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e brain (CNS)

the nervous system consists of:
nerves (PNS) {
|. CENTRAL NERVOUS SYSTEM (CNS) includes the:

1. brain

2. spinal cors

https://thealevelbiologist.co.uk/genetics-control-homestasis/the-
nervous-system-and-the-identification-and-consequences-of-damage/

Il. PERIPHERAL NERVOUS SYSTEM (PNS) includes the:

* neurons outside the CNS

« cranial and spinal nerves — connect the brain and spinal cord with the peripheral structures e syt m;n::::sy,:;;::ﬁc
l1l. AUTONOMIC NERVOUS SYSTEM (ANS): %

- has parts in CNS and PNS o EaF—o
consists of neurons innervate the: 5

1. smooth muscle

2. cardiac muscle
T
3. glandular epithelium e
SANAL = " o ;2':;,
@ v, O g s

https://en.wiki books.org/wiki/Anatomy_and_PhysioIogy_of_Animals/Nervous_System



NEURULATION:

ORIGIN OF NERVOUS SYSTEM

- begins during the early part of the 4th week

formation of the:
1. neural plate

2. neural tube

Cut edge of amnion

Neural fold Neural crest

Neural groove .\Noeoehovd

Surface ectoderm

F

http://embryocentral.blogspot.com/2014/12/neurulation.html

FORMATION OF NEURAL TUBE
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* the nervous system develops from the NEURAL PLATE

NEURAL PLATE:

- thikened area of embryonic ectoderm
the neural plate forms the:

1. NEURAL FOLDS

2. NEURAL CREST

3. NEURAL GROOVE

4. NEURAL TUBE

ORIGIN OF NERVOUS SYSTEM

Neural plate: 19 — 23rd day

1 Neural plate 5 Somites
2 Primitive streak 6 Cut section of the amnion
3 Primitive nodes 7 Neural folds

4 Neural groove

http://www.embryology.ch/anglais/hdisqueembry/triderm10.html

|  Closed™~0.@

: neural tube T~ Crest of the neural fold

"v‘\ Neural crest cells
Neural tube
(b) \\ Noloc-o!

https://slideplayer.com/slide/7546977/




ORIGIN OF NERVOUS SYSTEM

Migrating neural crest cells

NEURAL TUBE: (neural groove stage)
- differentiates into the CNS

NEURAL CREST:

- gives rise to the cells that form most of the PNS and ANS

The neural tube at roughly the 28th day The neural tube at roughly the 29th day =~ The forming neural crest (neural plate stage)

Epiblast
Neural fold
Migrating neural crest cells

wWN B

Neural crest after
a completed detachment
(neural tube stage)

A Neural plate stage

B Neural groove stage
1 Epiblast

2 Neural groove

1 Neural tube 5 Neural crest

2 Neural fold 6 Protrusion of the pericardium 3 Neural crest 4 Neuroepithelium
3 Neural groove 7 Cranial neuropore 5 Neural canal

4 Somites 8 Caudal neuropore 6 Neural tube

http://www.embryology.ch/anglais/hdisqueembry/triderm10.html



NEURULATION:

1. the NEURAL FOLDS start to fuse — formation of neural tube
2. the fusion of neural folds proceeds in carnial and caudal directions

3. asmall arearemain open at the cranial and caudal end

ORIGIN OF NERVOUS SYSTEM  euscodom

Neural plate

Ectoderm

Notochord —&@

Neural crest—Primordial ganglion

Neural canal

https://veteriankey.com/development- Neural tube

4. atthe end the lumen of the neural tube —the NEURAL CANAL of-the-nervous-system-malformation/ P

Neural plate: 19 — 23rd da

1 Neural plate

2 Primitive streak
3 Primitive nodes
4 Neural groove

Neural plate at roughly the 25th day

5 Somites
6 Cut section of the amnion
7 Neural folds

The neural tube at roughly the 28th day The neural tube at roughly the 29th day

1 Neural tube 5 Neural crest

2 Neural fold 6 Protrusion of the pericardium
3 Neural groove 7 Cranial neuropore

4 Somites 8 Caudal neuropore

http://www.embryology.ch/anglais/hdisqueembry/triderm10.html



ORIGIN OF NERVOUS SYSTEM

NEURULATION:

1. THE CRANIAL OPENING OF THE NEURAL TUBE:

rostral neuropore (NEUROPORUS ROSTRALIS)

closes approximately the 25th day

2. THE CAUDAL OPENING OF THE NEURAL TUBE: o »
| wv E 75
- caudal neuropore (NEUROPORUS CAUDALIS) = P 9
e 1: Surface ectoderm; 2: Neural plate; 3: Neural groove; 4: Neural crest; 5:
- closes the 27th day Y i Neural tube; 6: Spinal ganglion; 7: Anterior neuropore; 8: Posterior

\

Neural folds neuropore; 9: Notochord; 10: Primitive node; 11: Primitive streak; 12:Somites.
in region of

d loping brai . .
Gy https://veteriankey.com/neurulation/

stage 10

Site of fusion

of neural folds cranial

brain neuropore
Neural tube — 1% fold
_Remnant of

Somites —_ ~ amniotic sac :
closing

neural
neural tube

groove ! '

caudal

neuropore Neural groove closing to neural
tube Embryo early week 4 (Stage
10)

