted all over the human cortex and
constitute the basement for neu-
ropathological diagnosis?. In the mid
eighties the molecular components
of both lesions have been disco-
vered.

The extracellular amyloid depo-
sits where demonstrated to be com-
posed of the aggregation of a small

peptide named amyloid-beta peptide
(BA4 or AB)°. The AP peptide derives
from the complex catabolism of a
larger precursor named Amyloid
Precursor Protein (APP)*,

The intraneuronal pathological
fibrillar structures that constitute
neurofibrillary tangles were shown to
be made of the aggregation of
abnormally modified microtubule-
associated tau proteins®™,

Indeed, these molecules are not
related and thus AD can be consid-
ered as the conjunction two inde-
pendent neurodegenerative proce-
sses that are tau and APP patholo-
gies, for which the pathophysiologi-
cal relationship remains to be esta-
blished.

2. The aetiology of
Alzheimer’s Disease

The vast majority of individuals
affected by AD are isolated indivi-
duals in families, the socalled “spo-
radic” AD. A small number of fami-
lies have an inherited form of AD
(FAD) for which mutations have
been discovered in the APP and pre-
senilin genes'. Consequently, from
the discovery of mutations and th eir
direct relationship with the amyloid
physiopathological process, the
“Amyloid cascade hypothesis’ has
been established and is driving most
of the current research and thera-
peutic strategies in AD™'". This
hypothesis supposes that mutations
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enhance the production of the highly
fibrillogenic AP peptide 42, that
aggregate into oligomers and then
plaques. Consequently, AB oligo-
mers are supposed to have detri-
mental neurotoxic and inflammatory
side effects, inducing synaptic and
neuritic injuries as well as astrocytic
and microglial activation. Therefore,
the link is made between the amy-
loidogenesis process and the initial
steps towards neurofibrillary degen-
eration. Although, the research
efforts have been inversely propor-
tional to the prevalence of FAD, this
hypothesis has to be evaluated in
the most represented form of AD,
the SAD (sporadic AD).

3. Tau pathology is
correlated to AD clinical
expression

We have studied tau pathology
using a biochemical approach in the
human brain from more than 60 non-
demented and 70 well-confirmed AD
patients. All of those individuals
had a clinical examination and the
neuropathology was well document-
ed for both amyloid deposits and
neurofibrillary tangles. This prospec-
tive study has enabled to classify the
patient according the distribution of
tau pathology in cortical brain areas.
This classification is defined by 10
stages that correspond to the
sequential and invariable progres-
sion of tau pathology in 10 affected
brain areas. Thus, tau pathology is
first observed in the transentorhinal,
the entorhinal and hippocampal for-
mation (Stages S1 to S3). Those
brain regions are always affected in
individuals aged over 75 years. The
neocortical brain regions are affect-
ed afterward, starting by the tempo-
ral cortex (Stages S4 to S6) and
then followed by polymodal associa-
tion cortical areas (Stages S7 and
$8). Until those brain regions are
affected, tau pathology can remain
clinically silent. Moreover, amyloid
deposits are not systematically
associated with this tau pathology.
This latter observation would sug-
gest that the tau pathology is not
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necessarily associated with APP
pathology and hence, in the absence
of any tau mutations or genetic link-
age, the pathophysiological mecha-
nisms responsible for the presence
and progression of this tau patholo-
gy remains unknown. Nonetheless,
this phenomenon could be related to
normal cerebral aging. However,
following this hypothesis, one would
expected that older individuals would
have more tau pathology than youn-
ger. In our series, the tau pathology
progression is not closely related to
aging, despite the fact that age is
definitely a risk factor. The cognitive
decline is well correlated with the
progression of tau pathology in poly-
modal association cortical areas and
represents the threshold for demen-
tia. Tau pathology then continues its
progression towards primary visual

and motor cortices (Stages 9 and

10). Our results are in good agree-
ment with neuropathological stud-
ies'™'"® and show that tau pathology is
following a stereotype progression,
knowing the brain anatomy by fol-
lowing cortico-cortical connections; it
is invariable and hierarchical, along
a network of neurons™ ¥,

4. The APP pathology is
correlated to the
progression of tau
pathology

4.1. Upstream the production of
ApB: the carboxy-terminal
fragments of APP

The initiating cause of AD is current-
ly based on the discovery of muta-
tions in APP and presenilin genes.
However, no mutations and even
polymorphisms on tau, APP or pre-
senilin genes have been associated
with SAD?"?". The major risk factor is
aging, closely followed by ApoE
gene polymorphisms*#. Therefore,
the initiating events in SAD remain a
matter of debate. The APP metabo-
lism has been poorly investigated in
SAD. Thus, knowing the precise and
detailed progression of tau patholo-
gy in the individuals of our brain
bank and the correlation with APP

expression and its catabolic products
upstream AR is of major importance.
Upstream catabolic products of APP,
the so-called carboxy-terminal frag-
ments (CTF) or stubs results from
proteases activities named secre-
tases (for review see Suh and
Checler, 2002%). Three secretases
activities have been identified that
are the o, B and y-secretases. The
o-secretases cleave APP in the mid-
dle of the AP sequence (at position
17) and generate the o stub. The
CTF precursor for AB is resulting
from the (3-secretase activity, liberat-
ing the amino-terminus of AB. An
alternate cleavage by the B-secre-
tase occurs at position 11 of Ap lead-
ing to B'-stub. APP-CTF B is further
processed through y-secretase pro-
ducing the AR peptide and the
cytosolic C51 fragments. For being
distinguished from the y-secretase
activity that lead to the production of
AB, the e-secretase, which can obvi-
ously process all APP-CTFs, libera-
tes the cytosolic domain of APP, also
called e-CTF or C51 (Amyloid pre-
cursor protein intracellular domain)™.
In AD, AB-42 deposition strongly
suggests that APP metabolisms is
altered and APP-CTFs should be
modified. We have studied the APP-
CTFs expression in both non-
demented and AD patients®. APP-
CTFs were shown to be significantly
diminished during the course of AD
and moreover, the decrease of APP-
CTFs was well correlated with the
progression of tau pathology. In
addition, the brain tissue of individu-
als having an inherited form of AD
linked to mutations of presenilin 1
also showed a decreased amount of
APP-CTFs. Our results thus showed
for the first time a relationship
between Tau and APP pathologies
which is in addition observed early
in AD.

4.2. Amyloid deposition is
correlated to tau pathology but
is lacking the spatiotemporal
overlap

The decrease of APP-CTFs should
be associated with modification of
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the downstream products that are
the AB peptides. Thus, AB peptides
were quantitatively and qualitatively
investigated, using an extraction in
pure formic acid and applied on the
brain tissue of all cases from our
brain bank. Multiple immunological
tools associated with a proteomic
analysis were performed. Insoluble
AB-42 and 40 species were fully sol-
ubilized and quantified in the main
neocortical areas®. The quantities of
both species AR were compared to
the extent of tau pathology, as well
as to cognitive impairment. In AD,
there is a constellation of amyloid
phenotypes, extending from cases
with exclusively aggregated Ap-42 to
cases with, in addition, large quanti-
ties of insoluble AB-40 species.
Nonetheless, insoluble AB-40 detec-
tion was often observed late in the
amyloid deposition process (starting
at Tau pathology stages 4-5). We
observed that there was no obvious
spatial and temporal overlap in the
distribution of these two insoluble Ab
species in cortical brain areas. Thus,
brain areas with AB-42 was not sys-
tematically associated with AB-40
deposition and moreover, the quanti-
ties of AB-40 measured were not
directly related to that of AB-42.
Physical properties were also differ-
ent. Formic acid-solubilized AB-40
aggregates were composed essen-
tially of monomers and dimers, while
solubilized AB-42 was essentially
observed as monomers, dimers, and
oligomers. More importantly, AB-42
aggregates were observed at the
early stages of tau pathology, in non-
demented patients. All together, it
was interesting to note that during
the progression of the disease, AB
aggregates increase in quantity and
heterogeneity, in close parallel to the
extension of tau pathology. But
unexpectedly, there was no spatial
overlap between AP aggregation
that is widespread and heteroge-
neously distributed in cortical areas
and tau pathology that is progress-
ing sequentially, stereotypically, and
hierarchically®. Therefore, these
observations demonstrate that AB42
aggregation, and not AB-40, is the
marker that is close to Alzheimer
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aetiology. It should be the main tar-
get for the early biological diagnosis
of AD and modelling. Furthermore,
the spatial mismatch between AR
and tau pathologies in cortical areas
was obvious. First of all, the neocor-
tical areas that contain first or more
AB are not always the same.
Generally, but not always, the occip-
ital cortex is more prone to develop
amyloid deposits®. These Ap-42
amyloid deposits observed at the
neuropathological level were not
related to amyloid angiopathy.
Remarkably enough, this brain
region is the last to develop tau
pathology®. Conversely, the hip-
pocampal region early affected by
tau pathology is not especially
affected by amyloid deposition.
These observations confirm the find-
ings of Braak and Braak''®,
Together, this AB/Tau mismatch
demonstrates that neurodegenera-
tion is not a direct consequence of
extracellular AR neurotoxicity (con-
sidering that toxicity is mediated
through the cell body). Hence, there
is a synergetic effect of APP dys-
function on the neuron-to-neuron
propagation of tau pathology. This is
demonstrated by the fact that tau
pathology can be found in the hip-
pocampal area without AP depo-
sits¥. Nonetheless, decrease of
APP-CTFs is likely to be more wide-
ly distributed over the brain regions,
as established in the temporal cortex
and occipital, and hence further sup-
port the relationship between APP
dysfunction and tau pathology®. In
contrast, the extension of tau patho-
logy in the polymodal association
areas is always found in the pres-
ence of AB deposits, as if these
species, directly or indirectly, were
necessary to stimulate the progres-
sion of tau pathology®.

