Diencephalon

Right thalamus Left thalamus

Cerebellum

Diencephalon
(“Interbrain ™)

Hypothalamus

1. Diencephalon — regional organization and internal structure:
v thalamus — topographic and nuclear organization
v" metathalamus — the geniculate bodies
v epithalamus — pineal gland and habenula
v' subthalamus (ventral thalamus)
v hypothalamus — divisions, nuclei and connections
2. Third ventricle
3. Brainstem reticular formation



Embryologic development

Telencephalic
vesicle

= Embryonic origin:

Diencephalic
vesicle

Mesencephalic
(midbrain)

v side walls of the

vesicle

Rhombencephalic
vesicle

prosencephalon (forebrain)

= | ocation - at the midline of the brain:

Telodiencephalic
boundary

Portion of
diencephalon
visible at the
base of the brain

v" caudally — mesencephalon

v cranially — telencephalon

= Functions:

v' relay system between sensory input
neurons and other parts of the brain

v works in tandem with the limbic system
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Diencephalon - gross structure and parts

Pineal gland :
3 glanc Diencephalon

DORSAL VIEW
5 parts: llird ventricle
i Candate 1. THALAMUS
o melets 2. HYPOTHALAMUS
3. EPITHALAMUS
Thalarﬂus 4. SUBTHALAMUS
5. METATHALAMUS

Amyedala

Lateral Geniculate n
Metathalamus i .
Medial Geniculate n

Pibatary gland | : ,_‘
Hypotnalamus eaass

% Corpus callosum

 Septum pellucidum = _ ; Fornix

Chorpid ptexus in third ventricle
Thalamus

Habenular nucleus
Epithalamus

Pineal gland

Part of the corpora quadrigemina

.ﬂ s —— Mesencephalic agueduct
‘%g ———— Infundibulum

Pituitary gland——— —— Carebellum

— Fourth ventricle

Midsagittal section
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Thalamus — external features

= two egg-shaped lobes of grey matter

v third ventricle medially
v" hypothalamus = hypothalamic sulcus

Gr. 8aAauoc¢ = room, chamber

- R !«

Cut edge of
lateral ventricle

Optic nerve : Anterior Taenia v, Lamina affixa

Stria

Optic .
tract Thalamus Habenula tarmilnati
2 3 Pulvinar
Oculomotor Infundibulum Pineal
nerve 3 N
] _\c — Interpeduncular Medial Lateral
Cerebral peduncle fossa geniculate qgeniculate
w body body

Trigeminal nerve

a

| .
= Thalamus dorsalis:

_ n ; |
= nuclear complex — 2% of the total braln rostral pole = tuberculum anterius

v o thalami
about80% | v' caudal pole = pulvinar thalami
of diencephalic mass

(“cushioned seat”)
» ~30 mm long ~— v interthalamic adhesion

» ~20 mm wide v" lamina affixa

» ~20 mm tall v stria terminalis thalami
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Thalamus - Internal structure

* nternal medullary lamina = three major nuclear masses:
(medial) — Y-shaped: v anterior
Ventrolateral Medial thalamic Anterior thalamic v medial
thalamic nuclei nuclei nuclei v lateral nuclear groups
Thalamus
Schematic Representation of Thalamus
Reticular
nucleus of
thalamus
External
medullary i
lamina |

Internal
medullary
lamina

T,

Mammillary

body
= external medullary lamina

(lateral):
= reticular nucleus of the thalamus
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28 Thalamus — nuclear organization

= 50-60 distinct nuclel = 8 main anatomic nuclear groups:
= 5 functional nuclear groups: v intralaminar
v sensory relay nuclei v" ventral — anterior, lateral, posterior
v motor relay nuclei v lateral dorsal
v reticular system relay nuclei v medial
v" limbic system relay nuclei v midline
v' association relay nuclei v anterior
v' posterior
v reticular

Thalamic Nuclei (lateral view - MNG on other side)

