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Temporal Cortex 5
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5.1 Temporal Lobe Anatomy

In contrast to the other major lobes, which essentially form a continuous body run-
ning anterior to posterior forming the outer surface of the main part of the brain, the
temporal lobes lie lateral and ventral. Whilst separated on the lateral surface from
the frontal lobe by the lateral fissure, also known as the Sylvian fissure or lateral
sulcus, the temporal lobe is continuous with the parietal and occipital lobes at its
posterior end. This continuous structure is consistent with integrated sensory func-
tions between these lobes in the overlapping regions, discussed in Chap. 8.

The temporal lobe is characterised by several distinct cortical gyri running in an
anterior-posterior alignment (shown in Fig. 5.1), as well as containing the amygdala
and hippocampus in the medial part (shown in Fig. 5.2), two structures very familiar
to any neuroanatomy student (described in Chap. 6).

The superior temporal gyrus (STG) is the most dorsal gyrus within the temporal
lobe, bordering on the lateral fissure which separates the ventrolateral part of the
frontal lobe from the dorsal part of the temporal lobe. It contains the primary audi-
tory cortex, located in the transverse temporal gyri crossing the top of the temporal
lobe in the wall of the lateral fissure, as well as the auditory association cortex and
the lateralised Wernicke’s area on the left side. The medial temporal gyrus (MTG)
lies immediately below the STG, bounded above by the superior temporal sulcus
and below by the inferior temporal sulcus, whilst the inferior temporal gyrus (ITG)
lies immediately below the MTG, marking the most ventral part of the tempo-
ral lobe.

The parahippocampal gyrus is immediately adjacent to the hippocampus. The
entorhinal cortex occupies the anterior part of the parahippocampal gyrus where the
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Fig. 5.1 The temporal lobe observed from the sagittal view. From this perspective, the dorsal-
most structure is the superior temporal gyrus (blue), with the middle temporal gyrus (purple) and
Inferior Temporal Gyrus (yellow) ventral to it. In some cases, the fusiform gyrus (orange), which
runs along the ventral surface of the temporal lobe, can be observed in part from the sagittal
viewpoint
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Fig.5.2 A coronal cut through temporal lobe at the level of the hippocampus. Ent. Ctx. entorhinal
cortex, STG superior temporal gyrus, MTG medial temporal gyrus, /TG inferior temporal gyrus,
FFG fusiform gyrus. The lateral fissure is also known as the Sylvian fissure

majority of cortical afferents gather before entering the hippocampus (described in
Chap. 6).

The fusiform gyrus (FFG), also known as the occipitotemporal gyrus, runs pos-
teriorly along the inferior surface of the temporal lobe to the ventral occipital lobe.
It is ventromedial to the IFG and lateral to the parahippocampal gyrus.

Research in the temporal cortex in schizophrenia has mostly been focused on the
STG, due to the presence of the auditory cortex and its potential role in
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hallucinations, and the FFG due to reported disfunction in facial recognition and
processing. This investigation has yielded intriguing results but has been hampered
somewhat but the terminology and organisation of structural and functional anat-
omy of the temporal lobe. As Van Hoesen describes it ‘an example of neurojargon
rich in clinical and behavioural meaning, but sparse in neuroanatomical mean-
ing’ [1].

Six major association fibre tracts have been identified in temporal lobe function;
the uncinate fasciculus, the inferior longitudinal fasciculus, the inferior fronto-
occipital fasciculus, the middle longitudinal fasciculus, the arcuate fasciculus and
the two main interhemispheric commissural fibre bundles corpus callosum and
anterior commissure, described in more detail in Chaps. 8 and 11. The human con-
nectome project has suggested a model of four temporal regions based on functional
connectivity [2, 3]:

1. The lateral region for semantic processing, superior temporal sulcus, temporal
area 1, temporal area 2, anterior and superior temporal gyrus region A.

2. The temporal pole region for emotional processing and other functions, includ-
ing uncinate connected areas dorsal temporal gyrus and ventral temporal gyrus.

3. The inferior region for visual processing, including inferior lateral fasciculus
connected areas.

4. The medial region for memory and visuospatial processing, hippocampus and
cingulate system.

However, neuropathological and imaging studies in psychiatric research are
organised more by anatomy than by connectivity, at least for the present. The tem-
poral cortex can be divided through the familiar Brodmann areas or by the anatomi-
cal distinctions of STG, MTG and the ITG as well as the fusiform, parahippocampal
and entorhinal gyri.