4.3. N-truncated Ap-42
are the seeds for amyloid
deposition

Amyloid deposition is the following
step to AP secretion in AD. The
mechanism for aggregation and
deposition is uncertain in SAD.
Recent observations suggest that

aggregation would occur inside the
cell body or A would be secreted as
oligomers*?*, Why these oligomers
would develop only in AD is a ques-
tion that remains to be answered. At
the molecular level, AB peptide is a
heterogeneous catabolic product of
APP that varies in length both at the
amino- and carboxy-terminus and is
also post-translationally modified* .
Thus, AP peptide has been shown to
be pyroglutamylated, methylated,
phosphorylated, oxidized and with
isoaspartyl residues® ', Therefore,
many characteristics could modify
the biological properties of Ap either
‘in aging or in the pathological pro-
cess. Amino-truncated AB peptides
has been largely described in fully
developed AD and have been sug-
gested to potentiate amyloid fibril-
lization, amyloid deposition, toxicity
and could also anticipate the deposi-
tion process in FAD***_ Truncation
at position 2 to 19, including the B’
and o-cleavage sites are found in
amyloid deposits of AD individuals
and observed on AB-42 species®.
Oxidation occurs on the methionine
residue and has been recently sug-
gested to facilitate the release of AR
from the plasma membrane*. For
being pathophysiological relevant to
AD, truncation or other post-transia-
tional modifications should be
observed early during the course of
AD even before the clinical symp-
toms. We have adapted two-dimen-
sional gel electrophoresis for the
study of aggregates species of AB
solubilized in pure formic acid®. The
analysis of AR aggregates in fully
developed AD individuals demon-
strated the accuracy of our
approach. Thus, most of truncated
AB-42 peptides were observed but
more importantly, when coupled to
western-blotting, two-dimensional
gel electrophoresis enable the
quantification of each Ap-42
species. Thus, we demonstrated
that more than 60% of all Ap-42
species were amino-truncated start-
ing from position 2 to 10 and pyrog-
lutamylation at position 3, some of
which were oxidized or methylated®.
We have then used our proteomic
approach for the characterization of
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AB-42 in the very first amyloid
deposits observed in preclinical
stages of AD. Surprisingly, all of the
amino-truncated Ap-42 were present
at the earliest stages of AD and in
similar proportion to that observed in
fully developed AD. Among all
amino-truncated species, particular
attention has been paid to the pyro-
glutamyl variant of AP at position 3.
This variant has been observed at
the earliest steps of amyloid deposi-
tion in Down's syndrome and
Alzheimer's Disease, as well as in
FAD*##_ |t has also been suggest-
ed to be more neurotoxic®. Other
amino-truncated AP peptides have
been shown to be produced and
secreted in cellular models, thus
suggesting that truncation is likely
not to occur following deposition**".
Altogether, our data strongly suggest
that amino-truncated species of Ap-
42 are the seeds for amyloid deposi-
tion in SAD. This is also further sup-
ported by the fact that in FAD, these
pathologically-related variants of AB
are found to be increased and su-
ggested to potentiate the amyloid
deposition process and consequent-
ly the anticipation of onset*. Besides
being characterized since 1985, the
importance of modified variants of
AP have only been poorly investiga-
ted in AD and our recent work
associated with previous findings
highlight the pathophysiological
relevance of those variants in AD
and their potential usefulness for
both diagnostic and therapeutic
purposes.

5. AD is a real tauopathy
fueled by APP dysfunction

Altogether, our prospective and mul-
tidisciplinary study of the natural his-
tory of “sporadic” Alzheimer’s
Disease shows that AD is real
tauopathy. This conclusive observa-
tion is argued by the fact that without
tauopathy, AD cannot be clinically,
neuropathologically and molecularly
explained. The tauopathy has be
present, to progress in cortical areas
and to be fueled by multiples para-
meters to become clinically expres-
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sive. Thus, tauopathies relies to all
neurodegenerative disorders for
which the biological functions of tau
are altered. Multiparameters can
modify tau functions, starting with
tau gene mutations found in frontal-
temporal dementia with Parkinso-
nism link to chromosome 17 until the
repeated punches responsible for
dementia pugilistica®. Thus, APP
pathology should rather be conside-
red as an additional factor that enha-
nces and potentialises the already
existing human tauopathy, thus re-
sulting to the dynamic cortical
spreading of the tauopathy that is
specific to AD. This hypothesis ce
rtainly does not exclude that APP
pathology is central to the etiology of
AD. In contrast to the “amyloid cas-
cade hypothesis”, AB-42 by itself is
certainly neither the starting point

nor the exclusive starting point of AD

pathology. Altogether, the loss of
APP-CTFs and the early production
of amino-truncated AB-42 further
suggest an early dysfunction of the
ve secretase activity. Loss of APP-
CTFs has been described in a cellu-
lar model® and the production of
amino-truncated AP is observed in
increased amounts in FAD with pre-
senilin mutations* or in cellular mod-
els overexpressing the human APP
with mutations close to the y/e-secre-
tase cleavage site®'. Recently, trans-
genic mouse models supported the
hypothesis that APP dysfunction po-
tentiates the tau pathology spread-
ing®**. Conversely, no transgenic
mouse models for amyloidosis deve-
lop the typical neurofibrillary tangles,
definitely showing that Alzheimer’s
disease result from the association
of two degenerative processes that
are tau and APP pathologies.

6. Future diagnostic and
therapeutic development

6.1. N-truncated AB-42 peptides
for diagnostic purposes

As demonstrated using our multidis-
ciplinary approach and confirmatory
of neuropathologists’ observations,
appearance of clinical symptoms in

AD is already a late event in course
of the disease. Many brain areas are
affected by amyloid deposits and tau
pathology before cognitive impair-
ment. Thus, an early specific and
sensitive biological diagnostic is
possible and necessary for an early
and accurate treatment of AD. The
major biological markers at our dis-
posal remain tau protein and Ap.
Many improvements have been
given to the use of those markers, as
the detection in cerebrospinal fluid of
phospho-tau (for review see
Blennow and Hampel, 2003*), More
recently, variants of AR peptides
have been suggested to improve as
well the specificity of AD diagno-
sis®**. Thus, ratio of carboxy-termi-
nal ending AP can distinguish
between AD and Creuztfeldt-Jacob
disease®. Amino-truncated AP pep-
tide at position 2 also demonstrated
to be elevated in SAD and FAD.
Therefore, a better knowledge of AR
variants related to AD and the deve-
lopment of sensitive tools against
those variants would be promising to
improve the already existing ELISA
or EIA diagnostic kit. Together, the
combined use of phospho-tau and
N-truncated AB-42 peptide should
improve dramatically the specificity
of the biological diagnosis®™**.
Moreover, such a diagnostic kit
would be not only more discrimina-
tive toward other neurodegenerative
disorders but also necessary as well
for the follow-up of treated individu-
als with cognitive impairment. If such
a diagnostic kit is demonstrated to
be efficient, it would also circumvent
the problem of performing lumbar
puncture. Neurologists will certainly
adopt this procedure in addition to
cognitive assessment if the diagnos-
tic kit is demonstrated to have a high
accuracy towards Alzheimer-type
degenerating process.

6.2. N-truncated Ap-42 peptides
for therapeutic purposes

Reducing AP deposition and/or AB
production is the main therapeutic
goal develop ed in AD. Thus, p-se-
cretase or y-secretase inhibitors, the
proteolytic pathways leading to the
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production of A, anti-aggregating
molecules (pB-sheet breakers),
reducing the cholesterol, chelating
metals, and vaccination against Ap,
are the main strategies of therapeu-
tic development®. The vaccination
aiming to clear the brain AP deposits
has been successful in animal mod-
els. The vaccination of transgenic
mice producing amyloid plaques by
targeting actively or passively the
human AP leads to a reduced bur-
den of amyloid deposition®* and
restore cognitive function®*, In
human, vaccination leads to antibo-
dies against amyloid deposits, signif-
icantly clear amyloid deposits and
reduces the cognitive decline in
patients that have developed anti-
bodies against AB¥*. These results
have been obtained on a small
cohort of 30 individuals but are, nev-
ertheless, very promising. However,
this clinical trial has been stopped
because a certain number of vacci-
nated individuals have developed
inflammatory encephalitis, certainly
caused by autoimmunity. To over-
come this problem of autoimmunity
and to make the vaccination a
potential preventive and low risk
treatment, the antigen selected
should be disease-related. One pos-
sible perspective is thus to identify
AP products that are directly related
to the earliest stages of amyloid dep-
osition and not found in normal indi-
viduals. Amino-truncated AP 42 pep-
tides fulfil the definition. To the best
of our knowledge, they have not
been found in control individuals,
and they are observed at the earliest
stage of AD and hence, directly
related to the pathology. We assume
that this specificity has to be con-
firmed regarding other neurodegen-
erative disorders, such as dementia
with Lewy Body, but amino-truncat-
ed AB-42 would nonetheless repre-
sent outstanding molecular markers
for diagnosis and future therapeutic
developments. Recent analysis of
the immunogenecity of AP has
shown that the amino-terminal
region of AR would rather lead to a
humoral response, whereas the car-
boxy-terminal region would generate

www.brainaging.ro

a T-cell and thus cytotoxic
response®, Humoral response or
passive vaccination using specific
antibodies against amino-truncated
ApB would possibly reduce the risk of
an autoimmunity response, but it is
not excluded that Th2 phenotype of
activated T-Cell are also likely to
improve the vaccination approach.
Altogether, the use of amino-truncat-
ed AB-42 for the vaccination
approach would be triply beneficial
by targeting pathologically-related
and early amyloidogenic AP species
and also because the sequences
targeted are likely, according to the
literature, to generate an humoral
response and overall, should reduce
the risk of autoimmunity and cytoto-
xic detrimental side-effects.
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Abstract

The isoform E4 of apolipoprotein E (apoE4) is a major risk factor of Alzheimer’s Disease (AD) and is associated with
the pathology of other neurodegenerative diseases and with increased susceptibility to head trauma. It is not yet known
whether the pathological effects associated with the apoE4 genotype are due to the gain of a dominant pathological
function by apoE4 or to loss of a neuroprotective function of the other apoE alleles (e.g. apoE3 and apoE2). This
question is presently addressed by review of experiments in which mice transgenic for either apoE3 or apoE4 on a nuil
mouse apoE background, and control mice were studied prior to and following expsure to distinct neuronal stress and
injury paradigms. This revealed that depending on the experimental paradigm the pathological effects of apoE4 are due
either to gain of an isoform specific pathological function (e.g. increased mortality following head injury and diminished
neuronal plasticity) or to loss of function (e.g. impaired astrogliosis). These findings suggest that future apoE related
therapy may require both anti-apoE4 and apoE3-mimetic approaches each of which may be applicable to different

pathological conditions.

Introduction

Apolipoprotein E (apoE), the major
brain lipid binding protein, is
expressed in humans as three com-
mon isoforms termed apoE2, apoE3
and apoE4'. A large body of epi-
demiological and genetic data
reveals that apoE4 is strongly linked
to both sporadic and late onset
familial Alzheimer's Disease (AD)
and that apoE4 advances the age of
onset of the disease in a gene
dosage dependent manner, by as
much as 7-9 years®*. ApoE4 is also
associated with the pathology of
other neurodegenerative diseases
such as multiple sclerosis and motor
neuron disease® and with increased
susceptibility to head trauma®®. This

suggests that apoE4 impairs general
neuronal maintenance and repair
mechanisms which are common to
many neurodegenerative diseases.
The cellular and molecular mech-
anisms underlying apoE4 related
impairments in neuronal mainte-
nance and repair in AD and in other
neurodegenerative disease are not
fully understood. Furthermore, it is
yet not known whether the patholog-
ical effects associated with the
apoE4 genotype are due to gain of a
dominant pathological feature by
apoE4 or to loss of a positive neuro-
protective function of the other apoE
alleles (e.g. apoE2 and apoE3). The
availability of transgenic mice which
express distinct human apoE alleles
on a null mouse apoE background,

and of apoE deficient mice provides
powerful model systems for investi-
gating the mechanisms underlying
the phenotypic effects of the apoE
genotype and for determining the
extent to which they are associated
with gain of apoE4 specific patholo-
gy and/or with loss of a neuroprotec-
tive feature of the other apoE alleles.
This review addresses these ques-
tions and focuses on results of
experiments which were performed
by our group and which examined
the effects of distinct neuronal stress
and plasticity paradigms on the
phenotype of transgenic mice
expressing human regulatory and
coding sequences of either apoE3
or apoE4 on a null mouse apoE
background.

