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Long-term effects of the maternal deprivation on the volume
and number of neurons in the rat neocortex and hippocampus
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Maternal deprivation (MD) leads to a variety of behavioral changes in rats which closely resemble the symptoms of
schizophrenia in humans. With the aim to investigate the morphological changes which underlie the behavioral insults in this
experimental paradigm we exposed 9-day-old Wistar rats to a 24 h MD. At the period of young adulthood rats were sacrificed
for morphometric analysis and their brains were compared to the control group. Rats exposed to MD had a decrease in
hippocampal volume (71% of the control value) as well as a decrease in the size of pyramidal (62% of the control) and
granular (60% of the control) cell layers. Also, there was a decrease in the thickness of the prefrontal, retrosplenial and motor
cortex compared to the control group. Analysis of the density of NeuN-immunolabeled neurons revealed a reduction in
retrosplenial and prefrontal cortex (70% and 81% of the control, respectively), while there was no difference in the motor
cortex. Western blot analysis confirmed a decrease in NeuN expression in the MD group compared to the control rat brain
homogenates. The results of this study show that early stress in life has a long-term effect on the morphology of cognitive
brain regions, most probably due to the loss of neurons during postnatal development and further contributes to our

understanding of the effects of maternal separation on brain development.
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INTRODUCTION

Available evidence suggests that schizophrenia is
associated with subtle but widespread changes in brain
morphology (Shelton and McNamara 2001). Gross
morphometric studies of brain structures in schizo-
phrenic patients generally confirm in vivo neuroimag-
ing findings of enlarged ventricles, a decreased size of
ventromedial temporal lobe structures and parahip-
pocampal cortical thickness and an increase in the
gyrification index (DeLisi et al. 1988, Buschbaum
1990, Bogets et al. 1991, Degreef et al. 1992, Harvey et
al. 1993, Kleinschmidt et al. 1994, Arnold and
Trojanowski 1996, Honer et al. 1996, Frith 1997).
Morphometric microscopy studies revealed alterations
in neuron density, size and shape in limbic, temporal
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(Scheibel and Kovelman 1981, Kovelman and Scheibel
1984, Falkai and Bogets 1986, Arnold and Trojanowski
1996, Zaidel et al. 1997), and frontal cortical regions
(Akbarian et al. 1993a,b, Benes and Bird 1987, Benes
et al. 1987, 1991, Goldman and Seleman 1997). Vita
and coauthors (2006) showed that morphological
changes are already present in the first-episode psy-
chosis patients. Furthermore, studies of unaffected
adult first-degree relatives of schizophrenic patients
demonstrated reversed hemispheric asymmetry
(Goghari et al. 2007a) and reduced cortical surface
area (Goghari et al. 2007b) in the cingulate and the
superior temporal cortex (Schultz et al. 2009). However,
several longitudinal magnetic resonance imaging
(MRI) studies in the first-episode schizophrenic
patients have demonstrated progressive brain changes
in the years following illness onset (Gur et al. 1998, Ho
et al. 2003, Kasai et al. 2003, Nakamura et al. 2007,
Sun et al. 2009). These data suggest that brain morpho-
logic abnormalities in psychotic disorders might reflect
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a combination of pre-existing vulnerability and chang-
es associated with the first expression of psychotic
symptoms (Pantelis et al. 2005, 2007).

Since the etiology and neuropathology of schizo-
phrenia still largely elude us, development of the ani-
mal model for this severe psychiatric disease has
remained a difficult and somewhat controversial
undertaking. Consequently, there is no ‘gold standard’
for animal model of schizophrenia. Nonetheless, the
models which focus on the neurodevelopmental
hypothesis of schizophrenia have so far been the most
successful. One of these is the maternal deprivation
(MD) model in which rat pups are separated from
their mothers for a single period of time (Ellenbroek
and Cools 1998, 2000b, Husum and Mathe 2002). A
wealth of information shows that exposure of mam-
mals to early-life stress, such as MD or social isola-
tion, adversely affect brain development and adult
behavior (Harlow et al. 1965, Heim et al. 2004,
Rapoport et al. 2005). It has been shown that MD
leads to a large variety of behavioral changes in rats,
including the disruption of the prepulse inhibition, an
effect which could be temporarily reversed by antipsy-
chotic treatment (Ellenbroek et al. 1998, Ellenbroek
and Cools 2000b, Husum et al. 2002), and which
closely resembles the symptoms of schizophrenia in
humans. Moreover, MD leads to neurochemical
changes, predominantly in the hippocampal forma-
tion, a neural structure often implicated in the neuro-
pathology of schizophrenia, suggesting reduced syn-
aptic plasticity (Harrison 1999, Weinberger 1999).
Although the molecular mechanisms involved in pro-
ducing these developmental adaptations are unclear,
similar environmental disruptions during early life in
humans may contribute to the development of com-
mon psychiatric disorders, such as bipolar disorder
and schizophrenia, in genetically predisposed indi-
viduals.

