Diencephalon Chien, 2025
Thalamus (Ff&): Cognition center, awareness and in the acquisition of knowledge
Subthalamus (&£ [f%): control skeletal muscle movements and muscle tone
Hypothalamus ( [~ 7 i+): Multiple functions (Autonomic, Neuroendocrine, etc.)
Epithalamus (_[- [r-f%): Pineal (melatonin) Habenular nuclei (emotional responses to smells)
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Diencephalon: Thalamus £f§ & Hypothalamus & (FFA)
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Thalamus ¥ %4

€ 1inch long mass of gray mater in each
half of brain

€ Relay station for sensory information on
way to cortex
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Lateral posterior nucleus

Lateral dorsal nucleus

Thalamus rf:
4/5 of the Diencephalon yeel s
Egg-shaped 3 cm x 1.5 cm e pa

Ventral lateral nucleus )
A Ventral posterior nucleus

Internal medullary lamina:
1. Lateral nuclear mass
2. Medial nuclei

Anterior nuclei Ventral anterior nucleus

Lateral dorsal

nucleus
Massa

Ventral lateral
nucleus

3. Anterior nUC|ei intermedia

Frontal horn of lateral ventricle
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Figure 11-3. Dorsal aspect of the diencephalon, exposed by removing the Figure 11-4. The thalami, showing positions of the larger nuclei. (A)

corpus callosum. The fornix and the choroid plexus of the lateral ventricle Lateral view. (B) Darsal view. (G Posteriorview; with the posteirhalf

have been removed on the right side. (x1) of the right thalamus cut away. (From a model made by Dr. D.G. Monte-
murro)



Thalamus:
A. Relay nuclei: transmit ascending impulses to the cerebral cortex

LGB (Vision), MGB (Hearing , VP (Somatosensory), VL, and VA (Motor)

Internal medullary lamina ANTERIOR
ry k

POSTERIOR . (
\

Ventral posterior nuclei - | / -_ i ’g —-a %3 \
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2 ,_ . . T ' Anterior nucleus Motor
bﬂedial geniculate nucleus ‘ \F " \' [Ventral anterior nucleus]
Hearing L Ventral lateral nucleus
Motor
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Vision

(a) Diagram of right lateral view showing thalamic nuclei
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Lateral geniculate body (nucleus) (LGB)
Relay the visual impulses to the visual cortex over the geniculocalcarine tracts
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Medial geniculate body

(nucleus) (MGB)

Relay the auditory impulse to the
anterior transverse temporal gyrus
via the auditory radiations
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Fig.17-2 Diagram indicating sources of input to the specific
thalamic nuclei.

COCHLEAR _ ©

CORRESPONDENCE BETWEEN
COCHLEA AND ACOUSTIC
AREA OF CORTEX:

Blue — low tones
Red — medium tones
Yellow — high tones

SECTION THROUGH
A TURN OF BONY
COCHLEA SHOWING
LOCATION OF
ORGAN OF CORTI

773
S spIRAL ORGAN OF
GANGLION CORTI

SCALA

COCHLEAR
NUCLEUS

TECTORIAL MEMBRANE



Ventral posterior nucleus (VP) (Somato-Sensory inputs)
Medial lemniscus, spinothalamic and the secondary trigeminal tracts synapse here
Ventroposterior medial nucleus (VPM) & Ventroposterior lateral nucleus (VPL)

From globus
pallidus

\)

From
mammillary
body
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cerebellum

Medial
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= tract

D Optic tract
From
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From inferior &
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Fig.17-2 Diagram indicating sources of input to the specific
thalamic nuclei.
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Fig. 17-4 Frontal section of brain base. IC, internal capsule; IL,
internal medullary lamina; LD, lateral dorsal nucleus; LP, lateral
posterior nucleus; MD, mediodorsal nucleus; Ret., reticular
nucleus; S, subthalamic nucleus; VPL, ventroposterolateral
nucleus; VPM, ventroposteromedial nucleus; ZI, zona incerta.
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Ventroposterior medial nucleus (VPM)

from the secondary tracts of the face
Afferents: trigeminal and solitary nucleus
Efferents: somatosensory and gustatory

cortex

Somatic Motor g e
sensory

_ Anterior \ Prefrontal
parietal /
N

— STT, DCL

To cingulate
cortex

P

Fig.17-5 Interconnections between thalamus and cerebral cortex.
A, anterior nucleus; GN, geniculate nuclei; MD, mediodorsal
nucleus; P, pulvinar; VA, VL, VP, ventral antenor, ventral lateral
and ventral posterior nuclei.
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Ventroposterior lateral nucleus (VPL)
from the remainder of the body

Afferents from the Medial lemniscus, spinothalamic
Efferents to somatosensory areas of cortex

Veniral posteralateral n.
L

— STT, DCL

Trigeminal thalamic
traci—isilateral (TT7)

Medial lemniscus (ML)
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Thalamus [t fi&:

Principal relay station for sensory
Impulses from spinal cord to cortex
Spinothalamic tracts

(pain, temperature, and pressure)

/ Frontal plane through
postcentral gyrus

‘% Anterior
¢ N
¢ :

(a) Frontal section of primary somatosensory area in
right cerebral hemisphere
@ Addison Wesley Longman, Inc.