#Correspondence: Daniel M. Michaelson, Department of Neurobiochemistry, The George S. Wise Faculty of Life Sciences
Tel Aviv University Ramat Aviv 69978 Israel. Tel: 972-3-6409624, Fax: 972-3-6407643,
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Susceptibility to head
injury: apoE3 is
neuroprotective whereas
apoE4 increases fatalities

The apoE4 genotype in man is asso-
ciated with increased susceptibility
to brain injury®*®. We thus examined
the extent to which this effect can be
mimicked in head injured apoE
transgenic mice and whether related
features such as fatality and recov-
ery from injury are affected differen-
tially by the apoE genotype®. This
revealed that more than 50 percent
of the apoE4 mice die following
closed head injury whereas only half
as many of the transgenic mice
expressing apoE3 and of the
matched control and apoE deficient
mice die after being exposed to the
same head injury (Figure 1A).
Clinical assessment of the surviving
mice® revealed that all mice groups
displayed similar severity of neuro-
logical damage immediately follow-
ing injury. In contrast, the extent of
neurological impairments of the
apoE3 transgenic mice on subse-
quent days was significantly lower
than those of both the apoE4 trans-
genic and the apoE deficient mice
whose scores were similar (Figure
1B). This suggests that the neuro-
logical recovery of the apoE3 trans-
genic mice is better than those of the
other mice groups.

Figure 2. An enriched environment cage.

Taken together these findings
show that apoE4 transgenic mice
are more susceptible to closed head
injury than apoE3 transgenic mice
and that this effect is due to both a
protective effect of apoE3 and to
apoE4 related increased mortality.
Further analysis of these results
reveals that the apoE4 dependent
increase in fatality following closed
head injury is associated with gain of
a pathological function (e.g. the mor-
tality rank order is apoE4 > apoE3 ~
control ~ apoE deficient), and that
the improved recovery of the apoE3
transgenic mice is associated with
gain of a neuroprotective function
(e.g. the recovery rank order is
apoE3 > ApoE4 ~ control ~ apoE
deficient).
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Figure 1. The effects of closed head injury on the mortality (A) and neurclogical recovery (B)
of apoE3 and apoE4 transgenic mice and of apoE deficient and control mice. Results corre-
spond to the number of mice out of the total of each group which died between 24 h and 11
days after closed head injury (A) and to the recovery of the surviving mice (B) as assessed on
a neurological severity scores scale (0 = non injured mice) at 12 days following injury.
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The effects of apoE
genotype on hippocampal
plasticity

Exposure of mice to an enriched
environment which consists of soci-
al interactions and toys, such as tun-
nels and a running wheel (Figure 2),
stimulates exploratory and motor
behavior and has pronounced plas-
tic consequences. These include
activation of synaptogenesis and
improvements in learning and mem-
ory™. Accordingly the phenotypic
effects of the different apoE geno-
types were also assessed by mea-
surements of the effects of the apoE
genotype on the neuronal and cogni-
tive plastic responses elicited by
environmental stimulation. T-maze
measurements of learning and
memory revealed that the learning
ability of control and apoE3 trans-
genic mice increases by exposure to
the enriched environment whereas
that of the apoE4 mice is unaltered".
Furthermore the working memory of
the control and apoE3 mice impro-
ves markedly following environmen-
tal stimulation whereas that of the
apoE4 transgenic mice is not affect-
ed by the environmental conditions
and is similar to that of the non sti-
mulated apoE3 transgenic and con-
trol mice". The apoE deficient mice
have swimming stamina problems
and were thus not subjected to this
T-test". The extent to which the
cognitive deficits of the apoE4
transgenic mice are related to
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Figure 3. The effects of environmental stimulation on the hippocampal levels of the presy-
naptic protein synaptophysin of apoE3 (ApoE3-tg) apoE4 (ApoE4-tg) transgenic mice and of
apoE deficient (ApoE-def.) and control mice. Results shown on the left are representative
immunoblots of three mice in each of the groups whose quantification for 4-5 mice per group

is shown on the right.

Astrocytosis
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Microgliosis
(F4/80)

Figure 4. LPS mediated activation of hippocampal astrocytes and microglia. Coronal hip-
pocampal sections prepared from mice 3 days following icv injection with LPS and from sham
treated mice were stained with either anti GFAP mAbs (astrocytes) or anti F4/80 antiserum
(activated microglia). The cell nuclei of the F4/80 stained sections were visualized by hemi-

toxylen staining.

impairments in synaptic plasticity
was investigated by immunoblot
measurements of the levels of the
presynaptic protein synaptophysin'®.
This revealed that environmental
stimulation induces a pronounced
increase in hippocampal synapto-
physin levels of the apoES3 trans-
genic, control and apoE deficient
mice whereas those of the apoE4
transgenic mice are unaffected by
this treatment (Figure 3).
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In contrast, the cortical synapto-
physin levels of the apoE3 and
apoE4 transgenic mice and of the
control and apoE deficient mice are
all similarly elevated following envi-
ronmental stimulation. These effects
of apoE4 are specific to neurons as
the levels of the astrocytic marker
glial acidic fibrillary protein (GFAP)
are not affected either by the apoE
genotype or by environmental stimu-
lation.

Furthermore, NGF whose levels
are elevated by environmental stim-
ulation’, has apoE genotype and
brain area dependencies, similar to
those seen with synaptophysin"
both prior to and following environ-
mental stimulation.

Further examination of the cogni-
tive and neuronal effects of apoE
reveals that the rank order of the
environmentally induced synapto-
genesis and improvements in learn-
ing and memory in the different mice
groups is apoE4-tg. << apoE3-tg. ~
control ~ apoE def, This suggests
that the impaired response of the
apoE4 transgenic mice in the
enriched environment paradigm is
due to gain of an apoE4 dependent
pathological function which reduces
neuronal plasticity.

These animal model findings are
in accordance with the observation
that the apoE4 genotype in AD is
associated with impaired plasticity™
and that education in early life low-
ers the risk of AD in apoE3 but not in
apoE4 subjects'".

Isoform specific effects of
apoE on astrogliosis

AD is associated with chronic brain
inflammation which includes activat-
ed microglia and astrocytes and ele-
vated levels of distinct inflammatory
proteins such as 1-antichymotrypsin
and the complement system'™®.
Furthermore brain inflammation and
astrocyte activation are more robust
in apoE4 positive AD patients®.
ApoE, which is synthesized and
secreted from astrocytes, can modu-
late microglial and astrocyte activa-
tion®?#, We therefore examined the
possibility that the genotype specific
inflammatory effects of apoE are
related to isoform specific effects on
microglial and astrocyte activation.
Injection of LPS into the ventri-
cles of control mice results in astro-
cyte and microglial activation® which
can be visualized immunohisto-
chemically with anti GFAP and anti
F4/80 mAbs (Figure 4). The
microglial and astrocytic response to
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LPS of control mice decreases pro-
gressively with age®, and the effects
of apoE were therefore monitored at
two age groups. LPS treatment of 6
months old apoE transgenic and
control mice activates brain astro-
cytes of control and apoE3 trans-
genic mice but has no effect on
astrogliosis of age matched apoE
deficient and apoE transgenic mice
(Figure 5).

The opposite effect is seen with
12 months old mice where LPS,
under similar conditions (e.g. stimu-
lation for 72 hours), activates brain
astrocytes of apoE deficient and
apoE4 transgenic mice but not of
control and apoE3 transgenic mice.
LPS also induces microglial activa-
tion which however is unaffected by
either apoE deficiency or apoE
genotype. The age dependency of
the effects of apoE on astrogliosis
seems to be due to kinetic differ-
ences. Accordingly in 6 months old
control and apoE3 transgenic mice
LPS produces a response which
increases progressively for up to at

least 3 days whereas the correspon-
ding response of the apoE4 and
control mice is too slow and thus not
detectable®. At 12 months the over-
all LPS response of all groups is
faster such that with the control and
apoE3 mice it is transient and
returns to base line by 3 days where-
as the corresponding response of
the apoE4 and apoE deficient mice
now vyield a progressive response
which at 3 days results in a marked
LPS specific effect.

The mechanisms underlying the
age dependency of the effects of
apokE on the kinetics of LPS induced
astrogliosis are not known. However,
the results clearly show that apoE
plays a regulatory role in the activa-
tion of brain astrocytes and that this
effect is mimicked by human apoE3
but not by apoE4 which yields a phe-
notype similar to that of apoE defi-
cient mice. Thus, unlike in the head
injury and enriched environments
paradigms the effects of apoE4 on
astrocytes activation are associated
with a loss of function.
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Figure 5. LPS mediated activation of hippocampal astrocytes in brains of 6 and 12 months
old apoE3 transgenic (ApoE3-tg) and apoE4 (ApoE4-tg) transgenic mice and apoE-deficient
(ApoE-def) and control mice. Astrocytes were visualized immunohistochemically with an anti
GFAP mAb and the results shown are the number of activated astrocytes/mm?,
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Conclusions

The phenotypic expressions of the
apoE genotype are a function of the
experimental paradigm with which
the mice are being challenged.
Accordingly diminished neuronal
plasticity of apoE4 transgenic mice
following environmental stimulation
and the increased mortality of these
mice following head injury are both
due to gain of pathological functions.
In contrast the isoform specificity of
the effects of apoE on astrogliosis
are due to a loss of function of
apokE4. These conclusions are
based on comparisons of the
respective phenotypes of apoE3,
apoE4 transgenic mice and apoE
deficient mice and less so on the
corresponding phenotypes of control
mice, which in the enriched environ-
ment, head injury mortality and LPS
paradigms, are similar to those of
the apoE3 transgenic mice.
However, the gain of improved repair
of the apoE3 transgenic mice follow-
ing head injury reflects differences
between mouse apoE and human
apoE3. This phenotype may thus be
specific o the mouse model. The
results reviewed thus far were
obtained with transgenic mice
whose apoE3 and apoE4 expression
is regulated by human regulatory
sequence®. Parallel studies with
apoE transgenic mice whose apoE
is expressed either with an astrocyt-
ic or a neuron specific promoter
revealed that, depending on the
experimental paradigm, the pheno-
typic expression of apoE4 in these
mice is also either loss of function or
gain of pathological function by
apok4#%,

Application of the apoE trans-
genic model findings to man sug-
gests that the effects of apoE4 in AD
and other diseases may be mediat-
ed by gain as well as loss of func-
tions. This has important therapeu-
tic ramifications, since future treat-
ment of diseases whose pathology is
related to gain of a pathological
function of apoE4 should be based
on an “anti apoE4” approach where-
as treatment of diseases whose
apoE4 related pathology is associ-
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ated with loss of function will require
apoE3 mimic approaches. An addi-
tional level of diversity and comple-
xity is the molecular mechanisms
which mediate the phenotypic
effects of apoE4. These include iso-
form specific effects of apoE on APP
and amyloidogenesis, as well as on
brain lipid metabolism and neuronal
function'. Future studies of the role
of these mechanisms in the expres-
sion of distinct phenotypic features
of the different apoE genotypes are
needed for unraveling their distinct
role in specific diseases and for the
design of the appropriate therapeutic
approaches.
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Background

Parkinson’s disease (PD) is a chron-
ic, progressive neurodegenerative
disease characterised by degenera-
tion of basal ganglia dopaminergic
neurons', leading to the characteris-
tic clinical motor symptoms of
tremor, hypokinesia, rigidity and pos-
tural dysfunction®. Modern dopamine
enhancing therapies with levodopa
and dopamine agonists can com-
pensate for the dopamine deficits
resulting in good symptomatic
improvement during early years of
treatment®. In best cases, patients
can have a complete relief of
symptoms only to develop motor
complications after 5 - 10 years of
levodopa treatment. After a further
5 - 10 years patients may develop
neuropsychiatric symptoms with
nightmares, hallucinations, impaired
cognition and finally end up in a
palliative, treatment refractive phase
with pronounced symptoms®.