The aim of this study was to elucidate long-term
effects of MD on the rat brain morphology. We have
studied the key cortical areas involved in the process-
ing of information, i.e. the hippocampus and prefrontal
and retrosplenial cortex, and the motor cortex as a
control area using a morphometric approach. We show
that in maternally deprived young adult rats, the vol-
ume of the hippocampus and cortical thickness are
significantly reduced compared to the controls.
Additionally, we demonstrate reduced density of neu-
rons in the retrosplenial (RSCX) and prefrontal
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(PFCX), but not in the motor cortical area, confirmed
as well by immunoblot. These findings further con-
tribute to the bulk of evidence that early life stress can
substantially alter brain morphology and thus its func-
tion.

METHODS
Animals and procedures

Male and four nulliparous female Wistar rats
3-months-old were put together in standard plexiglass
cages with sawdust (26 x 42 x 15 cm), in a temperature
controlled room (23 + 1°C). The rats were on a stan-
dard 12h light/dark cycle with lights on from 07:00 am
to 07:00 pMm, with water and food available ad libitum.
Two weeks later the males were removed and the dams
were checked twice daily for delivery. The day of
delivery was denoted as postnatal day zero (PO). On
P9, two litters were subjected to the MD procedure
according to the previously published protocol
(Ellenbroek et al. 1998, Roceri et al. 2002). Briefly,
dams were removed from the litter at 10:00 am, after
which the pups were weighed and returned to their
home cage. They remained in their home cage at room
temperature for 24 h. On P10, the pups were weighed
again and dams were returned to their cages. The dams
of the control litters (2 groups) were briefly (3 min)
removed from their home cages and the pups were
weighed on both P9 and P10. All litters were later left
undisturbed except for the routine cleaning of the
cages, until P21 when litters were weaned and classi-
fied according to sex. For morphological and biochem-
ical studies only male rats were used in order to avoid
sexual dimorphism (Wooley and McEwen 1992) and
many of the previous studies were performed on males
(Own and Patel 2013, Vivinetto et al. 2013). Animals
were sacrificed at the period of young adulthood (P60).
All efforts were made to minimize animal suffering
and reduce the number of animals used in the study.
All experiments were carried out according to the NIH
Guide for Care and Use of Laboratory Animals and
were approved by the Local Bioethics Committee.

Tissue processing
For morphological analysis, 5 male animals from the

control and experimental group were anaesthetized
with chloral hydrate (3 mg/kg, i.p.) and transcardially
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perfused with the fixative (4% formaldehyde in 0.1 M
phosphate buffer). The brains were post-fixed for 24 h
at +4°C and cryoprotected by infiltration with sucrose
for 2 days at 4°C (20% sucrose in 0.1 M phosphate buf-
fer). The brains were frozen by immersion in 2-methyl-
butane (Sigma-Aldrich, St. Louis, MO) precooled to
—80°C and stored at —80°C until cutting. Serial trans-
verse sections (25-um-thick) were cut on a cryostat
(Leica Instruments, NuBloch, Germany). Sections were
collected on SuperFrost Plus glass slides (Menzel,
Braunschweig, Germany) in a standard sequence so that
four sections 250 um apart were present on each slide.

Estimations of the hippocampal volume and
cortical thickness

Whole hippocampus and its subfields were delin-
eated (Fig. 1A) and the area was measured from the
micrographs using Image Tool 3.0 software. The vol-
umes of each subfield (CA1, CA2-3, in further text

abbreviated as CA3, and the dentate gyrus, DG) and
the whole dorsal hippocampus were calculated accord-
ing to Cavalieri’s principle. The same principle was
applied to the measuring area and calculating the vol-
ume of the pyramidal cell layer of the whole Ammon’s
horn (CA1-3) and granular cell layer of the DG (see
Fig. 1B) and soma area of the pyramidal and granular
cells of the hippocampus. All measurements were per-
formed bilaterally.