Primary somatosensory
area of cerebral cortex
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THIRD-ORDER
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g?;gos\l(oe Posterior
gray horn
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FIRST-ORDER . spinothalamic
NEURON x tract
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Receptors for pain, Spinal cord Anlterior .
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touch, pressure, tract
tickle, oritch
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Cerebral cortex (frontal,

Ventral Iateral nUC'EUS (VL) [ parietal, and temporal lobes) — |
(motor function)
from the cerebellothalamic fiber via Fmary

the superior cerebellar peduncle

Ventral lateral

P nucleus of
thalamus
(posterior division

To: Primary motor cortex

From globus
pallidus ;
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From
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|
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1
0 '
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Figure 10-15. Connections of the pontocerebellum. Afferents to the
Fig.17-2 Diagram indicating sources of input to the specific cerebellum are blue; cerebellar efferents are red; other neurons are
thalamic nuclei. black.
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Ventral anterior nucleus (VA) (motor function)
from the globus pallidus via the thalamic fasciculus
project to the cerebral cortex (premotor area)
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Fig.17-2 Diagram indicating sources of input to the specific
thalamic nuclei.
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B. Association nuclei:

a two-way connection with the cerebral
cortex; also interconnect with the
other nuclei of the thalamus

1. Pulvinar (P) #: +

2. Lateral nucleus (L)

3. Dorsomedial (mediodorsal) nucleus
(DM or MD)

4. Anterior nucleus (A)

Somatic M°\t°' Premotor
sensory /
\

. Anterior Prefrontal

SUPEROLATERAL MEDIAL SURFACE OF
SURFACE OF HEMISPHERE
HEMISPHERE

MD

To cingulate
cortex

Mediodorsal nucleus

Nuclei of the midline

z -Anterior nuclear group
Interthalamic adhesion

Reticular nucleus

Pulvinar Ventral anterior nucleus

Centomedian nucleus
Ventral lateral nucleus

Fig.17-5 Interconnections between thalamus and cerebral cortex.

Sl e s A, anterior nucleus; GN, geniculate nuclei; MD, mediodorsal

S s S nucleus; P, pulvinar; VA, VL, VP, ventral anterior, ventral lateral
S and ventral posterior nuclei. : ' 17

Medial geniculate body:

Lateral geniculate body

Ventral posterior

medial nucleus 3
Intralaminar nuclei



Pulvinar (P)+: +%:

(Vision associated function)
The pulvinar part is the most

posterior region of the thalamus.

SUPEROLATERAL MEDIAL SURFACE OF
SURFACE OF HEMISPHERE
HEMISPHERE
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Nuclei of the midline
z -Anterior nuclear group
Interthalamic adhesion
Reticular nucleus
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Centomedian nucleus
Ventral lateral nucleus

Medial geniculate body:

Dorsal lateral nucleus

Lateral geniculate body
Ventral posterior lateral nucleus

Lateral posterior nucleus
Ventral posterior

medial nucleus P ooy wuclei

\

Visual

Somatic Motor

sensory
\

Premotor

~ Anterior
panetal

Prefrontal

/
N/

Auditory

To cingulate
cortex

Fig.17-5 Interconnections between thalamus and cerebral cortex.
A, anterior nucleus; GN, geniculate nuclei; MD, mediodorsal
nucleus; P, pulvinar; VA, VL, VP, ventral antenor, ventral Iateral
and ventral posterior nuclei. 18




Pulvinar (PUL) (Vision associated function)

Connects reciprocally with a large association area of the parietal, temporal, and
occipital cerebral cortex

Afferents from the superior colliculus

Efferents to the parietal-occipital-temporal association cortex

Lesions of the pulvinar can result in neglect syndromes and attentional deficits.

Medial Lateral pulvinar

Pulvinar (Pul) Dorsolateral

(PuM) prefrontal
Superior
temporal

Cingulate il _
; Hsua Inferior

V‘\\ temporal
Inferior o — \ Inferior
pulvinar orsolateral o arietal
(Pul) prefrontal >/ 4

Orbitofrontal <«

Rostral
superior .«
Tmporal Ventral visual
’ stream areas
Amygdala < (V1,V2,V4)
Dorsal visual

> stream areas

Sipesor > (V1, V2 MT, MST)

colliculus




Lateral nuclei (LD+LP): reciprocally connect with the portion of the parietal
lobe posterior to the postcentral gyrus

Lateral dorsal nucleus (LD):

to region of precuneus

«afferents: hippocampus (limbic system)
~efferents to the cingulate gyrus

emotion and behavior functions with visual
stimuli

Somatic Mo‘tor Premotor
sensory
\

 Anterior
parietal
b

Lateral dorsal nucleus

Memory, interpretation of visual stimuli

int. med. lamina
intralaminar nuclei
midline nuclei

Happocampal formation
Pretectal area
Superior Colliculus

Ve \ _
Cingulate gyrus reficular nucleus N lateral geniculate
Visual association cortex nucleus

Fig.17-5 Interconnections between thalamus and cerebral cortex.
A, anterior nucleus; GN, geniculate nuclei; MD, mediodorsal
nucleus; P, pulvinar; VA, VL, VP, ventral anterior, ventral lateral
and ventral posterior nuclei. : ’
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Lateral posterior nucleus (LP):

to superior parietal lobule
«afferents from the superior colliculus
efferents to the parietal association cortex

Lateral posterior nucleus

Interpretation of visual & other sensory stimuli

nt. med. lamina

Superior Colliculus

association cortex

Parietal, temporal,& occipital

reticular nucleus

4

", lateral geniculate

nucleus
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Dorsomedial (mediodorsal) nucleus (DM) (Emotional response, memory)
Reciprocally connect with a large portion of the frontal lobe which is rostral to the

premotor area

» Function served:

* Afferent fibres - Prefrontal cortex, hypothalamus, + The dorsomedial nucleus belongs to a neural system
other thalamic nuclei concerned with affective behavior, decision making and
judgment, memory, and the integration of somatic and
« Efferent fibres - Prefrontal cortex (area 8,9,10 and 11) visceral activity.
hypothalamus, other thalamic nuclei « The reciprocal connections between the prefrontal cortex and

the dorsomedial nucleus can be interrupted surgically to
relieve severe anxiety states and other psychiatric disorders.