D § Actual size 3.0 mm
https://slideplayer.com/slide/5270049/ https://embryology.med.unsw.edu.au/embryology/index.php/Neural_-_Spinal_Cord_Development


https://embryology.med.unsw.edu.au/embryology/index.php/Carnegie_stage_10
https://embryology.med.unsw.edu.au/embryology/index.php/Carnegie_stage_10

ORIGIN OF NERVOUS SYSTEM

Prosencephalon:
Telencephalon
Di phal

NEURULATION:

Mesencephalon

CLOSURE OF THE NEUROPORES:

Rhombencephalon:

Metencephalon
- coincides with the establishment of the vascular circulation for the neural tube ame
A B
- THE WALLS of the neural tube thicken to form the BRAIN and THE SPINAL CORD Masencephialon

Metencephalon

Diencephalon Myelencephalon

Five secondary
brain vesicles Telencephalon

Three primary
brain vesicles

Cerebrum

Eye cup C Optic cup D

Thalamus,

hypothalamus,
and epithalamus

Midbrain

Pons

Telencephalon
Prosencephalon —< )
(Forebrain) Diencephalon

Mesencephalon —— Mesencephalon
(Midbrain)

Metencephalon
Rhombencephalon —<
(Hindbrain) Myelencephalon

»—— Telencephalon
(cerebrum) —<

Cerebellum

Medulla oblongata

(cerebellum End pons)
Myelel

Lateral view  Three- to four-week Five-week Lateral view
embryo embryo

(@) (b)

https://en.wikipedia.org/wiki/Brain_vesicle
https://veteriankey.com/development-of-the-nervous-system-malformation/



NEURULATION:

CLOSURE OF THE NEUROPORES:

- THE NEURAL CANAL forms:

a. THE VENTRICULAR SYSTEM of the barin

b. THE CENTRAL CANAL of the spinal cord

Median telocele
(ventricle 1l1)

Foramen of Monro

Lamina

terminalis Lateral ventricles

(first and second)

Lateral telocele
(ventricle 1)

Diocoele
(ventricle I1l)

Optic cup

Mesocele
(aqueduct of
Sylvius)

Metacele
(ventricle IV)

Myelocele
(ventricle 1V)

Position of

auditory vesicle
Fourth ventricle

Spinal cord B c

https://www.sciencedirect.com/topics/veterinary-
science-and-veterinary-medicine/ventricular-system

| = Choroid plexus

ORIGIN OF NERVOUS SYSTEM

A Neural groove
Neural plate

B Neural crest cells

\.'?— Dorsal root ganglion

Neural tube

Alar plate

Sulcus limitans

Basal plate

Marginal layer
Central canal

Mantle layer

White matter

Posterior

horn Gray matter

@W

Source: Waxman SG: Clinical Neuroanatomy: Twenty-Seventh Edition
www.accessmedicing.com
Copyright © The McGraw-Hill Companies, Inc. All rights reserved.

https://lwww.digital-world-medical-
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24
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Mesencephal

=

> Melenceph

\ / /
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Die"wpha'ﬂn ——> Subthalamus third
Hypothalamus ventricle

Neuropituitary
_‘—> Midbrain Cerebral
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o e

i
J

on

ADULT
DERIVATIVES

Neural tissue Cavities

Thalamus Most of

N 8
—— Myel lencephalon—> Medulla :38';?‘3'
A\ / ou
\ / ventricle

http://brainmind.com/AbnormalBrainDevelopment.html

school.net/01.%20Medical%20School/1.%201st/10.%200rganogenesis,%20Tissue%20Structure%20and%20Function/06.%20Nervou
s%20System/02.%20Structure/01.%20Central%20Nervous%20System/02.%20Spinal%20Cord/Spinal%20Cord.html



DEVELOPMENT OF SPINAL CORD

- the neural tube caudal to the 4th pair of somites develops into the spinal cord

the lateral wall of the neural tube:

1. thicken

2. reduce the size of the neural canal to the CENETRAL CANAL

Internal
limiting
membrane

Naural canal

Primordium of

Neural tube 4 :
spinal ganglion

"4
Neuroepithelial cells

Dorsal median septum

\

Marginal zone

Afferent neuroblasts
in spinal ganglion Dorsal horn

Central canal

Ventral
horn

Sulcus
limitans

Motor neuroblast Trunk of

spinal nerve

Dividing neu ithelial cell
Mesenchyme e

External
limiting
membrane

|

Intermediate
(mantle) zone

https://slideplayer.com/slide/4948221/

Neural groove
Neural plate

Neural crest cells

Skin

Dorsal root ganglion

Neural tube

Alar plate

Sulcus limitans

Basal plate

Marginal layer
Central canal

Mantle layer

White matter

Gray matter

Source: Waxman SG: Clinfcal Neuroanatomy: Twenty-Seventh Editien:
www. smedic

Copyright © The McGraw-Hill Companies, Inc. All rights reserved.



