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Letters

Is the loss of cerebral cortical choline acetyl
transferase activity in Alzbeimers disease
due to degeneration of ascending
cholinergic nerve celis?

Sir: Although some of the marker
enzyme choline acetyl transferase may be
present in cholinergic neurons intrinsic to
the cerebral cortex,' most is thought to
reside within the terminals of ascending
fibres whose nerve cell bodies are located
within that area of brain known as the sub-
stantia innominata.' 2 Reductions in cere-
bral cortical choline acetyl transferase
activity in Alzheimer's disease3-6 may
therefore reflect dysfunction of these nerve
cells. Alterations in the capacity to form
proteins needed for physiological function
are indicated7 by changes in nerve cell nuc-
leolar volume and cytoplasmic RNA con-
tent.
We have measured8 these features in 60

nerve cells of the substantia innominata, in
each of 12 demented patients dying with
histologically verified Alzheimer's disease
(mean age 81-2 + 1*3 yrs; necropsy delay
32*9 + 2-8 h) and in eight others (mean age
78-2 + 1*7 yrs; necropsy delay 36-7 ± 3*1
h) with multi-infarct dementia. Findings
are compared with those from a control
group of eight patients (mean age 80-4 ±
1-3 yrs; necropsy delay 32-4 + 4-0 h) dying
without neurological or psychiatric disease
and judged to be mentally preserved.
When compared with controls both nuc-

leolar volume and cytoplasmic RNA con-
tent were significantly reduced in
Alzheimer's disease by 34 and 32% respec-
tively, whereas neither was altered in
multi-infarct dementia (Table). Such
changes in function in Alzheimer's disease
are consistent with other findings9-' of
neuronal degeneration and loss of choline
acetyl transferase activity in this region of
the brain, and indicate that the loss of
cerebral cortical choline acetyl transferase
activity in Alzheimer's disease,3-6 is prob-
ably mainly due to reduced levels of func-
tion within the perikarya of cholinergic
neurons of the substantia innominata. The
smaller decreases in cortical choline acetyl
transferase activity reported in multi-
infarct dementia3 4 most likely stem from
tissue destruction caused by local circulat-
ory deficits or the involvement of
cholinergic synapses in the few senile pla-

Table

Group Nucleolar volume (fim3) Cytoplasmic RNA content
(Arbitrary units)

Control (n = 8) 31-6 ± 2-3 34-7 + 1-6
Alzheimer's disease (n = 12) 20-8 + 1.9* 23-6 + 1.2*
Multi-infarct dementia (n = 8) 32-4 + 2-5 35 8 + 1-9

Values are means ± SEM
*p < 0-001, compared with control values

ques usually present in these patients.
The degeneration in Alzheimer's dis-

ease, but not in multi-infarct dementia, of
other nerve cells which also give rise to
ascending pathways, such as those of the
locus caeruleus, 12-15 vagus nerve nucleus,'-
and hypothalamus,'6 suggests that the
cholinergic changes, in Alzheimers dis-
ease, may be only one facet of a wider pro-
cess of deprivation of cerebral input and
may partly explain why the many therapeu-
tic trials aimed at restitution of the
cholinergic system alone, have, so far, met
with little success.

DAVID MA MANN
PETER 0 YATES

Department ofPathology,
University of Manchester,

Manchester M13 9PT, UK

References

'Johnston MW, McKinney M, Coyle JT.
Neocortical cholinergic innervation: a
description of extrinsic and intrinsic compo-
nents in the rat. Exp Brain Res
1981;33: 159-72.

2 Emson PC, Lindvall 0. Distribution of puta-
tive neurotransmitters in the neocortex.
Neuroscience 1979;4:1-30.

3 Perry EK, Perry RH, Blessed G, Tomlinson
BE. Necropsy evidence of central
cholinergic deficits in senile dementia. Lan-
cet 1977;i: 189.

4White P, Hiley CR, Goodhardt MJ, et al.
Neocortical cholinergic neurones in elderly
people. Lancet 1977;i:668-70.

Davies P. Neurotransmitter-related enzymes in
senile dementia of Alzheimer type. Brain
Res 1979;171:319-27.

6 Rossor M, Fahren Krug J, Emson P, Mountjoy
C, Iversen L, Roth M. Reduced cortical
choline acetyl transferase activity in senile
dementia of Alzheimer type is not accom-
panied by changes in vasoactive intestinal
polypeptide. Brain Res 1980;201:249-53.

' Watson WE. Observations on the nucleolar
and total cell body nucleic acid of injured
nerve cells. J Physiol (Lond)
1968;196:655-76.

8 Mann DMA, Yates PO, Stamp JE. Relation-
ship of lipofuscin pigment to ageing in the

936

human nervous system. J Neurol Sci
1978;35:83-93.

Whitehouse PJ, Price DL, Clark AW, Coyle
JT, DeLong M. Alzheimer disease: evi-
dence for selective loss of cholinergic
neurones in the nucleus basalis. Ann Neurol
1981 ;10: 122-6.

'° Rossor MN, Svendsen C, Hunt SP, Mountjoy
CQ, Roth M, Iversen LL. The substantia
innominata in Alzheimeres disease: a histo-
chemical and biochemical study of
cholinergic marker enzymes. Neurosci Lett
1982;28:217-22.

"Averback P. Lesions in the nucleus ansae pe-
duncularis in neuropsychiatric disease. Arch
Neurol 1981;38:230-5.

2 Mann DMA, Lincoln J, Yates PO, Stamp JE,
Toper S. Changes in monoamine containing
neurones of human CNS in senile dementia.
Br J Psychiat 1980;136:533-41.

'3 Bondareff W, Mountjoy CQ, Roth M. Selec-
tive loss of neurones of origin of adrenergic
projection to cerebral cortex (nucleus locus
caeruleus) in senile dementia. Lancet
1981 ;i:783-4.

' Tomlinson BE, Irving D, Blessed G. Cell loss
in the locus caeruleus in senile dementia of
Alzheimer type. J Neurol Sci
1981 ;49:419-28.

'5 Mann DMA, Yates PO, Hawkes J. The nor-
adrenergic system in Alzheimer and multi-
infarct dementias. J Neurol Neurosurg
Psychiatry 1982;45: 113-9.

16 Mann DMA, Yates PO, Bansal DV, Marshall
DJ. Hypothalamus and dementia. Lancet
1981;i:393-4.

Insulin-induced hypoglycaenia does not
abolish chorea

Sir: Pathological changes occur in the
hypothalamus in Huntington's disease.'
Insulin tolerance tests have been used to
examine hypothalamic function in such
patients, and mild abnormalities of growth
hormone secretion have been described.24
In the course of such an investigation,
Keogh et a12 noted that chorea ceased some
30 min after the insulin injection and was

not evident for the next 60 to 75 min in all
of the twelve patients studied. They did not
think that this dramatic change was due to
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