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AND THERAPEUTIC IMPLICATIONS

SYNOPSIS

Cerebrat ageing may progress to the stage of senile dementia in
5-10% of eiderly over 65 years old. Recent evidence suggests that
centrat cholinergic deficits may contribute to the cognitive
decline in Alzheimer’s disease while in normal elderly a less
impaired cholinergic tone may manifest as benign senile
forgetfulness, Similar but less proncunced deficits have also
been demonstrated in the ncradrenergic and serotonergic
systems in pathological and normat cerebral ageing. The use of
cholinergic and adrenergic agonists is still experimentat while
more established neuromodulators such as ergoloids have been
used extensively for idiopathic decline of cognitive function in the
elderly, With the rapid development of geriatric neurosciences,
early detection and more eftective pharmacological intervention
of Aizheimer's disease may in future help to arrest the
progression of the disease.

INTRODUCTION

Aging may be associated with intellectual deterioration of varying
severity. While most elderly people have mild memory losses,
only 5-10% of cases progress to the more malignant phase of
senile dementia. (1) Clinically it is often difficult to distinguish
normal cerebral ageing from the early phase of senilé dementia.
The gualitative changes of plagues and neurofibritlary tangles
typical in Alzheimer’s disease may also occurin small numbers in
normal cerebral ageing. However, once a certain threshold level
of plagues and tangles is exceeded, the cognitive deficits of the
disease may become manifest. (1} Senile dementia of the
Alzheimer's type which accounts for 50-60% of the dementias, is
a primary neuronal degenerative condition associated with neuro-
transmitter deficits especially in the ¢holinergic system. Such
losses have also been reported in normal cerebral ageing. The
nature of these deficits and the therapeutic implications are now
discussed.

Cholinergic deficits

Acetylcholine, a major neurotrangmitter, is synthesised from
acetylco-enzyme-A and choline under the influence of the enzyme
choline acetyltransferase {ChAT). Once released the acetyl-
choline acts on the muscarinic receptors while some of it is
hydrolysed by acetylcholinesterase (ACE) to acetate and choline,
Normal cerebral ageing is associated with a mild decrease in
ChAT enzyme but this deficit is more pronounced in Alzheimer's
disease (2). The enzyme is confined to the cholinergic neurons
and as it is relatively stable after death it is a useful marker of the
integrity of the cholinergic system. (3} In Alzheimer’'s disease the
deficit occurs in areas where the histological features of plagues
and tangles are most noticeable in the frontotemporal cortex and
the hippocampus (4). Cholinergic neurons from the nucleus
basalis of Meynert and the adjacent medial septate neucleus,
project to the hippocampus and the neocortex via the ascending
projection system. The decrease in the cholineacetyltranferase
activity in the two latter areas is due to increased cell loss from
the basal forebrain nuclei (5). This cholinergic deficit is closely
linked to the severity of dementia at the time of death (6).

While ChAT activity is located in the nerve terminals the
decrease in the acetylcholinesterase activity (ACE) reflects
damage to the nerve cell bodies (7). ACE is also decreased in
Atzheimer's disease but is normal in those without senile
dementia (7). However this deficit is not significantly linked to the
decline of cognitive function.

In normal cerebral ageing, the muscarinic receptor sites are
decreased but this is relatively preserved in Alzheimer's disease
(7). Nicotinic receptors have been less extensively studied in the
human neocortex but they account for only 2% of the cholinergic
binding sites. .
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Noradranergic deficits

Noradrenergic terminals within the cerebral cortex
arise from an ascending sysiem originating in the
locus coeruteus nuclei in the dorsal brainstem {5). The
decrease In noradrenerglc terminals occurs in normal
ageing but is more accentuated in Alzheimer's disease
(8). The loss of these cells correlates with the number
of plagues (9) and the degree of mental impairment
(10). This noradrenergic deficit may affect the
microcirculatory flow and the permeability to
metabolites through its action on the capillary
pericyte (11). The accumulation of aluminium has been
postulated as one of the etiologic hypothesis of
Alzheimer's disease. (12)

Other Neurotransmitters

Serotonin, dopamine, gamma-aminobutyric acid
and somatostatin have been reported to be decreased
in Alzheimer's disease (5). However, the abnormalities
in these sysiems are not so clearly defined as the
cholinerglc and the noradrensrgic deficits and their
sig nificance is questionable.

