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Neuroanatomy of the human affective system
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Abstract

We provide a brief overview of the structures associated with the limbic system using fixed human material. Although the review

is by no means intended to be exhaustive, its purpose is to provide a tutorial on the primary structures that are involved in the

experience, expression, and regulation of emotion and their anatomical location so that the reader can use this as a ‘‘pedagogical

guide’’ for orientation and understanding of the many papers that appear in this Special Issue.

� 2003 Elsevier Science (USA). All rights reserved.
In this paper, we provide a brief overview of the

structures associated with, or have been implicated in the

literature as comprising, the limbic system. The text is

supplemented with a set of figures displaying fixed human

material. These figures serve to orient the reader with re-

gard to the approximate location of some of the major

structures associated with the limbic system. Where
structures appear in both the text and the figures,

these structures are highlighted and brought to the at-

tention of the reader. It is important to note, however,

that there are numerous structures in the limbic system,

and still to this date, there is controversy as to which

structures actually comprise the system. What we have

attempted to do in this paper is to review the major

structures in which there is agreement in the extant liter-
ature and to highlight their location within the brain. The

goal is to orient the reader to these structures since they

are known to be involved in the experience, expression,

and regulation of emotion and discussed in many of the

papers in this Special Issue.

The limbic lobe (limbus—L border or hem), a term

used to describe structures on the margin of the neo-

cortex, was originally introduced by late 19th century
neurologists and has long been thought to be the ‘‘seat’’

of emotion. These structures are situated within the re-

gions bordering the telencephalon and portions of the

neuroaxis (see Fig. 1 for a midsaggital view of the brain
* Corresponding author. Fax: 1-905-529-6225.

E-mail address: schmidtl@mcmaster.ca (L.A. Schmidt).

0278-2626/03/$ - see front matter � 2003 Elsevier Science (USA). All rights

doi:10.1016/S0278-2626(03)00005-8
including the major structures of the limbic system).

Throughout the course of reptilian and amphibian

evolution, various multi-layered cortical structures came

to encase the outer surrounding region of the brainstem.

As the neocortex grew, these structures were situated

between phylogenetically newer and older brain regions.

Limbic structures surround the lateral ventricles and are
situated, in a roughly C-shaped curve, on the basilar and

medial surfaces of the brain (partially surrounding the

diencephalon).

The limbic lobe is also referred to as the limbic system,

a concept introduced in the 1950s, followingmodification

of the circuit proposed by Papez (1937). In this circuit,

efferent hippocampal impulses were conveyed via the

fornix to the mammillary bodies (MB; see Fig. 2). By way
of the mammillothalamic tract, the impulses then trav-

eled to the anterior thalamic nucleus, subsequently to the

thalamocortical fiber system and cingulate gyrus (CG;

see Fig. 1), at which point impulses traveled to the en-

torhinal area and returned to the hippocampus (HF; see

Fig. 2). According to Papez (1937), input into the circuit

from other areas ultimately culminated in the production

of emotion. For a long period of time, it was assumed
that the structures now associated with the limbic lobe

were associated primarily with olfactory pathways and

centres of integration. Therefore, one encounters these

structures also termed the rhinencephalon.

In the anterior fossa of the skull, the olfactory nerves

(cranial nerve I) pass through the cribriform plate of the

frontal bone. Interestingly, its ganglion cells are not
reserved.
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Fig. 1. Midsaggital view of the adult human brain. Thalamus (TH);

hypothalamus (HT); septal area (S); stria medullaris thalami (SMT);

cingulate gyrus (CG); isthmus of cingulate gyrus (ICG); and subcal-

losal gyrus (SCG).

Fig. 2. Ventral aspect of the cerebral hemispheres, partial transections

of the adult human brain. Amygdala (AM); mamillary body (MB);

uncus (UN); hippocampal formation (HF); and brainstem reticular

formation (BRF).
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clustered near the brain; rather, these are located in the

epithelium of the nose. The nervi terminales are closely

associated and run medially to the olfactory tracts

(Pearson, 1941). They consist mainly of non-myelinated

nerve fibers, and branches are distributed to the nasal

mucous membrane. The fibers enter the brain via small

bundle groups at the inferior surface of the olfactory

bulb (OB; see Fig. 4). This is an oval greyish mass on the
superior aspect of the medial edge of the frontal bones�
orbital plate.

At the posterior aspect of the olfactory bulb (see Fig.

4), groups of multipolar neurons (the anterior olfactory

nucleus) are found. Neurons from this region run to the

olfactory trigone, and at their terminus are continuous

with the anterior perforated substance (APS) and pre-

commissural septal regions. As one continues posteriorly
from the olfactory bulb (see Fig. 4) and tract, the trigone

and APS lie between the optic chiasma/tract medially,

and the uncus candally (UN; see Fig. 4). At the inferior

apex of the olfactory trigone one encounters the olfactory

tubercle. Fibers running medial to the APS (medial ol-

factory striae) terminate in the septal area (S; see Fig. 1).
These striae are covered by a layer of grey matter, the
medial olfactory gyrus. It converges toward the diagonal

band of Broca. The intermediate olfactory striae (when

present) run from the central trigonal region to the APS.

Some fibers also enter the olfactory tubercle.

The lateral olfactory striae (LOS) runs along the an-

tero-lateral aspect of the APS. The LOS runs on a band

of grey matter, the lateral olfactory gyrus. It is bounded

laterally by the gyrus ambieus, and makes a postero-
medial turn to merge with the gyrus semiluminaris, also

referred to as the periamygdaloid area. The layer of grey

matter covering/surrounding the LOS is termed the

lateral olfactory gyrus. Together, this gyrus and the gy-

rus ambiens are termed the preperiform cortex.