At least three anatomical entities qualify as components of the medial temporal
lobe. These include the amygdaloid body, the hippocampal formation and the para-
hippocampal cortices that cover them superficially and are visible on the external
surface of the hemisphere. For the greater part of this century, topographical obser-
vations, dissection and descriptive data from passive staining methods have formed
the principal source of information about the anatomy of the medial temporal lobe.
However, in the past two decades, much new information has emerged from experi-
mental neuroanatomical studies in nonhuman primates and from neuropathological
studies in humans [1]. The temporal lobe has been thought to have three function-
ally distinct areas which have minimal interconnections within the lobe, but exten-
sive connections with other parts of the brain, for some time. In this model, the STG
contains primary and association auditory areas, the inferotemporal cortex is exclu-
sively a visual association area, and the temporal pole is involved in social behav-
iour [4].

The temporal neocortical afferent connections to the amygdala have been studied
in detail in the rhesus monkey using silver impregnation and autoradiographic trac-
ing methods. A large topographically organised projection to the amygdala was
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found to originate from the anterior ITG, MTG and STG and the medial and lateral
aspects of the temporal pole and terminating in discrete adjacent regions of the lat-
eral and basal amygdaloid nuclei. The temporal pole projection terminates in the
ventral two thirds of the medial one half of the lateral nucleus and in the accessory
basal nucleus, the anterior STG projection terminates in the ventral two thirds of the
lateral one half of the lateral nucleus, and the anterior ITG/MTG projection termi-
nates in the dorsal parts of the lateral and lateral basal nuclei [5].

The ventral processing pathway has input into the temporal lobe, originating in
the striate cortex (V1), and courses through the occipitotemporal cortex (V4) to its
anterior temporal target, which then projects into the memory-related areas of the
MTG, perirhinal and posterior parahippocampal cortices and from these to the ento-
rhinal cortex [6-9].

The temporal pole area projects densely to the entorhinal cortex and the posterior
parahippocampal cortex [2, 10]. Unilateral retrograde horseradish peroxidase injec-
tions into multiple diencephalic targets in primate species reveal that the ITG and
STG contain a considerable number of labelled cells. A substantial projection arose
from the orbitofrontal and the frontopolar cortex, in contrast to the cingulate gyrus
containing only very few labelled cells, which the authors conclude that the tempo-
ropolar cortex constitutes a cortical area necessary for effective affectional-sensory
integration. Interhemispherically, corticocortical connections arose mainly from
temporal lobe areas, suggesting a strong connection between the left and right ITG
and STG structures [11].

Functionally, the parahippocampal cortex shows stronger connectivity with uni-
modal and polymodal association cortices, with connections to core nodes of the
default mode network. There seems to be little effect of lateralisation on parahip-
pocampal gyrus connective function [12].

Ten healthy adult control human brains analysed by GQI tractography and gross
dissection demonstrated connections to the occipital lobe from the FFG, along with
longer association fibres that run the length of the FFG gyrus, an important connec-
tion given the FFG’s role in facial recognition and analysis [13].

5.2 Temporal Lobe Changes in Schizophrenia

Temporal lobe structures and their projections have been suspected to have a key role
in the pathophysiology of psychosis since the late nineteenth century. Since lecture
in Dorpat in 1887 and his last two papers published in 1919-1920, Kraepelin hoped
for a ‘natural classification” of psychiatric illness but realised that the level of etio-
logic knowledge required was not feasible in his lifetime. Therefore, he developed a
pragmatic approach based on his clinical method of careful description with detailed
follow-up, along with pathological anatomy and later on with genetics and biochem-
istry [14—17]. The famous findings of ventricular enlargement in schizophrenia have
even been suggested to be due to primary changes in the temporal lobe [18].