Motor complications present
themselves as insufficient and
reduced effects of medication, sud-
den shifts between over- and under-
function of movements (on-off
phenomenon), as well as motor
stops or involuntary movements,

dyskinesia®¢. Dyskinesia is the most
common, unwanted effect of chronic
levodopa treatment and presents a
therapeutic dilemma as the thera-
peutic window becomes smaller with
time. In a review of 74 publications
with adequate data related to fre-
quency of levodopa-induced dyski-
nesias, Ahlskog and Muenter report-
ed that after 5 years of levodopa
therapy about 40% of Parkinsonian
patients experience dyskinesias’.
The way in which dopamine recep-
tors are stimulated by levodopa
seems to be a key factor in the
development of motor compli-
cations®. Dyskinesia induction with
levodopa appears to be related to
the degree of nigral denervation, to
the dose of levodopa employed, to
the frequency of drug administration,
and to brain exposure to levodopa®.
However, this is probably not only
due to the metabolism of levodopa
but also to a dysfunction of peripher-
al absorption of levodopa.

The concentration limits of anti-
parkinsonian medication become
narrower over time, thereby increas-
ing the tendency for motor over- and
underfunction'. Levodopa treated
patients are said to have a 10% risk
per year of motor fluctuations™. In

addition, non-motor complications
such as sleep disturbance, halluci-
nations, depression or cognitive fail-
ure often appear during the course
of the pharmacologically treated dis-
ease'.

The treatment of dyskinesia is
both a problem and challenge to the
physician, whose major aim is to
obtain as constant dopamine con-
centration as possible to avoid a pul-
satile action on the dopamine recep-
tors™. This can be achieved with lev-
odopa in a number of ways, includ-
ing multiple fractioned dosing,
administration of depot preparations,
addition of enzyme inhibitors (COMT
and MAO-B) or continuous duodenal
infusion™. However, dyskinesia may
persist despite these strategies and
even with complementary treatment
with dopamine agonists'.

It has been postulated that the
presence of an overactive gluta-
matergic neurotransmission in the
basal ganglia may be important to
the development of dyskinesias®.
The pulsatile or abnormal stimula-
tion of dopamine receptors by short-
acting dopaminergic agents is also
believed to indirectly affect NMDA
receptors resulting in them having
an increased sensitivity to activation
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by glutamate. These interactions
could clinically manifest themselves
as dyskinesia'. Followingly, this pro-
vides a rationale for administrating
the NMDA receptor antagonist
amantadine as a potential, although
often under-used, therapeutic possi-
bility'*. Amantadine has been used
for a long time as anti-parkinsonian
treatment and can also suppresss
established levodopa-induced dyski-
nesia suggesting a link between glu-
tamatergic systems and the process
that underlies the genesis of involun-
tary movements'®®,

Memantine is another interesting
NMDA receptor antagonist.
Memantine has recently been
launched in Sweden for the treat-
ment of moderate to severe
Alzheimer's Disease?. A number of
randomised, placebo-controlled,
double blind studies have indicated
that memantine is efficacious in
moderate and severe Alzheimer's
disease®*. Memantine was reported
to significantly improve global func-
tioning as well as cognitive ability.
Only few small studies have been
performed with memantine on idio-
pathic Parkinson patients, however
with no record of cognitive
decline**®. Parkinsonian features
improved in half of the patients
(n=10) with memantine in one
study* and significantly drug effect
in both on and off states in the other
study (n=12)*. However, there were
no anti-dyskinetic effects observed.

The pharmacological profile of
memantine is similar to that of
amantidine with a non-competitive
NMDA receptor antagonism with
moderate affinity. It blocks the effect
of pathologically increased tonic glu-
tamate levels that would otherwise
lead to neuronal dysfunction®.
Dysfunction of glutamatergic neuro-
transmission via NMDA receptors
contributes to the dyskinetic sympto-
matology associated with
Parkinson's disease and to the
appearance of symptoms and dis-
ease progression of neurodegenera-
tive dementias'™*"%.

Considering this theoretical
basis?, we tried memantine as a
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complementary medication in three
dyskinetic, cognitively impaired
Parkinsonian patients in order to
evaluate any possible anti-dyskinetic
drug effect besides from the effects
on cognition. Patients were evaluat-
ed in an outpatient setting while they
were on. The severity of
Parkinsonian symptoms was mea-
sured by the Hoehn & Yahr scale®
and the cognitive status through
MMT (Mini Mental Test)®. Dyski-
nesia (DK) was evaluated with a
scoring on a 5-grade scale ranging
from 0 (no DK) to 4 (severe DK)
similar to that of the UPDRS part 1V;
33 (Unified Parkinson’s Disease
Rating Scale)®. None of the patients
had been exposed to neuroleptic
medication for the last six months.

Case descriptions
Case 1

A 79-year-old woman, living alone,
who has had Parkinson's disease for
the last 12 years of which the last 9
with levodopa therapy, now in
Hoehn-Yahr IV. The patient had
dyskinesia for the 4 last years that
did not improve neither by selegiline
addition, fractioned dosing of levo-
dopa (150 mg x 6) nor with addition
of COMT-inhibitor (6 times a day).
Two different dopamine agonists
(pramipexole and kabergoline) were
also tried without anti-dyskinetic
effects also showing side effects of
dizziness and nausea.

The patient received home help
three times a day and exhibited a
MMT score of 18/30. Reducing the
dose of L-dopa was tested but this
resulted in increased Parkinsonian
symptoms. Therefore, the patient
was returned to the original dosing
schedule.

Memantine 10 mg x 1 for 6 weeks
had no effect on memory tests, ADL-
function or dyskinesia. A doubling
of the dose resulted in improve-
ments of the dyskinesia (2/4 to 1/4)
and cognition (20/30) after one
month, however no effect on Hoehn
& Yahr.

Case 2

An 82-year-old man with 5 years of
Parkinson’s disease, Hoehn-Yahr lll,
and dyskinesia for the last 2 years.
The patient is currently treated with
800 mg levodopa 8 times a day
accompanied with COMT-inhibition
with every levodopa dosage as well
as the dopamine agonist pramix-
ipexole (1 mg x 3). The patient lives
together with his wife in own housing
and does not receive home help.
The patient had a memory testing in
MMT score of 20/30.

He received memantine 10 mg x
1 for one month with no effect on
MMT scores but an anti-dyskinetic
effect (3/4 to 2/4). The subsequent
increased dose of 10 mg x 2 gave a
further improvement of the dyskine-
sia (2/4 to 1/4) as well as in Hoehn &
Yahr (3 to 2,5) after another month
but still no effect on cognition.

Case 3

A 75-year-old woman with an 8 year
history of Parkinson’s disease, now
in Hoehn & Yahr 1V, and dyskinesia
(3/4) during the last year. She also
had Alzheimer dementia with a MMT
score of 14/30 and was receiving a
nightty 10 mg dose of the
cholinesterase inhibitor donepezil for
the impaired cognition®. She was
receiving depot tablets of levodopa 4
times a day in combination with rap-
idly dissolving 50 mg tablets of lev-
odopa likewise 4 times a day. An
attempted dose reduction resulted in
increased Parkinsonian symptoms.
COMT-inhibition was tried but dis-
continued since it resulted in
increased dyskinesias that remained
even after an attempt of levodopa
reduction. The dopamine agonist
pramipexole resulted in a reduction
of blood pressure as well as halluci-
nations. Amantadine (100 mg x 2)
improved dyskinesia (3/4 to 2/4),
however along with side effects of
anxiety and hallucinations and was
thus discontinued.

Memantine 10 mg every evening
resulted in insomnia, whereas the
same dose instead given every
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moming had no side effects,
however with no anti-dyskinetic
effect after 5 weeks. A dose increase
of memantine to 10 mg x 2 had a
general activating effect as well as
an increased MMT score (14/30 to
16/30) following 3 months of treat-
ment, however still with no anti-dys-
kinetic or anti-Parkinson effect.

Discussion

Two of these three patients provide
examples of an anti-dyskinetic effect
of memantine on cognitively
impaired Parkinsonian patients in
addition to the original, approved
indication of moderate to severe
Alzheimer's Disease. As the anti-
dyskinetic and positive cognitive
effects were so favourable it was
considered unethical and malprac-
tice to discontinue the medications in
order to establish whether the
effects thereby would cease, thus
strengthening causation.

The theoretical pharmacological
basis of an NMDA receptor antago-
nist affecting the glutamatergic func-
tion and not the dysfunctional
dopamine system appears to have
been reflected in a clinical anti-dysk-
inetic effect in two of these three
cases.

Randomised, controlled, double
blind studies with this type of NMDA
receptor antagonist memantine /
placebo should be encouraged to be
performed on dyskinetic, cognitively
impaired Parkinsonian patients with
pharmacological difficulties to over-
come their motor dysfunction. As
dyskinesia is one of the major
Parkinsonian problems, any remedy
that could alleviate this symptoma-
tology would be of great value to
both the patient and the doctor.

www.brainaging.ro
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Abstract

Mild Cognitive Impairment (MCI) is a risk factor for developing AD; it is believed that medical intervention in individuals

with MCI can help delay the onset of AD. It is imp

ortant to understand that a diagnosis of MCI does not mean that an

individual will develop AD. Rather, individuals with MCI, if left untreated, are at increased risk to develop AD at a rate of

12-15 % per year, compared with just 1% per year for healthy people over the age of 65. Early detection of cognitive
impairment is very important for people because these are medical conditions that are reversible under appropriate
therapy such as vitamin deficiencies, depression and hypotiroidism. Those with degenerative, vascular and mixed
dementia also can benefit of pharmacological treatment such as cholinesterase inhibitors. Patients recruited in the
study: patients admitted to the hospital between 1st of July 2002-31st of June 2003, the total of 448 patients of whom
55 were patients with MCI included in the study. The objectives were to asses the prevalence of various risk factors and
co-morbidities in all new patients with MCI admitted in the memory unit, during that period and to ascertain the validity
of the international model for the distribution of co-morbidities and risk factors for MCI in Romania. There were
inclusion and exclusion criteria for these patients. There were charts revealing the distribution of patients regarding
gender and age, education, place of residence, prevalence of alcoholism, miocardial infarction, depression, relationship
between prevalence of depression and the loss of memory, prevalence of osteoporosis. The study is intended to be
extended to a larger group of patients.
Keywords: MCI, alcoholism, myocardial infarction, depression, osteoporosis.

