
COMMENTARY

WHERE ARE THE PERIRHINAL AND PARAHIPPOCAMPAL CORTICES?
A HISTORICAL OVERVIEW OF THE NOMENCLATURE AND
BOUNDARIES APPLIED TO THE PRIMATE MEDIAL TEMPORAL LOBE

W. A. SUZUKIa* AND D. G. AMARALb

aCenter for Neural Science, New York University, 6 Washington Place,
Room 809, New York, NY 10003, USA
bDepartment of Psychiatry, Center for Neuroscience and California
National Primate Research Center, University of California, Davis,
1544 Newton Court, Davis, CA 95616, USA

Abstract—Strong evidence has emerged over the last 15
years showing that the perirhinal and parahippocampal cor-
tices play an important role in normal memory function. De-
spite our progress in understanding the mnemonic functions
of these areas, controversy still exists concerning the precise
location of the boundaries of these areas in the primate brain.
To provide a context for understanding the current discrep-
ancies in the literature, we present a historical overview of
the different boundary schemes and nomenclatures that have
been applied to the medial temporal lobe cortices in both
humans and nonhuman primates. We describe how the
boundaries and the names applied to these regions have
evolved over time, starting with the classic cytoarchitectoni-
sists working in the early 1900s, and ending with the various
schemes being used in the contemporary literature. We show
that the current controversies concerning the boundaries of
the perirhinal and parahippocampal cortices can be traced
directly to the classic cytoarchitectonic literature. © 2003
IBRO. Published by Elsevier Ltd. All rights reserved.
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A convergence of findings from behavioral and physiolog-
ical studies in experimental animals together with findings
from neuropsychological and neuroimaging studies in hu-
mans have strongly implicated the perirhinal (areas 35 and
36) and parahippocampal (areas TH and TF) (1925) and
von Bonin and Bailey cortices in memory function. Despite
the intense research that has been focused on these areas
in recent years, there continues to exist a surprising
amount of variability in the neuroanatomical borders and
nomenclatures assigned to these areas. This variability is
particularly striking for the boundaries of the perirhinal
cortex. To understand how these discrepancies devel-
oped, we have undertaken a review of both the recent as
well as the historical literature on the boundaries and cy-
toarchitectonic organization of the cortex of the medial
temporal lobe.

Defining the structural and functional subdivisions of
the cortical mantle has always been a fundamental
question in neuroscience research. Neuroanatomists
working in the early 1900s used detailed cytoarchitec-
tonic analyses to subdivide the cortex based on the
structural differences, such as neuronal size and pack-
ing density of its neuronal components. This era has
become known as the golden age of cytoarchitectonics
and this work resulted in a large number of cortical
“maps” in both human and non-human primate species.
These maps varied in terms of how much cytoarchitec-
tonic detail was provided as well as in the amount of
attention paid to the cortex of the medial temporal lobe.
In the first half of this review, we focus on several of the
major historical studies that first recognized the unique
characteristics of the medial temporal lobe cortices.
Many other early studies, which we will not describe, did
not differentiate the medial temporal lobe cortices from
the rest of the temporal lobe. We then compare and
contrast the views that emerged from the classic cyto-
architectonic literature with the controversies in the
more recent literature on these areas. This comparison
reveals a remarkable parallel between the opposing
views of early cytoarchitectonisists and current contro-
versies in the literature. We also summarize our own
recent findings on the boundaries, cytoarchitectonic and
chemoarchitectonic features that characterize the corti-
ces of the medial temporal lobe. Finally, we discuss our
recent findings in the context of current ideas on criteria
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necessary for defining the boundaries and subdivisions
of different brain areas.

Early studies of the human medial temporal lobe
(1900–1947)

The unique characteristics of the cortex situated on the
ventromedial aspect of the temporal lobe were first
noted by Smith (1907), Brodmann (1909), von
Economo, 1929 and von Economo and Koskinas (1925)
who all appreciated that the medial temporal cortical
areas had distinctly different features compared with
those of lateral temporal neocortex (Fig. 1). Smith
(1907), for example, subdivided the medial temporal
lobe into a rostrally situated area temporalis polaris and

a caudally situated area paradentata based on differ-
ences in cortical thickness and fiber lamination (Fig. 1A).
Area temporalis polaris appeared to include both the
cortex of the medial temporal pole as well as the adja-
cent anteroventral medial temporal lobe. Area paraden-
tata was the posterior extension of area temporalis po-
laris. Brodmann (1909) divided the medial region of the
human temporal lobe into a medially situated area 35,
referred to as area perirhinalis and a more laterally
situated area 36, referred to as area ectorhinalis (Fig.
1B). Brodmann’s areas 35 and 36 extended from just
posterior to the temporal pole, rostrally, to the splenium of
the corpus callosum, caudally. The bulk of the cortex on the
surface of the temporal pole was considered a separate area