SUPEROLATERAL MEDIAL SURFACE OF
SURFACE OF CRE
HEMISPHERE

HEMISPHER,

Cortico-cortical route

Prefrontal Other Cortical

Cortex INCER
Transthalamic route

(Cortico-thalamo-cortical)

Mediodorsal
Thalamus

Brainstem

Basal Ganglia

Lateral geniculate body
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Anterior nucleus (A): located in the swollen anterior tubercle of the thalamus

«Afferents from the mammillary body (memory and behavioral functions)
Efferents to the cingulate gyrus

mammillothalamic tract terminates
reciprocal connections with the cingulate gyrus

To cingulate
cortex

Cingulate gyrus
—— / SUPEROLATERAL MEDIAL SURFACE OF
) e SURFACE OF HEMISPHERE
HEMISPHERE
\

/ Anterior nucleus VP VL
NG of thalamus

N
; N
Pestcommissural
fornix

Anterior
commissure

Mamillothalamic
tract

Hippocampal

formation
Mammillary” Amygdala

bodies Entorhinal
cortex




Intralaminar nuclei: the internal medullary lamina splits and encloses groups of
cells (Arousal, awareness, and emotional pain responses)

1. Centromedian nucleus (CM): large, round nucleus located medial to the VPL/VPM
2. Parafascicular nucleus (PF): located medial to the centromedian nucleus

Lateral posterior
nucleus

Massa intermedia

Pulvinar

Centromedian
nucleus

Lateral
geniculate
body
Ventral poster
Medial nucleus
geniculate
body
Parafascicular
nucleus
Ventral posterior nucleus C TPVt ST S
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Intralaminar nuclei: the internal medullary lamina splits and encloses groups of
cells (Arousal, awareness, and emotional pain responses)

1. Centromedian nucleus (CM):
- afferents from the globus pallidus L

: Association cortex
- efferents to the Primary motor cortex, Putamen Frontal eye fields

Primary motor
cortex

2. Parafascicular nucleus (PF):

- afferents from the Substantia nigra, pars
retculata, superior colliculus Caudate

- efferents to the Caudate, Association cortex N. accumbens
Frontal eye fields -

Intralaminar Nuclei

Putamen

Cortical activation, Sensorimotor integration

Brainstem reticular formation
Spinothalamic tract
Cerebellar nu

Pallidum

int. med. lamina

, Substantia nigra Globus pallidus
. lateral geniculate pars reticulata internal segment

¢ nucleus : : - "
Frontal & parietal lobes SuPe,nor 902;%{:,“5 Cholinergic PPT
striatum Cholinergic

reticular nucleus
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Diffuse conducting system:

is located in the internal lamina or on the extreme medial or lateral margins

Reticular nucleus:

1. covering the anterior (and
lateral) surface of the
thalamus

2. afferents from the thalamus

and cerebral cortex

3. GABAergic efferents to the
thalamus

Function: modulates the
exchange of signals
between thalamic nuclei
and the cerebral cortex

Connections in main
mass of thalamus

Cerebral
cortex

Principal
neuron

Reticular nucleus
of thalamus

Interneuron

Subcortical

afferent
fiber

Figure 11-5. Scheme of neuronal connections of the thal-

amus.
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Metathalamus (1% i)

A. Lateral geniculate body: receive the optic tract (Vision)
B. Medial geniculate body: receive the brachium of the inferior colliculus (Hearing)

Lateral posterior
nucleus

Massa intermedia

Pulvinar

Centromedian

geniculate
body
Ventral postel
Medial nucleus
geniculate
body
Parafascicular
nucleus
Ventral posterior nucleus C ;
P ‘ Mediodorsal nucleus
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Summary of Thalamic Nuclei
Nuclei have different roles

1. relays auditory and
visual impulses, taste and
somatic sensations

2. receives impulses from
cerebellum or basal ganglia

3. anterior nucleus
concerned with emotions,
memory and acquisition of
knowledge (cognition)

The Thalamus 70 prefrontal

cortex
Nucleus reticularis Internal
{surrounding thalamus) mledu.llary
PSRRI Intralaminar awiina

nuclei

Mediodorsal
Nucleus — __

] \ Anterior
A nuclei

Internal
medullary
lamina
TO auditory
cortex :
Pulvinar
Medh
Geniculate
. Centrum
Lateral medianum TO motor
Geniculate cortices
Body
TO somatosensory
cortex
TO visual
cortex TO posterior

association cortex
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Subthalamus J&E f&

control skeletal muscle movements
and muscle tone

Motor cortex = subthalamic nuclei
—>red nuclei and substantia nigra

Subthalamic nuclei:

a. Replace the substantia nigra at the level of
the lower border of the optic tract

b. Afferents from and efferents to the globus
pallidus

> GPe - Globus pallidus externus
- GPi-Globus pallidus internus

SN SUNSANIRAGA o e Mesencephalon

STM - Nucleus subthalamicus
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HYPOTHALAMUS R
DOZEN NUCLEIIN 4 MAJOR REGIONS