Introduction

In Europe, approximately 3,5 mil-
lions subjects are affected by
dementia and approximately 850000
subjects will develop dementia in a
year. The most frequent cause of
dementia — 60% — is represented by
Alzheimer's disease (Lobo et al,
2000; Henderson & Jorm, 2000).
Research on the transition
between aging and AD is expanding
rapidly. Before people with
Alzheimer's disease (AD) become
demented there is a long period in
which they experience mild cognitive
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impairment (MCI). MCI refers to an
intermediate stage of cognitive
impairment, which is beyond what is
expected for normal aging yet of
insufficient severity to constitute
dementia or AD. In this study we
want to determine the prevalence of
co-morbidities of MCI in the patients
admitted in the Department of
Geriatrics and Gerontology of “Carol
Davila” University of Medicine and
Pharmacy, Bucharest.

Aging is accompanied by alte-
rations of central nervous system,
that's one of the most striking
change of ageing process.

With advancing age, the brain
losses the neuronal tissue in a pro-
gressive fashion. This process is
irreversible and is obviously accom-
panied by intellectual decline.

In many elderly subjects, these
are measurable changes that occur
with ageing, including a delay in
neuromuscular response period, a
decline of intelligence (which is more
evident in persons who originally
had lower level of intelligence than in
those who had higher levels), a
decrease in learning ability and loss
of memory, particularly for complex
materials, changes in perceptive
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ability, including a decline in visual
and auditory acuity.

The earlier we determine these
measurable decreases in the func-
tional capacity of central nervous
system, the better we can adjust to
the therapeutical procedures to
delay the progressive aging of the
brain. That's why it is very important
to make an early diagnosis of
decreases of functional capacity of
central nervous system.

Mild Cognitive Impairment
(MCI)

The definition of MCl is itself a “work
in progress”. The criteria for MCI are
as follows:
1) subjective memory complaint
preferentially corroborated by an
informant
2) abnormal memory function rela-
tive to age and education norms
3) essentially normal general cog-
nitive function
4) largely normal activities of daily
living
5) not demented.
(Petersen et al., 2002).

Mild cognitive impairment refers to

the clinical state defined by:

-memory complaint by patient, fa-
mily or physician

- normal activities of daily living

- normal global cognitive function

- objective memory impairment or
impairment in other area of cogni-
tive function as evidenced by
scores >1.5 SD below age appro-
priate norms

- CDR score 0.5

- not demented patients (MMSE >24)

- age between 60 and 89 years.

(Petersen et all, 1999, 2001).

Course of Alzheimer’s
Disease

Between 40-65 years we speak
about asymptomatic predementia
AD, between 65-70 years about
symptomatic predementia AD and
between 70-80 vyears is pro-
bable/possible AD.

www.brainaging.ro

Table 1. Preclinical Alzheimer's disease Scale (PAS).

Criteria -1 | 0 1 : 2
Age - <60 6064 | 6574 >75
MMSE - 28-30 26-27 <26
Functional impairment

-GDS - 1 2 3

-CDR - 0 - 0,5

-CDR SOB - 0 0,5-1 >1,5
Cognitive tests .| Memory other 1 test 2 tests
<50™ perc. impaired _impaired
Medial temporal lobe atrophy

Quantitative | - >66% 33-66% <33%

Qualitative | - 0 1 2

|
APOE genotype other 1 allele 2 allele
APOE-e4 APOE-e4

After correction for age, Visser et all (2002).

Objectives

- To asses the prevalence of vari-
ous risk factors and co-morbidities
in all new patients with mild cogni-
tive impairment admitted in the
memory unit.

- To ascertain the validity of the
international model for the distribu-
tion of co-morbidities and risk fac-
tors for MCI in Romania.

The study

The selection of subjects was made
among the patients of The Geriatrics
and Geronto-Psychiatry Department
“Carol Davila”, University of
Medicine and Farmacy. This is the
first study done in Romania on
patients with Mild Cognitive
Impairment (MCI) using internatio-
nally recognized diag- nostic crite-
ria and follow-up methods.

.Carol Davila” University is the
only east-European partner in the
DESCRIPA  project, part of
European Alzheimer's Disease
Consortium (EADC).

Selection of subjects

Inclusion criteria:
- All new patients referred for the
evaluation of cognitive impairment

who are older that 50 years and

who are not demented.
Exclusion criteria:

- Subjects who meet DSM-IV crite-
ria of dementia at baseline

- Medical or psychiatric condition
causing cognitive impairment.

Data collected during
clinical visit

* Demographics:

- age, sex, education, initials

- referral pattern, informant
presence.

* Data regarding cognitive com-
plaints:

- year onset, course, main com-
plaints, family history

* Data regarding non-cognitive
complaints.

* Data from medical history:

- cardiovascular, endocrine,
psychiatric disorders.

Subjects evaluation criteria

* Short cognitive tests:

- MMSE (standardized)

- Clock test.

* Clinical rating scales:

- CDR, CIRS.

* Neuropshycological assessment:
- Memory: Rey AVLT

- Language: verbal fluency

- Executive functions: TMT B

- Attention: TMT A
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- Abstract reasoning/IQ:
Raven/Token

- Visuoconstruction:
Babcock/Clock

* Scoring: Raw scoring, Z-scores,
Domain score.

Patients recruited in the study:
patients admitted to the hospital
between 1% of July 2002-31* of June
2003, the total of 448 patients of
whom 55 were patients with MCI
included in the study.

Data analysis

The statistical methods used were:
- two tails x*testfor2 X 2 and 2 X K
contingency tables
- F test for equality of two variances
- two sample t test for independent
samples with unequal variances (for
normally distributed variables)
- two sample test for binomial pro-
portion.

A p-value less than 0.05 was
considered significant.

Discussion

Table 2 shows the relationship
existing between depression and
memory loss: depression was
present at 26.67% of the subjects
without memory loss and at 50% of
the individuals with memory loss.

The influence of MMSE score on
doctors’ decision to treat depression
was analyzed, but no correlations
nor statistically significant diffe-
rences were found (Table 3).

Figure 1. Distribution of patients by gender
and age.

Patients

50-59 years 60-69 years 70-79 years >80 years
Age groups

| H Women

|- Men

Regarding the risk factors for
MCI, according to gender and age
and respecting the worldwide data,
in Romania women are more affect-
ed than men in the age groups 60-69
years, 70-79 years and above 80
years (figure 1). In the romanian MCI
study, 53% of the patients attended
college, 45% high school, and their
place of residence was mainly urban
(figures 2 and 3).

Figure 2. Distribution of patients according
to their education.

School
2%

53% ;
High

Caollege o
school

Table 2. The relationship between depression and memory loss.

Patients with memory loss

Patients without memory loss

Prevalence
of depression

26.67%

56%

Table 3. The influence of MMSE score on doctors’ decision to treat depression.

Treated depressive
‘ patients

Non-treated depressive
patients

Mean MMSE \
|

25

24.37
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As for the risk factors of MCI in
Romania, the alcoholism is present
among 38% of males and 6% of the
females (figure 4).

In Romania, the cardiovascular
mortality rate is 16%, and the preva-
lence of the miocardial infarction
among the study population was
20.83% in men and 3.23% in women
(figure 5).

Depression is a major risk factor
for MCI. The romanian study shows
a prevalence of depression of
54,55% in men compared to 45.45%
in women from the same age group
(figure 6). Among the study popula-
tion, 35.48% of women were suffer-
ing from osteoporosis, while no men
had this degenerative condition
(figure 7).

Figure 3. Distribution of patients according
to their place of residence.

' O city MW rural region

51

patients

40% B60% 80% 100%

Figure 4. Alcoholism prevalence.

Women

Males

40% 35% 30% 25% 20% 15%  10% 5% 0%

Figure 5. Prevalence of miocardial infarc-
tion.

100.00%

Prevalence

men
B without IM
O with IM
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Figure 6. Prevalence of depression.
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Future development

All the patients included in our study
will be selected for the DESCRIPA

www.brainaging.ro

study. (Development of Screening
Guidelines and Diagnostic Criteria
for Pre-dementia Alzheimer's Disea-
se).

The subjects will be monitored in
the future according to the new crite-
ria and guidelines of follow-up from
DESCRIPA study.

Conclusion

The study actively screened for MCI
patients admitted in The Geriatrics
and Geronto-Psychiatry Department
"Carol Davila" University of Medicine
and Farmacy.

Using international criteria for
diagnostic, this study promoted
correct evaluation and treatment of
the patients, and is the first descrip-
tive study in East-European coun-
tries on MCI. Within the study group,
prevalence of co-morbidities such as
cardiovascular, psychiatric or meta-
bolic diseases, was evaluated and a
model of distribution, adjusted for
Romania was made.

The study showed that Geriatrics
and Geronto-Psychiatry Department
within the Bucharest's "Carol Davila"
University of Medicine and Farmacy

is able to initiate and manage a
larger group study.
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Abstract

Background: Concern has been expressed regarding potential health risks associated with using mercury-containing
dental fillings.
Aim: The aim of this study was two-fold, (1) to evaluate the possible relationship between numbers of dental amalgam
fillings and the mercury concentration in whole blood (B-[Hg]) and (2) to assess on a cross-sectional basis, the
relationship between cognitive function in old age (defined by MMSE-score) and both numbers of dental amalgam
fillings and B-[Hg].
Subjects: Persons aged 81+ years living in a section of Stockholm (n=84), were recruited from the second follow-up of
the Kungsholmen Project, a prospective cohort study on ageing and dementia. Information on numbers of dental
amalgam fillings, B-[Hg] and MMSE-score was collected.
Methods: The Spearman Rank correlation coefficient was used to study the relationships between numbers of dental
amalgam fillings, B-[Hg] and MMSE-score. Further comparisons between groups were carried out using Student’s
t- and X’ tests.
Results: A significant correlation between numbers of dental amalgam fillings and B-[Hg] was found in women but not
in men. No significant correlation was demonstrated between MMSE score and either numbers of dental amalgam
fillings or B-[Hg].
Conversion factor: 1nmol Hg/L = 0.2 ug Hg/L

Keywords: mercury, dental amalgam, cognition, elderly, Public Health.

Introduction

Little is known about health effects of
toxic metal exposure in aged
humans. Mercury (Hg) has well do-
cumented toxic effects on the mam-
malian nervous and renal systems.
Several sources can contribute to
the Hg burden of individuals, includ-
ing food, drinking water and air.
Exposure from these sources can
vary considerably, but it is estimated
to be approximately 10-100 nmol

Me-Hg/ day, 5 nmol Hg*/day and 1
nmol Hg%day (dental amalgam
excluded) in a non-occupationally
exposed population'. Hg® vapour,
released from dental amalgam fill-
ings, is another possible route of
exposure? and is, with the exception
of certain occupational exposures,
considered to be the main source of
human exposure to Hg".