Fig. 1. (A) Drawing by Smith (1907) showing the demarcation of medial aspects of the human brain. This demarcation was based on differences in
cortical width rather than on cytoarchitectonic criteria. (B) Brodmann’s (1909) well-known numeric parcellation of the cortical areas in the human brain.
(C) Surface representation of the human cortex by von Economo (1929).
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and labeled area 38. It should be noted that Brodmann did
not recognize any rostrocaudal differentiation within his areas
35 and 36. Specifically, he did not differentiate a caudal
portion which others would later call the parahippocampal
cortex. Unfortunately, the lack of illustrations of individual
stained sections through these areas makes Brodmann’s
surface designations difficult to apply to the cortex within the
sulci. It is not clear from his illustrations, for example, how
much of the collateral sulcus is occupied by areas 35 and 36.
The meager cytoarchitectonic detail given for these regions
provides little guidance in establishing the borders.

In what is perhaps one of the most elegant (though
largely forgotten) cytoarchitectonic study of the human
brain, von Economo and Koskinas (1925) abandoned the
numerical designations of Brodmann and adopted an en-
tirely new scheme. They divided the medial temporal lobe
into a rostral area TG (i.e. Temporal area “G”), and two
caudal areas, TH and TF. Area TG was further subdivided
into a medially situated area TGa and a larger laterally
situated area TG (Fig. 1C). This treatise is unique for its
extensive photomicrographic illustrations as well as the
detail of its cytoarchitectonic descriptions (See also Ron-
coroni, 1909; Marinesco, 1910; Marinesco, 1911; Ronco-
roni, 1911). Like Smith, von Economo and Koskinas (1925)
also illustrated the temporal polar cortex as being contin-
uous with the anteroventral portion of the medial temporal
lobe. The cytoarchitectonic descriptions by von Economo
(1929) of the human medial temporal lobe are strikingly
similar to our own observations in the macaque monkey
(Suzuki and Amaral, 2003). For example, he described
area TGa as “devoid of granule layers” and states that “the
cells of II become frequently stellate, and display an in-
creased tendency to form small groups.” This is highly
reminiscent of the characteristics of area 35 in the ma-
caque monkey (Fig. 7A; Suzuki and Amaral, 2003). von
Economo describes layer II of area TG as “frequently
interrupted patches with almost no cells alternating irreg-
ularly with agglomerations of small cells.” Layer IV was
described as “exceptionally narrow with a breadth of
0.15 mm, and is also frequently interrupted.” These are all
features characteristic of what we now refer to as area 36
of the perirhinal cortex in the macaque monkey (Fig. 7B–F;
Suzuki and Amaral, 2003). Thus, von Economo (1929)
defined a rostral medial temporal lobe region (areas TG
and TGa) that encompassed both the temporal pole and
the ventral medial temporal lobe. Areas TG and TGa of von
Economo encompassed areas 38, anterior 35 and anterior
36 of Brodmann (1909). In contrast to Brodmann, von
Economo and Koskinas (1925) and von Economo, 1929
also distinguished between the rostral medial temporal
lobe (areas TG and TGa) and the caudal medial temporal
lobe and called the latter areas TF and TH.

Early studies of the monkey medial temporal lobe
(1909–1947)

In his seminal 1909 treatise, Brodmann provided cytoar-
chitectonic descriptions of the cortical areas in a number of
non-human primate species. There were, however, a num-
ber of striking inconsistencies in these descriptions, par-

ticularly with respect to the cortex of the medial temporal
lobe. In chapter II, for example, he illustrates a histological
section showing the location of areas 35 and 36 in the
rhesus monkey (Fig. 2A in the current paper). Yet, in
chapter IV he states, “Thus in the monkey, the human
areas 36, 37, 38, 41, 42 and 52 are missing.” Later in the
same paragraph, he states, “How much of the human
areas 36, 37 and 38 is contained in undifferentiated form in
areas 20, 21 and 22 under consideration, cannot be de-
termined.” From these statements, it remains unclear
which monkey species Brodmann believed contained both
an area 35 and an area 36 and which did not. Neither area
35 nor area 36 is illustrated on the surface views of the
Cercopithecus (guenon) brain (Fig. 2B in the current pa-
per). Surprisingly, area 35 is shown on the surface view of
the smaller and generally less differentiated marmoset
brain (Fig. 2C). Unfortunately, a surface view of the rhesus
monkey brain was not illustrated. As mentioned above, in
contrast to his demarcations in the human medial temporal
lobe, Brodmann (1909) did not distinguish a separate tem-
poral polar cortex (area 38) in any of the non-human
primate species that he studied. Instead, lateral temporal
neocortical areas 20, 21 and 22 extended onto the tempo-
ral pole. These inconsistencies in Brodmann’s descriptions
together with the lack of detailed cytoarchitectonic descrip-
tion of this region make Brodmann’s demarcations in the
monkey brain difficult to interpret.