VNG

LNG
VA VL VPL  VPM (PUL)

| _
—l
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Thalamic nuclel

0 Ininternal medullary lamina: Internal
medullary
= intralaminar nuclear group: ntralaminar 7% o
v rostral intralaminar nuclei: @i /K o
» central lateral nucleus, nucleus centralis lateralis F: N LL': w B
» central medial nucleus, nucleus centralis medialis
» paracentral nucleus, nucleus paracentralis m_ \N ,
v' caudal intralaminar nuclei: bm .
» centromedian nucleus, nucleus centromedianus ~ cenwm — G e

» parafascicular nucleus, nucleus parafascicularis

o laterally from internal medullary lamina:
= ventral nuclear group: o
v' ventral anterior nucleus, nucleus ventralis anterior ... - \\ N
v"ventral lateral nucleus, nucleus ventralis lateralis e /\‘!\ /o

Lateral dorsal
nucleus

Anterior thalamic

v" ventrobasal nuclei, nuclei ventrobasales: ol

Ventral intermediate

» ventral posterior, nucleus ventralis posterolateralis i
. . . . Ventral posterolateral
» ventral posteromedial, nucleus ventralis posteromedialis .
Ventral posteromedial

» ventral ﬁosterior inferior, nucleus ventralis posterior inferior R R T
body body
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. Thalamic nuclei

= medial nuclear group: The Thalamus 70 o
(mediodorsal complex) 422.“.1.’.‘21,
v mediodorsal nucleus, '"",?Liﬁl'."a’ —
nucleus mediodorsalis (magnocellular portion) Mif’"’f'mal / nuclei
= affects, emotion, behaviour iy %"“‘ %
Iamlna
v" medioventral nucleus (parvicellular portion) i
nucleus medioventralis 7O ancony VPL
. Pulvinar -
= midline nuclear group: \

Medial

v paratenial and paraventricular nuclei 5 ,
= limbic system oy
= memory, awake and alert state -

= |ateral nuclear group:

v lateral dorsal, nucleus dorsalis lateralis

v lateral posterior, nucleus lateralis posterior

v" pulvinar, nuclei pulvinares

_ pulvinar
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VPM

Centrum

. TO motor
medianum * [

corlices

lateral dorsal




Thalamic nuclel

anterior nuclear group: = o woes
= limbic system

v nucleus anterodorsalis ntarial
lamina TO prefrontal
cortex

v nucleus anteroventralis

Internal
.- medullary
v" nucleus anteromedialis U rataming 'MIN3
. ~entromediany = © " g nuclei )
= posterior nuclear group: wediodorsal | b A e
(in ventral pulvinar) n:';fﬂﬂ::y ”"‘“H >
v’ posterior nucleus, nucleus posterior ™™ “g LP vk =
v’ suprageniculate nucleus it AL
g Pulvinar o -
v" limitans nucleus hp <
. Mf:dial VPM
= reticular nucleus of thalamus ~ eegeuee oo
: Lateral medianum TO motor
= geniculate nuclear group: Body o
v" medial geniculate nucleus 70 somato
v lateral geniculate nucleus e B
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21 Metathalamus - geniculate bodies

Medial geniculate body: subcortical acoustic center (thalamic relay)

v" inferior colliculi = inferior brachium

= acoustic radiation = auditory cortex
left ' right

- Chiasma
opficum

Corpus
eniculatum
laterale

Eadiatio
optica

Buperior brachivm Lateval genveulute body

Medial geniculate body

Inferior brachi
Puivin

Opitir traet
Pineal body

/

Optic commissure

Inferior eollicu :

Fremulum veli _%
Trochlear nerte
Lateral lemniscus
Superior peduncle

Ooulomotor nerve

Trigeminal nerve
Middle pedunde— e
Tthoemboeld fossm
Acoustie nerpe
Loeial neree
Abducent nerve