The amount of Hg emitted by
amalgams is in dispute, but a daily
intake of 10-100 nmol Hg" vapour is

generally expected for the average
individual’. The main route for Hg"
absorption is via the lungs. In
humans 75-85% of the inhaled dose
is absorbed". Ingested Hg® is poorly
absorbed in the gastrointestinal
tract®. The Hg® that reaches the
bloodstream is rapidly oxidized to
Hg* in erythrocytes®. In that, Hg*
ions do not readily cross membrane
barriers, their distribution is limited.
However, this oxidative pathway
is saturable, and the Hg® that reach-

#Correspondence: Institute of Environmental Medicine, Karolinska Institutet, Stockholm, Sweden. Tel: (+46) 8 52 487400,
Fax: (+46) 8 314124, E-mail: monica.nordberg@imm_ki.se
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es and penetrates other cell types,
such as brain cells, is also eventua-
lly oxidized, resulting in an intracellu-
lar accumulation of Hg*. As Hg’ is
oxidized to Hg*, faeces and urine
become the dominating excretion
routes.

The organic form, Me-Hg, has a
somewhat different kinetic profile
than Hg°. Me-Hg is effectively
absorbed and readily distributed
throughout the body. It easily pene-
trates the blood-brain and placental
barriers where it is demethylated
and accumulates as Hg* ’. These
features, along with its ability to
bioaccumulate in wildlife, such as
fish, have focused the concern for
human exposure (excluding occupa-
tional exposure to inorganic-Hg) on
Me-Hg. Approximately 80% of the
Hg accumulated in the body is even-
tually excreted as Hg*. Depending
on previous levels and type of Hg
exposure as well as individual cha-
racteristics, the half-life of Hg in
blood varies in the range of approxi-
mately 50-120 days®®, with an esti-
mated mean of 65 days'". Hg-con-
taining amalgam has been used as a
tooth filling restoration since the
early nineteenth century and is still
the most common restorative world-
wide. Because of the well-known
toxic effects of Hg, concern has
been expressed about potential
health risks associated with using
Hg-containing dental fillings. Amal-
gam has also been argued to cause
a variety of adverse health effects",
and there is an ongoing controversy
about whether people experience
adverse effects from the levels of
mercury released from dental amal-
gam fillings™™ or not. Despite a
number of previous investigations, no
studies have demonstrated a clear
relationship between amalgam fill-
ings and adverse health effects™'>'¢,

Some research indicates that
inhaled Hg® vapour, emitted from
dental amalgams, contributes to the
total Hg body burden, as the amount
and surface area of fillings correlate
with Hg levels in some body fluids
of non-occupationally exposed indi-
viduals 211#21,
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In recent years, three large epi-
demiological studies on neurotoxic
effects after chronic low-dose prena-
tal methyl-Hg exposure have been
conducted. Two of the studies®®
found associations between mater-
nal consumption of fish and signs of
neurotoxicity in the intrauterine
exposed child, in contrast to studies
reported elsewhere® .

Given the fact that doses of Hg,
previously thought to be safe, might
contribute to damage in the nervous
system, it is plausible that a toxic
injury might not reveal itself until late
in life. Hg levels in brains from per-
sons diagnosed with Alzheimer’s
disease (AD) have been reported to
be increased®* but others have not
been able to replicate their findings®.
Basun et al.* and Hock et al.** found
increased levels of Hg in the blood of
persons suffering from probable AD.
The latter also reported that the
increased blood Hg levels were
unrelated to the dental status of the
AD cases.

Reports on number of dental
amalgam fillings and blood Hg levels
in elderly are scarce in the literature.
The primary aim of this paper is to
evaluate the possible relationship
between number of dental amalgam
fillings and mercury level in whole
blood (B-[Hg]), in a sample of elder-
ly, urban-dwelling, dentate individu-
als participating in the Kungsholmen
Project, an ongoing prospective
cohort-study on ageing and demen-
tia**. On a secondary, exploratory
basis, we also assessed the rela-
tionship between each of these
measures (number of dental amal-
gam fillings and B-[Hg]) and cogni-
tive function.

Material and methods

Study subjects

In the present study, 84 (46 females
[F], 38 males [M]) subjects were
assessed for dental status and total
blood-mercury concentration (B-
[Hg]). The study participants repre-

sented a sub-sample of individuals
participating in the Kungsholmen
Project. The Kungsholmen Project
started in 1987. The second follow-
up occurred in 1984-1996. During
this phase blood was collected for
metal analysis and the oral health
component Kungsholmen Elders
Oral Health Study (KEOHS) was
added to the ongoing project®. The
KEOHS was restricted to generally
healthy, community dwelling individ-
uals who were then current partici-
pants in the Kungsholmen Project.
Generally healthy persons were
defined as individuals whose physi-
cal, medical, and mental status
allowed them to travel to and partici-
pate in a comprehensive oral health
examination conducted within the
Kungsholmen community. Persons
who lived in a nursing home, were
homebound, or whose frailty pre-
cluded their travelling to the dental
examination site were excluded. All
identified, potentially eligible sub-
jects were invited to join the KEOHS,
first via letter and then by telephone.
Reimbursement of travel expenses
to and from the examination site was
offered to all potential subjects.
Persons who agreed to participate
received an appointment that was
confirmed by mail.

Out of 296 potentially eligible
subjects, 159 were included in the
KEOHS. Reasons for non-participa-
tion included refusal (n=71), illness
(n=44), death (n=6), inability to con-
tact the identified individual (n=5),
failure to keep appointments (n=4),
and other miscellaneous reasons
(n=7). The most commonly express-
ed reason for refusal was that the
potential subject was tired from pre-
vious project evaluations. A baseline
examination was performed on a
rolling basis after the subjects
completed the parent’s study second
follow up. Among the 159 subjects,
129 had at least one tooth. In 84 of
these 129 subjects the B-[Hg]) was
known from a parallel study on toxic
metals in blood in the Kungsholmen
project.

There was an informed consent
and approval by the local Ethical
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Committee Karolinska Institutet (Kl):
94:122 regarding the second follow-
up in the Kungsholmen project. The
consent form was approved by the
applicable Institutional Review
Boards.

Mercury assay

Blood-samples

Following a strict protocol*, 10 ml
blood was collected from each sub-
ject for metal analysis during the
second follow up of the
Kungsholmen Project. Each blood
sample was evenly split into three
acid-washed Sodium-Heparin con-
taining polyeten tubes, frozen at
—20°C for one week, and then trans-
ferred to —80°C and stored until fur-
ther analyses.

Mercury analysis

During two time periods, November
1997 and July 1998, Analytica AB
(present name SGAB) analysed 84
frozen blood samples, for total Hg
content, from 84 subjects who also
had received a KEOHS dental
examination. SGAB is accredited by
the Board for accrediting and techni-
cal control (SWEDAC) in accor-
dance with Swedish law, and in com-
pliment with the demands in SS-EN
45001 (1989), SS-EN 45002 (1989)
and I80/IEC Guide 25(1990:E).

The blood samples were kept
frozen at all times, described in
detail elsewhere* until analysis.
Cold vapour atomic absorption spec-
trometry (Milton Roy AAS-CV unit)
was used to determine the B-[Hg]
concentrations. After treatment with
SnCl,, a half millilitre of blood was
analysed in duplicate. Seronorm
Trace Element was used as a matrix
matched quality control. The Hg-
concentration of the calibration stan-
dard was 500 nmol/L, and standard
was added to every fifth sample. The
accredited lower limit was 10 nmol/L
for both analyses (1997, 1998). In
1997, the coefficient of variance
(CV) was 8% at 40 nmol/L and 17%
at 15 nmol/L, and in 1998 the CV
was 10% at 40 nmol/L. In 1997 the
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quantification limit (LOQ = 10 x SD-
blank) was 8.2 nmol/L, and the
detection limit (LOD = 3 x SC-blank)
was 2.5 nmol/L.

Cognitive assessment,
dementia diagnosis

The subjects were screened with a
brief cognitive test, Mini-Mental
State Examination (MMSE)*. The
cut-off point 23/24 is usually used to
discriminate between individuals
suspected (MMSE < 23) and non
suspected (MMSE = 24) demented.
The dementia diagnosis was based
on DSM-IlI-R criteria (American
Psychiatric Association, Diagnostic
and Statistical Manual of Mental
Disorders, revised 3¢ edn (DSM-III-
R, 1987) with some modifications®,

Dental status examination

The KEOHS baseline included both
an interview and oral examination
administered at either the Stockholm
Long-term Care Facility or the
Stockholm Gerontology Research
Centre. The interview used a struc-
tured questionnaire to obtain infor-
mation on subject demographics as
well as dietary, lifestyle, and dental
habits. The oral examination collect-
ed information on a wide array of
clinical parameters including caries
and periodontal status, occlusion
and function, dental prosthesis sta-
tus, and taste detection and recogni-
tion thresholds.

The caries examination, which
identified decayed and filled tooth
surfaces as well as missing teeth,
was conducted by one of three stan-
dardised examiners using previously
defined visual, tactile criteria for
defining coronal and root caries®. In
this study the amount of dental
amalgam was evaluated by sum-
ming the total number of coronal
(mesial, occusal, distal, facial, lin-
gual) and root surfaces (mesial, dis-
tal, facial, lingual) that were restored
with amalgam. Crowns with an
underlying amalgam build-up and
tooth surfaces restored with materi-
als other than amalgam (e.g., gold,
composite resin) were not included

in the calculation of numbers of
amalgam fillings. Third molars were
included.

Portable dental equipment was
used, and radiographs were not
obtained. Examiners were standard-
ised before and during the data col-
lection period. Given the age of
KEOHS study subjects and the
length of the examination, repeat
examinations to establish examiner
reliability was not conducted.

Data analysis

Comparisons between groups were
done with Student’s t-test (unpaired,
two tailed) or x? test.

The Spearman Rank correlation
coefficient was used to study the
relationship between numbers of
dental amalgam fillings and the vari-
ables B-[Hg] and MMSE score.
Subjects demonstrating a B-[Hg]
exceeding 28 nmol/L or below 5
nmol/L (RDL = 6 x SD of standard)
were defined as outliers. Outliers
were not included in the statistical
analysis. Statistical significance was
set at P < 0.05.

Results

A total of 84 subjects, 46 F and 38 M,
all with > 1 tooth, were assessed for
number of dental amalgam fillings
and B-[Hg]. Out of 84 subjects, 80
demonstrated B-[Hg] < 28 nmol/L,
the remaining four subjects, all male,
showed extreme B-[Hg] (outliers)
compared to the rest of the popula-
tion (42, 55, 60 and 80 nmol/L).
These outliers were excluded from
the statistical analysis along with two
female subjects whose B-[Hg] was
< 5 nmol/L, corresponding to appro-
ximately 6 x SD of the standard
(RDL). Except for B-[Hg], the exclu-
sion of outliers (n = 6) did not
change mean values of the studied
variables.

Of the 84 subjects, five females
were diagnosed as having AD, one
male as having mixed dementia. All
six subjects diagnosed with demen-
tia were non-smokers. The B-[Hg] in
these subjects ranged between
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7-17 nmol/L with no relationship
between lower MMSE score and
higher B-[Hg]. One of the outliers
(female) was diagnosed as probable
AD.

Mean values (n = 78) for the
variables of interest are shown in
table 1.