Frustrated by the inadequacies in Brodmann’s descrip-
tion of the cortical areas in the monkey (i.e. Cercopithecus)
brain, von Bonin and Bailey (1947) endeavored to provide
a more detailed description of the major cytoarchitectonic
characteristics of the macaque monkey neocortex. Follow-
ing the nomenclature of von Economo and Koskinas
(1925), they describe an area TG in the monkey that
extended from the temporal pole rostrally, all the way to the
level of the amgydalohippocampal junction in a position
just lateral to the rhinal sulcus (Fig. 3, bottom). Contrary to
von Bonin and Bailey’s (1947) original delineation, the term
TG is now typically applied only to the cortex of the tem-
poral pole (Van Hoesen and Pandya, 1975a; Turner et al.,
1980; Yukie and Iwai, 1988; Meunier et al., 1993). Part of
this confusion may be explained by the fact that von Bonin
and Bailey’s (1947) descriptions of area TG focused on
some of the unique cytoarchitectonic characteristics of the
cortex on the temporal pole and did not describe features
of the more ventrally situated portions of their area TG. von
Bonin and Bailey (1947) also followed the lead of von
Economo and Koskinas (1929), and divided the posterior
medial temporal lobe into areas TH and TF. Their descrip-
tion of the major cytoarchitectonic features of area TF (von
Bonin and Bailey, 1947) are very similar to our own recent
re-evaluations of this region (Fig. 7H, I; Suzuki and Amaral,
2003).

To summarize so far, during the period between
1900 and 1947, the bulk of the available evidence is
consistent with the idea that the rostral medial temporal
lobe, including the temporal pole, is a single cortical
area. This anterior area was termed area temporalis
polaris by Smith (1907) and area TG by both von
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Economo and Koskinas (1925) and von Bonin and
Bailey (1947). The rostral medial temporal lobe area
was typically distinguished from a more caudal medial
temporal lobe area called area paradentata by Smith
(1907) or areas TH and TF by von Economo and Koski-
nas (1925) and von Bonin and Bailey (1947). In contrast,
to this view, Brodmann considered the cortex of the
anterior temporal pole (area 38) separate from the an-
teroventral medial temporal lobe (areas 35 and 36) in
humans and suggested that there was no difference
between anterior and posterior cortical areas surround-
ing the collateral sulcus. However, his cytoarchitectonic
descriptions were not only less detailed in the medial

temporal lobe region than other cytoarchitectonisists of
the time, but there were clear inconsistencies in his
descriptions of these areas across the different species
he described.

Modern parcellations of the monkey medial temporal
lobe: 1970–1987

The first major study to use modern neuroanatomical trac-
ing techniques to examine the medial temporal lobe areas
in the rhesus monkey brain was that of Jones and Powell
(1970). In their study of converging corticocortical associa-
tional connections, they identified a narrow band of cortex

Fig. 2. These illustrations taken from Brodmann (1909) show the demarcations of medial temporal lobe structures in various monkey species. (A) The
location of areas 35 and 36 in a histological section of the rhesus monkey brain. No plane of section was specified. (B) Surface drawing of the
Cercopithicus (guenon) brain. Note that neither area 35 nor area 36 is illustrated on this surface view. (C) Surface illustration of the marmoset brain.
This species was shown with a narrow area 35 surrounding the rhinal sulcus.
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Fig. 3. (Caption overleaf).
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situated on the lateral bank of the rhinal sulcus rostrally
and on the parahippocampal gyrus caudally that receives
convergent information from visual, auditory, and somato-
sensory association areas. They suggested that this band
of cortex corresponded to area 35 of Brodmann (1909) and
area TH of von Bonin and Bailey (1947).

Van Hoesen et al. (1975) and Van Hoesen and Pandya
(1975a,b) re-examined the cytoarchitectonic characteris-
tics of the monkey perirhinal and parahippocampal cortices
in the context of their connectional studies of the medial
temporal lobe (Fig. 4A). Like Jones and Powell (1970),
they adopted the nomenclature of Brodmann (1909) and
referred to the cortex situated on the lateral bank of the
rhinal sulcus as area 35 or perirhinal cortex. Moreover,
they subdivided perirhinal cortex into a medially situated
area 35a and a laterally situated area 35b. Area 35a was
described as lacking a layer IV and having a layer II in
which the cells were often grouped in distinctive clusters.
Area 35b, in contrast, was described as having a granule
cell layer and a prominent band of large and darkly stained
pyramidal cells forming layer V. As illustrated in Fig. 4A
(Fig. 2 of Van Hoesen and Pandya, 1975a), areas 35a and
35b follow the entire rostrocaudal extent of the rhinal sul-
cus. Thus, their perirhinal cortex included the most medial
portion of the temporal polar cortex and is approximately
equivalent to area TGa of von Economo (1929). They
separated the lateral portion of the temporal polar cortex
from the perirhinal cortex and retained the name area TG
for it. Unlike Brodmann (1909), they did not extend area 35
much beyond the caudal limit of the rhinal sulcus. Rather,
they followed von Bonin and Bailey (1947) and called
these caudal areas TH and TF.

