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Future skin
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Embryological Development

e CNS arises from ectoderm
e Neural tube

Embryo lateral view

Rhombencephalon

= yal flexure

Cephalic fMlexure

Telencephalon
Forebrain ,
N .

Diencephalon

Vea

Reti Mesencephalon
s (midbrain)

— Metencephalon

/ (pons & cerebellum)
Hindbrain

\ Myelencephalon
(medulla)

Spinal cord

Postnatal
Neural ~ Primarybrain  Secondary brain CNS
tube vesicles vesicles
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Spinal cord

(a) 4 weeks

Five secondary
brain vesicles

Three primary Cerebrum

brain vesicles
Eye cup
Thalamus,
hypothalamus,
and epithalamus

Midbrain
Pons

Cerebellum

Telencephalon
Prosencephalon —< .
(Forebrain) Diencephalon
Mesencephalon ——— Mesencephalon
(Midbrain)

Metencephalon
Rhombencephalon —<
(Hindbrain) Myelencephalon

Lateral view  Three- to four-week Five-week Lateral view
embryo embryo
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Medulla oblongata
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Embryonic Adult

I. Telencephalon Cerebrum
Prosencephalon
II. Diencephalon Thalamus, hypothalamus, epithalamus

Mesencephalon III. Mesencephalon  Mesencephalon

IV. Metencephalon Pons, cerebellum
Rhombencephalon
V. Myelencephalon Medulla oblongata
i
I 11 - Ve . VY

cerebellum

cerebrum

olfactory medulla

bulb o tic stalk |

| pituitary l i
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alar plate

— central canal
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basal plate
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Dorsal root ganglion: sensory
neurons from neural crest

— Alar plate:
interneurons

White

matter \

| |— Basal plate:
motor neurons

Neural tube Central
cells cavity

Copynght © 2004 Pearson Education, Inc., publishing as Benjamin Cummings.
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Dorsal root swelling
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Vertebra

Grey matter

Dorsal root ganglion
Dorsal root swelling
Dorsal root




Embryonic Development of NS

Ectoderm —I
(b) Week 5.
Vol Neuroepithelial
% 2 cells of the neural
Xo tube divide and
migrate externally
to become
neuroblasts and
neuroglia.

2

AOCOLLLCUOB SR

; ISl
> 9

.

N3

(a) 28 days.

Neural tube and  Neural
neural crest form t4Pe
from invaginating
ectoderm.

O

Neuroepithelial cells Neuroblast

S Neuroepithelial cells

Sensory neurons
fﬁgm neural crest (c) Week 6.
P o Neural crest cells
form the sensory
i neurons.

3 /[ Alar plate:
Axons formT{:w = CR interneurons Dorsal neuroblasts
white matter . : form the alar plate
(future interneurons).
Long axons extending
from the interneurons
form the white matter.

Ventral neuroblasts
form the basal plate
(future motor neurons).

~ Basal plate:
_| motor neurons

Neuroepithelial cells Central
cavity







Neural tube

Apoclar neuroblast

|
. 4

Bipotar neuroblast

1

Unipolar neuroblast

Dendrite

Axon

Neuron

Neuroepithelium
(neuroectoderm)

e

Glioblast (spongicoblast)

O

Astroblast

Protoplasmic astrocyte

Microglial cell

Ependyma

)

Oligodendroblast

Epithelium of
choroid plexus

2N

Oligodendrocyte

Fibrous astrocyte
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Fetal Development of Human Brain (2)
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Fetal Development of oo SRSl Thalamus
Human Brain (1) esencephalon Cerebrum Hypothalamus
Cerebell
Midbrain Mgldu"::e e Optic
Hindbrai oblongata ectum
(Rhomb':encreap?lalon) {sIsnCaphalon

Spinal Medulla
[Diencéphalon Telencephalon cord Pans oblongata N
I Diencephalon Pitultary gland
Forebrain (Prosencephalon) 11 weeks 9 months

5 weeks 8 weeks



Fourth ventricle

Mesencephalon
Rhombencephalon

Telencephalon



Medulla ..

* The expansion of fourth ventricle moved the
alar plates laterally

* The neuroblasts at the basal plates form the
motor nuclei of the CN IX, X, Xl and XIlI

* The neuroblasts of the alar plates form the
sensory nuclei of the CN V, VIII, IX and X,
the gracile and cuneate nuclei and the olivary
nuclei
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Myelen-
cephalon
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Trochlear nerve

Rhombic lip
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Fig. 21. Diagrarms o show why siles of terminalion of prmany sensory @xons are siheled
darsally in the spinal cord and klesally in the medulla
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Alar plate
/e

Basal plate

Choroid plexus
Somatic afferent

Special visceral |
afferent (.

General
visceral afferent

Somatic
efferent
(XII)

Sulcus limitans

General
visceral efferent
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Development of the myelencephalon

* Alar plate develops into 4 sensory tracts:
— Olivary nucleus (cerebellar input)
— Somatic afferent (general sensation from the face, via CN V, external ear, auditory meatus, and eardrum
via CN IX, X)
— Special visceral afferent (taste, CN IX, X)
— General visceral afferent (autonomic input, CN IX, X)

* Basal plate develops into 3 motor tracts:
— General visceral efferent (autonomic output, CN IX, X)

— Special visceral efferent (innervation of pharyngeal arch muscles of the larynx & pharynx, CN IX, X, XI) —
aka “branchiomotor”
— Somatic efferent (innervation of skeletal muscles of the tongue, CN XII)

Sulcus Roof Choroid (covered by ependymal cells that produce CSF)
limitans plexus

Alar

plate Somatic

afferent

Y Special
General ! \ visceral

visceral afferent
eﬂerent Genera'
o visceral
plate Special visceral afferent

efferent . Olivary
Note: the final position of the SVE column is/ X, X, XI) nucleus
generally ventral (and slightly lateral) to the (XI1)