Therapeutic implications of neurotransmitter deficits

The major cognitive deficiencies in Alzheimer’s
disease have been ascribed to the loss of cholinergic
activity in the neocortex and the hippocampus. This
has given rise to three possible therapeutic concepts,

The first possible mode of treatment involves the
use of acetycholine precursors, choline or lecithin to
increase the synihesis and release of cerebral
acetylcholine. The second concept involves the
inhibition of acetylcholine hydrolysis by esterase-
blockers such as physostigmine. In the third
pharmacological approach, direct cholinergic
agonists such as Arecholine are used to substitute for
the natural transmitter as the muscarinic receptors
are present at normal concentrations even in
advanced Alzheimer's disease.

Choline and Lecithin

Oral ingestion of choline salts have been shown to
increase the plasma and brain choline levels (13) with
subsequent increased synthesis and release of
acetylcholine. (14) As the muscarinic receptors remain
intact, the acetylcholine from the remaining
undamaged neurons may help to correct the cognitive
deficits. Our natural foods contain very little choline
salts; most of it is found in the form of lecithin
{phosphatidyl choline) in eggyolks, meat, fish and
soya beans. Lecithin ingestion increases the
acetylcholine levels more than the ingestion of choline
salts (15). Lecithin has also been shown to improve
tardive dyskinesias in the elderly by corrscting the
cholinergic deficiencies (18). However, controiled
trials so far have not shown convincing results in
Alzheimer’s diease (17, 18, 19, 20) though definite
improvement in memory of normal volunteers has
been reported {21).

Physostigmine, a centrally active
acetylcholinesterase inhibitor, has been shown to
improve the long term memory and reverse the
scopolamine induced memory deficits in normal
subjects {22, 23). In Alzheimer’s disease, Smith and
Swash demonstrated a decreass in the number of
intrusion errors in treated patients though the memory
storage system remained unaffected. (24)
Unfortunately, both physostigmine and direct agonist
such as arecholine have serious limitations as they
produce severe muscarinic side-effects and thair
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duration of action is short, (29)

Future studies should test the use of pure lecithip
over a longer period of time and utilise better
neuropsychologic evaluation sensitive to cholinergig
manipulation, The problem of dosage of choline hag
also to be resolved. Choline has a biphasic cholinergiq
gffect on the memory system, A little cholinergig
stimulation may improve memory but a slight excesg
may impair it. (25) There are no published data that
relate plasma choline to clinical effects.

Noradrenergic agonists

In two separate experimental studies, Levodopa
improved the cognitive function in Alzheimers
disease without Parkinson’s disease. (26, 27) The
beneficial effect of L-Dopa was atiributed to thg
preferential modulation of noradrenaline system.

Other adrenergic drugs have been tried such ag
Ritalin and Metrazol. However, these studies have
inconclusive evidence and their effect of alleviating
cognitive function have been postulated to be
secondary to adrenergic ‘mood elevation’. {28)

Other neuromodulating drugs for cerebral ageing

Hydergine has been extensively studied and uses
for cognitive decline associated with ageing. Tha
concept of hydergine as a cerebral vasodilator has
besn changed in favour of its metabolic enhancing
activities. Cerebral blood flow is decreased both in
normal ageing and in Alzheimer's disease. (29} In the
latter, the decrease In flow is secondary to a decrease
in metabolic demands due to parenchyma damage.
Thus any vasodilatation causing an increase in
cerebral blood flow will only create a state of tuxury,
perfusion. (29} In multi-infarct dementia, the initiating
cause is a decrease in blood supply causing
parenchymatous damage and decreased metabolic
demands which further decreases the blood supply.
The vessels in muiti-infarct dementia are often
sclerosed with decreased reactivity to carbon dioxide
stimulus and they are only capable of moving inwards.
{30) Thus the so-called vasodilators do not improve
cognitive functions by their effects on the cerebral
blood flow.

Though the mode of Hydergine is uncertain, it is
postulated that it has a positive enhancing effect on
the noradrenergic, dopaminergic and serotonergic
systems. (31) It has a high affinity for noradrenergic
receptors in the brain and increases ihe cyclic
denosine monophosphate at the receptor level. Thus
the primary effect of Hydergine is to improve the
metabolic functioning of the brain cells and increase
the cerebral blood flow secondarily.