DEVELOPMENT OF SPINAL CORD

the wall of the neural tube composed of pseudostratified columnar epithelium (neuroepithelium)

- the neuroepithelial cells constitute the EPENDYMAL LAYER (ventricular zone)

1. EPENDYMAL LAYER gives rise to:

a. all neurons

b. macroglial cells (astrocytes, oligodendrocytes) in the spinal cord

Roof pla
Dosees i p_l ‘te argchnoid mater
‘*-‘/ _,piamater
3 / /dpra mater

X
N

4 . [
P \ . l, ey o v
. T ) R - s \
ventral e ; : 3
' 40 P }
3 |
Py 3 . )y
. 7
. -,

. Human Embryo

Véntrieular layed) . _
(Carnegle stage 13) % 3

Dorsal oot

~*Sulcus fimitans

dorsal

Ventral

Stage_22 Spinal cord cross-section (ventral is at
bottom of image)

Stage 13 Spinal cord cross-section
(upper part of cord).

https://embryology.med.unsw.edu.au/embryology/index.php/Neural_-_Spinal_Cord_Development

https://quizlet.c

Neural canal
Neural tube Primordium of
spinal ganglion

Roof plate

Marginal layer
Alar plate

Mantie layer Sulcus limitans

Basal plate
Ependymal layer

Neural Tube: Cell Growth
and Differentiation

om/ca/267073367/embryology-head-and-neck-flash-cards/

Dorsal median septum

Afterent neuroblasts
in spinal ganglion

Ventral
horn

Sulcus

limitans

Internal
limiting
membrane

__- limiting

4
Neuroepithelial cells

Ventral

Motor neuroblast Floor plate Trunk of median White
inal fissure substance
spinal nerve {matter)

Ventral motor root

Dividing nauroepithelial cell
Mesenchyme |

11 Spinal

External (" meninges

membrane

Ventricular 2one

Intermediate
(mantle) zone

https://slideplayer.com/slide/4948221/



DEVELOPMENT OF SPINAL CORD

Embryonic Definitive

Blood vessel and astrocyte

Spongioblast

Marginal White

Central sensory neuron

- some epithelial cells in the ventricular zone differentiate into NEUROBLASTS

Mantle Grey

Germinal Ependymal

Motor neuron

2. NEUROBLASTS form the INTERMEDIATE ZONE (mantle layer):

. . Sulcus limitans
neuroblasts become neurones with cytoplasmatic processes

https://veteriankey.com/development-of-
the-nervous-system-malformation/

Spongioblast

https://veteriankey.com/development-
of-the-nervous-system-malformation/

Neural canal :
— , Marginal zone Afferent neuroblasts Dorsal b
Roof plate . rimoraium ol in spinal ganglion rsal horn
Dorsal - P‘ araahnaid aler Neural tube pinal gang
= Alar plate

Dorsal median septum

Central canal

spinal ganglion

—

= - & pia mater
=
B, / ~dura mater

> Ventral
—— horn

N )

Sulcus
limitans

Motor ___
neuron
ventral

Motor neuroblast T of median White
iy ; fissure substance
spinal nerve (matter)
Ventral motor root
el Dividi ithelial cell
limitin ividing neuroepithelial col
rlnelmb%ane Mesenchyme \
Rt Spinal
External X / meninges
Ventral __- limiting U
Stage 13 Spinal cord cross-section Stage_22 Spinal cord cross-section (ventral is at S
(upper part of cord).

bottom of image)

E
—7F [venicuiar zone] —
https://embryology.med.unsw.edu.au/embryology/index.php/Neural_-_Spinal_Cord_Development Ml

Intermediate
(mantle) zone

https://slideplayer.com/slide/4948221/




DEVELOPMENT OF SPINAL CORD

Embryonic Definitive

- outer part of epithelial cells constitute the MARGINAL ZONE Marginal

Blood vessel and astrocyte

Spongioblast

Central sensory neuron

White

Mantle Grey

3. MARGINAL ZONE becomes the:

Motor neuron

Germinal Ependymal

a. white matter of spinal cord

Sulcus limitans pergened
https://veteriankey.com/development-of-the- https://veteriankey.com/development-
nervous-system-malformation/ of-the-nervous-system-malformation/

Dorsal median septum
N | |
Dovaal Flook piafe argchnoid mater N ; ; o ! et seuecolests
. — / ) ; Neural tube Primordium of | in spinal ganglion Dorsal horn
b e e & pia mater spinal ganglion \ /
Ventricular lay, B o - . \ s
Dorsalioats" i 2 RS TS dura mater L i
“oF g -*?. X / { \\
” 3 2 F YO Sulcus
| ! limitans |~
ventral .
ulcus fimitans
B i A
' Motor neuroblast Trunk of median White
dradus fissure substance
spinal nerve {matter)
Ventral motor root
Internal 73 AP
::1"::1'\’;)?'3 e Messictiyre Dividing ncur::)epnhehal coll
|
dorsal ;
External
__ limiting
Ventral ~  membrane
Stage 13 Spinal cord cross-section Stage_22 Spinal cord cross-section (ventral is at D &4
(upper part of cord). bottom of image) LA
Neuroepithelial cells
https://embryology.med.unsw.edu.au/embryology/index.php/Neural_-_Spinal_Cord_Development | {',}:Z:,'I}Zd; e |

https://slideplayer.com/slide/4948221/



GLIOBALSTS (SPONGIOBLASTYS):