Clavg —=-

Glossophnryngeal and vagus nerves it

optic radiations

2
Avcessory nerve

parvocellular

Lateral geniculate body: primary processing center for visual information EC:Q

v" superior colliculi = brachium of superior colliculus

= optic radiation = visual (striate) cortex
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magnocellul

optic tract
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Epithalamus

stria medullaris thalami o,
habenular trigone: = P'"*"l’ 9'%
v" habenular nuclei, medial and lateral AN \C !
‘:;;‘nula
= habenula

v habenular commissure
= pineal gland, corpus pineale (epiphysis)

posterior commissure /’L‘Nai‘_)b

E— < !4 Third ventricle
v" subfornical organ (circumventricular organs) ( = ; Habenula
- \4 w - ;
Fornix e Stria terminalis j ; - Pineal recess
i - Stria medullari . . | :
Hahenulmnterpedun::alz u:thi:::;nﬂs ris : Pineal
Septal nucleus Habenula
Preoptic region Pineal
2 Habenulotectal
Anterior perforate tract
substance (olfactory area)

Quadrigeminal plate Habenula
Interpeduncular

nucleus Habenulotegmental

Pineal
tract

Amygdala

Dorsal tegmental
nucleus
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Subthalamus (ventral thalamus)

subthalamic nucleus (corpus Luysi): basal ganglia ..
v contralateral hemiballismus

DN

Zona incerta
nuclel reticulares

nuclel campi perizonales
(H,- and H,-fields of Forel)

Caudate / Reticular
nucleus
Internal \ !
capsule S
/’ \\ &

Stria medullaris

{

-{— Third ventricle

L Centromadian
nucleus
| Thalamic
fasciculus Hy

Lenticular
fasciculus Hy

nucleus
Thalamostriatal — 1
fibers [

Putamen

Globus pallidus
external

internal *\
Subthalamic

fasciculus

Fornix
Subthalamic

Wnuclws

Optic tract

Ansa
lenticularis
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nucleus Epithalamus Thalamus

Internal
capsule

Bl Putamen
Globus
pallidus,
> lateral
(2] segment
Globus

- pallidus,
NN medial
segment

Hypo- Subthalamic Zona
thalamus nucleus incerta

Forel's field H1

Internal capsule
Putamen -—__k\
White matter =y

lamina et

Globus pallidus 41/.

Zonaincerta

Thalamic
fasciculus

' Lenticular

e fasciculus
s e //k-;.‘_a_ Pallido-

) 1l = subthalamic
, B ,,//// fibers
/ / e

\ / / lenticularis
1} i
Subthalamic fr_q»— Pallidotegmental
nucleus bundles

Forel's field H2

nigra

fibers X
.—l_' Red nucleus
\ . /‘ st J/ Substantia

>
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21 Hypothalamus - gross anatomy

Gr. urmoBaAauoc¢ = hypo-, cognate to Latin sub- "under"

v" most ventral portion of the diencephalon
v weight 4-5 g - less than 1% of the total human brain volume

* preoptic area, area preoptica
= optic chiasm, chiasma opticum
= tuber cinereum, median eminence

= infundibular tract, infundibulum = hypophysis cerebri | The hypothalamus Is ...
. . . - VBN Lage des Hypothalamus
dies, corpora mammillaria

Capsula, 7\ W >
o B3 D interna %
i B i D TR Hypothalamus p
2 al R i S [
B R gEsel N ¥,

= mammillary bo

Thalamus
=— Il. Ventrikel

Hypothalamus

Midbrain

Pons

Pituitary gland —
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AN N NN

.