Since these first descriptions of the connections of the
perirhinal and parahippocampal cortices, many other ter-
minologies and boundaries have been applied to the cor-
tex of the medial temporal lobe. Two common features of
the schemes that have been applied to the perirhinal cor-
tex are 1) the temporal pole is considered separate from
the part of the perirhinal cortex situated on the ventrome-
dial temporal lobe and 2) the perirhinal cortex is pictured as
a relatively narrow cortical strip located primarily on the
lateral bank of the rhinal sulcus (Fig. 4). Notably, both
these features are reminiscent of the original descriptions
of Brodmann in the human medial temporal lobe (Fig. 1B).
A common theme that has emerged in the description of
the parahippocampal cortex is that this region is subdi-
vided into areas TH and TF and area TF is further differ-
entiated into at least two additional subdivisions (Fig. 4).

Moran et al. (1987), Gower (1989), and Markowitsch et
al. (1985), for example, all published anatomical papers
treating the temporal polar cortex in the macaque monkey
as a distinct cortical area from the anteroventral temporal
lobe (i.e. the perirhinal cortex). Seltzer and Pandya (1989)
illustrated a region they called area Pro that occupied the

cortex of the temporal pole (Fig. 4D). Martin-Elkins and
Horel (1992) used a similar scheme in describing some of
the afferents to the medial temporal lobe in the monkey. In
these papers, area Pro appeared to include part of what
Van Hoesen and Pandya (1975a) called area 35b. How-
ever, because no cytoarchitectonic details were given
about this area, its correspondence with previously de-
scribed areas cannot be determined. In another scheme
proposed by Rosene and Pandya (1983), area 35 was
illustrated as encompassing both the medial and lateral
banks of the rhinal sulcus (Fig. 4C). The demarcations of
Turner et al. (1980; Fig. 4E) and Iwai and Yukie (1988; Fig.
4F) share the common characteristics that the perirhinal
cortex is depicted as a narrow strip of cortex located pri-
marily on the lateral bank of the rhinal sulcus and is dis-
tinguished from a separate cortical area occupying the
temporal pole. Similar to Rosene and Pandya (1983), Blatt
and Rosene (1998) recognized an area 35, but suggest
that the region corresponding to area 36 is in fact more
related to the posterior parahippocampal cortical areas.
Therefore, they designate this region area TLr (rostral
subdivision of area temporal area “L” of Pandya and Ye-
terian (1985) [TL]; Fig. 4C). However, connectional and
cytoarchitectonic studies from this (Amaral et al., 1987;
Insausti et al., 1987b; Suzuki and Amaral, 1994a,b) and
other groups (Van Hoesen et al., 1975; Van Hoesen and
Pandya, 1975a,b; Iwai and Yukie, 1988) show clear differ-
ences between the anterior and posterior portions of the
ventral medial temporal lobe and do not support this
demarcation.

Concerning the posterior cortical areas, Tranel et al.
(1988) recognized a medially situated area TH and divided
area TF into a laterally positioned TF1 and a medially
positioned TF2. Blatt and Rosene (1998) also appreciated
that areas TH and TF as originally described by von Bonin
and Bailey (1947) are cytoarchitectonically heteroge-
neous. They recognized a region in between area TH and
area TF that has a more modest granule cell layer with a
strong layer V but little separation between layers II and III.
They named this region area TL and differentiated a rostral
(TLr), caudal (TLc) as well as an occipital division. As
described above, it appears that TLr corresponds to medial
aspects of our area 36 of the perirhinal cortex. Area TLc is
in the position occupied by our TFm and area TF2 of
Tranel et al. (1988). Yukie (2000) has also used the no-
menclature of Tranel et al. (1988) for the caudal temporal
lobe of the Japanese macaque.