- supporting cells of CNS

DEVELOPMENT OF SPINAL CORD

- differentiate from the neuroepithelial cells

- they migrate from the ventricular zone —into the intermediate zone — and marginal zone

1. some glioblasts become — astroblast — than astrocytes

2. some glioblasts become oligodendroblasts — than oligodendrocytes

3. some neuroepithelial cells become ependyma - linig the central canal of the spinal cord

Embryonic Definitive
Marginal White
Mantle Grey
Germinal Ependymal

Sulcus limitans

https://veteriankey.com/development-of-the-
nervous-system-malformation/

Blood vessel and astrocyte

Spongioblast

Central sensory neuron

Motor neuron

Spongioblast

https://veteriankey.com/development-of-the-
nervous-system-malformation/

[Dendrite

Apolar nauroblast
Bipolar neuroblast

|
e

Unipolar neuroblast

™ ,-(,
(@3
=

Masenchymal cell

-

Neuroepithelium Nt

(nauroectoderm) ™
Neural tube £

Microghial ceil

7

@ o

| Glioblast (spongioblast) |

AN

M
)3.'> Epithelium of

choroid plexus

Astroblast Ofigodendroblast

pre

Oligodendrocyte

Protoplasmic astrocyte

Fibrous astrocyte




Roof plate

DEVELOPMENT OF SPINAL CORD

Marginal layer

Alar piate

Sulcus limitans

Mantie | *
- proliferation and differentiation of neuroepithelial cells in the developing spinal cord produce: B Besel plote

Ependymal layer *x

1. thick walls Neural Tube: Cell Growth

Floor plate and Differentiation
2. thin roof plate
https://quizlet.com/ca/267073367/embryology-head-and-neck-flash-cards/
3. thin floor plate

Dorsal median septum

Central canal

Neural canal

Marginal zone

", Afferent neuroblasts
Primordium of '.. in spinal ganglion Dorsal horn
\ )
1
\
\

spinal ganglion

Neural tube

Roof plate

arachnoid mater

Ventral

Sulcus
limitans

ventral

Motor neuroblast Floor plate Tk of median White
e I° fissure substance
spinal nerve (matter)

Ventral motor root

Internal B .
limiting Dividing neuroepithelial coll
membrane Mesenchyme

dorsal gx!gmal
__- limiting
membrane

Ventral

Stage 13 Spinal cord cross-section Stage_22 Spinal cord cross-section (ventral is at
(upper part of cord). bottom of image)

Neuroepithelial cells

Intermediate
https://embryology.med.unsw.edu.au/embryology/index.php/Neural_-_Spinal_Cord_Development @l
https://slideplayer.com/slide/4948221/




THICKENING OF THE LATERAL WALLS produce:

- one each side the SULCUS LIMITANS

SULCUS LIMITANS separates:

- the ALAR PLATE from BASAL PLATE

- the alar and basal plate associated with afferent and efferent functions

Human Embryb
(Carnegle stage 13)
ipper Spinal Cord

ventral

dorsal

Stage 13 Spinal cord cross-section
(upper part of cord).

https://embryology.med.unsw.edu.au/embryology/index.php/Neural_-_Spinal_Cord_Development

DEVELOPMENT OF SPINAL CORD

rachnoid mater

. /dura mater

Stage_22 Spinal cord cross-section (ventral is at
bottom of image)

Marginal
Mantle

Germinal

Layers
Germinal

Mantle

Marginal L

GP, General proprioception;
GSA, general somatic afferent;
GSE, general somatic efferent;
GVA, general visceral afferent;
GVE, general visceral efferent;
SP, special proprioception;
SSA, special somatic afferent;

SVA, special visceral afferent.

Embryonic

Definitive

White
Grey

Ependymal

Alar

mantle lamina

Floor plate

Dorsal median septum

Gray columns
Dorsal
Intermediate

Ventral

https://veteriankey.com/development-of-the-nervous-
system-malformation/



DEVELOPMENT OF SPINAL CORD

ALAR PLATE:
- cell bodies in the alar plates form the DORSAL GRAY COLUMNS
in transverse section —these coulmns are: f

1. the dorsal grey horns

Layers
Germinal
Afferent neuroblasts

in spinal ganglion Mantle

Marginal

Sulcus |
limitans

Roof plate ;
Doesal P argchnoid mater
o / ~_piamater
S »//d_ura mater

v i ,
Human Embryo Ventricular layer .
(Carnegle stage 13) =

pper Spinal Cord ' Dorsal root o o

B, 3
ik 3 b

sy Sulcus}lmltans

ventral

¢

dorsal

Ventral

Stage_22 Spinal cord cross-section
(ventral is at bottom of image)

Stage 13 Spinal cord cross-
section (upper part of cord).

https://embryology.med.unsw.edu.au/embryology/index.php/Neural_-
_Spinal_Cord_Development

Vantral
horn

Motor __
neuron

Ventral

median White

fissure substance
(matter)

Trunk of
spinal nerve

Ventral motor root

https://slideplayer.com/slide/4948221/

Alar
mantle lamina

Floor plate

Dorsal median septum

GP, General proprioception;
GSA, general somatic afferent;
GSE, general somatic efferent;
GVA, general visceral afferent;
GVE, general visceral efferent;
SP, special proprioception;
SSA, special somatic afferent;

SVA, special visceral afferent.