Optic chiasm and tract

part of the visual system

Gr. xiaoua, "crossing”, from the Greek yialw 'to mark with an X', after the Greek letter ‘X', chi
the part where CN Il partially cross AL opticus

allows for parts of both eyes that Ghiasma opticum
attend to the right visual field to be

processed in the left visual system ot
in the brain, and vice versa apticus

Infundibulum
(Hypophysenstiel)

A, carotis int.
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Mammillary bodies

v" fasciculus mammillothalamicus
(tract of Vicq d’Azyr)

v" fasciculus mammillotegmentalis .Z...

body

v" involved with the processing Of =~ e e
recognition memory

Fasciculus
mammillothalamicus

Mucleus
paraventri-

Dorsomedial nucleus
cularis

Mucleus

i)
...I Mammillothalamic
supraopticus i

W tract

Tractus
tuberohypo-

physialis

Ventromedial nucleus

Tractus
hypothalamo-
hypophysialis
Meura-
hypaphyse

Mammillary nuclews

Infundibular
shalk

Tractus mammillo-  Fasciculus longi-
b tegmentalis tudinalis dorsalis Anterior = i i Posterior

_ pltuitary 2 pituitary
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Hypothalamic divisions

* hypothalamic areas and zones:
v’ rostral
v dorsal
v intermediate zone
v lateral zone
v medial zone
Dorsal

H Paraventricular nucleus
‘/ pOSterlor of hypothalamus hypothalamus p
Anterior commissure \-

Dorsomedial
hypothalamus

Anterior
commissure

Hypothalamus

Pituitary

Lateral hypothalamus
(behind plane of view)

Posterior hypothalamus
Anterior hypothalamus .

Preoptic area
Suprachiasmatic

nucleus

Optic chiasm

Anterior pituitary = Posterior
\ : pituitary

Prof. Dr. Nikolai Lazarov

Third
ventricle

Pineal body

Mamillary
body
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Hypothalamic nuclel

Fornix

= preoptic region:
v preoptic periventricular nucleus
v medial preoptic nucleus
v lateral preoptic nucleus

= anterior hypothalamic region:
v’ supraoptic nucleus
= oxytocin, vasopressin (ADH)

v’ paraventricular nucleus

v" anterior hypothalamic nucleus
v’ suprachiasmatic nucleus

uuuuuu

PP
= endogenic brain clock b,
. . ;
(circadian rhythms) r
Fornix raues p
J endoplasmatisches Y
Para Area Retkaum lamina terminal
o 3 - amina terminalus
ven:g‘zlueliz \_ ' / lateralis i'n_ ; f.-‘ p': i - !,!‘ | mamillary bodies
- — Area fr%,_f Axon .
Supraoptic = medialis W;‘;’: -.).'L | / neurohypophyseal
nucleus Ili:::;%: -.J:_.'}.;_Ff:“!_z-m__ubm—; 7 T)-:-;_'T':l—l—_.__—-,,: : : ' optic chiasma tract
s 7 jz' :
Optic Third ‘j"r F‘l‘q__ y posterior pituitary
chiasm ventricle %\‘ Herring- Hormaon-
Kérperchen freisetzung
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AL Hypothalamic nuclei

* Intermediate hypothalamic region:

Dorsomedial Area
nucleus dorsalis

/

v dorsomedial nucleus v
./ gﬁ?alis ey

Fornix —\

v ventromedial nucleus optic —Q Qx o = /5
nuclei AP il
‘/ tUberaI nUCIeI’ InCI' Ventromedial Third
nucleus ventricle

¥4
el )

arcuate (infundibular) nucleus: A, & i -

= posterior hypothalamic region:

medial
nucleus

v medial mammillary nucleus eapic

nucleus

Ventro-

v lateral mammillary nucleus red

nucleus

Supraoptic

v intermediate mammillary nucleus

Optic

(intercalated of Le Gros Clark)

Infundibular

nucleus

v’ posterior hypothalamic nucleus

lobe of
pituitary gland

Posterior lobe of ~ Tuberal Mammillary Posterior

pituitary gland nuclei body nucleus
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24 Hypothalamus - functional significance