Our own re-evaluation of the boundaries of the medial
temporal lobe cortex came in the context of retrograde
tracer studies of the cortical afferents of the entorhinal
cortex. Following injections of the retrograde tracer wheat
germ agglutinin conjugated to horseradish peroxidase into
different portions of the entorhinal cortex, Insausti et al.
(1987b) found a continuous band of labeled neurons lo-

Fig. 3. This figure illustrates surface maps and line drawings of coronal sections of the Macaca mulatta (rhesus) brain by von Bonin and Bailey (1947).
(A) Surface view of the brain illustrating the plane of section for the line drawings of coronal sections shown below. Section numbers illustrated on the
surface view, correspond to the section numbers indicated to the top left of each coronal section below. (B–D) Line drawing of lateral, ventral and
medial views, respectively of the rhesus monkey brain.
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cated just lateral to the rhinal sulcus that started at the level
of the temporal pole, rostrally and extended past the pos-
terior end of the rhinal sulcus, caudally for approximately
10 mm (See Fig. 15C Insausti et al., 1987b). This band of
retrogradely labeled cells extended more laterally than

area 35b of Van Hoesen and Pandya (1975a). Rostrally, it
included medial portions of their area TG and more cau-
dally, the cells extended into what had typically been la-
beled as the medial portions of area temporal area “E” of
von Economo and Koskinas (1925) and von Bonin and

Fig. 4. (Caption overleaf).
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Bailey (1947) (TE). These connectional findings, taken
together with a cytoarchitectonic re-analysis of the retro-
gradely labeled regions, prompted Insausti et al. (1987b) to
modify the nomenclature and boundaries applied to the
cortex of the medial temporal lobe. Returning to the origi-
nal nomenclature of Brodmann (1909), Insausti et al.
(1987b) distinguished a medially situated area 35 and a
larger, laterally situated area 36; these regions together
were called the perirhinal cortex (Fig. 5). Consistent with
Van Hoesen and Pandya (1975a), area 35 followed the
entire rostrocaudal extent of the rhinal sulcus (i.e. it ex-
tended rostrodorsally to include the medial portion of the
temporal pole). Based on these retrograde tracing studies,
Insausti et al. (1987b) expanded both the lateral and rostral
boundary of area 36 compared with Van Hoesen and
Pandya’s (1975a) analogous area 35b. Thus, area 36 of

Insausti et al. (1987b) included the medial temporal pole as
well as approximately the medial 2/3 of the inferotemporal
gyrus between the rhinal sulcus and the anterior middle
temporal sulcus (Fig. 5). This demarcation is reminiscent
of the early descriptions of von Economo and Koskinas
(1925), von Bonin and Bailey (1947) and Smith (1907).
The cytoarchitectonic features of the caudal portions of the
cortex containing retrogradely labeled cells in the Insausti
et al. (1987b) study were clearly different from areas 35
and 36. Insausti et al. (1987b) maintained the nomencla-
ture of von Bonin and Bailey (1947) and Van Hoesen and
Pandya (1975a) which originated with von Economo and
labeled these regions areas TF and TH; these two regions
together were called the parahippocampal cortex.

Our most recent studies have focused directly on an-
alyzing the cytoarchitectonic (Suzuki and Amaral, 2003),

Fig. 5. Illustrations from Insausti et al., 1987 illustrating an unfolded representation of the temporal lobe showing the boundaries and subdivisions of
the perirhinal cortex (areas 35 and 36) and the parahippocampal cortex.

Fig. 4. This figure illustrates examples of the wide variety of nomenclature and borders that have been applied to the cortex of the medial temporal
lobe. (A) Illustration by Van Hoesen et al. (1975a) showing the extent of the entorhinal (area 28), prorhinal, perirhinal (area 35), and posterior
parahippocampal (areas TH and TF) cortices in the rhesus monkey. (B) Desimone and Gross (1979), used single unit recording techniques to identify
a visually responsive area they called “IT” cortex that corresponded closely with area TE of von Bonin and Bailey (1947). They also identified an area
with polysensory response properties that occupied a position just lateral to the rhinal cortex. (C) Pandya and Yeterian (1985) designated an area TL
that not only occupies the cortex just lateral to the rhinal sulcus, but also continues caudally to encompass much of what was previously called area
TF. They also designated the temporal pole as area PRO for “proisocortex.” (D) Seltzer and Pandya (1989) illustrated an area TE1 that occupied much
of the inferotemporal gyrus. (E) Turner et al. (1980) designated an area TEav (anteroventral portion of area TE) that occupied the entire inferotemporal
gyrus. In this scheme, the perirhinal cortex occupied only the lateral bank of the rhinal sulcus. (F) Similar to Turner et al. (1980), the demarcation
scheme of Iwai and Yukie (1988) shows area TEv (ventral area TE) occupying much of the inferotemporal gyrus. The perirhinal cortex was only shown
extending for a short distance onto the medial portion of the inferotemporal gyrus.
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chemoarchitectonic (Suzuki and Porteros, 2002; Suzuki
and Amaral, 2003) and connectional (Suzuki and Amaral,
1994a,b; Stefanacci et al., 1996; Lavenex et al., 2002)

characteristics of the macaque monkey perirhinal and
parahippocampal cortices. The anterior–posterior bound-
aries of the perirhinal cortex defined by these recent stud-