B Supraoptic region

- Preoptic region

e Corpus callosum

Paraventricular
nucleus

Intermediate mass

of thalamus
Lateral preoptic
nucl
Dorsomedial e
nucleus Medial preoptic
‘ nucleus
Posterior
hypothalamic Anterior
nucleus hypothalamic
Arcuate byt
Ventromedial / : :
y nucleus Suprachiasmatic
Key: nucleus : / : nucleus
B Mammillary region  \p ey / B |nfundibuium 4 Supraoptic nucleus
B Tuberal region Bocy ) Optic chiasm Optic () nerve

Pituitary gland }/ —

Major regulator of homeostasis

" receives somatic and visceral input, taste, smell & hearing information;
monitors osmotic pressure, temperature of blood
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Hypothalamus
A. Relationship
1. Anterior: lamina terminalis 4

I e

Postcommissural fornix
Precommissural fornix
Massa intermedia

Anterior commissure Hypothalamic sulcus

Lamina terminalis

Bipfic chissm Mammillary body

Infundibulum

Column of fornix

Lateral ventricle Septal nuclei

Lateral preoptic area . .
Anterior commissure

Medial preoptic area

Supraoptic nucleus

Optic tract

Infundibulum




Hypothalamus
A. Re|at|OnShlp Precommissural fornix __

2. Inferior: from front to back Arterior commissure

a. Optic chiasma ramina terminals -

b. Tuber cinereum # % & gt ko

Infundibulum’& <L : connects the " i
tuber cinereum and the pars

nervosa of the hypophysis Lateral ventrice

c. Mammillary bodiess* &g %4 Lateral preoptic area

Postcommissural fornix

Massa intermedia

Hypothalamic sulcus

Mammillary body

Column of fornix

Septal nuclei

Anterior commissure

Medial preoptic area

e

Supraoptic nucleus

Optic tract
Infundibulum
B
Hypothalamic sulcus
Fornix
Periventricular zone
Dorsomedial

Lateral hypothalamic area hypothalamic nucleus

Lateral hypothalamic area
Tuberal nuclei ;
Ventromedial nucleus
Arcuate nucleus

c Median eminence

=m— Mammillothalamic tract

Third ventricle ;
Fornix

Posterior nucleus

Lateral hypothalamic area Lateral mammillary nucleus

o & 5 S : Medial mammillary nucle§2



3. Medial: ventral to the hypothalamic sulcus

I Hypothalamic sulcus

Fornix
Periventricular zone

Dorsomedial

Lateral hypothalamic area hypothalamic nucleus

Lateral hypothalamic area

Tuberal nuclei .
Ventromedial nucleus

Arcuate nucleus

Median eminence

= g~ Mammillothalamic tract

5

Third ventricle '
Fornix

Posterior nucleus

Lateral hypothalamic area Lateral mammillary nucleus

ﬁ R TS Medial mammillary nucleus
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Thalamus

I Roof of third
4. Superior Fornix ventricle with
a. Anterior Commissure Interventricular choroid plexus

foramen Epithalamus

b. Fornix
c. Interventricular foramen Anterior

commissure

Hypothalamic
sulcus

Hypothalamus

TN ~'

N

Posterior
commissure

Optic chiasm

) Tuber
Hypophysis cinereum

Source: Waxman SG: Clinicsl! Neurosnatomy, 26th Edition:
http:/fwww. accessmedicine.com

Postcommissural fornix

Precommissural fornix

Massa intermedia
Anterior commissure Hypothalamic sulcus

Lamina terminalis

Gniiwiiasm Mammillary body

Infundibulum
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Hypothalamus & 4% :

Dozen nuclei in 4 major regions

ANTERIOR
COMMISSURE DORSOMEDIAL
\ NUCLEUS
LAMINA

TERMINALIS

PARAVENTRICULAR
NUCLEUS

ANTERIOR
NUCLEUS

PREOPTIC
AREA =—

SUPRAOPTIC

NUCLEUS
INFUNDIBULAR
STEM

PITUITARY
GLAND

—~—

POSTERIOR
NUCLEUS

MAMMILLARY
BODY

VENTROMEDIAL
NUCLEUS

(ARCUATE)
NUCLEUS

INFUNDIBULAR |
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|. Preoptic region:

preoptic periventricular, medical
and lateral preoptic nuclei:

regulated autonomic activities
with the hypothalamus

The preoptic area is
responsible for thermoregulation
and receives nervous stimulation
from thermoreceptors in the skin,
mucous membranes, and
hypothalamus itself.

TEMPERATURE MAINTENANCE
REGION =

HEAT DISPOSAL
REGION

NEUROHUMORAL MECHANISM
FOR INCREASING THYROTROPIC
ACTIVITY OF ANTERIOR LOBE

TO ELEVATE METABOLISM

PITUITARY
GLAND

THYROTROPIC
HORMONE

i S
[
3 3
A ; 4
» &
i
& -
INCREASED THYROID -
ACTIVITY / NS ALY
SHIVERING A >
: . )/ \! 4\ -
3 ; )

| —98.6°F. (37.0°C) ACCELERATED
RESPIRATION,
PANTING

‘ RESPIRATOR
AREA

(INSPIRATORY
\ AND
) EXPIRATORY

CARDIO-
VASCULAR
AREA

N—

—

CUTANEOUS
BLOOD VESSELS
CONSTRICTION
(DILATATION?)