There were no statistically signi-
ficant differences between the male
and female group in any of the
studied variables: age (P = 0.34),
B-[Hg] (P = 0.80), numbers of den-
tal amalgam fillings (P 0.85),
MMSE score (P = 0.42), number of
occlusal fillings (P = 0.47) and re-
maining teeth (P = 0.15), or smoking
habits (}* = 2.02, df. = 2, P = 5.99).
Mean values of B-[Hg] and numbers
of amalgam filled surfaces in each
MMSE-score group are shown in
figure 1.

A moderate statistically signifi-
cant correlation between numbers of
dental amalgam fillings and B-[Hg]
was found among the females (r =
0.42, P = 0.005), but not among the
males (r=0.02, P = 0.911) (figure 2).

This gender difference remained
when relating number of occlusal fill-
ings to B-[Hg], females (r=0.41, P =
0.006), males (r = 0.10, P = 0.57).
No significant correlation was
demonstrated between MMSE score
and numbers of amalgam fillings or
B-[Hg] (table 2). There was no obvi-
ous increase or decrease in number
of teeth or amalgam fillings with
increasing age.

Discussion

In this study, women (n = 44) de-
monstrated a moderate correlation
between numbers of dental amal-
gam filings and B-[Hg], whilst the
men (n = 34) did not. No relationship
was found between MMSE-scores
and either number of dental amal-
gam fillings or B-[Hg]. Human expo-
sure to mercury occurs mainly as
Me-Hg through eating contaminated
seafood. Reported reference values
for total B-[Hg] is 5-40 nmol/L", 10
nmol/L* and when considering fish
consumption, 10-220 nmol/L*.

www.brainaging.ro
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Figure 1. Mean no. of amalgam filled surfaces and mean B-[Hg] in each

MMSE-score group (n=78).
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Figure 2. Relationship between numbers of amalgam filled surfaces and B-[Hg] in

males (n=34) and females (n=44).
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Exposure to high levels of Hg has
been associated with serious neuro-
logical and developmental effects in
humans. Depending on the dose,
effects can range from subtle losses
of sensory or cognitive ability to
death. An understanding of the
potential health risks related to
amalgam exposure depends upon
our knowledge of the toxicology of
inhaled mercury vapour and the
quantities released and inhaled from
amalgam restorations. Genetic and
environmental conditions can influ-
ence Hg-kinetics and neurobehav-
ioral function making risk assess-

ment of Hg difficult, as in this study
(mean B-[Hg] =14 nmol/L), especial-
ly in the lower range of the dose
response curve.

There are some limitations in this
study that need to be emphasised.
Counting the number of amalgam
filled surfaces is an indirect and
blunt method of estimating exposure
to Hg® vapour, released from dental
amalgam fillings. A number of
factors could have affected B-[HgQ]
levels in the study population inclu-
ding genetic differences, dietary
habits, recent dental treatment, oral
health status, type and location of
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Table 1. Demographic statistics of total
population (n = 78; arithmetic mean +
SD [range)).

Variable mean + SD (range)
Age (years) 86 + 3 (81-93)
B-[Hg] (nmol/L) 14 + 6 (6-28)
MMSE score’ 27 £ 3 (17-30)
Smoking habits™ 59/14/5
Amalgam fillings™ 13 = 15 (1-65)

No. of teeth 17 = 7 (1-28)

* 9 subjects had MMSE-score < 24 (3 male;
6 females)

** No. of non smokers / stopped
smoking / smokers

**Total no. of amalgam filled surfaces (21,4%
were occlusal fillings).

the amalgam fillings as well as med-
ical status. Further estimating B-[Hg]
primarily reflects recent Hg exposure
(all types).

Amalgams placed years ago may
be more important than the number
of amalgam restorations at the age
of 81+ in terms of MMSE score in old
age. Amalgam restorations can
change over time; some teeth with
amalgams are extracted, others
have been covered over with
crowns. It is not unlikely that posteri-
or teeth with crowns, as well as
missing premolars and molars were
previously restored with amalgam
fillings. In the current study popula-
tion, teeth with crowns were highly
prevalent*® and premolars and
molars were the teeth most often
missing. Less than half of all molars
were retained.

The fact that no relationship was
found between MMSE-scores and
either numbers of dental amalgam
fillings or B-[Hg] would be expected
as the cross-sectional study design
mainly gives us information on
recent Hg exposure. The selective
recruitment of generally healthy
study subjects, which is the signifi-
cance of the subjects of the KEOHS
cohort, also to a great extent
excludes (prevalence of AD was 5%
in this sub-population and 27% in
the second follow-up of the
Kungsholmen Project cohort) the
study-subjects of interest.

As we however found a signifi-
cant relationship between numbers
of dental amalgam fillings and B-[Hg]
in women the possibility exists that a
chronic low-dose exposure from Hg-
amalgam might contribute to the
total lifetime body-burden of Hg and
therefore also might play a role in
the development of adverse health
effects such as neurotoxicity.

We have no obvious explanation
to why relationship between num-
bers of dental amalgam fillings and
B-[Hg] was seen in women but not in
men in this study, as there was no
gender differences in the studied
variables. However, all outliers with
a B-[Hg] > 28nmol/L were men. If
this is an indication that the men, on
average, consumed more fish (i.e.
exposed to Me-Hg) than the women
did, the origin of the B-Hg would be
somewhat different between the
sexes. Hg-amalgam would then to a

greater extent explain the B-[Hg] in
the women than in the men.
Differences in kinetics might also be
a plausible explanation to the
observed gender difference in the
relation B-[Hg] vs. numbers of dental
amalgam fillings.

The results must however be
interpreted with great caution as the
study population was both small and
selectively recruited.

Conclusions

Our results indicate that numbers of
dental amalgam fillings, in part,
might explain the B-[Hg] level.
Therefore, the possibility that a
chronic low-dose exposure, from
Hg-amalgam, contribute to the total
lifetime body-burden of Hg cannot
be ruled out.

Studying and making risk
assessment of Hg exposure is diffi-
cult especially in the lower range of
the dose response curve. Conside-
ring reports of elevated B-[Hg] levels
in AD patients and the well docu-
mented neurotoxic effects of Hg
exposure, further research is needed
to identify health consequences of
long-term exposure to low levels of
Hg, as well as potential risk groups.

No studies to date have proven
any connection between Hg-amal-
gam fillings and adverse health
effects. This indicates a need also to
introduce new biological markers,
both for exposure and effects of Hg,

Table 2. Correlation coefficients (Spearman Rank type) between numbers of dental amalgam fillings, no. occlusal fillings and

the variables B-[Hg] and MMSE-score.

Subjects Amalgam fillings” | No. occlusal fillings” | Amalgam fillings” No. occlusal fillings | B-[Hg] vs.
vs. B-[Hg]. vs. B-[Hg]. vs. MMSE score. vs. MMSE score. MMSE score.
Females (n=44) | 0.42 (P=0,005) 0.41 (P=0.006) 0.06 (P=0.691)

Males (n=34) 0.02 (P=0.911)

0.10 (P=0.573)

0.24 (P=0.179)

Tot. (n = 78) 0.24 (P=0.032)

0.27 (P=0.016) 0.02 (P=0.869)

0.04 (P=0.74) 0.12 (P=0.290)

" Total no. of amalgam filled surfaces.
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to bring in more aspects in the risk
assessment procedure.To better
understand the interaction between
ageing and exposure to chemicals,
concerning the development of
adverse health effects, we need to
increase our knowledge regarding
kinetics and biological parameters in
elderly people*. Thus this study
gives a contribution to this knowl-
edge and has its merits in reporting
on B-[Hg] levels and numbers of
dental amalgam fillings in an well
defined elderly urban population.
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Background

Although a fact too often overlooked,
cognitive function and physical func-
tion are both important and con-
joined domains of functioning in the
dementia syndrome'. The neurode-
generation that is characteristic of
dementia typically manifests in the
gradual deterioration of memory,
language function, other intellectual
abilities, as well as normal social,
occupational, and physical function®.
Current pharmacologic treatment
options (primarily AChl) to abate the
cognitive decline in dementia are
limited, and in any case inadequate-
ly address the intrinsic decline in
physical function. Alternative thera-
pies that might target both the cogni-
tive and physical deterioration are
thus warranted.

Recent evidence from large pop-
ulation-based epidemiologic studies
suggests a protective effect of exer-
cise against cognitive decline and
dementia onset*’. Exercise interven-
tions have a strong potential to be
beneficial for people with dementia.
Even before the onset of cognitive
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decline, restriction in activity in com-
munity dwelling elders is recognized
as a risk factor for ADL disability®.
Reductions in strength and muscle
mass also represent a major factor
in loss of functional ability, particular-
ly in patients with cognitive impair-
ment®. Declines in muscle mass and
strength are associated with
decreased postural balance and
impaired gait, glucose intolerance,
loss of bone mineral density, predis-
posing the individual to catastrophic
injuries such as fall, increasing func-
tional limitations and metabolic dis-
orders.

Exercise has increasingly been
demonstrated as a method for main-
taining and recovering function in
elderly populations. Most early work
in this area excluded demented indi-
viduals, but did show that exercise in
different forms (resistance, aerobic)
could contribute to improved physi-
cal function as well as reduce the
risk of depression.” (Singh et al, J of
Gerontology, 2001). More recent
work with patients with dementia has
shown a positive effect of exercise
participation or training on physical
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function”™"”. Although a recent trial
also indicates the potential of exer-
cise training combined with behav-
ioural management to improve phys-
ical health and depression among
patients with AD™, the question of
whether exercise can improve cogni-
tion as well as physical function in
patients with manifest dementia
remains unresolved.

This report describes the physi-
cal and cognitive benefits of a 16-
week resistance exercise training
program for an 85-year old woman
resident in an Alzheimer’'s boarding
home in the north-eastern United
States.

Case history

Background information: Mrs. D.
age = 84, 1.51 m, 67.27 kg, BMI =
29.5, Waist/Hip Ratio = 0.77, no
reported weight loss in previous 3
months, MNA-SF = 12, By, level =
286], had been living alone in her
own home since becoming widowed
in her late 60’'s. She had been in
good health her whole life except for
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having had a total abdominal hys-
terectomy and a cholecystectomy in
the remote past, and surgeries 10
years apart for bladder neck suspen-
sion and cystocele repair. She also
suffered from cataracts, and hyper-
cholesterolemia. She took nadolol
for hypertension (typical range in
records was 140-150/60-80 on
medication). She had no previous
psychiatric history and benign levels
of alcohol use. She did not smoke,
having quit after her husband died.
She had an active social life and
good relationships with her neigh-
bors, her sons and her grandchil-
dren. Family history was negative
for any dementing illness or psychi-
atric disorder, and in fact, she had a
90 year-old sister who was living
independently in the community.
However, shortly after she turned
81, she began going to soup
kitchens because she was con-
vinced (wrongly) that she had no
money. She frequently did not rec-
ognize her home and she often
appeared to her sons to forget that
her husband had died. She had
incontinence of urine that was evalu-
ated by a urologist who found no
cystocele and a well-supported blad-
der neck. She continued to live at
home with assistance from her sons.
A vyear later, she showed a
marked decline in her ability to care
for herself. She could dress herself,
but tended to wear the same clothes
every day. She was convinced that
she had two houses and would pack
clothes to go between them, when,
in reality, she would become lost
while driving and not recognize her
house when she managed to find it
again. Her family noted her to be
confused, more irritable with neigh-
bors, and she, a retired accountant,
was no longer able to do simple
arithmetic. She had also begun to
experience falls, although a physical
exam from that time notes no gait
abnormalities, no tremors and no
cogwheeling. An MRI obtained by
the family physician showed mild
generalized cortical atrophy, and
periventricular and subcortical
changed suggestive of small vessel
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occlusive disease. No laboratory
abnormalities were reported in her
old record. A CBC, urinalysis, TSH,
B4, and serum chemistries had been
ordered.