Fig. 6. Top left: Photograph of a ventral view of a macaque monkey brain illustrating the locations of the entorhinal (ER), perirhinal (PR) and
parahippocampal (PH) cortices. Horizontal lines correspond to the approximate anterior–posterior levels from which the coronal sections A–L were
taken. Each coronal section shows the location and boundaries of each of the subdivisions of the perirhinal (areas 35 and 36) and parahippocampal
(areas TH and TF) cortices. Parts of this illustration were taken, with permission from Suzuki and Amaral, 2003.
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Fig. 7.
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ies are consistent with the boundaries suggested by Insau-
sti et al. (1987b) and include the medial portions of the
temporal pole (See Suzuki and Amaral, 2003 for more
detailed discussion). However, these findings suggest that
the lateral boundary of the perirhinal cortex should be
extended slightly further lateral than described by Insausti
et al. (1987b). Thus, our recent findings suggest that the
perirhinal cortex includes most of the cortex of the infero-
temporal gyrus between the fundus of the rhinal sulcus
medially and the medial lip of the anterior middle temporal
sulcus laterally (Fig. 6). We find that the boundaries of the
parahippocampal cortex are generally consistent with pre-
vious boundary demarcations of this region (Van Hoesen
and Pandya, 1975b; Insausti et al., 1987b). Fig. 6 illus-
trates our current boundary demarcations along with the
boundaries of the various subdivisions of the perirhinal
(areas 35 and 36) and parahippocampal (areas TH and
TF) cortices (Suzuki and Amaral, 2003). The perirhinal
cortex forms a C-shaped band of cortex situated lateral to
the fundus of the rhinal sulcus. Its rostral limit is at the level
of the fronto-temporal junction. It then follows the rhinal
sulcus down the rostral face of the temporal pole and
continues onto the ventral surface of the temporal lobe
where it typically ends 2–3 mm beyond the posterior limit of
the rhinal sulcus. The perirhinal cortex is made up of areas
35 and 36 and area 36 contains 5 subdivisions that have
been defined based on cytoarchitectonic characteristics.
The parahippocampal cortex is situated on the ventrome-
dial surface of the temporal lobe just caudal to both the
perirhinal and entorhinal cortices. It surrounds the hip-
pocampus for its entire rostrocaudal extent. The parahip-
pocampal cortex is made up of areas TH and TF and area
TF contains 2 subdivisions, defined by cytoarchitectonic
features. Fig. 7 illustrates the key cytoarchitectonic char-
acteristics that define the various subdivisions of the
perirhinal and parahippocampal cortices (Suzuki and Ama-
ral, 2003). We have shown that the pattern of SMI-32
staining is particularly helpful for defining the lateral border
of the perirhinal cortex with area TE (Suzuki and Amaral,
2003). The lateral boundary of the perirhinal cortex shown

in SMI-32 stained material is agreement with the more lateral
placement of this border indicated by both cytoarchitectonic
(Suzuki and Amaral, 2003) and tract tracing studies (Suzuki
and Amaral, 1994a,b; Stefanacci et al., 1996; Lavenex et al.,
2002). Fig. 8 illustrates patterns of SMI-32 staining in the
perirhinal cortex and of the adjacent area TE.

Recently, Saleem and Tanaka (1996) reported generally
similar perirhinal boundaries in the Japanese macaque,
though the lateral boundary of the perirhinal cortex appeared
slightly more medial than our most current demarcations
shown in Fig. 6. Several recent studies illustrate the perirhinal
cortex as extending from the rhinal sulcus medially to approx-
imately 2/3 of the distance to the anterior middle temporal
sulcus laterally (Buckley et al., 2001; Malkova et al., 2001;
Hampton and Murray, 2002; Bussey et al., 2003). This is
does not encompass the full extent of the region we have
identified as the perirhinal cortex (Fig. 6). Instead, these
boundaries correspond to our earlier perirhinal boundaries
first described in Insausti et al. (1987b).

This historical review would not be complete without
mention of two additional terms that have been applied to
the cortex of the medial temporal lobe. The first term was
applied by early neurophysiologists who departed from the
nomenclature used by neuroanatomists and instead, es-
tablished their own terminology for the cortex of the tem-
poral lobe (Gross, 1994; Fig. 4B). In their scheme, the vast
majority of the cortex on the inferotemporal gyrus as well
as the cortex of middle temporal gyrus is referred to as “IT”
cortex (i.e. inferotemporal cortex). Today, the term “IT
cortex” continues to be used to refer to an area that en-
compasses both area TE, and the perirhinal cortex. Sec-
ond, the term “rhinal,” first coined by Murray and Mishkin
(1986) has been used to refer in a convenient way to the
cortex surrounding the rhinal sulcus (i.e. the entorhinal and
perirhinal cortices).