There have been many structural imaging studies describing the temporal lobe in
schizophrenia. Volumetric MRI study reviews suggest reductions in the temporal
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lobe overall (~8%), which is composed disproportionately by grey matter shrinkage
[19-22]. Schizophrenia patients exhibit widespread cortical thinning predominantly
in the temporal regions compared with healthy subjects, a finding which is partially
found in schizotypal disorder, which has significantly reduced cortical thickness in
the left fusiform and parahippocampal gyri compared with controls. Where both
disorders affected similar areas, the evidence suggests that schizophrenia patients
had thinner grey matter cortices than those with schizotypal disorder. Recent higher-
resolution research has reinforced this finding, with reported overall cortical thin-
ning in the temporal lobe [23]. Further linked with differences within the
schizophrenia syndrome, a recent review consisted of 12 studies with 470 patients
and 155 healthy controls. Qualitative analyses showed a lower temporal lobe vol-
ume in violent vs. non-violent people with schizophrenia [24].

Cortical surface contraction was observed in the schizophrenia group, predomi-
nantly in temporoparietal regions. Patients with schizophrenia also exhibited sig-
nificantly stronger covariance between the right rostral MFG and the right STG than
control subjects. Direct comparisons between high and low theory of mind sub-
groups, where theory of mind is defined as the ability to attribute mental states to
ourselves and others, revealed stronger contralateral frontotemporal covariances in
the low theory of mind group [25].

In contrast to findings in the frontal lobe, neuropathological analysis of the thick-
ness of the cortical layers in temporal lobe gyri shows no change in overall thick-
ness or by specific layer in schizophrenia [26]. This appears to be contradictory to
previous findings, as the structural MRI findings in the frontal lobe were confirmed
by neuropathological study of cortical layer thickness, whereas similar temporal
findings were not. This could be explained by the location of sampling though, as
the majority of temporal grey matter loss is in the anterodorsal part of the lobe,
whereas the sections were cut more posteriorly (see Fig. 5.3). Neuron density in

Fig. 5.3 Sagittal view

illustrating a possible
explanation for a lack of
observed neuropathological
cortical layer shrinkage in
the temporal lobe in

schizophrenia. The brown
region roughly describes
the reported areas of grey
matter loss according to
the structural imaging
studies, whilst the green
line indicates the
sectioning level of
measured slides [26]
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overall temporal cortex increased in schizophrenia, consistent with a model of grey
matter shrinkage without overall neuronal loss [19, 27].

As discussed in Chap. 3, schizophrenic patients overall exhibit abnormal brain
asymmetry. Left temporal lobe parenchymal volume reduction and CSF volume
increase have been correlated with the severity of negative symptoms, a finding that
meta-analysis revealed to be abnormal temporal lobe asymmetry only, whilst right
frontal lobe volume reduction correlated with the duration of illness, independent of
symptom severity or schizophrenic subtype [28]. The Sylvian fissure separating the
lateroventral part of the frontal lobe from the dorsal region of the temporal is known
to be one of the most asymmetric structures of the human brain. Sylvian fissure
length measurement in post-mortem brains of 35 schizophrenic patients and 33
matched control subjects showed a significantly reduced length of the left Sylvian
fissure compared to the control subjects, whilst the right Sylvian fissure length was
unchanged. Sylvian fissure asymmetry was more reduced in male schizophrenics
(—=24%) than in female patients (—16%) [29]. In a similar manner, recent complex
cortical surface analysis reveals that surface contraction was observed in the schizo-
phrenia group, predominantly in temporoparietal regions. Patients with schizophre-
nia have also been reported to exhibit significantly stronger covariance between the
right rostral MFG and the right STG than control subjects [25].

5.3 Superior, Medial and Inferior Temporal Gyri

The STG has been described as the ‘most consistently altered neocortical structure
in schizophrenia’ [30], so it is no surprise that several studies have reported
changes here.