As one follows beyond the end of the choroid mem-

brane, the hippocampal gyrus is observed along the lat-

eral border of the hippocampal sulcus. The uncus (see
Fig. 4) is found at the anterior portion of the gyrus and

is the postero-lateral aspect of the APS.

The dentate gyrus may be seen as it makes a medial

bend across the infero-medial surface of the uncus. This

is the ‘‘tail’’ of the gyrus, which in its entirety lies both

lateral and superior to Ammon�s horn, medial to the

fimbria of the fornix and inferior to the subiculum. The

inferior aspect of the uncus is separated into the uncinate
gyrus anteriorly and the intralimbic gyrus posteriorly.

The anterior portion of the parahippocampal gyrus

(see Fig. 4) is termed the enterhinal area and extends in

the gyrus to the olfactory sensory area. The enterhinal

area also receives fibers from the neocortex, specifically,

the tentorial surface and cortex of the medial aspect of

the hemisphere. Together, the prepiriform cortex, peri-

amygdaloid area, uncus (see Fig. 4), and associated ar-
eas mentioned previously in addition to the entorhinal

area constitute the piriform lobe.

The amygdaloid nucleus (complex of nuclei; see Fig. 2)

is an ovoid mass resembling an almond. It is differenti-

ated into two groups, the corticomedial and basolateral

complexes. Afferent connections approach the cortico-

medial complex by way of the lateral olfactory striae

from both the olfactory bulb (see Fig. 4) and anterior
olfactory nucleus. Basolateral afferents are via the piri-

form lobe. Further afferent projections include the hy-

pothalamus (HT; see Fig. 1), thalamus (TH; see Fig. 1)

and brainstem reticular formation as well as neocortical

area. Efferent projections are via the stria terminals to

septal regions, the hypothalamus (see Fig. 1) and ha-

benula (see Fig. 3).

The septal region (see Fig. 1) is found at the medial
walls of the cerebral hemispheres, antero-superiorly to

both the lamina terminalis and anterior commissure.

The septum pellucidum is a bi-laminate vertical parti-

tion attached superiorly to the corpus callosum, infero-

posteriorly to the fornix and infero-anteriorly to the

rostrum. Laterally it forms the medial aspect of the

lateral ventricle.



Fig. 3. Posterior aspect of the brainstem with cerebellum removed of

the adult human brain. Components of the epithalamus; habenula (H);

pineal (P); stria medullaris (SM).

26 D.W. Patterson, L.A. Schmidt / Brain and Cognition 52 (2003) 24–26
The curved hippocampal formation (see Fig. 2) con-

sists of the phylogenetically ancient archipallium which

is made up of three zones: the dentate gyrus, Ammon�s
horn (cornu ammonis), and subiculum. The archipal-
lium is continuous antero-inferiorly with such structures

as the septal area (see Fig. 1) and piriform lobe previ-

ously discussed. Other structural boundaries include the

dentate gyrus, Ammon�s horn, subiculum, and uncus

(see Fig. 4).

Hippocampal efferents are via the fornix. This system

includes pyramidal cell continuations of Ammon�s horn
and neurons of the dentate gyrus. It is the hippocampal
Fig. 4. Inferior surface of the brain, partial transection of the midbrain

in the adult human brain. Parahippocampal gyrus (PG); mamillary

body (MB); olfactory bulb (OB); uncus (UN).
cortex, directly continuous with the entorhinal cortex
forming the wall of the hippocampal sulcus, that gives

rise to the fornix. Efferent projections reach the cingu-

late gyrus (see Fig. 1), septum pellucidum, gyrus fas-

ciolaris, and induseum griseum by way of the dorsal

fornix. Via the precommissural fornix, projections reach

the precommissural septum and hypothalamic nuclei,

habenula and reticular formation.

Some efferent fibers of the amygdaloid nucleus ap-
proach the hypothalamus via the medial border of the

caudate, running in the wall of the body at the lateral

ventricle. This is the stria terminalis which joins the

fornix in the region of the interventricular foramen.

The habenula (H; see Fig. 3) is a ridge approximately

1.5 cm wide at its posterior aspect, tapering to the region

of the interventricular foramen. The posterior end is

connected via the habenular commissure to the haben-
ula of the opposite side. Together, the habenula (see Fig.

3), habenular commissure, and pineal gland (P; see Fig.

3) constitute the epithalamus.

Located between the cingulate sulcus and corpus

callosum is the cingulate gyrus (see Fig. 1). This is part of

the septal area (see Fig. 1). Inferiorly it is continuous

with the anterior prefrontal area. The medial gyrus lo-

cated on the tentorial portion of each hemisphere is
termed the parahippocampal gyrus (see Fig. 4). Its an-

terior end forms the uncus (see Fig. 4). The posterior

aspect forks as a continuation of the cingulate gyrus (see

Fig. 1) and lingual gyrus, extending to the occipital pole

between the calcarine sulcus and collateral sulcus.

The hypothalamus (see Fig. 1) is wedge-shaped with

the lamina terminalis being its anterior border. The

optic chiasma, stalk of the hypophysis, and mammillary
bodies (see Fig. 2) are attached to it. Its lateral surface is

attached to the cerebral hemisphere, and a portion of its

anterior surface supports the anterior portion of the

thalamus (see Fig. 1).

The medial thalamic group of nuclei lie laterally be-

tween the medullary lamina and medially at the third

ventricle.

The pre-frontal cortex (see anterior aspect of Fig. 1)
is located in the frontal lobe anterior to the extra py-

ramidal area and ocular motor area and is thought to

be the primary area involved in the regulation of

emotion.

The anterior commissure connects those parts of the

cerebral hemispheres that are deep to the temporal

bones. It arches from the temporal lobe medially,

reaching the lamina terminalis.
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