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DIENCEPHALON
Objectives

Describe the four divisions (thalamus, epithalamus,
hypothalamus and subthalamus) of the diencephalon
Understand their functions with clinical lesions.
Name the major nuclei of each of these divisions.
Review the important relationship between the
hypothalamus and the pituitary gland.
Review the role of the subthalamus in the
circuits of the basal ganglia.
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Introduction

The diencephalon is the posterior aspect of the prosencephalon (forebrain) with
many critical functions. It connects the midbrain with the cerebral hemispheres
(telencephalon) and is often referred to as the “in between” brain. The diencephalon is
comprised of four subdivisions (Fig. 10.1):
1.

Thalamus

2. Hypothalamus
3. Subthalamus
4. Epithalamus (Pineal gland)
These areas underly diverse functions and have connections with many of the sensory,
motor, and limbic pathways. The third ventricle of the ventricular system is located
in the midline between the two thalamic nuclei and separating the two halves of the
diencephalon.
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FIGURE 10.1 Organization of Diencephalon: Medial View
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Neuroanatomy

Thalamus

The right and left thalami (“inner chamber”) are large, oval-shaped nuclear masses
located dorsal to the hypothalamus (Fig. 10.2). The thalamus forms the largest part of the
diencephalon. The thalamus is subdivided into regions containing various nuclear groups.
These nuclei comprise a major processing center and a relay station for motor and
sensory circuits that project to the cerebral cortex (except olfactory). Most of the nuclei
provide relay for sensory pathways, and only two nuclei (ventral anterior and ventral
lateral nuclei) provide relays for motor projections from the cerebellum and the basal
ganglia. The organization of the thalamic nuclei is shown in the figure below.
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FIGURE 10.2 Nuclei of The Thalamus
The connections and functions of these major thalamic nuclei are in Table 10.1.

Table 10.1: Connections and Functions of the Major Thalamic Nuclei
Nucleus

Receives Afferents from

Cortical Projections

Function

Ventral
posterolateral (VPL)

Limbs and trunk
dorsal columns and
spinothalamic tract

Primary sensory cortex

General
sensory

Ventral
posteromedial (VPM)

Head
CN V and taste

Primary sensory cortex

General
sensory

Ventral anterior (VA)
Ventral lateral (VL)

Cerebellum and
basal ganglia

Primary, premotor cortex

Activates UMN

Medial geniculate
nucleus (MGN)

Auditory circuits

Auditory cortex of
superior temporal gyrus

Auditory

Lateral geniculate
nucleus (LGN)

Visual circuits

Visual cortex of
occipital lobe

Vision

Dorsomedial

Limbic and
amygdala

Frontal cortex

Limbic, memory,
olfactory

Anterior

Mammillary body,
Hippocampus

Cingulate gyrus

Limbic,
memory

Intralaminar

Sensory pathways,
Reticular formation

Cerebral cortex

Consciousness
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The epithalamus is composed of the pineal gland and the habenular nuclei and is the
only part of the diencephalon that is not paired. The single, pineal gland is located in the
dorsal midline just superior to the superior colliculus and between the pretectal regions.
The pineal gland is an endocrine gland that participates in the regulation of circadian
rhythms and contains secretory cells called pinealocytes. These cells synthesize
melatonin from serotonin during the daily light cycle.

Clinical Application
Tumors of the pineal gland (Parinaud’s Syndrome) will compress the adjacent superior
colliculi and pretectal regions and compress deeply into the midbrain occluding the
cerebral aqueduct. These compressions are shown in Figure 10.3.
1.

Interruption of the fibers in the pretectal region results in abnormal pupillary light
responses.

2. Compression of the cerebral aqueduct results in noncommunicating hydrocephalus.
3. Damage to the superior colliculus area will affect the rostral interstitial nucleus
(vertical gaze center) located at the cranial end of the medial longitudinal fasciculus
(MLF). The interstitial nucleus is a control center for vertical gaze, and a lesion results in
weakness in elevating the eyes (vertical gaze palsy: sunset eyes at rest).

Pretectum
Epithalamus
(Pineal gland)

Dorsal view

Pineal gland
Tectum
Cerebral aqueduct

FIGURE 10.3 Lesion Sites of Parinaud’s Syndrome
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Neuroanatomy

Hypothalamus

The bilateral hypothalamus lies inferior to the thalamus and has many diverse functions
that serve to maintain homeostasis and the internal environment. The hypothalamus is
a visceral control center for the:
1.