Summary

Our review of the historical literature revealed two oppos-
ing boundary demarcations for the cortex of the medial

Fig. 7. Photomicrographs illustrating the major cytoarchitectonic characteristics of the subdivisions of the perirhinal (areas 35 and 36) and
parahippocampal (areas TH and TF) cortices. (A) Area 35 is an agranular, rather cell-sparse cortical area characterized by irregular patches of large,
darkly stained pyramidal cells in layer II. Black dots show the lateral border of area 35 where the layer II cells of area 35 extend deep to the superficial
layers of area 36. Layer V of area 35 is also distinctive and made up of a densely packed population of darkly stained pyramidal and multipolar cells.
(B) One of the most distinctive features of area 36 are the prominent aggregates of neurons situated superficially in layer II. In medial portions of area
36rm, the aggregates tend to form a more continuous band, but appear more separate in lateral portions of the area. Layer III is relatively sparse and
made up of large, lightly stained, rounded pyramidal cells. Layer IV is thin and layers V and VI are made up a characteristic population of large, darkly
stained neurons. (C) The cell aggregates in superficial layer II of area 36rl are particularly prominent. Layer III of area 36rl has a bilaminate appearance
and layer IV is thicker than the layer IV of area 36rm. Deep layers contain the characteristic population of large, darkly staining pyramidal cells. (D)
Coronal (Cor) section through area 36d. Area 36d is the least laminated of all the subdivisions of area 36. The aggregates of neurons in layer II are
less prominent than in the other subdivision, layer IV is very weak and there is no clear separation between layers V and VI. (E) Area 36 cm resembles
area 36rm but is thinner, less densely populated and has a more radial orientation than area 36rm. (F) Area 36cl has the most radial organization of
all the subdivisions of area 36. Layer II of area 36cl tends to be thicker than layer II of area 36rl and layer IV is the most prominent of all perirhinal
subdivisions. Layer V of area 36cl has a bilaminate organization and layer VI is thinner than in area 36rl. (G) Area TH of the parahippocampal cortex
is an agranular, poorly laminated cortical area. Layers II and III are made up of small lightly staining cells and these layers are often difficult to
differentiate from each other. The most distinctive feature of area TH is its layer V made up of large, round, darkly stained cells. (H) Layers II and III
of area TFm are more differentiated than in area TH and this area contains a weak layer IV. Deep layers are made up of large, darkly staining pyramidal
cells that are difficult to differentiate from each other. (I) Area TFl is the thickest and most highly laminated subdivision of the parahippocampal cortex.
Layer IV is prominent and layer V has a trilaminate appearance with a population of large pyramidal cells situated in the middle of the layer surrounded
by paucicellular bands at the superficial and deep margins of the layer. Other abbreviations: I–VI refer to cortical lamina. The upper and lower limits
of the cortical layers are indicated by horizontal lines. Scale bar�30 �m. This figure was modified with permission from Suzuki and Amaral, 2003.
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temporal lobe. One scheme proposed by Brodmann, sug-
gested that the region of the perirhinal cortex is a very
narrow area that is situated on the anteroventral surface of
the temporal lobe and is separate from the cortex of the
temporal pole. This general scheme has been adopted by
a number of neuroanatomists working in the field (Fig. 4).
Indeed Brodmann’s parcellation of the temporal lobe (i.e.
Fig. 1B) continues to be used in current cytological studies
in humans (Vogt et al., 2001). In contrast to Brodmann’s

view, Smith (1907), von Economo (1925) and von Bonin
and Bailey (1947) all supported a different demarcation
scheme that suggested the anteroventral temporal lobe
including the temporal pole is part of a single cortical area.
This anterior area was differentiated from a more posterior
cortical area surrounding the hippocampus. This latter
scheme foreshadows our own demarcation of the medial
temporal lobe as well as the schemes of Van Hoesen and
colleagues (Van Hoesen et al., 1972; Van Hoesen and

Fig. 8. Major features of SMI-32 staining in the perirhinal cortex and area TE. (A) SMI-32 staining in area 35 is characterized by labeled cells and
processes in layers II and V with weaker labeling seen in layer VI. It is the only perirhinal subdivisions with SMI-32 labeled cells in layer II. Black dots
show the lateral border of area 35 where the layer II cells of area 35 extend deep to the superficial layers of area 36. (B) SMI-32 staining in area 36rm
is characterized by moderately dense SMI-32 stained pyramidal cells and processes in layer V and weaker labeling layer VI. No labeled cells are
observed in layer II and only occasional, weakly labeled cells are observed in layer III. SMI-32 labeling in area 36 cm resembles that of area 36rm.
(C) The strongest SMI-32 staining in area 36rl is also in layer V with weaker staining in layer VI. Area 36rl exhibits a slight increase in the number of
lightly labeled cells in the deep portion of layer III compared with area 36rm. SMI-32 staining in area 36cl resembles that in area 36rl. (D) SMI-32
staining in area TE is characterized by the prominent staining of large pyramidal cells deep in layer III. Area TE also contains densely stained cells
and processes in layer V and weaker labeling in layer VI. It is the prominent SMI-32 staining in layer III labeling of area TE that helps define the medial
border of area TE with area 36. Other abbreviations same as Fig. 7. Scale bar�500 �m. This figure was modified with permission from Suzuki and
Amaral, 2003.
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Pandya, 1975a,b) and Saleem and Tanaka (1996). While
each of these three groups consider the perirhinal cortex to
include part of the temporal pole, the precise location of the
lateral boundary of the perirhinal cortex differs across
these three groups (see Suzuki and Amaral, 2003 for a
more detailed discussion).