GSE column Carlson: Human Embryology and Developmental Biology, 4th Edition.
Copyright © 2009 by Mosby, an imprint of Elsevier, Inc. All rights reserved.
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General
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(IX, X, XI)
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Spocal somatc atleront
General somanc atlersm
Special viscecsd sffecent
General viscersl afferent ~ o

Otvary nuciaus
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Vemtncular zone
Cerebellum

Choroid plexus

Ependyma

Aqueduct of Sylvius

Cerebrospinal fiud
escaping Into

Purkinje cells

Dentate nucleus

/ Foramen of Magendie

.

interior medullary velum



Mesencephalon Anterior colliculus

X 4 Posterior colliculus

Cerebellar [ Extraventricular Cerebellar hemisphere

plate Intraventricular Nodule
Flocculus
Posterior
Alar plate meduliary velum

Foramen of Luschka

Foramen of Magendie

{ 4 Roof plate of
Cut edge prun (medial aperture)

roof of 4th ventricle
A 4th ventricle B
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pendymal roof

FPia mater
' Cerebellar swelling
(primordium of cerebellum;
e

Somatic afferent —___

General visceral afferent ——

| Fourth vantricie

General visceral efferent ™ Pontine nudleus

Somei:xc efferent

Primary fissure

Capillary /Cerebe:iar cortex

Antenor lobe
(paleocerabellum)

~

Posterior lobe
{(neccerebellum)

Flocculonodular lobe
Cerebral . ‘ — (archicerebellum)
aquecuct ™

Dentate __}-
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4th ventricle

> N Alar plate

Sulcus limitans

A B Basal plate

Cerbellum Suleus limitans

CN VI, IX, X
CNV, VI, IX, X

CN VI, Xl

c
Cerebellar
4th ventricle Roof plate Rhombic lip v— hemisphere
4th ventricle

Anterior colliculus

Cerebeliar { Extraventricular i * Cerebellar hemisphere
plate L intraventricular —

Foramen of Luschka

Foramen of Magendie
(medial aperture)

roof of 4th ventricle
A 4th ventricle B

Figure 17.20 A.Dorsal view of the mesencephalon and thombencephalon in an 8-week embryo. The roof of the fourth
ventricle has been removed, allowing a view of its floor. B, Similar view in a 4-month embryo. Note the choroidal fissure
and the lateral and medial apertures in the roof of the fourth ventricle.



Development of the pons and

cerebellum

Development of the pons and cerebellum

Development of the pons and

cerebellum

~NOoO O WN R

. Choroid plexus

. Medulla

. Tela choroidea

. Pons

. 4th ventricle

. Developing anterior lobe of cerebellum
. Midbrain

Developing cerebellum

Tela choroidea

4th ventricle

Somatic afferent group

Special visceral afferent group
. General visceral afferent group
. Somatic efferent group

. Special visceral efferent group
. General visceral efferent group
10. Pontine nuclei
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Compartmentalization of Cerebellar
Neurogenesis

External
Granular
Layer (EGL)

Cerebellar
Ventricular Rhombic
Zone Lip

Ptf1a * * Math1, Pax6

GABAergic Glutamatergic
Neurons Neurons

Purkinje Cells DCN Projection Neurons
GABAergic Interneurons EGL— Granule Neurons
Unipolar Brush Cells
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Molecular layer

Purkinje-cell layer

Granular layer

White matter

Nature Reviews | Molecular Cell Biology
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terminalis -
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Infundibulum

1. Lateral ventricle

2. Choroid plexus

3. Foramen of Monro

4. 3rd ventricle

5. Ependymal roof of the 3rd
ventricle

6. Corpus striatum

7. Hypothalamus

8. Neopallium
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diencephalon Epithalamus

Cerebral Pineal
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Foramen
of Monro

= Hypothal amic
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terminalis
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Carlson: Human Embryology
Copyright © 2009 by Mosby,

Developmental Biology, 4th Edition.
Imprint of Elsevier, Inc. Al nghts reserved.



Diencephalon and telencephalon

1. Lateral ventricle
2. Choroid plexus
3. Foramen of Monro
4. 3rd ventricle
5. Ependymal roof of the 3rd ventricle
6. Corpus striatum
7. Hypothalamus
8. Neopallium
9. Hippocampus




Falx cerebri

Cerebral hemisphere

Internal capsule Lateral ventricle

Hippocampus

Choroid plexus of
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Putamen

Choroid plexus of llird ventricle
7’ e 12— || Ird ventricle
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Lentiform nucleus
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PSS Hypothalamic nuclei
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Craniopharyngeal
A Future sphenoid sinus B canal i C

Infundibulum

Lumen of AR
diencephalon Opticchiasma

Rathke’s pouch
Pars tuberalis

Pharyngeal

hypophysis Pars nervosa
Anterior
Sphenoid lobe
Notochord WA
Oral cavity Spheno-occipital Pars intermedia
Rostral tip synchondrosis
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Hypothalamus

Mamillary body
Optic chiasma

Infundibulum
Pars tuberalis

|_Anterior pituitary
Pars intermedia | (adenohypophysis)

Posterior pituitary
(neurohypophysis)

Pars distalis

3rd ventricle
diencephalon
' optic chiasm
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n Rathke’s pouch adenohypophysis
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Pars tuberalis

Development of the Pituitary Gland
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1. Lateral ventricle
2. Choroid plexus
3. Foramen of Monro
4. 3rd ventricle
5. Ependymal roof of the 3rd ventricle
6. Corpus striatum
7. Hypothalamus
8. Neopallium
9. Hippocampus
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FORMATION OF CHOROID FISSURE

Wall of telencephalon
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