Endocrine system

2. Autonomic nervous system
3. Limbic system
The hypothalamus is composed of a complex network of nuclei (Fig. 10.4 and Table
10.2) that are best illustrated on a mid-sagittal image of the brain as shown below.
These nuclei form anterior, middle, and posterior regions of the hypothalamus. The
major hypothalamic nuclei are the preoptic, paraventricular, supraoptic, ventromedial,
posterior, anterior, mammillary, and arcuate nuclei. These nuclei are organized in the
Table 10.2.
Posterior
Posterior

Anterior
Anterior

Dorsomedial nucleus
Dorsomedial nucleus
Posterior nucleus
Posterior nucleus
Ventromedial nucleus
Ventromedial nucleus
Mammillary body
Mammillary body
Arcuate nucleus
Arcuate nucleus
Infundibular stem
Infundibular stem

Pituitary Gland

Fornix
Fornix
Paraventricular
Paraventricular
nucleus
nucleus
Anterior nucleus
Anterior nucleus
Preoptic area
Preoptic area
Supraoptic
Supraoptic
nucleus
nucleus
Optic chiasma
Optic chiasma
Anterior lobe Pituitary
Anterior
gland
Posteriorlobe
lobe Pituitary
Posterior lobe gland

FIGURE 10.4 Nuclei of Hypothalamus

The hypothalamus and the pituitary gland comprise an unusual link between the neural
and endocrine systems. Extensive connections between the two are provided by both
neural projections (hypophyseal or tuberoinfundibular tract) and vascular connections
(hypophyseal portal system) as shown below. The developmental aspects of the
pituitary gland are also illustrated below.
Paraventricular nucleus
Paraventricular nucleus

Arcuate nucleus
Arcuate factors)
nucleus
(inhibitory and releasing
(inhibitory and releasing factors)
infundibulum
infundibulum
Hypophyseal tract (Axons)
Hypophyseal tract (Axons)
Posterior lobe
Posterior lobe
(Neurohypophysis)
(Neurohypophysis)
Veins drain to cavernous sinus
Veins drain to cavernous sinus
Develops from
Develops from
neuroectoderm
neuroectoderm

Inferior hypophyseal artery
Inferior hypophyseal artery

Precursors of oxytocin
Precursors
of oxytocin
and vasopressin
(ADH)
and vasopressin (ADH)
Supraoptic nucleus
Supraoptic nucleus
Superior hypophyseal artery
Superior hypophyseal artery
Hypophyseal portal vein
Hypophyseal portal vein
Anterior lobe
lobe
Anterior
(Adenohypophysis)
(Adenohypophysis)
Develops from Rathke’s
Develops
from Rathke’s
pouch: Ectoderm
pouch: Ectoderm

Veins drain to cavernous sinus
Veins drain to cavernous sinus

FIGURE 10.5 Connections of Pituitary Gland
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Table 10.2: Organization of Hypothalamic Nuclei
Nucleus

Normal Functions

Clinical Presentation
With Lesions

Paraventricular and
Supraoptic

Produce antidiuretic hormone
(vasopressin) and oxytocin

Arcuate

Secretes inhibitory and releasing
factors to adenohypophysis

Regulates secretion
of adenohypophysis

Anterior (zone)

1. Heat dissipation: sweating
and vasodilatation
2. Regulates parasympathetics

Hyperthermia

Posterior (zone)

1. Heat conservation: vasoconstriction
and shivering
2. Regulates sympathetics
(descending hypothalamic tract)

Hypothermia

Lateral

Increases water and food intake
(feeding center)

Aphagia: anorexia,
starvation

Ventromedial

Reduces food intake
(satiety center)

Hyperphagia: overeating

Suprachiasmatic

Circadian rhythms

Imbalance of circadian
rhythms

Preoptic

Sexual functions

Decreased sexual growth
before puberty; impotence,
amenorrhea after puberty

Dorsomedial

Limbic: emotional

Diabetes
insipidus

Subthalamus
The role of the subthalamus in the basal ganglia circuits is discussed in the chapter on
basal ganglia. Unilateral lesions of the subthalamus result in contralateral hemiballismus
of the limbs.
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