Why has this controversy surrounding the general
boundaries of the perirhinal cortex continued for almost
100 years? Part of the explanation may be found in the
overwhelming prominence of Brodmann’s (1909) cortical
designations in the current literature. Brodmann’s (1909)
cortical map of the human continues to be the most exten-
sively cited of all cortical demarcation schemes and is a
standard in neuroscience textbooks. Given the continued
prominence of Brodmann’s (1909) nomenclature and
maps, it is not surprising that many neuroanatomists have
used his maps as a guide in more recent studies of the
macaque monkey (Fig. 4) and human (Vogt et al., 2001)
medial temporal lobe.

While Brodmann’s (1909) nomenclature and cortical
demarcations continue to be widely used, re-evaluation of
his original work shows that his description of the medial
temporal lobe in primates was surprisingly vague and his
descriptions were inconsistent across species. In contrast,
the cytoarchitectonic descriptions of the medial temporal
lobe of von Economo and Koskinas (1925), von Economo,
1929 and von Bonin and Bailey (1947) provided a much
more detailed cytoarchitectonic analysis of this region.
Indeed, our own recent re-evaluation of the cytoarchitec-
tonic, chemoarchitectonic and connections of the medial
temporal lobe in the macaque monkey (Suzuki and Ama-
ral, 1990, 1994a,b, 2003; Stefanacci et al., 1996; Lavenex
et al., 2002) support the general demarcation schemes of
von Economo and Koskinas (1925) and von Bonin and
Bailey (1947). Although overall less work has been done in
analyzing the boundaries of the human medial temporal
lobe compared with the homologous areas in monkeys,
several studies indicate that the same boundary demarca-
tions we have described in the monkey can also be applied
to the human medial temporal lobe (Amaral and Insausti,
1990; Tunon et al., 1992; Insausti et al., 1995; Corkin et al.,
1997).

Another issue raised by this review concerns the gen-
eral role of cytoarchitectonic analysis in defining cortical
subdivisions. While we highlighted the differences in the
cortical demarcation schemes of the early cytoarchitecto-
nisists, this variability may not be surprising given the fact
that beyond the primary sensory and motor cortical areas,
cytoarchitectonic demarcation of borders is widely consid-
ered to be an unreliable method. Evidence typically given
in support of this criticism is the huge variability in the
cortical maps that have been proposed over the years
based on cytoarchitectonic analysis. While it is clear that
many cytoarchitectonically defined maps of the cortex are
flawed, we would argue that there is also strong evidence
that if done properly, cytoarchitectonic analysis can pro-
vide a powerful tool for demarcating various cortical areas
well beyond primary sensory or motor regions. The cortical
maps of von Economo (1929) and von Bonin and Bailey

(1947) are excellent examples. We now know that their
designations of the medial temporal lobe, which were de-
rived solely from Nissl-stained material are generally con-
sistent with recent findings from tract-tracing studies of
these areas (Insausti et al., 1987b; Suzuki and Amaral,
1994a; Stefanacci et al., 1996; Lavenex et al., 2002).
Perhaps even more convincing are the findings from our
own recent cytoarchitectonic and chemoarchitectonic anal-
yses of the perirhinal and parahippocampal cortices (Su-
zuki and Amaral, 2003) that show that the boundaries
derived from these techniques were not only in excellent
agreement with each other, but also in excellent agree-
ment with the boundary schemes suggested by our earlier
tract-tracing studies (Suzuki and Amaral, 1994a,b;
Lavenex et al., 2002). Similarly, Insausti and colleagues
showed that the boundaries of the entorhinal cortex de-
fined by cytoarchitectonic analysis corresponded well to
findings from parallel connectional studies of this adjacent
medial temporal lobe area (Insausti et al., 1987a,b).

Unlike the neuroanatomists of the early 1900s we now
have a wide array of powerful techniques with which to
define the functional subdivisions cortex including immu-
nohistochemical stains, tract-tracing studies, neurophysio-
logical response properties and imaging techniques. We
argue that taken together with these other techniques,
careful and detailed cytoarchitectonic analysis can also be
a powerful and reliable tool to help define the functional
subdivisions of the cortical mantle.
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