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Abstract Hippocampal pyramidal neuron size was deter-
mined in all Cornu Ammonis subregions— CA1-CA4—in
five chronic schizophrenic men and compared with eight
controls matched with respect to age and sex. Four out of
five probands and the same eight controls had been exam-
ined in aprevious study showing a significantly lower cell
count and disorientation of pyramidal cells in the CA1—
CA3 subregions of the schizophrenics. There was also a
negative correlation between the total number of cells and
the number of disoriented cells. In this study it was shown
that the schizophrenic probands aso had significantly
smaller neuronsin all subregions. There was a significant
negative correlation between pyramidal neuron size and
the number of disarrayed neurons in each subregion, and
there was a significant positive correlation between neu-
ron size and the total number of pyramidal cells in CA1
and CA2, but not in CA3 and CA4. The consistency of
hippocampa anomalies in these schizophrenics is, thus,
demonstrated by the statistical relations between the dif-
ferent parameters examined.
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Introduction

Considerable morphometric evidence has been accumu-
lated in recent years indicating abnormalities in the hip-
pocampus of schizophrenics plausibly of relevance for the
pathophysiology of this disease [for reviews see 3, 14].
Findings include a decrease in volume [6-8, 21], a de-
crease in neuron density [16, 21], and a decrease in neu-
ron size [3, 5, 31] as well as a disarray in the pattern of
pyramidal cell organization [13, 23, 26]. Asto connectiv-
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ity, indications of a decrease have been reported both in
studies employing staining techniques [17] and immuno-
chemical probes for synapse-related proteins and mRNA
for such proteins[9, 15]. A recent finding by Harrison and
Eastwood [18] of alower expression of presynaptic com-
plexin proteins in the hippocampus of schizophrenics im-
plicates a reduced arborization of dendritic connections
assumed to be associated with smaller cell bodies. Their
study does, however, not contain any information on cell
size.

With respect to most of these parameters there are,
however, reports failing to confirm abnormalities. There
are severa studies not confirming a volumetric decrease
[1, 5, 10, 12, 19, 20] and the same is true about neuron
density [5, 20, 23] and neuron size[11]. Findings on con-
nectivity and dendritic arborization are still few and so
are replicative efforts. As to the pyramidal cell disarray
first reported by Scheibel and Kovelman in 1980, several
attempts to replicate their findings have failed [2, 3, 5,
11, 20, 31] although data sometimes suggest a bimodal
distribution of cases with respect to this parameter. The
degree of pyramida cell disarray has been associated
with severity of illness [2] or subdiagnosis, aberrations
in the normal patterns of cell organization being more
apparent in patients with paranoid schizophrenia than in
catatonics and hebephrenics [23]. In a recent study, the
present authors could demonstrate that there was a sig-
nificant disarray of pyramida cells in Cornu Ammonis
subregions CA1-CA3 in asmall cohort of chronic schiz-
ophrenic men. These patients also had significantly
fewer neurons than age-matched controls in CA1-CA3,
but not in CA4 or in the granular cell layer of the dentate
gyrus. There was no reactive gliosis. In al subregions
CA1-CA3 there was a significant negative correlation
between the total number of observed pyramidal cells
and the number of disarrayed cells [22]. In a further
study it could be shown that these abnormalities were re-
markably uniform in a pairwise comparison with normal
age-matched controls [24]. In the present study the size
of pyramidal cells has been determined in samples from
subregions CA1-CAA4.
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Material and methods
Probands

For details see Jonsson et al., 1997, Probands 1-4 were included in
a previous study [22] and proband 5 (5/317/84) has been added.
Therapeutic response was poor in al probands and they were,
therefore, cared for at award for chronic cases. Mean age at death
was 81.8 + 2.6 years. Briefly the following case descriptions are
given.

Proband 1/408/79 (proband no/brain no/age at death). First ill at
23 years. Symptom picture included auditory hallucinations and
delusions. Aggressive and agitated. Ritualistic behavior. Periodi-
cally mute. Lobotomy at the age of 35. Diagnosis. Catatonic schiz-
ophrenia, 295.2. Cause of death: Cardiac insufficiency.

