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Post-Mortem Neurochemical Changes
in Alzheimer’s Disease Compared With
Normal Ageing

M. Rossor and C.Q. Mountjoy

ABSTRACT: Selective neuronal degeneration with concomitant changes in neurotransmitter systems are features of
both normal ageing and Alzheimer’s disease. There are, however, important neurochemical differences in cerebral
cortex. Choline acetyltransferase declines with age in frontal cortex in contrast to the prominent change in the
temporal cortex in Alzheimer’s disease. The loss of somatostatin, and the recently reported reciprocal change in
corticotropin-releasing factor and receptors are not seen with ageing. However, age itself may have an important
influence on the neurochemical deficits in Alzheimer’s disease which are restricted in the older patients. The
problems of post-mortem studies in the analysis of ageing and possible approaches to this are discussed.

RESUME: Comparaison des modifications neurochimiques post mortem dans la maladie d’Alzheimer et le vieillissement.
Une dégénérescence neuronale sélective accompagnée de changements dans les systémes de médiateurs chimiques
sont des manifestations du viellissement normal comme de la maladie d’ Alzheimer. Il existe cependant des différences
neurochimiques importantes au niveau du cortex cérébral. La choline acétyltransférase diminue avec I'age dans le
cortex frontal contrairement au changement marqué qui se produit dans le cortex temporal dans la maladie d’ Alzheimer.
Dans le vieillissement on n’observe pas de perte de la somatostatine ou de changement réciproque du facteur de
libération de la corticotropine et des récepteurs tel que rapporté dernierement. Cependant, I’age en lui-méme peut
exercer une influence importante sur les déficits neurochimiques de la maladie d’Alzheimer, cette influence étant
limitée aux patients plus 4gés. Nous discutons des problémes relatifs aux études post mortem dans 'analyse du

vieillissement et nous discutons des fagons possibles d’aborder ces problemes.
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Senescence, defined here as the decline in function after
maturity, is normally accompanied by cell loss. Within the
central nervous system (CNS), however, the cell loss may be
selective, for example certain brain stem nuclei are spared.’
Selective neuronal loss is also a characteristic of the CNS
degenerative diseases or abiotrophies® and this raises the ques-
tion of the relationship between such diseases as Huntington’s,
Parkinson’'s and Alzheimer’s disease, and the normal ageing
process. This question is particularly pertinent to Alzheimer’s
disease, in which the additional histological features of senile
plaques and neurofibrillary tangles are found to a limited degree
in healthy old age. Comparison of cell losses and associated
neurochemical deficits between Alzheimer’s disease and nor-
mal ageing cannot elucidate the underlying mechanisms, but
may provide useful clues to further research.

Neurotransmitter Systems in Normal Ageing

Data on neurotransmitter systems in human ageing are pre-
dominantly based upon post-mortem studies, many of which
were designed to address different questions, with the result
that the age range is often skewed. Caution must therefore be
exercised in extrapolating the observed changes to the total life

span, since these may not be uniform, but occur predominantly
at the extremes of life. An example is the reduction in activity of
tyrosine hydroxylase, the biosynthetic marker enzyme of cate-
cholamine neurons, which follows a reciprocal plot with pre-
dominant loss in the first ten to twenty years with stable activity
after that, ie: the change relates more to maturation than to
senescence.’ The reduction in GABA concentrations on the
other hand may occur predominantly after the seventh decade,
a change clearly related to senescence.?

Post-mortem neurochemical analysis is beset by a number of
problems which can result in spurious interpretation (for reviews
see references 5 and 6). One of the most important in relation to
ageing studies is the effect of tissue loss. If tissue is lost
uniformally, then concentrations of chemical markers, expressed
as units per gram of tissue or per gram of protein may remain
unchanged, despite actual loss. To overcome this problem in a
study of Alzheimer’s disease, Bowen et al” examined the whole
temporal lobe to assess the total losses of chemical markers in
comparison with controls. Such an approach avoids the prob-
lem of shrinkage when comparing a disease group with controls,
but it does not provide information on the loss that may occur in
an individual with ageing. One approach is to utilise the brain
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Table 1: Neurochemical Changes in Cerebral Cortex in Ageing and Alzheimer’s Disease

Neurochemical
Marker Ageing Alzheimer
ChAT Reduced frontal cortex Widespread reduction, especially temporal cortex
MUSCARINIC RECEPTORS Reduced or unchanged Reduced except for presynaptic M, receptors
NICOTINIC RECEPTORS Unchanged Reduced
NORADRENALINE Slight reduction Reduced in younger cases
DOPAMINE Limited data No change
SEROTONIN Slight reduction/no change Reduced
GABA Reduced frontal cortex Reduced temporal cortex, especially younger cases
SOMATOSTATIN No change Reduced
SOMATOSTATIN
RECEPTORS No change Reduced
CRF No change Reduced
CRF RECEPTORS No change Increased

Data derived from references 10-17

volume to cranial capacity ratio.® The skull volume, which is
measured using a balloon, is constant throughout life, and as
long as care is exercised in the choice of controls to exclude
brain swelling, then the ratio can provide information on atrophic
changes in that individual.® Using this technique we have been
able to confirm that this ratio begins to decline in the seventh
decade, and found that total GABA in the brain follows a
similar pattern. Volume measurement of easily dissected indi-
vidual structures together with total brain volume and measure-
ments may prove to be a useful adjunct.’