0.5% of the total volume of human brain . hveoTHAlMUCEEEEE

main function — homeostasis important Homeostatic Functions
(maintaining the body's status quo Regulation of

central control of:
v visceral functions

v" endocrine effects —
release/inhibiting factors
Lateral Yentromedial

n e u rOS e C retl O n . hipathalarmus hwpathalamic nucleus

[hunger center| [Satlet_l,l center|

v pituitary hormones — oxytocin, vasopressin
temperature regulation — dual thermostat
Instinctive and cyclic behaviors:

v" regulation of food (appetite) and water intake

v" control of sexual behavior and reproduction

v" biological clock (sleep-waking cycle)

v expression of emotion, fear, rage, aversion,

ﬁleasure and reward .
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- Temperature =Circulatory volume/BP

-Food/water/intake - Circadian rhythm

-Sleep/wakefulness -Sexual behavior

-Defense/stress - Affective behavior
mechanisms




Hypothalamus - clinical significance

= numerous functional considerations

" Ininjury:

v sleepiness

v obesity

v diabetes insipidus

v adiposogenital
dystrophy

v’ libido loss

v dysregulation

Prof. Dr. Nikolai Lazarov

of body temperature

Posterior Anterior

Posterior hypothalamus -
{increased blood pressure) | .
(Pupidliary dilation)

ParavantHCulér nucleus
{Oxytocin release)
(Watar conservation)

{Shivering}
HYPOTHALAMUS Machel preoptic yes
Dorsomedial nucieus (Bladder contraction)
{G.1. stimulation) {Decroased heart rate)
o {Decreased blood pressure)
Perifornical nucleus
(Hunger} L g Supraoptic nucleus
"Weased blood pressure) "‘1 L (Vasopressin release)
(Rage) -
Ventromedial nucieus Oricichissi
{Satiety) - Infundibulbum
(Neuroendocrine control) Posterior precptic and

anterior hypothalamic area
{Body temperature regulation)
{Panting)
{Sweating}
(Thyrotropin infibition)

Mamillary body
{Feeding reflexes)

Arcuate nucleus and periventricular zone
{Neuroendocrine Control) '
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. Diencephalic syndrome

= Synonyms: diencephalic syndrome of emaciation, Russell's syndrome:

v" hypothalamic tumors
v' postnatal failure to thrive

v’ progressive emaciation
(abnormal thinness)

v unusual eye position and
sometimes blindness

v" intense sleepiness

v' amnesia

v euphoric appearance

v' emesis (vomiting) 4

?‘ : Dienmmalic'svndrume |

T
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Hypothalamic connections

Stria To reticular

= Afferent connections: teminals  fomix formation
v" corticohypothalamic fibers _l

v limbic system — — |

> hippocampo-hypothalamic afferents Mld.

» amygdalo-hypothalamic fibers fotebain

» septal region B

» piriform lobe et

v" thalamus — periventricular nucleus, zona incerta *nd: | »

v brainstem reticular formation — R e

» dorsal longitudinal fasciculus (of Schutz)

. ippo- il duncle of
» mammillary peduncle Mg My bt

= Efferent connections:

fasciculus medullaris

v medial forebrain bundle
v" hypothalamo-hypophysial — neurohypophysis ettt

nucleus

v mammillary efferent fibers - fasciculus mammillaris princeps: S
» fasciculus mammillothalamicus -

» fasciculus mammillotegmentalis POt

v descending hypothalamic projections: v
» n. tractus solitarii, n. dorsalis n. vagi .

> laminae | and |l of the spinal cord P g

Retroflex Mammillotegmental  Dorsal longitudinal
tract tract fasciculus
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Third ventricle

1 Suleus centralis
I

/ Lobus paristalis

= embryonic origin — prosencephalon

= l|ocation — between the two thalami ~
(lateral walls) and hypothalamus

.~ Fars cantralis
-
-~ Venlriculus teriius
b=
i Comu accipitale

P Lebus occipitalis
Suleus lateralis ~ __ "

—— Aqueductus
mesencephall

Lobus temporalis —=—
——=— Apertura mediana

T~ Ventriculus quartus

=
= Apertura lateralis

. & J E T~ Ganalis centralis
omu lemporale i/ Medulia cblongata

Lobus frontalis \
Cornu frontale
#
e
_» Feramen inferventriculare
e
- Pars centralis
-