Although one MRI examination has reported no STG volume change in schizo-
phrenia [31], the majority of such studies has suggested decreased volume. This has
been linked specifically to certain symptoms, which Harrison [19] described as
‘One of the few reasonably robust correlations’ is that between decreased STG size
and the severity of thought disorder and auditory hallucinations [19, 32-35]. This
volume decrease has been shown particularly strongly bilaterally in the lateral part
of the STG, but does not come with any change in gyrification [36]. Child-onset
schizophrenia patients displayed significant enlargement of the right posterior STG
showing white matter increases bilaterally in this region. [37]. The total and grey
matter volume of the right STG is significantly lower in patients with early-onset
schizophrenia than in the healthy volunteers after differences in whole brain volume
were controlled. Bilateral STG volumes were positively correlated with the age at
onset of psychosis, whilst severity of thought disorder and hallucinations were
inversely related to right STG volume [38]. Other lateral findings include reports of
the severity of auditory hallucinations in schizophrenia cases to be significantly cor-
related with volume loss in the left STG and left supramarginal gyrus, possibly
demonstrating a pattern of distributed structural abnormalities specific for auditory
hallucinations and hallucination-specific alterations [39]. The grey matter volumes
of the STG were negatively correlated with the positive scales on the Positive and
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Negative Syndrome Scale (PANSS), and those of the STG were negatively corre-
lated with the negative scales. The durations of illness in schizophrenia were nega-
tively correlated with the grey matter volumes of the STG. The white matter volumes
of the STG were negatively correlated with the duration of illness [40].

Post-mortem measurements of total cortical thickness, cortical layer thickness
and total neuronal numerical density in the posterior STG have been reported
unchanged in schizophrenia, although as shown in Fig. 5.3 this may be a result of
location of sampling [26, 41, 42].

Neuropathological examination of the STG from 40 adolescents with recent-
onset schizophrenia and an equal number of matched controls with symptoms rated
by PANSS showed patients had a significantly smaller left anterior STG and that the
volume of this region negatively correlated with the severity of hallucinations. The
left posterior STG was not significantly smaller in patients than in controls, but its
volume negatively correlated with severity of thought disorder, and also that the left
anterior STG was smaller than the right STG in patients but not in controls [43].

In interpreting the evidence, it has been suggested that progressive processes in
the STG may precede the first expression of florid psychosis [44, 45]. The laterality
of findings shows consistency between imaging and post-mortem studies, overall
suggesting a similar situation as observed in the amygdala (discussed in Chap. 6)
where a repeated anatomical change may directly indicate the cause of specific
symptoms.

In situ hybridization studies have shown GAP-43 mRNA was decreased in the
MTG, primary visual cortex and anterior cingulate gyrus in schizophrenia, but was
unaltered in the STG in a sample of 11 normal subjects and 11 matched subjects
with schizophrenia [46]. Significant GAD-ir neuropil reduction was also detected in
the right STG layer V of paranoid versus residual schizophrenia cases (P = 0.042).
GAD-ir neuropil density correlated positively with antipsychotic dosage, particu-
larly in CA1 (right: r = 0.850, P = 0.004; left: r = 0.800, P = 0.010). Our finding of
decreased relative density of GAD-ir neuropil suggests hypofunction of the
GABAergic system, particularly in hippocampal CAl field and STG layer V of
patients with paranoid schizophrenia. The finding that antipsychotic medication
seems to counterbalance GABAergic hypofunction in schizophrenia patients sug-
gests the possibility of exploring new treatment avenues which target this sys-
tem [47].

Glutamic acid decarboxylase (GAD) is a key enzyme in GABA synthesis, cata-
lysing the synthesis of GABA from GLU in the presence of co-enzyme pyridoxal
5’-phosphate (illustrated in Chap. 4), and alterations in GABAergic neurotransmis-
sion have been suggested to play a crucial role in the pathophysiology of schizo-
phrenia. Studies of GAD65/67 immunostained-histological sections are evaluated
by quantitative densitometric analysis of GAD-immunoreactive neuropil in 16
schizophrenia patient samples (ten paranoid and six residual schizophrenia cases)
compared with those from 16 matched controls. Overall, schizophrenia patients
showed a lower GAD-ir neuropil density, and GAD-ir neuropil reduction was also
detected in the right STG layer V of paranoid versus residual schizophrenia cases.
Additionally, GAD-ir neuropil density correlated positively with antipsychotic
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dosage. Although the n size of this study is on the low size, the discrimination of the
schizophrenia clinical subtypes and relationship to drug dosage is a powerful find-
ing. Previous reports of decreased relative density of GAD-ir neuropil suggests
hypofunction of the GABAergic system, and the finding that antipsychotic medica-
tion seems to counterbalance GABAergic hypofunction in schizophrenia patients
could suggest a possible route by which to explore new treatments. This also sug-
gests that the STG itself may be a particularly affected and diagnostically critical
region in schizophrenia [48].