Gray columns

Intermediate

Ventral




DEVELOPMENT OF SPINAL CORD

BASAL PLATE:

- cell bodies in the basal plates form the ventral and lateral gray columns

Layers

. . . Germinal

in transverse section these columns are: —
Mantle

Basal
-~ mantie -
lamina

1. theventral grey horns Marginal

Floor plate

Dorsal median septum

2. thelateral gray horns

Gray columns

AXONS from the ventral horn cells:

- grow out of the cord

- form the ventral roots of the spinal nerves GP, General proprioception;
GSA, general somatic afferent;

GSE, general somatic efferent;
GVA, general visceral afferent;
GVE, general visceral efferent;
SP, special proprioception;

SSA, special somatic afferent;

SVA, special visceral afferent.

Dorsal

Intermediate

GSE @
Ventral median fissure —l

Marginal zone \!, Afferent neuroblasts

in spinal ganglion
Alar plate

Sulcus
limitans

_Floor plate

Motor neuroblast

Dorsal median septum

Central canal

Dorsal horn

Vantral

rom | NN

fissure substance

W
c‘l ‘ !\ “
=~ \ \ﬂ
-,.. “'
Ventral
median White

(matter)

Ventral motor root

https://slideplayer.com/slide/4948221/



Head

Trunk

DEVELOPMENT OF SPINAL GANGLIA

the unipolar neurons in the spinal ganglia (dorsal root ganglia) derived from neural crest cells

the peripheral processes of the spinal ganglion cells pass in the spinal nerves to sensory endings in somatic or visceral

structures

the central processes enter the spinal cord — constituting the dorsal roots of the spinal nerves

Neural plate
border
Non-neural
ectoderm

Neural plate F Neural crest derivatives

Mesenchymal cells

Osteoblasts/osteocytes
Fibroblasts
Odontoblasts

Cardiac mesenchyme
Myoblasts

Adipocytes

Notochord

Cc Premigratory
neural crest

Neural
fold
Neuronal cells
Sensory neurons
\\ Cholinergic neurons
4 Adrenergic neurons
' Satellite cells
Schwann cells
D : Epidermis Glial cells

Secretory cells
Chromaffin cells
Parafollicular cells
Calcitonin-producing cells

' Delaminating
neural crest

Pigmented cells
Melanocytes

Migratory
neural crest

http://dev.biologists.org/content/142/2/242

Chondroblasts/chondrocytes Abdominal autonomic

Melanoblasts Spinal ganglion

Sympathetic trunk
ganglion

plexus ganglion Adrenal medulla

Autonomic neuron

Dorsal funiculus

Dorsal root

Lateral funiculus

Spinal ganglion

Ventral funiculus Spinal nerve

Abdominal autonomic
plexus ganglion

/ Adrenal

Fibres of ventral
spinal nerve root

Spinal nerve
trunk

Roof plate

Primitive ependymal layer
(matrix cell layer)
(ventricuar zong)

Oval bundle

Dorsal spinal

nerve root

Spinal (dorsal root) ganglion

Sitsof mante
layer (intermediate

zone) forming anterior
#\, horn of grey matter

Floor piate  Notochord Marginal layer (zone)

https://clinicalgate.com/development-of-the-nervous-system-4/

Dorsal root
(sensory)

Dorsal root
ganglion

Somatic sensory neuron

.

Visceral sensory
neuron

Visceral motor

neuron 7
Somatic motor neuron

ppinal nerve

Copyright © 2004 Pearson Education, Inc., publishing as Benjamin Cummings

Posterior horn (interneurons)

Ventral root (motor)

Anterior horn
(motor neurons)

http://www.profelis.org/vorlesungen/neuroanatomy_3.html

https://veteriankey.com/development-of-the-nervous-system-malformation/



1.

2.

3.

DEVELOPMENT OF SPINAL MENINGES

mesenchyme surrounding the neural tube condenses to form the primordial meninges

the external layer gives rise to the dura mater

the internal layer gives rise to pia mater

neural crest cells give rise to arachnoid mater

https://clinicalgate.com/development-of-the-nervous-system-4/

Surface e_ctnl:lerm

Neural fold Neural groove Neural crest Neural crest : Mesoderm

Neural tubg

MNotochord Somite Yolk sac

https://www.cdc.gov/ncbddd/birthdefects/surveillancemanual/photo-atlas/nervous.html



DEVELOPMENT OF BRAIN

nerves Il & IV
Metencephalon  Mesencephalon )\

Development
of Pig Brain

Rhombencephalon

Mesencephaion

Diencephalon

- the neural tube cranial to the 4th pair of somites develops into barin

- {

” A s
(,K\v\ﬁ’\) ¥
s /

Prosencephalon W) ] \
i r e
before the neural folds completely fused: Specs: | X 7 1
A 5mm B 12 mm Telencephalon [ 7 i/ Trigemina
(18 cays) (22 days) i i‘/ gangion \ "
v Optic nerve (Il)
spnal gangla  Cranial

nerves VIi-Xil

- 3vesicles are recognizable in the rostral end of the neural tube

Mesencephalon

FROM ROSTRAL TO CAUDAL PRIMARY BRAIN VESICLES form the:

F 200 mm
(75 days)

1. FOREBRAIN (PROSENCEPHALON) (EA
SR A

ggx\ -
2.  MIDBRAIN (MESENCEPHALON 2 Newmpss
ky

Medulla oblongata

D asmm

3. HINDBARIN (RHOMBENCEPHALON) B
stage 10

http://vanat.cvm.umn.edu/NeuroLectPDFs/LectNeuroEmbr.pdf

: cranial
Theea primary brain neuropore
Dram vescles fold

closing
neural tube

Prosencephalon
(Forebrain)

neural
groove

\

Masencephalon =
(Midbrain)

caudal
neuropore

= Rhombencephalon
(Hindbrain)

-

Lateral view Thres- 10 four-week
embryo wural groove closing to neural tube Embryo early week 4 (Stage 10)

https://fembryology.med.unsw.edu.au/embryology/index.php/Neural_-_Spinal_Cord_Development


https://embryology.med.unsw.edu.au/embryology/index.php/Carnegie_stage_10

DEVELOPMENT OF BRAIN

FOREBRAIN (PROSENCEPHALON):

during the 5th week the forebrain partially divides into:

Hypothalamic sulcus

—— Alar (roof) plate

Forebrain ‘prn,wmvplmluw\

B Midbrain (mesencephalon)

‘7 Optic vesicle

) §——— Midbrain
(l "

&——— Hindbrain

i ]
y

/ Basal plate
(]

Spinal cord

Opening of right optic vesicle

Sulcus limitans

R Spinal cord ——
In these sections:

Alar plate
l:l Basal plate

Sagittal section

Frontal section (ventral to sulcus limitans)

a TELENCEPHALON https://www.sciencedirect.com/topics/neuroscience/cephalic-flexure
SECONDARY BRAIN VESICLES
mesencephalon
b. DIENCEPHALON
y diencephalon
rr.c :’.‘:‘Dnm"f teloncephalon optic
beain vesicies s
Threa primary y = o sakiaie
) Arebrum
bran vescles ’ A\
- | = Eye cup
- Telencephalon = 7/ 7\ Thalamus,
Prosencephalon R e ’_,', hypothalamus,
(Forebenin) Drancephalon —— and eprhalamus
b
s Masencephialon s Mesencephalon v - = Mdoran
(Midbeain) P
Rhombencephalon = g
0 (Hindbrain) Myslencephalon e Matufla olongata corvical nerve
L 3
Lateral view  Three- 10 four-week Frve-waak G
ClT‘bf"O Cfﬂt‘.fy:) spinal &

https://www.learnmedicalneuroscience.nl/study-tips-brain-development/

https://embryology.med.unsw.edu.au/embryolo
gy/index.php/Neural_System_Development



DEVELOPMENT OF BRAIN
HINDBARIN (RHOMBENCEPHALON):
divides into:
a. METENCEPHALON

SECONDARY BRAIN VESICLES
b. MYELENCEPHALON

Fove socondary
beain vesicies
} a N FNaA F. - ~
Threa primary 7 \,‘/ Carabrum
bran voscles

§ Telerncephalon ' f E& Thalamus,
Prosencephalon —< hypothalamus,

‘ Drancephalon P and sphalanns
N
wrpe— MaSENcephialon s————— Mesencophalon =t Se——- Mdoran

(Midbeain) < Porns
Cernbalum

— MaCUlla ODONGEtA

(Forebeain)

Nateocephalon ——1

Rhombencephalon
(Hindbrain)

Myslencephalon —

Lateral view  Three- 10 lour-week Froe-waak
embryo embrya

https://www.learnmedicalneuroscience.nl/study-tips-brain-development/

mesencephalon

diencephalon

telencephalon
optlc
cup

ath
ventricle

cervical nerve

spinal cord

https://embryology.med.unsw.edu.au/embryolo
gy/index.php/Neural_System_Development



THE EMBRYONIC BRAIN:

1. grows rapidly during the 4th week

2. bends ventrally with the head fold

THESE BENDING produces:

BRAIN FLEXURES

1. the MIDBRAIN (CEPHALIC) FLEXURE —in the midbrain region

2. the CERVICAL FLEXURE - at the junction of the hindbrain and the spinal cord

Central nervous system at 28 days

Forebrain Midbrain (mesencephalon)

(prosencephalon)
Hindbrain (rhombencephalon)

Optic vesicle

Cephalic flexure

3.6 mm

Spinal cord

[

-
) Ntk
3

/
’/{" <OMN ACRAS—/AD

https://www.sciencedirect.com/topics/neuroscience/cephalic-flexure

Mesencephalon

Cephalic Optic vesicle
flexure
Foramen of /

monro

Aqueduct of Telencephalon

sylvius
~— Rhombencephalon

Pontine

flexure \

\ Foramen of _—>
magendie

Cervical flexure

Spinal cord

Foramen magnum

https://www.bilderbeste.com/foto/pontine-flexure-e4.html



BRAIN FLEXURES

THE EMBRYONIC BRAIN:

- growth between the midbrain and cervical flexure —and produce the PONTINE FLEXURE

Mesencephalic Nerve V. Nerves VII, VIl Mesencephalon Rhombencephalon

Mesencephalon
Cervical

Cephalic Optic vesicle flexure

flexure \ :
Foramen of — /

monro
== Prosencephalon
A 26 days B 28 days
Aqueduct of Telencephalon
sylvius
Rhombencephalon Mesencephalon

Rhombencephal Future
isthmus Cerebral cerebellum
hemisphere Pontine

flexure

Pontine
flexure

\ Foramen of _—>
magendie

Cervical flexure

Foramen magnum

Myelencephalon

Spinal cord

Future
pons

Diencephalon Cerebral hemisphe
C 35 days D 50 days

https://www.bilderbeste.com/foto/pontine-flexure-e4.html

https://www.bilderbeste.com/foto/pontine-flexure-e4.html



DEVELOPMENT OF BRAIN geconaary Brain
HINDBRAIN:

- the cervical flexure demarcates the hindbrain from the spinal cord
- the pontine flexure divides the hindbrain into:

a. CAUDAL, MYELENCEPHALON

https://fembryology.med.unsw.edu.au/embryology
i .php/N I t Devel t
b. ROSTRAL, METENCEPHALON findex.php/Neural_System_Developmen

Mesencaphalon Future mesencephalic aqueduct

c. THE CAVITY OF the hindbrain becomes the FOURTH VENTRICLE

Diencephalon

A B C Adutt brain

Cephalic flexure

Cervical flexure

o

U

_ Telencephalon
=

Midbrain
Cerebellum Tel

C Optic cup D
- Medulla

Spinal cord

i Lateral ventricle
Forabrain : Sl {—— Forebrain
Midbrain 3rd ventricle ‘\\L ee:srza retina »— Telencephalon
Hindbrain {cerebnam)
Cerebral aqueduct L Midbrain
Spinal 4th ventricle
column — Hindbrain

Metencephalon ~
(cerebellum and pons) —

Myelencephalon
(medulla) ——

E ————— Spinal cord

https://slideplayer.com/slide/7435970/



HINDBRAIN:

a.

MYELENCEPHALON:

- becomes the MEDULLA OBLONGATA

A

Cephalic flexure

0,

Forebrain
Midbrain

Hindbrain

Spinal
column

B C Adult brain
Cephalic flexure  Pontine fiexure

Cervical flexure

Midbrain

Cervical flexure

Telencephalon

—— Forebrain

Cerebral aqueduct

4th ventricle (pons and cerebellum)

Myelencephalon
(medulia)

— Hindbrain

Spinal cord

https://slideplayer.com/slide/7435970/

Cerebellum

Spinal cord

DEVELOPMENT OF BRAIN

Nerve V. Nerves VII, VIl

Mesencephalic
flexure

Mesencephalon

Rhombencephalon

N
NI VI

Optic cup

Prosencephalon

A 26 days B 28 days

Mesencephalon Myelencephalon
Rhombencephalic Pontine
isthmus flexure

Mesencephalon
Future
cerebellum

Pontine
flexure

Cerebral

Metencephalon hemisphere

Future

Diencephalon Cerebral hemisphe pons

C 35 days D

50 days

https://www.bilderbeste.com/foto/pontine-flexure-e4.html

Secondary Brain
Vesicles

. meteéncephalon
-
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. ‘ { I
%e’nuphal:n W e

\ \ y N -
optic nerve

telencephalon

https://embryology.med.unsw.edu.au/embryology
/index.php/Neural_System_Development




HINDBRAIN:

b. METENCEPHALON:

becomes the:

1. PONS

2. CEREBELLUM

Mesencephalon (midbrain)

Stage: 3 vesicle

Prosencephalon

(forebrain)
Mesencephalon —
(midbrain)
Rhombencephalon
(hindbrain)
Spinal cord
A

Cephalic flexure

Diencephalon

Telencephalon
(cerebral hemispheres)

Optic vesicle

Cc

Pontine flexure

DEVELOPMENT OF BRAIN

Stage: 5 vesicle

. Telencephalon
; S (cerebral hemispheres)
= Optic vesicle

Diencephalon

Prosencephalon

Mesencephalon

(midbrain)
Pons (metencephalon)
Medulla (myelencephalon)
Spinal cord
A
Cephalic flexure
B

Metencephalon (pons)

Myelencephalon (medulla)

Forebrain
Midbrain

Cervical flexure Hindbrain

Spinal

Spinal cord column

http://what-when-how.com/neuroscience/development-of-
the-nervous-system-gross-anatomy-of-the-brain-part-1/

Cervical flexure

Secondary Brain
Vesicles

https://embryology.med.unsw.edu.au/embryology
/index.php/Neural_System_Development

