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The olfactory bulbs in Alzheimer's disease
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SUMMARY The olfactory bulbs have been examined in patients with Alzheimer's disease and
compared with those in elderly undemented and younger undemented control patients. In
Alzheimer's disease neurofibrillary tangles were found in the anterior olfactory nucleus but not
elsewhere in the olfactory bulb. Cell loss in the anterior olfactory nucleus was also found in
Alzheimer's disease. It is clear that the olfactory sensory pathway is pathologically affected in
Alzheimer's disease and would merit further study.

Alzheimer's disease is characterised pathologically
by the development of numerous argyophilic
plaques and neurofibrillary tangles within the brain.
Regions of the brain that are particularly severely
affected in this disease include important parts of
the olfactory system such as the uncus' and the
cortico-medial part of the amygdaloid nucleus.2 We
therefore decided to examine more peripheral parts
of the olfactory sensory pathway. The olfactory
bulbs and anterior olfactory nuclei have not to our
knowledge been studied previously in Alzheimer's
disease. Neurofibrillary tangles have been described
in the olfactory bulbs of several cases of the
Parkinsonism-dementia complex of Guam but not in
Alzheimer's disease.3 We report here our observa-
tions on these structures in patients with
Alzheimer's disease and in undemented young and
elderly control patients.

Materials and methods

Pairs of olfactory bulbs from six patients with Alzheimer's
disease, five undemented elderly (>60 yrs) control
patients, and five younger (<60 yrs) control patients (see
table), were removed from the necropsy brains after
fixation in 10% neutral formalin, and embedded in paraffin
wax. Patients included in the group with Alzheimer's dis-
ease had been prospectively assessed for dementia during
life and had the diagnosis confirmed neuropathologically
by demonstrating the presence of numerous neurofibrillary
tangles and argyrophilic plaques in frontal and temporal
lobe neocortex. The elderly control patients had also been
assessed prospectively and the absence of intellectual
impairment confirmed. The methods employed are dis-
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cussed in detail elsewhere.4 Examination of their brains at
necropsy had shown that neurofibrillary tangles were
absent or were present in very small numbers in the
hippocampus and parahippocampal gyrus only. The young
undemented patients had died of acute subarachnoid and
intracerebral haemorrhage associated with the presence of
a ruptured berry aneurysm on a major cerebral artery.

Serial 10 ,u horizontal sections of the olfactory bulb were
cut and the first and every following 30th section stained
using Cross' modification of the Palmgren stain5 to demon-
strate neurofibrillary tangles. A 20 IL section immediately
adjacent to each of these was stained with cresyl fast violet.
Quantitative studies were made at a magnification of 320
on the anterior olfactory nuclei using a semi-automatic
image analyser (Graphic Information Systems). Within the
bulb the arrangement of the cells of the anterior olfactory
nuclei precluded cell counting in random fields. In each
case, therefore, the three fields which were judged by vis-
ual inspection to have the greatest cell density within the
anterior olfactory nuclei were graded (on a scale of 0-3)
according to the number of neurofibrillary tangles present
(0 = absence of tangle formation; 1= minimal; 2 = mod-
erate; 3 = severe). The two highest grades in each case
were recorded for analysis. Cresyl fast violet-stained sec-
tions were used to perform neuron cell counts on the
anterior olfactory nuclei at 320 magnification using a
Weibel graticule and a point counting technique on five
fields where cell density was judged by visual inspection to
be highest. The three highest counts for each case were
then used for the analysis. Cells were only counted if they
were large (>20 .) and the nucleus contained a prominent
nucleolus.

Results

The several layers of the olfactory bulb were readily
distinguishable in all three groups of patients studied
though some distortion or irregularity of the cell
layers was common in all groups. As described by
Crosby et al,6 the neurons of the anterior olfactory
nuclei were visible lying deep within the olfactory
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V

Fig 1 Low power view ofolfactory bulb to show anterior olfactory nuclei neurons
(arrows) from an elderly control patient (A). Neurons have almost entirely disappeared
from this nucleus from a patient with Alzheimer's disease (B). Nissl stain xSO (A and
B).
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Fig 2 Anterior olfactory nucleus
from a case ofAlzheimer's disease.
Neurofibrillary tangles present at
arrows. Modified Palmgren stain
xSOO.

bulb (fig IA, B). In Alzheimer's disease,
neurofibrillary tangles were frequently found within
the neurons of the anterior olfactory nuclei but not
within cells of the glomeruli, mitral cells or granule
cells (fig 2). Occasional argyrophilic plaques were

also seen within the anterior olfactory nuclei but not
elsewhere. Neurofibrillary tangles were not found in
the younger control patients and were rare and
confined to the nucleus in the elderly controls
(table). In the latter the grades recorded in the 10
fields were all 0 to 1, whilst in the demented
patients, in only three fields was a grade of 0 or 1

recorded, the majority of fields (9) being graded 2 or

3. This difference is statistically significant (p <

0-01: Fisher's Exact Test).
Neuron cell counts in the anterior olfactory nuclei

were substantially reduced in the Alzheimer's dis-
ease patients as compared with controls (fig 3A, B).