\Q /
SYMPATHETIC
GANGLION ‘

ACETYLCHOLINE

/ (-
.=\| i)

5 54
"\ PERSPIRATION

LESIONS (BLACK) WHICH DISRUPT BOTH
TEMPERATURE MAINTENANCE AND
HEAT DISPOSAL MECHANISMS BY
INTERRUPTING DESCENDING PATHS
(LESIONS IN CAUDAL PART OF
HYPOTHALAMUS, ESPECIALLY LATERAL AREAS)

INTERNAL CAPSULE

POSTERIOR HYPOTHALAMIC AREA
SUBTHALAMUS

CEREBRAL PEDUNCLE

LATERAL HYPOTHALAMIC AREA
MAMMILLARY BODY

A0


http://en.wikipedia.org/wiki/Thermoregulation
http://en.wikipedia.org/wiki/Thermoreceptors

. . . Nat Neurosci. 2011 June ; 14(6): 677-683. doi:10.1038/nn.2834.
|. Preoptic region:

Reframing sexual differentiation of the brain

Estradiol

Cell proliferation

Histone
deacetylation

Cell survival Cell Synaptogenesis

Synaptogenesis death Dendritic

CpG methylation branching

Astrocyte

differentiation
Suppression of synaptogenesis
Astrocyte differentiation

The sexually dimorphic |
Figure 3.

nuc I eus ( S D N) Of th e p reo ptl C Multiple mechanisms of estradiol-induced differentiation. In the rodent, estradiol is a

masculinizing hormone, but it exerts multiple region-specific effects via distinct cellular
area (P O A) | S 3 _ 5_f0 | d Iar g er mechanisms. Thus: during a perinatal sensitivg perigd. t.he same holene._ efsn‘adio]. .
! promotes cell survival, cell death and cell proliferation in separate brain regions. Estradiol
i nm al es also promotes the formation of new dendriftic spine synapses in some brain regions while
suppressing them in others. The enduring consequences of the organizational effects of
estradiol may be mediated in part via epigenetic changes to the DNA and chromatin in
processes that are region-specific, but are still poorly understood. 37



Anterior hypothalamic nucleus: parasympathetic function

(Thermoregulation; panting; sweating; thyrotropin inhibition)

Thalamus Intermediate mass Fornix

Dorsal hypothalamic
nucleus

Dorsomedial nucleus

Posterior hypothalamic
nucleus

Posterior commissure

Pineal gland

Ventromedial nucleus

Midbrain

Mammillary body

Arcuate \
.\'§ nucleus
N,

. | Tuber

N\

Pons

.~ | cinereum

\.: o

—— :
\,3,/ Median
/\— eminence
/' Pituitary gland:
' Posterior lobe

Anterior lobe

POSTERIOR Sagittal section of brain showing hypothalamic nuclei
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Lateral hypothalamic nucleus

Corpus callosum
Anterior commissure

Paraventricular
nucleus

Lateral preoptic
nucleus

Medial preoptic
nucleus

Anterior
hypothalamic
nucleus

Suprachiasmatic
nucleus

Supraoptic nucleus
Optic (I1) nerve

Optic chiasm

Infundibulum

ANTERIOR



Il. Supraoptic region:

paraventricular nucleus
—> supraopticohypophyseal tract

NEURONE OF SUPRA-OPTIC NUCLEUS
WITH APPARENT CONDUCTION
OF SECRETION ALONG NERVE FIBER

supraoptic nucleus->
supraopticohypophyseal tract -
posterior pituitary

THEORIES OF ORIGIN OF
ANTIDIURETIC HORMONE

- V PITUICYTES CELL OFf
- RELEASE HORMONE SUPRA-OPTIC
-OPTIC ARTERY
Neuroendocrine: sursacorc ATt
CELLS OF SUPRA-OPTIC HYPOPHYSIAL TRACT INFLUENCE
- AND PARAVENTRICULAR (NEUROSECRETORY ROUTE
NUCLEI. OSMOTIC TO POSTERIOR LOBE
PRESSURE OF BLOOD OF PITUITARY CLAND)
INFLUENCES RATE OF NERVE
- SECRETION BY CELLS AND et
vasopressin (ADH) release RIS
p E00 piruicyie
POSTERIOR
POSTERIOR LOBE =
(ANTIDIURETIC HORMONE LOBE \
ABSORBED BY CAPILLARIES)
SECRETION

2. HORMONE
PRODUCED A5

Z S|
POSTERIOK LOBE NEUROSECRETION

BY CELLS IN g
i SUPRA-OPTIC NUCLEUS
KIDNEYS VIA AND CONDUCTED
GENERAL BY NERVE FIBERS
CIRCULATION) TO POSTERIOR LOBRE NEURO-
FOR STORAGE SECRETION

OR ABSORPTION

POSTERIOR
LOBE

CAPILLARY

INFERIOR HYPOPHYSIAL ARTERY




lll. Tuberal region:
3 parts; a ventral, a dorsal, and an intermediate

- dorsal area: scattered cells
dorsomedial nucleus
(Gl stimulation)
ventromedial nucleus (satiety
neuroendocrine control)