The available data indicate that the general trend with ageing
is towards lowered concentration of chemical markers, although
this is by no means uniform. Table 1 compares the changes in
cerebral cortex in old age and Alzheimer’s disease. A choliner-
gic abnormality, which is an important feature of Alzheimer’s
disease, has also been postulated to underly the memory impair-
ment of old age'® although changes with age are modest. A
reduction in muscarinic cholinergic receptors with age has been
reported but this has not been a consistent finding.'? Nicotinic
receptors do not show any significant age-relatéd decrease.'”
Changes in choline acetyltranserase (ChAT) are also minor. An
early report suggested a dramatic loss after the age of 80,'® but
this has not been confirmed in other studies.'%'

In our own series of elderly controls nineteen areas of cere-
bral cortex were examined, and only Brodmann areas eight and
ten of the frontal cortex showed a significant decline with age. '
The number of cholinergic neurons in the nucleus basalis are
reported to decline with age but a prominent loss occurs early in
life.'” A recent report suggests that in mice the number of
cholinergic neurons is stable but the size of cells is reduced.
Amine systems also show some decline with age, and reduced
noradrenaline concentrations reflect the loss of locus coeruleus
neurons.'

In contrast to the ascending systems the status of cortical
transmitters has been less well studied. Glutamate, a major
cortical transmitter, cannot be measured reliably in post-mortem
tissue due to the difficulty of distinguishing the metabolic and
neurotransmitter pools. The concentration of GABA, which
may be a more accurate reflection of the status of GABA
neurons than glutamic acid decarboxylase, has been shown to
decline with age, particularly in the frontal cortex.'*'® This
decline may occur predominantly after the seventh decade.*
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Cortical peptide changes withage have notbeen studied system-
atically in human ageing, but in general appear stable. Somatos-
tatin does not change with age,'>' an interesting observation
in view of the reduction in GABA concentration, since recent
primate studies suggest that somatostatin co-exists with GABA
in cortical neurons.?'

Neurochemical Changes in Alzheimer’s Disease

The cholinergic deficit in Alzheimer’s disease can now be
seen as part of a wider spectrum of neurochemical abnormali-
ties but of the changes in ascending projections to cortex the
cholinergic remains the most consistent, with losses of up to
80% of cortical ChAT activity. This is most marked in the
temporal lobe, and includes the neocortex, hippocampus and
amygdala. These losses are greater than the small changes seen
in ageing, and contrast in being maximal in the temporal as
opposed to the frontal cortex. The changes in catecholamine
systems in Alzheimer’s disease are also in the same direction as
that seen in normal ageing, but are quantitatively more severe.

The changes in cortical neurotransmitters are difficult to
interpret, as indeed they are in normal ageing. Little informa-
tion is available on glutatamate, and the status of GABA neu-
rons has also been difficult to assess. Glutamic acid decarboxylase
activity is variable reduced, but this is probably due to an
agonal effect (for review see reference 22). Concentrations of
GABA itself are reduced, particularly in the temporal cortex by
about 30%.'*** The change in GABA concentration is also
found predominantly in younger cases (see below). Many
neuropeptides have been measured in the cerebral cortex, but
the only two to show consistent changes are somatostatin and
corticotropin releasing factor (CRF).!":'>13-13.24 Both of these
are reduced throughout the cortex, but predominantly in the
temporal cortex in the case of somatostatin, and this contrasts
clearly with the stability in normal old age.'* CRF and receptors
are also unaltered in normal ageing and this contrasts with the
reciprocal increase in receptors in Alzheimer’s disease. '

The Influence of Age on Neurochemical Changes in Alzheimer’s
Disease

Paradoxically the clinical, histological and neurochemical
features in Alzheimer’s disease have been found to be more
severe in younger patients. Bowen et al,? originally reported
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lower ChAT activity in patients dying below the age of 80, when
compared with older patients. We have explored further this
paradoxical interaction by dividing our cases on the basis of the
median age of our series, 79 years. This was found to distin-
guish two groups of Alzheimer cases with a differing pattern of
ChAT deficit.'* Not only was the enzyme reduction less severe
in the older (greater than 79 years) cases but it was also found to
spare the frontal lobe in this older group. This age distinction
was then used in a larger series, which included measurement
of noradrenalin, GABA and somatostatin.'® Figure 1 summa-
rises the data from this study. Analysis shows that the changes
in GABA and noradrenalin were confined to younger cases,
and again confirmed the sparing of the frontal lobe in terms of
the cholinergic deficit in older cases. This analysis by age also
allowed a direct comparison between young Alzheimer’s dis-
ease and the very old control group, and it was found that the
cholinergic and somatostatin deficits still persisted. By con-
trast the GABA concentrations in Alzheimer’s disease were
indistinguishable from the very old control group.

Recently, Bondareff et al,?® have re-analysed the biochemi-
cal data together with histological features, which included
plaque counts, tangle estimates and neuronal counts within the
locus coeruleus. Discriminant function analysis confirms that
age atdeath is an important factor in distinguishing two groups

of patients with characteristic clusters of histological and bio- -

chemical features.
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CONCLUSION

Although the direction of the change of neurochemical mark-
ers in Alzheimer’s disease is the same as that for normal ageing
there are important quantitative differences. The peptide changes
are not seen in normal ageing and the decline in ChAT with age
in normal controls is found in the frontal cortex, whereas the
major change in Alzheimer’s disease is in the temporal cortex,
and there may be sparing of the frontal cortex in older cases.
Moreover comparison with a very old control group still shows
substantial deficit. It might be argued that extrapolation of the
normal ageing curve beyond 100 years might then show changes
indistinguishable from those of Alzheimer’s disease, but unless
the underlying molecular process of normal ageing is under-
stood then to state that Alzheimer’s disease is an accelerated
form of ageing adds little to our understanding. It is likely that
to focus on the distinction from normal ageing will be useful,
and may be important in the management and assessment of
patients. The discriminant function analysis suggests that the
age of the patient may predict the likely underlying neurochemi-
cal deficits, which in turn might direct attempts at replacement
therapy.
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