Proband 2/384/79. Probably an insidious disease process. First
hospitalized at the age of 44. Auditory hallucinations and persecu-
tory delusions. Aggressive and threatening. Considered dangerous.
Diagnosis: Paranoid schizophrenia, 295.3. Cause of death: Bron-
chopneumonia.

Proband 3/332/80. Hospitalized at the age of 28. Auditory halluci-
nations and persecutory delusions. Periodically irritable and ag-
gressive. Disorganized behavior. Diagnosis. Paranoid schizophre-
nia, 295.3. Cause of death: Cardiac infarction.

Proband 4/302/81. First ill of depressive syndrome at the age of
27. Symptom-free after a few months. Inconspicuous and at work
until the age of 38. Negativistic, mutistic, nihilistic delusions, and
catatonic posturing. Never recovered. Diagnosis: Catatonic schizo-
phrenia, 295.2. Cause of death: Pneumonia.

Proband 5/317/84. Fell ill already at the age of 17. Aggressive and
assaultive. Rapid deterioration during the first year of illness.
Thereafter practically mute throughout life. Probably hallucina-
tions. Profoundly blunted affect and exacerbations of aggressive-
ness every year. Diagnosis. Catatonic schizophrenia, 295.2. Cause
of death: Volvulus with gut gangrene and peritonitis.

Controls

The brains from eight age-matched male controls dying from
non-cerebral diseases and without known mental illness were ob-
tained as control cases from the Department of Pathology at Uni-
versity of Lund. Mean age at death was 76.5 + 8.5 years. These
brains had been neurohistologically examined and no gross
pathology had been detected. For details concerning the controls
see Table 1.

Table1 Control subjects; causes of death

Case No/Brain No/  Causes of death

Age at death

1/232/85 Cardiac infarction and pulmonary embolism
2/159/74 Aortic aneurysm rupture

3/62172 Pancreatic cancer

4/274/81 Pulmonary embolism and ileus

5/248/85 Bronchopneumonia and cardiac insufficiency
6/689/82 Cardiac infarction and insufficiency
7/1446/73 Cardiac infarction

8/467/60 Cardiac infarction

Tissue handling

For details see Jonsson et al. 1997 [22]. Briefly, the brains were
fixed in 4% formaldehyde, never later than 24 h post mortem and
examined grossly. Five pm sections from mid hippocampus of the
left hemisphere were provided and stained with hematoxylin eosin,
cresyl violet, and Luxol fast blue.

Gross and microscopic examination

In the control cases no pathological changes were disclosed but al-
terations pertaining to normal aging. Similar changes were noted
in the brains of probands. No signs of gross vascular diseases or tu-
mors were detected. There were small infarctionsin different areas
of the cortex, as generally seen in elderly people, but not in the re-
gion here examined. In several probands changes as dlightly
widened ventricles were seen, but in none of them were there signs
of major age-related degenerative disease. One of the probands
(4/302/81) had a congenital malformation, a mild cortical dyspla-
sia of the frontobasal cortex on one side, and another proband
(5/317/84) had a gliotic sclerosis in the right hippocampus, proba-
bly indicating a cerebral infarction. There were no significant dif-
ferences in the mean number of glial cellsin any of the CA-sub-
sections.

Morphometric analysis

The sections were coded and the morphometric analyses were per-
formed by one investigator with no access to diagnosis. The Cornu
Ammonis sectors CA1-CA4 were identified (see 21). One visual
field located in the center of every CA sector in each section was
chosen. The number of all pyramidal cells, i.e., including those in
which the nucleus could not be recognized, was determined, and
the mean area of these cellsin each visual field of the different CA
sectors was calculated using the Quantimet Q500 MC image
analysis system (Leica Cambridge Ltd, Cambridge, UK). Pyrami-
dal cell orientation was measured in samples containing 100 cells
counted from the centers of each subfield CA1-CA3. The number
of cells deviating more than 15°, 25°, and 35° from expected per-
pendicular position was determined. The pyramidal cells of CA4
lack the unequivocally perpendicular orientation seen in CA1—
CA3; this subregion was, therefore, not examined with respect to
cell disarray.