The area of the cortical field (excluding layer I) was
delineated and its surface measured from the micro-
graphs. To estimate the average cortical thickness, the
delineated cortical area was divided by the length of its
boundary facing the meningeal surface. All measure-
ments were performed bilaterally.

Immunohistochemistry

Immunohistochemical staining was performed
after water-bath antigen retrieval in 0.01 M sodium

control |
. D |

' = m”&b’ﬁ’l?ﬁ]
L LU 126 -

soma areafm’
2

—Jcontrol|
1.2 L___Lea
104 —— 3 |
g I
08 | ' *
£ ; Tou |
0z4 |
£ us £ |
E ] |
3 £ |
£ s I * ] |
. * . = = g1 |
{ : ‘rT’ E |
|
00 ‘ sodd
CA1 CA3 DG

Total valume str. pyr.

str. gr. cAl GAZ

Fig. 1. Total volume of the hippocampus and its subfields and volume of the pyramidal and granular cells layer and its soma
areas. (A, B) Representative micrograph of the Nissl stained section of the control hippocampus with traced areas for volume
analysis. (C) Volume of the whole dorsal hippocampus and its subfields CA1, CA3 and DG in maternally deprived (MD)
and control rats. (D) Volume of the pyramidal cell layer and granular cell layer in the dorsal hippocampus in MD and control
rats. (E) Cell soma areas of the pyramidal (CA1, CA3) and granular (DG) cells in the hippocampus in MD and control rats.
Results are presented as the mean values + SEM. Asterisk indicates significant differences between group mean values

(Student’s ¢ test for two independent groups, P<0.05).



citrate solution, pH 9.0, for 30 min at 80°C. Non-
specific binding was blocked using 5% normal goat
serum, dissolved in phosphate buffered saline (PBS),
pH 7.3 and supplemented with 0.2% Triton X-100,
0.02% sodium azide for 1 h at RT. Incubation with
the primary antibody (mouse monoclonal NeuN
antibody, Millipore, Schwalbach, Germany), diluted
in PBS containing 0.5% lambda-carrageenan
(Sigma-Aldrich) and 0.02% sodium azide, was car-
ried out for 2 days at 4°C. After washing in PBS (3
x 15 min at RT), the endogenous peroxidase activity
was blocked by submerging sections in 3% H,O,
solution for 10 min. The sections were then incu-
bated for 30 min at RT with EnVision®+ Dual Link
System-HRP (Dako, Carpinteria, CA). After a sub-
sequent wash in PBS, the sections were incubated
with diaminobenzidine with chromogen (Dako,
Carpinteria, CA) for approximately 20 min, until the
immune reaction was visible. Finally, the sections
were counterstained in Mayer’s hematoxylin (Fisher
Scientific, Leicestershire, UK) for 30 s, rinsed with
PBS, dehydrated, and mounted with DPX (Sigma
Aldrich).

Estimations of pyramidal and granule cells
soma area

Estimations of the pyramidal and granular cell soma
areas were performed at the level of the largest cell
body cross-sectional area. Coronal brain sections
stained for NeuN were selected for analyses. Four sec-
tions 250 um apart were analyzed per animal. Pyramidal
and granular neurons were identified by their position
in the pyramidal and granular layers in the hippocam-
pus. The sample size was between 20 and 30 neurons
per animal. Areas were measured using the ImageTool
2.0 (University of Texas, San Antonio, TX).

Image acquisition and quantitative analysis of
immunolabeled neurons

Pictures were taken on an optical microscope
(DM4000 Leica) with a 40x objective and analyzed in
Photoshop 7.0 software (Adobe, San Jose, CA), using a
1-cm grid. NeuN-immunoreactive cells were counted
in stereological sections of the rat brains on the same
distance from bregma (2.52 mm for prefrontal cortex
and —2.76 mm for retrosplenial and motor cortex). The
counted number of NeuN-immunoreactive cells was

MD affects rat brain morphology 397

expressed per unit area (mm?), and we will further
refer to it as profile density. At least 200 random
microscope fields (area 400 pm?) were counted in the
retrosplenial, motor cortex and prefrontal cortex of
each section.