Relative to healthy subjects, patients with chronic schizophrenia have shown
grey matter volume reductions in the left MTG (13% difference) and bilateral ITG
(10% difference in both hemispheres). The severity of hallucinations was signifi-
cantly correlated with smaller left hemisphere volumes in the STG and MTG [49].
This is in contrast to earlier MRI quantification showing the volume of MTG grey
and white matter was unchanged in schizophrenia [48]. Two assessments of schizo-
phrenia patients and their unaffected siblings by VBM showed there were signifi-
cant grey matter volumetric differences in schizophrenia in the MTG. In the first,
bilateral MTG and STG comparison with healthy volunteers demonstrated that
unaffected siblings of schizophrenia patients had significantly lower MTG volumes
compared to healthy individuals only in the left MTG, and volume of this region
was not different between siblings and patients. Similar results were reported in the
second study, except the decreased MTG grey matter was only in the left hemi-
sphere [50, 51].

Post-mortem research has suggested significantly lower numbers of NADPH-d
neurons in the MTG grey matter but significantly greater numbers of NADPH-d
neurons in MTG white matter. The distorted distribution of NADPH-d neurons in
the MTG, which may be explained by disorders in neurodevelopmental such as
impaired neuronal migration or an alteration in the death cycle of transitory subcor-
tical neurons, is similar to that found in the prefrontal cortex (discussed in Chap. 4)
[52]. Post-mortem samples obtained from 25 schizophrenic brains and 31 non-
schizophrenic controls showed decreased levels of SNAP-25 schizophrenics in the
ITG [53]. And consistent with reports in the entorhinal cortex, GABA-B receptor
protein is decreased in the pyramidal cells of layer V in the ITG in schizophre-
nia [54].

5.4  Fusiform Gyrus

The FFG lies on the ventral surface of the temporal lobe, running from the anterior
part of the temporal lobe until the occipital lobe. It encompasses Brodmann’s areas
19, 20 and 37 and has connections with striate and pre-striate visual areas and proj-
ects to language-related regions including Wernicke’s area in the lateral and supe-
rior region of the temporal lobe [55]. Functional imaging has suggested that it may
be split into three subdivisions arranged anterior-posterior with different connec-
tions in each [56].
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The FFG is most well-known for its role in facial recognition. PET studies have
shown activation of the FFG in a variety of face perception tasks [57, 58] and fMRI
reveals fusiform regions that responds more strongly to faces than non-face images
such as letter strings and textures, flowers, houses and hands [59-61]. Although
face-specific fMRI activation can also be seen in the superior temporal sulcus and
in part of the occipital lobe (termed the occipital face area), the most robust face-
selective activation is consistently found on the lateral side of the mid-FFG, now
termed the fusiform face area, and more strongly in the right hemisphere than the
left [59]. The fusiform face area shows increased blood flow in response to a wide
variety of stimuli such as front and profile photographs of faces, line drawings of
faces and also animal faces ([62—-64], and for binocularly rivalrous stimuli where a
face is presented to one eye and a nonface presented to the other, the fusiform face
area responds more strongly when subjects perceive a face than not ([65-67].

That there are abnormalities in facial processing in schizophrenia is virtually
beyond doubt by now. Multiple studies have identified facial processing abnormali-
ties in schizophrenia, particularly analysis of threat-relevant emotional primes of
angry, neutral and happy faces patients where schizophrenia patients have shown
normative implicit threat processing for both non-emotional and emotional facial
cues, as well as worse performance in object naming compared with the normal
population, with fMRI investigation revealing bidirectional communication between
the amygdala and fusiform gyrus during facial recognition processing [68—82].

Volumetric imaging studies find reduced volume of the fusiform gyrus in schizo-
phrenia [83]. Patients with first-episode schizophrenia have been reported to have
overall smaller relative absolute volumes of fusiform gyrus grey matter compared
with controls (9%) and patients with affective psychosis (7%). There does seem to
be a small effect of lateralisation of fusiform gyrus size. In the left fusiform gyrus,
patients with schizophrenia have shown an 11% reduction compared with controls
and patients with affective psychosis, whereas right fusiform gyrus volume is
decreased in schizophrenia compared with controls by around 8%. Also the volume
of the right fusiform gyrus, consistent with the right inferior temporal gyrus and
right inferior occipital gyrus, negatively correlated with the duration of illness and
positively correlated with onset age across all patients with chronic schizophrenia,
and the extent of facial memory deficit in schizophrenia has been correlated with the
degree of volume reduction of the anterior fusiform gyrus [84]. Whilst not reported
consistently some investigations have shown sex difference with respect to age at
onset where the degree of asymmetry for both gyri increased with age at onset in
men but not in women [44, 85, 86]. Neuropathological examination of formalin-
fixed brains from 27 control subjects against 31 patients with schizophrenia showed
left-greater-than-right volume asymmetry was present in the comparison subjects,
but that this asymmetry was reversed in the fusiform gyri of the schizophrenic
patients [55].