Infundibular (arcuate) nuclei

LHRH release —
S Q

FSH Releasing Factor

V. Mammillary region:
2 parts m
Ventromedial nucleus

- posterior hypothalamic area: L
dorsal part
- mammilary nuclei: ventral part

(relay stations in reflexes | bl

to the sense of smell). body el |

- posterior nuclei -
(Increase blood pressure; 7
pupillary dilation; Shivering) Piatary

Fornix

Anterior
commissure

Lamina
terminalis

Paraventricular
nucleus

‘I—/I——
\( \\ Anterior
\ \ nucleus

Preoptic area

Supraoptic nucleus

Optic chiasma

Infundibular stem

*Sympathetic Function
Figure 11-14. Nuclei in the medial zone of the hypothalamus. 40



Lateral portion: many longitudinal fibers
- lateral preoptic region: small anterior
- lateral hypothalamic area: large posterior

Hunger center g F &
Thirst center [1)& &

L — Plane of
section

———=— Plane of section

Internal
capsule

Paraolfactory

. AV S
"\ " Thalamus, ’

Fig. 16-3 Coronal section of hypothalamus. AN, arcuate nucleus;
DM, dorsomedial nucleus; LN, lateral nucleus; MFB, medial
forebrain bundle; PV, paraventricular nucleus; VM, ventromedial 47
nucleus.

Dopaminergic
neurons

Aqueduct



Functions of
hypothalamus:

1. controls and integrates
activities of the autonomic

system

Anterior hypothalamic area
(parasympathetic)

Posterior hypothalamic area
(sympathetic)

Lateral hypothalamic area
(thirst and hunger)

FRONTAL LOBE

CONNECTIONS ©  DIENCEPHALON

MEDIAL
THALAMIC
NUCLEUS

= POSTERIOR

~ VENTRAL

THALAMIC
NUCLEUS

DSTERIOR
POTHALAMIC ARE,

RAL
OTHALAMIC ARE/
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NOT KNOWN

AFFERENT PRESSOR 4 Y V (TRIGEMINAL)
AND DEPRESSOR g = .
IMPULSES e % :
e i . "{ -~ MEDULLA
4 B
NUCLEUS TRACTUS
& SOLITARIUS

DORSAL MOTOR NUCLEUS
OF VAGUS

IX (GLOSSOPHARYNGEAL)

|

PRESSOR CENTER
DEPRESSOR CENTER

DEPRESSOR NERVE
CAROTID SINUS NERVE
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BLOOD VESSELS
(CONSTRICTION OR DILATATION) ADRENAL
A MEDULLA
rPERIPHERAL VISCERAL ' (EPINEPHRINE)

(INCLUDING - 2 DECELERATOR
KIDNEY) | E b IMPULSES

- ACTIVATOR
-
(B INHIBITOR
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TO HEART
(ACCELERATOR)

i
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/
/N

e i ——— -
o

LOCAL
MODIFYING
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2. associated with feelings of rages and aggression

Dorsomedial nucleus (5) vs. Ventromedial nucleus ()

SKD VENIRICLE

MEDIAL NUCLEI
INTRALAMINAR NUCLEI OF THALAMUS

LATERAL NUCLEI
MAMMILLOTHALAMIC TRACT

INTERNAL CAPSULE
3RD VENTRICLE

DORSAL HYPOTHALAMIC AREA

ORSOMEDIAL NUCLEUS

STIMULATION OF THIS REGION

FORNIX (COLUMN)

LATERAL NUCLEUS
OR

IVENTROMEDIAL NUCLEUSI

DESTRUCTION OF THIS REGION

PRODUCES

S

fi
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3. reqgulates the body
temperature

Heat disposal region:
Anterior hypothalamic area
(parasympathetic)

Temperature maintenance region:

Posterior hypothalamic area
(sympathetic)

TEMPERATURE MAINTENANCE .
REGION

HEAT DISPOSAL
REGION

NEUROHUMORAL MECHANISM
FOR INCREASING THYROTROPIC

ACTIVITY OF ANTERIOR LOBE
TO ELEVATE METABOLISM

INCREASED THYROID
ACTIVITY Y’
SHIVERING /

. 4

—98.6°F. (37.0°C.)

CUTANEOUS
BLOOD VESSELS
CONSTRICTION
(DILATATION?)

A
i
1

KL '\ ACETYLCHOLINE
)

ACCELERATED
RESPIRATION,
PANTING

7
Z

;
PITUITARY
GLAND

THYROTROPIC
HORMONE

RESPIRATORY
AREA
(INSPIRATORY
AND
EXPIRATORY )

CARDIO-
VASCULAR
AREA

SYMPATHETIC
GANGLION ‘

-

LESIONS (BLACK) WHICH DISRUPT BOTH
TEMPERATURE MAINTENANCE AND
HEAT DISPOSAL MECHANISMS BY
INTERRUPTING DESCENDING PATHS
(LESIONS IN CAUDAL PART OF
HYPOTHALAMUS, ESPECIALLY LATERAL AREAS)

INTERNAL CAPSULE

POSTERIOR HYPOTHALAMIC AREA
SUBTHALAMUS

CEREBRAL PEDUNCLE

LATERAL HYPOTHALAMIC AREA v
.
MAMMILLARY BODY ‘% / M
. G

O CIBA 44



THALAMUS
MAMMILLO-

4. regulate food intake: " gy

DORSAL

feeding (hunger) center & S P .