Western blot analysis

The dorsolateral frontal cortex and hippocampi
were homogenized in lysis buffer (50 mM Tris-HCI
pH 7.4, 150 mM NacCl, 1% NP-40, 1 mM phenylm-
ethylsulfonyl fluoride, and protease inhibitor cock-
tail) on ice for 30 min, centrifuged at 18 000x g for
15 min at 4°C, and the supernatant was collected.
An equal amount of protein from each sample was
separated by sodium dodecyl sulfate-polyacrylam-
ide gel electrophoresis (SDS-PAGE) on a 12% gel
and transferred to a nitrocellulose membrane
(Amersham, Buckinghamshire, UK). Mouse mono-
clonal anti-NeuN primary antibody was used. All
membranes were stripped and re-probed with anti-
actin antibody (Sigma-Aldrich) to ensure equal
loading. Western blots were scanned and densito-
metric analysis was performed using ImageQuant
5.2 (GE Healthcare, Buckinghamshire, UK).

Statistical analysis

All numerical data are presented as group mean
values with standard errors of the mean (SEM).
Morphological analysis was performed bilaterally,
and if no difference was observed data were pooled
together for presentation of results. All compari-
sons were performed by the Student’s 7 test, and the
threshold value for acceptance of the difference was
5%.

RESULTS

Maternal deprivation reduces volume of the
hippocampus

First, on P9 we measured body weight of both con-
trol and MD pups and showed that groups were
matched (16.05 = 2 g and 15.37 £ 1 g, respectively;
P=0.8). Also, we compared body weights of mater-
nally deprived pups before (15.37 + 1 g) and after
(14.72 + 0.84 g) separation and there was no reduction
in the body weight (P=0.6). On P60, we examined if
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exposure to MD alters gross morphology of the key
congitive brain structures. We started by measuring
volumes of the hippocampus and its subfields in MD
treated rats and controls (Fig. 1A). The volume of the
whole dorsal hippocampus in the control group was 1
+ 0.03 mm?®, while the volumes of its subfields were:
CA1l 0.32 £ 0.02 mm’, CA3 0.30 £ 0.02 mm?® and DG
0.39 £ 0.03 mm’. In the MD group, the volume of the
whole hippocampus was 0.71 + 0.12, in CAl 0.21 +
0.04 mm?, in CA3 0.24 + 0.02 mm?and in DG 0.26 +
0.04 mm’ (Fig. 1C). Analysis of the obtained results by
t test showed statistically significant decrease in the
volume of whole hippocampus (P=0.03) and volumes
of CA1 (P=0.04) and DG (P=0.04) but not in the CA3
(P=0.06).

Reduced volumes of str. pyramidale and str.
granulare in maternally deprived animals

Because the reduction in volume of a brain struc-
ture could result from the loss of neurons or the
reduction of neuropil, i.e. loss of dendritic processes
and synapses, we measured the volume of the pyra-
midal cell layer in the Ammon’s horn and the vol-
ume of the granulare cell layer in the gyrus denta-
tus (Fig. 1B). The volume of the pyramidal cell
layer in the control group was 0.29 £ 0.02 mm’
while in MD group was 0.18 + 0.03 mm’ (Fig. 1D)
and this difference was statistically significant
(P=0.03). Reduction was also observed in the vol-
ume of the granule cell layer: in the control group
volume was 0.05 £ 0.007 mm?® while in MD group
0.03 £ 0.004 mm°* (P=0.03) (Fig. 1D).

Maternal deprivation reduces cell soma areas of
hippocampal pyramidal and granule cells

In order to respond to the question if the decrease
in the volume of pyramidal and granule cell layer is
due to a decrease in the number of cells or a decrease
in their size, we measured the cell soma area of the
pyramidal and granule cells. The cell soma area of
the pyramidal cells in the CA3 region of the hip-
pocampus in the control group was 114 = 5 um?,
while in the CA1 and DG region was 92 &+ 6 um? and
108 £ 1 um?, respectively. In the MD group, the cell
soma area of pyramidal cells in CA3 was 95 + 3
pum?, in CAl 73+ 2 um? and in DG 93 + 3 um”
Analysis of the obtained results by ¢ test showed that

this difference is statistically significant in all
investigated subfields [CA1 (P=0.02), CA3 (P=0.01),
DG (P=0.03)].