Hydergine is mainly indicated for mild to moderaté
dementia after excluding the treatable causes and
depressive ilinesses. It has been shown to improve the
cognitive functions, self-care abilities, motivation and
mood disorders in the elderly. A recent study bY
Yoshikawa et al showed that the 6mg daily dose 15
superior to the conventional 3mg dose in improving
subjective, psychiatric and neurological symptoms in
550 alderly with cerebrovascular disease. (34)

Nootrophil, a cyclic derivative of gamma-amin®
butyric acid has also been shown to be useful for
improving the cognitive deficits in mild to moder?te
Alzheimer's disease without the troublesome side
effects of other neuromodulating drugs. It increase®
the energy storas in the brain and promotes
interhamispheric transfer of information. (35) )

Vasopressin may be the first neuropeptide
substance to be of use clinically for improving the
cognitive decldine in the elderly. Vasopressin nasd



gpray has been shown to improve the memory of

amnesic and demented patients, {36, 37) Its beneficial

offects on memory may be due to the stimulation of

ACTH secretlon_whlch in turn improves the attention-

arousal system in the elderly. (37) It may also influence

the biogenic amines and the release of other peptide
odulators such as endorphins. (38}

goNCLUSION

pharmacological treatment of senile dementia and
ﬂeriatric memory loss remains in its infancy. Many
fcerebral enhancers and cholinomimetic drugs have
peen tried with variable results and future large scale
and long term studies are necessary. Ultimately the
jdeal pharmacological intervention must not only
involve symptomatic management but also the
“specific treatment of the disease process itself and
perhaps the possibility of prophylaxis. Geriatric
“neurosciences may In future uncover the reasons for
"the transition from benign cerebral ageing into the
‘malignant phase of senile dementia. It is in the initial
: stages of the disease that the best opportunities
¥present themselves for effective intervention to
" prevent further damage to the ageing brain.

REFERENCES

+ 1. Roth M. Senile Dementia and its Borderlands, In: Cole
" Jo, Barrett JE. eds. Psychopathology in the Aged. Raven
Press, New York 1980: 206-31.

2. McGeer E, McGeer PL. Neurotransmitter metabolism in
the aging brain. In: Terry RD, Gershon S. eds.
Neurobiology of Aging. Raven Press, New York 1976:
389-403

3. Rossor MN: Neurotransmitter and Central Nervous
System disease. Lancet 1982; i: 1200-4.

4, Tomlinson BE, Blessed G, Roth M: Observation of the
hrains of demented old people. J Neurol Sci 1979; 11:
205-42

5. Whitehouse PJ, Price DL, Stuble RG, et al: Alzheimer's
disease and senile dementia: Loss of neurons in the
basal forebrain. Science 1982; 215: 1237-9.

%6, Perry EK, Tomlinson BE, Blessed G, et al: Correlation of
- cholinergic abnormalities with senile plaques and
mental scores in senile dementia. Br Med J 1978; ii: 1457-

9.

7. Elaine KP: Cholinergic system in old age and Alzhei-
- mer's disease. Age and Ageing 1980; 9: 4-8.

8. Emre Kokmen: Dementia-Alzheimer type. Mayo Clin Proc
1984; 59: 35-42.

8. David MM, Peter OY, Janet H: The noradrenergic system
in Alzheimer's disease and multi-infarct dementia. J
Neurol Neuropsych Psychiat 1982; 45: 113-9.

10. Bondareff w, Mountijoy CQ, Roth M: Loss of neurones of
origin of adrenergic projection to the cerebral cortex in
senile dementia. Lancet 1981; i: 783-4.

1. Raichle ME, Hartman BK, Sharp LG, Eichling JO: Central
noradrenergic regulation of cerebral blood flow and
vascular permeability. Proc Nat Acad Sci USA 1975; 72
3726-30

12. Crapper DR, Krishnan SS, Quittkat S: Aluminium,

neurofibriltary degeneration and Alzheimer's disease.
Brain 1976; 99: 67-80.

13. Cohen EL, Wurtman RJ: Brain Acetylcholine: Control by
dietary choline. Sclence 1976; 191: 562-2.

4. Hirsch MJ, Growdon JH, Wurtman RJ: Increase in
hippocampal acetyicholine after choline administration,
Brain Res 1977; 125: 383-5.