Face recognition neurons in the inferior temporal region of the monkey cortex
are clustered in functional columns that extend across the cellular layers in a mosaic
arrangement approximately 400 pm in diameter [87]. Structurally they consist of
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groups of smaller mini-columns that emerge from the migration of cells towards the
brain’s surface during embryonic formation of the cerebral cortex, implicating the
development of neuron arrangement as a key issue in facial recognition. Two key
neuropathological studies in schizophrenia have examined changes in cortical mini-
columns in the FFG. In human, neuropathological investigation of FFG mini-
column spacing in 11 schizophrenia cases against 13 matched controls showed
mini-columns are asymmetrically wider in the right hemisphere of control subjects,
whilst mini-columns are less dense in schizophrenia, particularly in the left hemi-
sphere of females and the right hemisphere of males. Wider mini-column spacing is
consistent with reduced cell density and is linked to altered ageing in schizophrenia
[88]. The second study examined the morphologic characteristics of subicular den-
drites in subjects with schizophrenia using the rapid Golgi impregnation of archival
brain specimens on samples from schizophrenia (n = 13) and mood disorders (1 = 6)
against control cases (n = 8). Spine density on apical dendrites of the subicular
pyramidal cells determined at a fixed distance from the cell body was significantly
lower in the schizophrenia and mood disorder groups than in the control group.
Amongst the mood disorder cases but not in the schizophrenia cohort, diminished
spine density was apparently related to a strong family history of major psychiatric
diseases. This is consistent with neuropathological examination of glial cells in the
cingulate cortex (discussed in Chap. 7). There are no significant effects of diagnosis
on non-apical subicular dendrites nor on the dendrites of neocortical pyramidal cells
in the FFG [89-91].

Pyramidal cell density was reduced in schizophrenia, whilst on-pyramidal cell
density was reduced in layer III of the left hemisphere in schizophrenia and were
larger in the schizophrenia cohort. Glial cell density was unaltered across diagnostic
groups [88]. The pyramidal layers are of particular interest as they are the major
pyramidal cell layers involved in intra- and inter-hemispheric connections found to
be altered in schizophrenia [26, 92]. And these results are consistent with the find-
ings across the brain suggesting decreased connectivity linked to neurodevelopmen-
tal errors.

5.5 Entorhinal and Parahippocampal Cortices

The entorhinal cortex, shown in Figs. 5.4 and 5.5, is anatomically consistent with
the parahippocampal gyrus and is the source of the majority of hippocampal input,
although there is also entorhinal projection to the posterior cingulate cortex
(described further in Chap. 7).

The first clear demonstration of neuropathological change in the entorhinal cor-
tex was published in 1986 with 20 cases of schizophrenia out of 64 in the study
reported to have clear disorganisation of neurons in cortical layers II and III. This
disorganisation involved layer II neurons found in layer III and also not clustered
regularly as reported in control cases, as well as an overall decreased number of
layer III neurons in schizophrenia cases. This change in neuronal arrangement,
without similar changes reported in glial cells, led the authors to state this supports
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Fig. 5.4 The anatomical
subdivisions of the
parahippocampal gyrus
and entorhinal cortex seen
in coronal section. The
parahippocampal gyrus is
split into three main
divisions. Green represents
an area referred to as the
parahippocampal cortex,
often subdivided into
medial (dark green) and
lateral (pale green) parts,
whilst the entorhinal region
is shown in blue. Dotted
red line shows the midline '
of the brain [93]
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Fig. 5.5 The location and primary connections of the entorhinal cortex seen in coronal section.
The inputs (orange) and hippocampal output (green) are shown. Dotted red line shows the midline
of the brain
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a neurodevelopmental issue desiring the specific period of development in which
laminar arrangement occurs. A parallel study also reported a smaller volume of the
entorhinal cortex in schizophrenia, without glial changes between diagnostic groups
[94, 95].