Statistics

In group comparisons Mann-Whitney U-test was used and in cor-
relation analyses Spearman’s rank order correlation coefficient.

Results
In al subregions pyramidal cells were significantly
smaller than in the controls (see Table 2 and Fig. 1).

Table 2 Mean area of pyramidal cells in CA1, CA2, CA3, and
CA4 (um?)

Region  Schizophrenic Controls(N=8) Z P
probands (N = 5)

CA1 212.7+ 24.0 3534+ 316 —2.93  0.0034

CA2 2543+ 253 4150+ 889 —293  0.0034

CA3 2542+ 714 457.4 + 115.9 —2.63  0.0084

CA4 2719+ 719 523.5 + 106.9 —293  0.0034

Mann-Whitney U-test
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Table 3 Correlations between the number of deviating cells per
100 cells and the mean area of pyramidal cellsin respective region.
Schizophrenic probands and controls, N = 13

Table4 Correlations between the total number of pyramidal cells
and the mean area of pyramidal cells in CA1-4. Schizophrenic
probands and controls (N = 13)

Region and degree rs P Region and degree rs P

of deviation of deviation

CALl; > 35° -0.715 0.006 CA1 0.593 0.033
CALl; > 25° —0.690 0.009 CA2 0.637 0.019
CAl; > 15° -0.707 0.007 CAs3 0.385 NS
CA2; > 35° -0.721 0.005 CA4 0.341 NS
CA2,>25 —0.740 0.004 Spearman’ s rank-order correlation

CA2; > 15° -0.857 0.000

CAS3; > 35° -0.843 0.000 L . .

CA3: > 25° 0642 0.018 There was a significant negative correlation between
CA3: > 15° _0.632 0021 themean size of pyramidal cells and the number of these

Spearman’ s rank-order correlation

cells deviating more than 35°, 25°, and 15° from the nor-
mal perpendicular position in al subregions (see Table 3).



172

There was a significant positive correlation between
the mean size of pyramidal cells and the total number of
these cells in subregions CA1 and CA2, but not in CA3
and CA4 (see Table 4).

Discussion

Differences in the mean area of pyramidal neurons be-
tween studies may partly be explained by differences in
morphometric methods — whether al cell fragments have
been measured or only cells with a recognizable nucleus,
for example. The figures here recorded are in the interval
seen in other studies.

In the present study significant correlations between
cell area and cell disarray were seen in subregions
CA1-CA3 which give further strength to the differences
seen between groups. This might actually be a geometri-
cal artifact due to areduction in the observed area of dis-
arrayed cells when sectioned in another plane than the
perpendicular position possibly showing a larger area. In
such a case, the present finding confirms the observation
that some schizophrenic patients have an excess of disar-
rayed cells. On the other hand, there are also significant
correlations between the total number of cells in the ob-
served areas in CA1 and CA2 which is an argument for
the contention that the smaller cell area in schizophrenics
is a genuine finding. These correlations are, however, not
seen in CA3 and CAA4, the latter subregion being the most
vulnerable to age-dependent changes in terms of cell
death [25, 28]. The schizophrenic probands are dlightly
older than the controls (81.8 + 2.6 vs. 76.5 + 8.5 years).
Cell shrinkage as an effect of an age-related decline of
cell function has been demonstrated in recent years, but
cell number does not seem to be much affected by age in
subfields CA1-3, when correcting for relevant factors
[27, 29, 30].

Since the difference in age between probands and con-
trols probably can be neglected, the statistical relations
between different parameters here established support the
conclusion that hippocampal pathology in schizophrenia
may include a reduction in pyramidal cell number, a dis-
array of such cells, and areduction of cell area. Still, there
is a possibility that the latter finding may be explained as
a geometrical artifact.
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