According to her medical record,
she was diagnosed with a “subcorti-
cal dementia” and was started on
rivastigmine. After 2 months on the
acetylcholinesterase inhibitor, her
functional status had deteriorated.
Her family had been frantic with
worry because she had been miss-
ing for a full day when she got lost
driving. She was demonstrating
confusion about real events versus
events on television, thinking that
the TV people were in the room with
her. She was convinced that people
were breaking into her house. She
continued to dress and bathe
herself, but her hygiene had deterio-
rated.

At this point, her sons decided
that they could no longer keep her
safe at home. She moved into her
first boarding home where the
rivastigmine was stopped. She
began to exhibit aggression toward
other residents of the facility. She
was given zyprexa (dose not
known), and eventually brought to
the emergency room of the local
hospital when her level of violence
exceeded what the facility could tol-
erate. At this point, new placement
was sought, and she moved to her
current facility, where we encoun-
tered her in November, 2002.

Her admission documents to the
current facility note that she wan-
dered, was restless and resistive of
ADL cares with occasional striking
out at staff, and needful of frequent
re-direction. She continued to have
incontinence of urine. She was not
demonstrating any indicators of
depression. The admission physical
exam notes that she appeared to
lean to the right while sitting and she
had slight facial droop on the side.
She had no cogwheeling, no resting
tremor, and she was able to ambu-
late without assistance. Her medica-
tions included only nadolol 120 mg
po g day and as-needed 0.5 mg of
ativan, which was rarely used. After

2 weeks in the facility, she was given
ambien, 5 mg q HS for sleep. At this
time, her diagnosis was modified to
vascular dementia.

Mrs. D was randomized to the
experimental group of an exercise
study of non-institutionalized people
with dementia (after obtaining per-
mission from her care givers).

Exercise intervention

The resistance-exercise training
(RET) program consisted of sixteen
weeks of exercise using
Theraband®, a brand of elastic
resistive band. Each subject was
encouraged to complete (up to a
maximum of) three sessions per
week of training and received one-
on-one supervision throughout the
exercise period. The exercise train-
ing was performed by facility staff
under the supervision of the activi-
ties co-ordinator, who was rigorously
trained to perform and teach the
exercises, and to gauge the per-
formance of the subject so that it
could be recorded.

Following a brief warm-up, each
subject completed 12 exercises to
target the hip flexors, hip extensors,
hip abductors, hip adductors, knee
flexors, knee extensors, ankle dorsi-
flexors and ankle plantarflexors. The
exercises were designed to be com-
pleted in sitting and standing posi-
tions. Each exercise was performed
for 1 set of 15 repetitions. The
Theraband® was color coded in the
following order of increasing resist-
ance: red, green, blue, black and sil-
ver. Each subject began the program
using the red Theraband®. As a
subject demonstrated the ability to
complete 15 repetitions without diffi-
culty, he/she progressed to the next
Theraband® color. The degree of
strength gain attainable in older sub-
jects is dependent upon the intensity
of the training stimulus. Thus, to
maintain the intensity of the stimu-
lus, the load for a particular muscle
was increased to the next color of
Theraband when the subject was
able to perform 15 repetitions in
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proper form without overexertion at a
given color of Theraband. Each
exercise session began with ten
minutes of warm-up exercises
focused on flexibility and coordina-
tion and, after the completion of the
resistance training regimen, con-
cluded with five minutes of cool-
down activities. The subject was
taught and supervised that each rep-
etition should last from six to nine
seconds, separated by a two second
rest between repetitions. Exercise
attendance records were kept to
check adherence. Records also
noted any progression in the level
(i.e., color) of Theraband® resist-
ance.

Participation in exercise training
Mrs. D participated in 30 out of 48
possible exercise sessions, refusing
to participate on 10 other occasions.
She progressed, across the 16
weeks, in the level of resistance
which she was able to tolerate.

Response to exercise
training

Physical: Her Timed-Up-and-Go
Test time decreased 11.22 seconds
to 24.16 to 12.94. Similarly, her
habitual gait time over 6m
decreased 3.97 seconds from 11.53
(with 20 steps) to 7.56 (14 steps)
and her maximally safe gait time
decreased 1.75 seconds from 9.97
(18 steps) to 8.22 (14 steps).Her sit-
to-stand time (1 repetition) declined
from 5.06 seconds to 2.09. Her
hand-grip strength (averaged across
both hands) increased from 9 kg/m
to 12 kg/m. Her 360° turn time
decreased from 8.78 seconds (with
13 steps) to 5.85 (10 steps).

Mood: By all measures, her mood
had remained stable over the 6
month interval between assess-
ments. Her initial geriatric depres-
sion scale score was 5, ending score
8 and the Cornell Scale for
Depression in Dementia was 4 in
Dec 02, 5 in June 03.
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Cognition: Stable to improved on
all tests except the Mattis Dementia
Rating Scale-2, which showed a 2-
point improvement in memory at the
end of 6 months, from 10 to 12 (20
maximum), but an 8-point decline in
tests of attention (37 maximum) for
an over-all drop in 6 points to 95
(139 maximum possible). Her
MMSE increased by 11 points, from
an initial score of 18 to 29. Her clock
drawing test improved by 1 point
from a initial assessment of 3 to the
maximum of 4.

Neuropsychologic performance:
She improved on the Trails making
motor-speed portion from 150 to 125
seconds. Her Hopkins Delayed
Recall (0 initially and also at post-
test) was stable, while her Hopkins
Recognition - True Positive
increased from 9 of 12 to 10 of 12.
On tests of verbal fluency, her letter
test improved by 14 points (total
possible???).  Her Stroop test
scores also improved, from 43 and
37 seconds on the 90 second (max.)
colour-naming and word-reading,
respectively, to 35 and 26 seconds.
Her Verbal Fluency scores also
increased uniformly.

Overall function: Her Clinical De-
mentia Rating scale, which rates the
patient on 6 functional domains with
scores of 0 for no impairment to 3 for
severe impairment, improved from a
2 initially (sum of boxes, 12), to a 1
(sum of boxes, 7) six months later.

Discussion

This presentation describes the
potential benefit of sustained exer-
cise training in an 85 year old woman
with functional dementia, and untrea-
ted with antidepressant or choli-
nesterase inhibitor therapy. The dra-
matic improvements observed in
cognitive and, particularly, physical
function, suggest that such changes
can be reasonably attributed to either
the exercise-training intervention or
to the change in her environment, or
a combination of these factors.

Fiatarone and Evans™, as well as
other investigators in subsequent
studies, have indicated the conside-
rable benefit in physical function and
vitality to moderate intensity resis-
tance-training in even frail and previ-
ously non-active nonagenerians.
Although long-term aerobic exercise
training has been shown to have no
effect on the psychological function
of older adults® some recent evi-
dence indicates that physical activity
induces the expression of trophic
factors in select brain regions related
to higher cognitive function. It is
possible that these elevated levels of
trophic factors may facilitate cogni-
tive development”. As part of the
protocol of the study involving this
patient, serum levels of BDNF
and IGF-1 were also evaluated.
Comparisons of levels pre- and post-
exercise training indicate up-regula-
tion of IGF-1 (0.23 ng/ml) but down-
regulation of BDNF (-1.8 ng/ml).
Sedentary lifestyles and nominal
mental stimulation are related to low
levels of BDNF and IGF-1 and to an
increased incidence of AD*. Many of
the neurological and behavioral
symptoms appear to be due to
neural/glial cell dysfunction or death
caused by altered signal transduc-
tion processes®. Much evidence
now indicates that neurons require
multiple trophic factors to maintain
normal function, yet clinical studies
on this topic are lacking

Alzheimer's disease is one of the
most costly conditions to afflict
elderly people. The cost of providing
care for people with dementia
exceeds that of almost all other
conditions®*®, The chief factor
driving these costs is the provision
of institutional long term care®*?.
The advent of treatments for
dementia that forestall dependence
in any of a number of areas will
relieve the financial pressures
on families and societies by delaying
the rate of progression to severe
dementia that typically warrants
institutionalization, with its attendant
high costs, as well as lessen the
care giving burden for those patients
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Table 1. Pre- and Post-Intervention Results for Mrs. D.

Pre-Intervention Post-Intervention Intended Magnitude of Change
Direction Change

Body Fat% 31% 33.4% N2.4%

GDS 7 8 + 1 point

Pittsburgh Agitation 0 0 —

CDT 3 4 G 1 point

MMSE 18 29 ) N A 11 points

Mattis Total 101 95 T ¥ 6 points

Mattis Attention 85 27 ™ - 8 points

Mattis Initiat/Persev 17 17 + —

Mattis Construction 6 6 N —

Mattis Conceptualizaton | 33 33 N -

Mattis Memory 10 12 ik 2 points

Hopkins Del Recal 0 0 i =

Hopkins True Positive 9 10 1 1 word

Stroop 90 sec Col Naming 43 35 ¥ ¥ 8 sec

Stroop 90 sec Word Recog 37 26 + ¥ 11 sec

Trails Motor Speed — 125 sec ¥ Able to complete

Trails Vision 150 sec 42 sec ¥ 4 108 sec

Trails Num Seq 150 sec 128 sec N ¥ 22 sec _

Trails Let Seq 150 sec 150 sec 4 —

Trails Switching — | — ? —

Verbal Fluency Letter Bl ] 18 0N 1 14 points

Verbal Fluency Category 8 | 14 IS ™ 1 6 points

Verbal Fluency Switching 2 | 5] > 1 4 points

Left grip (kg force) 7 A M 1 kg force

Right grip (kg force) b 16 o 1 5 kg force

Sit-to-stand (secs) 5.06 '_| 2.09 NP Y 297sec

6m Usual gait time (secs) 11.53 i i 7.56 + ¥ 3.97 sec

6m Usual gait steps 20 14 ¥ ¥ 6 steps

6m Fast gait time (secs) 9.97 8.22 + ¥ 1.75 sec

6m Fast gait steps 18 14 + ¥ 4 steps

TUG (secs) 24.16 12.94 v VY 11.22sec

360° turn (secs) 18.78 5.85 v ¥ 2.93 sec

360° turn (steps) 13 10 + + 3 steps

Tinetti balance score 12 15 + 1 3 points
 Tinetti gait score 10 10 N —

with mild to moderate dementia who
usually continue to live in the
community. Exercise has well-estab-

dementia onset should only be
heralded.
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