®. Wurtman RJ, Hirsch MJ, Growdon JH: Lecithin
Consumption raises serum free choline levels. Lancet

<

18.

17.

18,

19,

20.

21,

22,

23.

24,

25,

26.

27.

28.

29.

30.

31.

32,

33.

34,

35.

36.

37.

38.

VOLUME 28, NO. 2 APRIL 1985

1977; 1: 68-8,

Growdon JH, Gelenberg AJ, Bollar J, et al: Lecithin can
suppress tardive dyskinesia, N Engl J hed 1978; 298
1029-30.

Boyd WD, Graham WJ, Blackwoo G, Glen J, McCQuesn J:
Clinical effects of choline in Alzheimer's disease. Lancet
1977;1: 711

Signoret. JL, Whiteley A, Lhermittee F: Influence of
choline on amnesia In garly Alzheimer's disease. Lancet
1978; il: 837.

Etienne P, Gauthier S, Dastoor D, Colller B, Ratner J.
Clinical effects of lecithin treatment in Alzheimer’s
disease. In: Barbeau JH, Wurtman RJ. eds. Choline and
Lecithin in Brain Disorders, Raven Press, New York 1972;
389-96.

Friedman E, Sherman KA, Ferris SH: Clinical response to
choline and piracetam in senile dementia, N Engl J Med
1981; 304: 1490-1

Cynthia MH, Maurice WD, Penny F: Effects of lecithin on
memory in normal adults. Am J Psychiat 1883; 140:
1010-2

Davis KL, Mohs RC, Tinkleberg JR, et al: Physostigmine
for improvement of long term memory processes in
normal human. Sclence 1978; 201: 272-4.

Drachman DA: Memory and cognitive function in man:
does the cholinérgic system have a specific role?
Neurology 1977; 27: 783-90

Smith CM, Swash M: Physostigmine in Alzheimer's
disease, Lancet 1979; 1: 42,

Growdon JH, Suzanne C. Neurochemical approaches to
the treatment of senile dementia. Cole JO, Barrett JE.
eds. Psychopathology in the aged. Raven Press, New
York 1980: 280-94.

Lewis G, Ballingher BR, Presly AS: Trial of levodopa in
senile dementia, Br Med J 1978; i: 550.

Jellingher K, Flament H, Ambrozi L, et al: Levodopa in
the treatment of presenile dementia. Mech Ageing Dev
1980; 14: 253-4,

Crook T: Centrai Nervous stimulants:; appraisal of use in
geropsychiatric patients. J Am Geriatric Soc 1979; 27:
476-7.

John Marshall. Cersbral Blood Flow in the elderly. In;
Caird FI. ed. Neurological disorders in the elderly 1982:
25-31.

Yamaguchi F, Meyer JS, Yamamoto M, et al: Noninvasive
cerebral blood flow in dementia. Arch Neurol 1980; 37:
410-8

Loew DM, Vigouret JM, Jaton A. Neuropharmacoliogy of
bromocryptine and dihydroergotamine. In: Goldstein M.
ed. Ergot compounds and brain function. Raven Press,
MNew York 1980: 63-74.

Enzine A: Effect of hydergine on the CAMP turnover'in
the brain. Sandoz J Med Sc¢i 1975; 14: 90.

Hughes JR, Wiiliams JG, Curier RD: Ergot aikaloid
preparations in the treatment of dementia; critical review
of literature. J Am Geriatric Soc 1976; 24: 490-7

Yoshikawa M, Hiral S, Aizawa T, et al: Dose response
study with hydergine in cerebrovascular disturbances. J
Am Geriatric Soc 1983; 31: 1-7.

Reisberg B, Steven HF, Samuel G. Pharmacotherapy of
senile dementia. In: Cole JO, Barrett JE. eds.
Psychopathology in the aged. Raven Press, New York
1980: 233-61.

Oliveros JC, Jamdali MK, Benzhexal A, et al:
Vasopressin in amnesia. Lancet 1978; 1: 41-2

Legros JJ, Gilot P, Sera X, et al: Influence of vasopressin
on learning dand memory. Lancet 1978; i: 41.

Herbet W, Sheila AS, Philip G, et al: Vasopressin in
human memory function, Science 1981; 211: 601-3

153