satiety center Iy e uci :
1 3 * - ST S red 4 ¥
y ¥ 00 : oy LATERAL SR : -
3 o 9 HYPOTHALAMIC | e wo
o & W : . AREA e 3 L

feeding (hunger) center ) SR e ] T \® d
54 Rk ol |

Lateral hypothalamic area

LESIONS (BLACK) IN
EXTREME LATERAL
PART OF HYPOTHALAMUS

satiety center (& /¢ F1&):

LOSS OF APPETITE

HYPOTHETICAL LESIONS (AS INDICATED BY TUMOR)
IN HYPOTHALAMIC AREAS MAY CAUSE

LOSS OF APPETITE RESULTING IN

SEVERE EMACIATION



CELLS OF SUPRA=-OPTIC NUCLEUS BATHED W A N S50 i NS IR
BY BLOOD. INCREASE OR DECREASE OF
PRODUCTION AND RELEASE OF ANTIDIURETIC
HORMONE REGULATED BY

OSMOTIC CONDITIONS IN BLOOD

)

) ) WATER AND ELECTROLYTE LOSS
A VIA GUT (VOMITING, DIARRHEA)

/" OR CAVITIES (ASCITES, EFFUSION)

OR EXTERNALLY (SWEAT, HEMORRHAGE)

5. thirst center [1;&FH&:
regulate osmotic pressure
of extracellular fluid

FLUID INTAKE
(ORAL OR
PARENTERAL)

WATER AND

ELECTROLYTE

EXCHANGE

BETWEEN BLOOD

AND TISSUES (NORMAL

OR PATHOLOGICAL (EDEMA] )
ol

R

paraventricular nucleus
supraoptic nucleus—>
posterior pituitary (ADH)

HYPOTHALAMIC
ARTERY AND VEIN

ANTIDIURETIC
HORMONE - —
APPROX, 70-100 LITERS
OF FLUID FILTERED
FROM BLOOD PLASMA
ANTERIOR LOBE BY GLOMERULI IN 24
POSTERIOR HYPOPHYSIAL VEIN HOURS

Note:
APPROX. 125 ml./min. ARE FILTERED THROUGH
GLOMERULAR APPARATUS OF KIDNEY GLOMERULUS

Zona incerta: regulation of drinking —foe' =i for worcomms)
behavior

Thalamic facsiculus
(field H2 of Forel)

FILTRATE CAUSES REABSORPTION OF CONVOLUTED
WATER AND A NUMBER OF SOLUTES TUBULE 2 A

OSMOTIC GRADIENT OF GLOMERULAR} PROXIMAL
‘ 80—85% OF WATER

AND ELECTROLYTES OF
GLOMERULAR FILTRATE -
REABSORBED LEAVING

PRESUMABLE SITE OF FINER CENES 15—20 LITERS PER 24
; STMENTS OF OSMOTIC PRESSURE :
Dentothalamic iﬁfa” ACID — BASE BALANCE Loop R
rubrothalamic and
thalamostriate fibres

Prerubral field
(field H of Forel) = |

REABSORPTION OF WATER AGAINST OSMOTIC DISTAL
PRESSURE OF BLOOD CONTROLLED BY CONVOLUTED
ANTIDIURETIC HORMONE. APPROXIMATELY TUBULE

1 ml. URINE EXCRETED PER MINUTE 14-18 LITERS REABSORBED

PER 24 HOURS UNDER
REGULATORY INFLUENCE
OF ANTIDIURETIC ‘i
HORMONE RESULTING IN
1-2 LITERS OF FINAL
URINE PER DAY

R . ' |
é N’g’“ﬂi COLLECTING TUBULE ’ ; 7 8 \ = 6

1A

Nucleus of prerubral
or tegmental field ]
Pallidohypothalamic'

fasciculus




6. biological clock, maintains the waking state and sleep patterns

Suprachiasmatic nucleus

Thalamus Intermediate mass Fornix

Lateral hypothalamic nucleus

Dorsal hypothalamic
nucleus

Corpus callosum

Dorsomedial nucleus Anterior commissure

Paraventricular

Posterior hypothalamic
nucleus nucleus
Posterior commissure Lateral preoptic
nucleus
Medial preoptic
Pineal gland nucleus
Ventromedial nucleus ﬁ;;z‘r?azlamic
Midbrain nucleus
— Suprachiasmatic
Mammillary body nucleus
X nucleus Supraoptic nucleus
o = 29 | Iilrl'nt:;um Optic (I1) nerve
ons =
:S::‘J’ Medi ic chi
e edian Optic chiasm
2 eminence
/ Pituitary gland: Infundibulum
Posterior lobe
Anterior lobe
POSTERIOR Sagittal section of brain showing hypothalamic nuclei ANTERIOR
© Addison Wesley Longman., Inc.
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7. Endocrine functions:

tuber cinereum and infundibulum - pituitary gland
Median eminencei ¥ £ 4=: *Master of endocrine system
hypothalamic regulating hormones—>anterior pituitary

Hypothalamic cells producing
releasing factors

Median |
eminence

"7
' Superior
hypophysial
artery
Portal vessel
Pars distalis of
adenohypophysis

Veins

Figure 11-17. The pituitary portal system. Arteries are red; veins are

blue; neurons that secrete releasing hormones are black.