Maternal deprivation reduces thickness of
prefrontal, retrosplenial and motor cortex

Next we analyzed the gross anatomy of the neo-
cortex. Cortical thickness of the prefrontal cortex
(PFCX) was measured bilaterally in stereological
sections at distance of 2.52 mm from bregma while
the thickness of retrosplenial (RSCX) and motor
cortex (MCX) was measured at the distance of
—2.76 mm from bregma (Paxinos and Watson 2005)
(Fig. 2A, B). The thickness of the PFCX in the con-
trol group of rats was 1 771 + 40 um while in the
maternally deprived group cortical thickness was
1 300 £ 123 um; this difference was statistically
significant (P=0.02) (Fig. 2C). The thickness of the
RSCX in the control group of rats was 1 641 + 45
um and in MD group 1 414 + 58 um (Fig. 2C).
Analysis of the obtained results by 7 test showed
that this difference is statistically significant
(P=0.02). The thickness of the MCX was as well
reduced in MD group compared to controls (1 411 +
57 um and 1 650 £ 39 um, respectively; P=0.01).

Effects of maternal deprivation on NeuN
immunoreactivity in the cerebral cortex

To demonstrate if the thinning of the neocortical
structures in maternally deprived rats is due to neu-
ronal loss we counted profile densities of NeuN-
immunolabeled neurons in stereological sections of
the rat brains at the same distance from bregma, as
described previously in the PFCX, RSCX, and
MCX (Fig. 2A, B). The profile density of NeuN-
immunoreactive neurons in the PFCX in the control
group was 3 415 £ 60 cells/mm?, whereas in the MD
group density was 2 779 + 118 cells/mm? and this dif-
ference was statistically significant (P=0.003) (Fig.
2D). Profile densities of NeuN-immunoreactive neu-
rons in the RSCX of the control and MD group were
3 170 = 218 cells/mm? and 2 197 + 205 cells/mm?
respectively (P=0.01) (Fig. 2D). The profile density of
the NeuN-immunoreactive neurons in MCX in the
control group was 1 427 + 69 cells/mm? while in MD
group was 1 342 + 59 cells/mm? (Fig. 2D) and there
was no statistical siginificance (P=0.37).
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Fig. 2. Cortical thickness and density of NeuN-immunoreactive neurons. (A, B) Representative micrographs, in high and low
magnification, of the NeuN-immunolabeled sections of the control retrosplenial cortex (RSCX), motor cortex (MCX) and
prefrontal cortex (PFCX). (C) Cortical thickness of the retrosplenial cortex (RSCX), motor cortex (MCX) and prefrontal
cortex (PFCX) in maternally deprived (MD) and control rats. (D) Profile densities of NeuN-immunolabeled neurons in the
retrosplenial cortex (RSCX), motor cortex (MCX) and prefrontal cortex (PFCX) of MD and control rats. Results are pre-

sented as the mean values + SEM. Asterisk indicates significant differences between group mean values (Student’s ¢ test for
two independent groups, P<0.05).

A control MD B control MD

NeN SREREREREETEC T NN EDERE . T 0 0
ACtn  Se——————— A\ CLI1] S—————————

1204
120

g g
g 8
z z
2 2
B E
2 zZ
g z
a a
control MD control MD
CORTEX HIPPOCAMPUS

Fig. 3. Expression of NeuN in cortex (A) and whole hippocampus (B) homogenates. Figures are accompanied by represen-
tative immunoblots from the same gel. Results are presented as the mean values + SEM. Asterisk indicates significant dif-
ferences between group mean values (Student’s ¢ test for two independent groups, P<0.05).
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Maternal deprivation reduces expression of
NeuN protein in the hippocampus and neocortex

To confirm the results of the quantification of
NeuN-immunolabeled cells, we performed immu-
noblot experiments from the tissue homogenates of
the whole hippocampus and neocortex from control
and maternally deprived rats at P60 (Fig. 3A).
Quantitative analysis of the immunoblot data shows
that in the hippocampus NeuN expression was
reduced by approximately 30% in the MD group
compared to the control. In the tissue homogenates
from the neocortex the reduction in NeuN expres-
sion reached almost 50% (Fig. 3B). Both these dif-
ferences were statistically significant. We can
conclude that in both hippocampus and neocortex
substantial loss of neurons occurs in animals
stressed by MD and/or the levels of NeuN expres-
sion in neurons decrease.