Sulcus lateralis _ Ventriculus tertius
~ -~

st Aqueductus mesencephali
Lobus lemporalis
.
_ = Cornu temporale
=

Pons ~ i
~— __ - Ventriculus quartus
=

Cersbellum — - ; =~ Apertura lateralis

5= ] ) Lizg)

- TR
_ Modulla cblongata =~ ™~ Canalis centralis
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Third ventricle

anterior boundary — lamina terminalis

posterior boundary -
posterior commissure

v" pineal recess = pineal gland
v' cerebral agueduct

floor — parts of the hypothalamus

v' optic recess
v" infundibular recess

roof — layer of ependyma, covered by
the tela choroidea ventriculi tertii =
choroid plexus of the third ventricle

communication with:

v fourth ventricle —
cerebral agueduct (of Sylvius)

v lateral ventricles —
Interventricular foramina (of Monro)
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Reticular formation - terminology

NGB: reticulum means netlike structure

Why isthereticular formation Becausetheir fibersindeed
areticular formation? build a net.

;
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Reticular formation — general considerations

Extensive collateraliz
of areticular neuron| ___(

~ P\
1
Medulla)‘%‘s“

oblongata

Frontal

Occipital
4l lobe

Nuclei in the
brainstem

Diencephalic
nuclei Neuron

Accumbens
nucleus
Septal and
diagonal
band nuclei

Typical neurons of thereticular formation

Spinal cord
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Reticular formation — nuclel

= Median column of reticular nuclei — raphe nuclei (serotonergic): Pedncopontne - Poser aphe

tegmental nucleus nucleus

v nucleus raphes obscurus et pallidus in medulla t

Locus

v" nucleus raphes magnus in pons conens
v" nucleus raphes centralis superior and
v" nucleus raphes dorsalis in midbrain

= Medial column:
v" medullary gigantocellular (magnocellular) nucleus
pontine gigantocellular nucleus
nucleus tegmenti pontis
nucleus pontis caudalis
nucleus pontis oralis i
nucleus cuneiformis
v nucleus subcuneiformis et

= Lateral column - parvocellular:
v nucleus pontis centralis
v nuclei parabrachiales

v" nucleus tegmentalis
edunculopontinus

Median raphe
nucleus

Pontine raphe
nucleus

Trigeminal motor
nucleus

\—\1‘—— Nucleus of

O abducent nerve
L

Facial
nucleus

Pneumotaxic
region

Nucleus raphes
magnus

Nucleus raphes
Nucleus obscurus

ambiguus

A NN NN
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Reticular formation - functions

= controls ~25 specific behaviors: Reticular Activating System (RAS)

determines the level of alertness

Nucleus of Nugclear region for visual orientation
/ S | e e p oculomotor nerve in space, autonomic center
for coordinating

food intake

v walking

Nucleus of
trochlear nerve

v’ eating p

Trigeminal motor
nucleus

v" urination&defecation -?, v

- Nucleus of o
\/ Sexual aCtIVIty a:t?utsn‘:newe Midbrain 1A
Facial Pons 7 '.;.\_;? <
1+1 H . nucleus Reticular Formation N
= additional functions: vedota X =)
?“‘["’a'"reg."’“ Exercise (+)
or swal lowing
‘/ arousal Dorsal vagal
nucleus
. P e
attention il st ve it
orientation in space Nucfet;s of |
. hypoglossal nerve
cardiac reflexes Nucearregion

for vasomotor
control

Area
postrema

Nucleus Nuclear region

motor functions
ambiguus for expiration ?e:i:::f Activating
regu lates awareness Nuclear region for y

inspiration

v" relays nerve signals to the cerebral cortex

N N NN

= one of the phylogenetically oldest portions of the brain = H fomatcn

Ganeral crantal

_ or spinal nerve input
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Thank you.

“Everything we thought we knew about the hypothalamus was
wrong! Wrong, wrong, wrong!”
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