Neurohypophysis 4 (infundibular

Paraventricular _
nucleus

__Supraoptic
nucleus

| Median

Pituitary stalk ————____

stem)

Neural lobe
(pars nervosa,
or infundibular
Lprocess)

Anterior lobe
(pars distalis;
adenohypophysis)

Figure 11-16. Hypothalamo-hypophysial tract and the parts of
the neurohypophysis. 48



Hypothalamus: Autonomic, Neuroendocrine, Physiological responses

1. The hypothalamus is responsive to: Light: daylength and photoperiod for
regulating circadian and seasonal rhythms (Biological clock: Suprachiasmatic

nucleus)

2. Olfactory stimuli, including pheromones (Mammillary bodies, Habenular nuclei )

3. Autonomic nervous inputs (anterior and posterior hypothalamus): information
arising in particular from the heart, the stomach, and the reproductive tract

4. Endocrine function: Blood-borne stimuli, including leptin, insulin, pituitary
hormones, cytokines, plasma concentrations of glucose and osmolarity, etc.

Stress:
Invading microorganisms by increasing body temperature, resetting the body's

thermostat upward.
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http://en.wikipedia.org/wiki/Photoperiod
http://en.wikipedia.org/wiki/Circadian
http://en.wikipedia.org/wiki/Leptin
http://en.wikipedia.org/wiki/Insulin

Summary of Hypothalamus

Controls and integrates activities of the ANS which regulates
smooth, cardiac muscle and glands

Synthesizes regulatory hormones that control the anterior pituitary

Contains cell bodies of axons that end in posterior pituitary where
they secrete hormones

Regulates rage, aggression, pain, pleasure & arousal
Feeding, thirst & satiety centers
Controls body temperature

Regulates daily patterns of sleep
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Epithalamus I ff: The Old part of Diencephalon

A. Pineal body (epiphysis): No Neurons

1. Glia cells (astrocytes)

2. Parenchymal cells (pinealocytes)

3. Nerve fibers: serving primarily as the terminals of postganglionic sympathetic
neurons from the Superior Cervical Ganglion (SCG)

4. Calcareous accumulations (brain sands)

5. Function: secretes melatonin (more in the darkness, promoting sleepiness)

) Third ventricle
Habenular nuclei

Pineal gland - Thalamus

Corpora quadrigemina:
Superior colliculi
Inferior colliculi

Lateral geniculate nucleus

Medial geniculate nucleus

Trochlear (IV) nerve

Median eminence

Superior cerebellar peduncle

Middle cerebellar peduncle

Floor of fourth ventricle Inferior cerebellar peduncle

Facial (VII) nerve

Vestibulocochlear
(VINl) nerve

Glossopharyngeal
(IX) nerve

Vagus (X) nerve

3T

Posterior median sulcus

: Accessory (XI) nerve
Fasciculus cuneatus ry (XI)

Fasciculus gracilis

Spinal nerve C1 51



Pineal gland (pineal body)
Biological clock ? = hypothalamus
(suprachiasmatic nucleus)

Neuroendocrine
transducer:

to convert a neuronal signal
(such as light and dark) to a
endocrine signal (shifting
concentrations of hormone
secretion)

i
1 ‘  HUdeus

Melatonin ARIBEZCGEEEZE): i
a derivative of serotonin: { suprachiasmatic

steady secretion of melatonin

at night; inhibition of melatonin N\ \Y )’ |
secretion by light A\ VUV sympathetic central

Circadian rhythm H FEHA&fiEE

pituitary gland

ic chiasm
@




B. Habenular nuclei ¥&f%: in the dorsal margin of the base of the pineal body
olfaction (smell), especially emotional responses to smells

1. Habenulointerpeduncular tract:
conveys limbic output from the

habenula to the midbrain reticular

formation
- afferents from the septal area,

- efferents to the midbrain reticular
formation

2. Stria medullaris:
a. form a small ridge on the
dorsomedial margin thalamus
b. a route through which septal
efferents reach the habenula

Extra-Functions of Habenular nuclei :

Stria
medullaris

including pain processing,
reproductive behavior, nutrition,
sleep-wake cycles, stress
responses, and learning.

—

--------

~ Hippocampal
formation

Habenular

nucleus
N /]
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C. Habenular commissure:

consists of stria medullaris fibers crossing over to the contralateral habenular nuclei
D. Posterior commissure: ventral to the base of the pineal body

1. Carries decussating fibers of the superior colliculi and pretectum (visual reflex)
2. Crossing fibers dealing with vertical eye movements and pupillary light reflex

Fornix

Corpus callosum Septum pellucidum

Stria medullaris thalami Cingulate gyrus

Interventricular

Habenular
commissurs foramen
Anterior
commissure
Pineal gland
Posterior
commissure
Septal area
Tectum of
midbrain .
Lamina
terminalis
Cerebral
aqueduct .
Optic chiasma
Cerebral
peduncle

o miclbiait lens Median eminence

Tuber cinereum
Hypothalamic sulcus

Mamillary body

Figure 11-2. Central region of the brain in median section. (x1.25) >4



Summary of Diencephalon

Thalamus:

LGB: visual, MGB: auditory

VPM: somatosensory of head; VPL: Somatosensory of body

VL: cerebellar input, Motor; VA: Motor

Pulvinar (P): visual associated; Lateral nucleus (L): Limbic

Dorsomedial (DM): Emotional response, memory

Anterior nucleus (A): memory and behavioral functions

Intralaminar nuclei (CM, PF): Arousal, awareness & emotional responses

Subthalamus: control skeletal muscle movements and muscle tone
Zona incerta: Drinking behavior

Hypothalamus*: Autonomic, Neuroendocrine, Physiological responses

Epithalamus:
Pineal body: neuroendocrine, melatonin secretion
Habenular nuclei: emotional responses to smells
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