Later studies to determine whether schizophrenia is associated with abnormali-
ties in neuronal migration in the entorhinal cortex using Nissl-stained sections
through three cytoarchitectonic subdivisions of the entorhinal cortex in post-mortem
brain specimens in two groups, from 10/31 schizophrenic subjects and 10/45
matched normal comparison subjects, respectively, showed no qualitative differ-
ences in cytoarchitecture between the groups ([96, 97]. In contrast, other examina-
tions of entorhinal cortex neurons using spatial point analysis, a quantitative
technique used to map the relative positions of neurons, suggested statistically sig-
nificant changes in distribution that may be too subtle for the naked eye to detect
also in layers II and III [98]. The finding of disordered layer II neurons was repli-
cated in another paper, although the schizophrenia n size was only 6 and came from
postleucotomy patients, with the 16 control cases having several post-leucotomy
and thalamectomy cases within them. Additionally this study showed a changed
appearance in the overall shape of the entorhinal cortex, the structure having a
ribbed or roughened appearance [99], which is in contrast to similar investigation
showing a shooting of the primary cingulate cortex in schizophrenia (as described
in Chap. 7), and also in contrast to the overall reports of cortical smoothing globally
(as described Chap. 3). Structural imaging has suggested entorhinal cortical thin-
ning and decreased folding index in schizophrenia as compared to matched con-
trols, consistent with the broader model, and that thinning is linked to symptom
severity [100, 101]. In discussion of the heterogeneity of these findings, several
authors have suggested that these results are due to the natural variability within the
entorhinal cortex, which shows both allocortical structure and considerable vari-
ability along the anterior—posterior axis [102], with the repeated studies showing
examining neuronal organisation suggested to be effected by small n sizes [96,
103, 104].

A subsequent post-mortem study has reported a decrease in tyrosine-hydroxylase-
expressing neurons in the entorhinal cortex in schizophrenia [105]. Tyrosine
hydroxylase is the rate-limiting enzyme of catecholamine biosynthesis catalysing
the synthesis of dihydroxyphenylalanine, commonly known as DOPA, from tyro-
sine, and has been found to be significantly increased in nigral DA-producing neu-
rons in schizophrenia [106-109], suggesting a neuropathological marker of
decreased connectivity in this structure. In a possible functionally similar findings,
GABAB-receptor protein has been found to be decreased in the pyramidal cells of
the entorhinal cortex and layer V pyramidal cells in the inferior temporal cortex of
post-mortem brains in schizophrenia [54].

DTI examination of the parahippocampal gyrus demonstrates connectivity
between the parahippocampal gyrus and the anterior temporal lobe, orbitofrontal
areas, posterior temporal lobe and extrastriate occipital lobe via the lingual and
fusiform gyri as well as direct connectivity between the parahippocampal gyrus and
the hippocampus itself, consistent with previous histological tract-tracing studies in
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animals [110]. The parahippocampal gyrus receives input from heteromodal asso-
ciation areas of the cortex and gives rise to the perforant path that projects to the
hippocampus and thereby transmits information into the limbic circuit.

In relation to the comparison subjects, schizophrenic patients had lower parahip-
pocampal gyral volume of the left side. Interestingly, a sex difference was reported
with regard to age at onset and degree of parahippocampal asymmetry, which
increased with age at onset in men but not in women, adding substance to the view
that the sex-related dimension of symmetry/asymmetry [55]. Reductions in volume
and cortical thickness of the parahippocampal gyrus have been shown in post-
mortem studies [111-116] although there have also been negative reports [55]. A
particularly large post-mortem study conducted in the 1980s examined the brains of
232 patients with diagnosed of schizophrenia or affective disorder over a collection
period of period of 22 years. These were assessed in coronal section at the level of
the interventricular foramen and showed significantly thinner parahippocampal cor-
tices in schizophrenia but not affective disorders [113].

Given the critical role the parahippocampal and entorhinal cortices play in the
perforant pathway into the hippocampus and the significant findings of early stud-
ies, it is likely time for more detailed investigation of these structures using modern
techniques.
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