Table

AD Elderly Young
controls controls

No. of patients 6 5* 5
Mean age 82 81 39

(range) (64-91 yr) (65-91 yr) (19-54)
Neuro fibrillary
tangles-mean
grade 1-92 0-50 0.0
(sd) (1-1) (0.53)

Cell counts 28 41 45
(sd) (7-9) (4.9) (6-3)

*Only 4 cases were suitable for cell counting.

Fig 3 Anterior olfactory nucleus from (A) an elderly
control patient, (B) a case ofAlzheimer's disease, to

demonstrate reduced cell density in Alzheimer's disease.
-Nissl stain x330.
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The anterior olfactory nuclei cell counts in elderly
control patients were similar to those of young con-
trol patients but in Alzheimer's disease the counts
were reduced to two thirds of the control value
(table). The difference between the anterior
olfactory nuclei cell counts in Alzheimer's disease,
and elderly controls, was statistically significant
using Student'st test (t = 5-34, df = 28, p < 0.001).
Non-specific degenerative features, particularly the
presence of numerous corpora amylacea, were evi-
dent in the olfactory bulb from elderly controls as
well as in those from patients with Alzheimer's dis-
ease.

Discussion

The anterior olfactory nuclei has received very little
study in humans. It is of some interest to note that
animal studies stress the similarity of pyramidal type
neurons of the anterior olfactory nuclei to those of
the neocortex in terms of their general structure and
organisation.' These are the neurons in which
neurofibrillary tangles were found in this study and
similar neurons in the neocortex are likewise liable
to develop neurofibrillary tangles in Alzheimer's
disease. Both the anterior olfactory nuclei and
neocortex have connections principally with
ipsilateral and contralateral cortex. There are also
interesting parallels between the anterior olfactory
nuclei and the nucleus basalis in Alzheimer's dis-
ease, since neurofibrillary tangle formation and cell
loss occur in both these nuclei.3 8-10 Large neurons
of the nucleus basalis are thought to be
cholinergic." 12 On the other hand in the rat large
neurons in the anterior olfactory nuclei do not react
positively on immunohistological staining with an
antibody to choline acetyltransferase, suggesting
that they are not cholinergic (MV Sofraniew,
personal communication).
The method of grading the number of

neurofibrillary tangles in the nuclei was relatively
crude, as are most grading systems relying on visual
inspection rather than actual counts. Each case was
graded on two separate occasions, without the
observer being aware of the diagnosis. On both
occasions the grades obtained were reasonably con-
sistent, the only differences recorded were: a single
field in each of two intellectually normal elderly con-
trols graded 1 rather than 0 on the second assess-
ment, and a single field in one of the Alzheimer's
disease cases graded 3 rather than 2. These changes
would not have affected the statistical significance of
the differences observed.

Neurofibrillary tangles were assessed in the fields
with greatest cell density, as we were unable to
count neurons in random fields, and it was consi-
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dered possible that the presence of tangles may be
associated with death and loss of affected cells,
resulting in an underestimate of the severity of
tangle formation. It is interesting to note, however,
that the fields with the greatest cell density also
appeared to be those most severely afflicted by
tangle formation.
The demonstration of significant neurofibrillary

tangles formation and cell loss in the anterior
olfactory nuclei in Alzheimer's disease suggests that
further studies of the olfactory bulbs and anterior
olfactory nuclei in Alzheimer's disease would be of
value. The relative simplicity of the anatomy of the
olfactory bulbs and anterior olfactory nuclei in com-
parison with the cerebral cortex, hippocampus and
other sites at which neurofibrillary tangles develop
in Alzheimer's disease, and the precise localisation
of the pathology to the anterior olfactory nuclei,
with sparing of the neurons of the olfactory bulb
itself, may enable factors involved in the formation
of neurofibrillary tangles to be defined. It is clear
that the olfactory sensory pathway is significantly
affected pathologically in Alzheimer's disease. The
possible clinical significance of this observation
remains to be explored.

We are grateful to Mr Rowland Cross for technical
assistance, and Drs TPS Powell, RCA Pearson and
JC Sloper for stimulating discussion and encour-
agement. This study was supported by a grant from
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Joseph Senior White Research Fellowship of the
Royal College of Physicians.
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