DISCUSSION

In this study we demonstrate that MD at P9 has a
long-term effect on volume and number of neurons in
the rat neocortex and hippocampus. Reduction in the
hippocampal volume was at least in part due to a
reduction of the volume of pyramidal and granular cell
layers as well as a decrease in pyramidal and granular
cell soma size. Furthermore, we show that MD leads to
a reduction of the cortical thickness in the PFCX,
RSCX and MCX. These results were further corrobo-
rated with reduced NeuN expression in hippocampus
and neocortex by Western blot analysis. Decrease in
the number of NeuN-immunolabeled neurons in the
hippocampus and neocortex was also present, suggest-
ing that the reduction in volume was due to neuronal
loss during postnatal development. Decreased thick-
ness of the motor cortex with no changes in density of
NeuN-positive cells implies that there is a reduction in
dendritic branching and synapse formation in the
motor cortex upon MD. Also, we hypothesize that
even though in motor cortex there was no change in
neuron density, reduced NeuN expression in neocortex
reflects overall result, presumably due to changes in
prefrontal and retrosplenial cortex. Further studies are
necessary to test this hypothesis.

Thinning of the anterior, subcallosal and rostral
cingulate along with paracingulate regions predicted
development of psychosis among the “ultra-high risk”

subjects (Fornito et al. 2008). This suggests predictive
ability of region-specific surface parameter changes in
this population. Changes in the position and density of
neuronal clusters within the entorhinal cortex (Falkai
and Borgets 1986, Jakob and Beckman 1994, Arnold et
al. 1995) and alterations in the positioning of neurons
in the frontal cortex imply distorted neuronal migra-
tion (Akbarian et al. 1993a,b).

Maternally deprived rats (deprived from their
mothers for a single period of 24 h, shortly after
birth, typically at P9) have a diminished prepulse
inhibition (Ellenbroek and Cools 1998, 2000b,
Ellenbroek et al. 1998) and latent inhibition
(Ellenbroek and Cools 1995b), as well as an
increased sensitivity to dopamine agonist, apomor-
phine (Ellenbroek and Cools 1995a). The latter is
accompanied by an increase in tyrosine hydroxy-
lase mRNA in the substantia nigra (Rots et al.
1996a,b). It is important to realize that MD not only
deprives rat pups from their mother, but also moth-
er from her pups. This 24 h isolation of the mother
may very well lead to alterations in maternal behav-
ior and possibly milk production, which might
influence the derivational effect (Ellenbroek and
Cools 2002). The authors subsequently showed that
these maternally deprived animals also share other
features with schizophrenic patients, such as an
enhanced sensitivity to dopaminergic drugs and
stress.

All these data together have led to the hypothesis
that the maternally deprived rat might represent an
interesting animal model for specific aspects of
schizophrenia. Both maternally deprived rats
(Zimmerberg and Shartrand 1992, Ellenbroek and
Cools 1995a, Rots et al. 1996a) and schizophrenic
patients (Leiberman et al. 1987, Muller-Spahn et al.
1998), show a hypersensitivity to dopamimetic
agents such as amphetamine or apomorphine.
Maternally deprived rats (Rots et al. 1996b, Penke
et al. 2001) and schizophrenic patients (Lammers et
al. 1995, Altamura et al. 1999) have increased levels
of adrenocorticotropic hormone (ACTH) and corti-
costerone, as well as an increased response to stress
(Ellenbroek et al. 2004).

Schizophrenia is a severe psychiatric disorder with
multifactorial ethiopathogenesis. It is considered that
several genetic predisposing factors interact with envi-
ronmental events, such as sexual, emotional, or physi-
cal abuse. There is ample evidence that these non-ge-



netic factors are important early in life (pre- and peri-
natally) as well as later in life (around the age of
puberty) (Gutman and Nemerolf 2003).

CONCLUSION

In conclusion, this is the first study to provide evi-
dence that early stress caused by MD in rats leads to
alteration in morphological and biochemical parame-
ters, including the size of the neocortex and hippocam-
pus, number of neurons in the prefrontal and retrosple-
nial cortex and NeuN expression in the hippocampus
and neocortex. Considering the role that these struc-
tures play in cognitive functions, it is tempting to
speculate that similar mechanisms might be involved
in the pathogenesis of schizophrenia in humans.
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