Journal of Neurology, Neurosurgery, and Psychiatry 1988;51:1088-1090

Short report

A quantitative Golgi study of basal dendrites of
hippocampal CA1 pyramidal cells in senile dementia

of Alzheimer type
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SUMMARY Basal dendrites of hippocampal CA1 pyramidal cells in senile dementia of Alzheimer
type (SDAT) were studied quantitatively by the Golgi impregnation method. The present data
suggested that basal dendrites of the pyramidal cells were decreased in number in SDAT, and that
the dendritic decrease was associated with a decrease in size of their cell bodies.

Senile dementia of Alzheimer type (SDAT) is patho-
logically characterised by changes in the cerebral
cortex including abundant neuritic plaques and
neurofibrillary tangles (NFTs), and the death of
the neurons. The hippocampal formations, which
are known to be related to learning and memory
functions, show prominent changes in the cellular
architecture in SDAT.!

We report a quantitative Golgi study on the basal
dendrites of hippocampal CAl pyramidal cells in
SDAT and the relationship between the dendritic
changes and size of the cell bodies.

Materials and methods

Three cases of SDAT (aged 80, 90, and 90 yr) with
progressive dementia over several years and with typical
neuropathological findings were studied with three age-
matched control cases (aged 83, 85, and 90 yr). The nec-
ropsies were performed within 10 hours post mortem.
Formalin-fixed hippocampal regions were cut into blocks
4-5mm thick. The blocks were immersed in 3% potassium
dichromate for a week at 25°C. Then they were washed with
water for a few minutes and placed in 1-5% silver nitrate for
a week at 25°C. The blocks were then dehydrated in alcohol
and embedded in 14% celloidin, and cut serially into sections
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of 100 um thickness. The sections were dehydrated in
alcohol, cleared in toluene, and mounted.

For each brain, 20 representative pyramidal cells in the
CAl region? were selected randomly from completely
impregnated cells which had soma located near the centre of
the thickness of the section and were not obscured by other
tissue elements and precipitated debris. Basal dendrites in
each of the selected cells were analysed quantitatively using
Sholl’s concentric circle method.? Concentric circles centring
on the cell body were drawn with radii of 40 um to 200 um
at 20-um intervals, and the number of basal dendrites inter-
secting each circle of a series of concentric circles was
counted. The total number of the dendritic intersections
within a 200-um radius in each cell was also calculated. The
total number of the dendritic intersections (DIs) and number
of DIs of each concentric circle were compared in the
patients and controls.

Subsequently, in an attempt to elucidate the relationship
between changes of the dendrites and cell bodies, sizes of
the cell bodies of the completely impregnated cells were
measured. Area of the soma in each CA1 pyramidal cell was
measured three times by an image analyser, Kontron MOP-
20, and mean value of the data was used for the size of the
cell body. The areas of the cell bodies were compared in the
following three groups of the hippocampal CA1 pyramidal
cells; 20 cells randomly chosen from the controls; 10 cells
with a marked loss of the basal dendrites from the patients;
and 10 cells with well-preserved basal dendrites from the
patients.

Results

The CA1l pyramidal cells with shrinkage of basal den-
dritic trees were frequently found in the patients with
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Fig Hippocampal CAl pyramidal cells in a control case
(a) and in a patient with senile dementia of Alzheimer type
(SDAT) (b). SDAT shows shrinkage of the basal dendritic
trees compared with control. (a, b; Golgi stain, x210).

SDAT compared with controls (fig). Differences in the
dendritic arborisation between the patients and con-
trols were quantitative as described below, and no
qualitative difference was present between them.

The total number of intersections for basal den-
drites of pyramidal cells (mean, SD) was 113-2, 16-3 in
the controls and 73-3, 21-1 in the patients with SDAT.
The patients showed a significantly lower number of
total intersections than the controls (p < 0-001 by
Student’s ¢ test).

The number of intersections for basal dendrites
(DISs) of pyramidal cells as a function of distance from
the cell body are shown in the table. The dendritic
density was maximum at the 60 um sphere in both the
patients and controls. The number of DIs was
significantly lower in the patients at any sphere than
in the controls.

The mean size of the cell bodies of the pyramidal
cells in controls (total DIs: 111-1, 15-2) was 734,
170 um?2. The mean size of the cell bodies of the pyr-
amidal cells with a significant decrease of basal den-
drites (total DIs; 45-0, 8-8) in the patients was 544,
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169 um? and was significantly smaller than that in
controls (p < 0-01 by Student’s 7 test). The mean size
of the cell bodies of the pyramidal cells with well-
preserved basal dendrites (total DIs; 106-7, 8-8) in the
patients was 696, 210 um? and was not significantly
different from that in controls.

Discussion

The present study demonstrated that basal dendrites
of the hippocampal CAl pyramidal cells were
decreased in number in SDAT, although there was no
abnormal pattern of dendritic growth as reported in
Alzheimer’s presenile dementia,* and that a decrease
in number of the basal dendrites was associated with
a decrease in the size of the cell bodies. There have
been some quantitative’”’ and qualitative® ~!'°
studies on the dendritic changes in SDAT. Con-
cerning hippocampal formations, loss of spines along
apical dendrites of the pyramidal cells® and mainten-
ance of dendritic trees of CA2-3 pyramidal cells’ were
quantitatively reported in SDAT. Disappearance of
dendrites of hippocampal pyramidal cells was
described qualitatively in the aged people including
demented patients.® There have been no reports of
quantitative study on basal dendrites of hippocampal
CAl pyramidal cells.

The hippocampal CAl zones, which receive the
output mainly from the CA3 zones and have
projections to subiculum, entorhinal cortex, and other
areas,!! are very affected in SDAT.! In SDAT, hippo-
campal CA1 pyramidal cells showing shrinkage of the
cell bodies with or without NFTs, are frequently rec-
ognised in usual histological preparations. Our study
indicates that those cells accompany shrinkage of the
basal dendritic trees. The neuronal atrophy affecting
both the cell bodies and dendritic trees found in the
present study appear to show a process of neuronal
death, and would be closely related to progressive
mental deterioration in SDAT.

Table Number of intersections for basal dendrites of hippocampal CAl pyramidal cells as a function of distance from the cell
body in the controls and patients with senile dementia of Alzheimer type

Distance from Controls Patients
the soma Significance*
(um) Mean SD Mean SD
40 15-0 1-8 11-9 29 <0-01
60 18-2 2:0 13-9 29 <0-01
80 18:1 29 12-9 30 <0-01
100 16-5 29 10-9 34 <0-01
120 142 30 9-0 39 <0-01
140 119 2:8 69 40 <0-01
160 9-2 32 44 33 <0-01
180 63 2-8 24 2:2 <0-01
200 37 27 11 13 <0-01

*Student’s ¢ test.
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