B C Adult brain

Cephalic flexure  Pontine fiexure

J/\/ Cervical flexure

Midbrain
.Cerebellum

Telencephalon

Lateral ventricle Rhonagian Spinal cord
7 — Forebrain

3rd ventricle —Neural retina

.\Lens
Mesencephalon —— Midbrain
Metencephalon
(pons and cerebellum)

———Myelencephalon : @

(medulla)



DEVELOPMENT OF BRAIN

THE CAVITY OF THE HINDBRAIN:

becomes:
1. the FOURTH VENTRICLE

2. The CENTRAL CANAL in the caudal part of the medulla oblongata

interventricular lamina terminalis
4 U Sl

Isthmus

pontine
flexure Mesencephalon

Dienecephalon

Median telocele
(ventricle Il1)

Foramen of Monro

Lamina
terminalis

hemispheric
sulcus

Lateral telocele
(ventricle 1)

Diocoele
(ventricle Ill)

optic vesicle

Optic cup

third A .
ventricle ~./~\ /1 \\Ky-ceubral vesicle
{7 orpus striatum
lateral || )/ Tc e
ventricle f',\"J' \L;—
optic vesicle —-D’)\ "\g
future \
cerebral --Mesencephalon
aqueduct \\ )
Myelencephalon
fourth / \
ventricle 74
'—M elencephalon ™~
\ D Spinal cord
/
SP‘“‘“ cord Mesocele

(aqueduct of
Sylvius)

PMID 10852851

https://fembryology.med.unsw.edu.au/embryo
logy/index.php/Neural_System_Development

Metacele
(ventricle 1V)

Myelocele
(ventricle IV)

Position of
auditory vesicle

Spinal cord B

SN
P

I Choroid plexus

Lateral ventricles
(first and second)

Third ventricle

Aqueduct of
Sylvius

A

Fourth ventricle

Anterior
horn

Inferior
horn

Posterior
horn

Capillary network

Ependyma
Pia mater

Fourth ventricle

AN “\\“\‘\\\\\‘.\\‘“

e

, ”my 1

) w/////}///l///// )
i

Medullary velum Lateral aperture

: \ T |
of fourth venricle Cerebellomedullary

angle

https://veteriankey.com/development-
of-the-nervous-system-malformation/



DEVELOPMENT OF BRAIN

MYELENCEPHALON:

- neuroblasts from the alar plate migrate into the myelencephalon to form:
1. the GRACILE NUCLEI (medially)
2. the CUNEATE NUCLEI (laterally)

- the ventral area containd the PYRAMIDS = corticospinal fibers

Medulla (caudal) I Ascending

[ Descending
! M Mixed

Nucleus

Cuneate
Nucleus
Gray.
Matter

™S S
| J
= S

f])rl()[l:l](l(li;.i.‘t)[ll firom Haines (1987) Neuroanatomy, p. 79

https://fpnotebook.com/Neuro/Anatomy/MdIOblngt.htm

https://lwww.sciencedirect.com/topics/neuroscience/myelencephalon




DEVELOPMENT OF BRAIN

Sulcus Roof Choroid
limitans

MYELENCEPHALON: Alar

plate Somatic

afferent
- neuroblasts in the BASAL PLATE of the medulla develop into MOTOR NEURONS

Special
visceral
afferent

visceral
efferent

- the motor nuclei develop medial to the sensory nuclei

General
visceral
afferent

FROM MEDIAL TO LATERAL they are:

efferent )
(lx' X, X1y Somatic

efferent
(X1

Olivary
nucleus

1. the general somatic efferent nuclei — represented by the neurons of the hypoglossal nerve
https://www.sciencedirect.com/topics/neuroscience/myelencephalon

2. the special visceral efferent nuclei — represented by neurons innervating muscles derived from the pharyngeal arches

SP:
Vestibular

3. the general visceral efferent nuclei — represented by neurons of vagus and glossopgaryngeal nerves __

GP
0
SSA

SVA
GVA

Fourth ventricle

SVA:
GVA:
CN VI, IX, X
Visceral receptors
Taste

Roof plate (ependyma)
Sulcus limitans

GVE:

CN VI, IX
Lacrimal and salivary
glands via autonomic
ganglia

CN X
Smooth muscle and glands
of throacic and abdominal
organs via autonomic
intramural ganglia

Alar plate
Basal plate
Floor plate

Palatal pharyngeal mm
CN X, XI
Laryngeal mm
GSE:
CNVI
Extraocular mm
CN Xl

https://veteriankey.com/development-of-the-nervous-system-malformation/ Yocgsia i



DEVELOPMENT OF BRAIN

MYELENCEPHALON:

- neuroblasts in the ALAR PLATE of the medulla develop into SENSORY NEURONS

4th ventricle

FROM MEDIAL TO LATERAL they are:

Suleus limitans -

1. the general visceral afferent nuclei —receiving impulses from the viscera
Basal plate

. . . .. . A B Basal plate
2. the special visceral afferent nuclei — receiving taste fibers

Cerbellum Sulcus limitans

3. the general somatic afferent nuclei — receiving impulses from the surface of the head

4. the special somatic afferent nuclei — receiving impulses from the ear
CNV, Vil
CN VI IX, X
CNV, VI, IX, X

CN VI, XII
Sulcus Roof Choroid
limitans plexus

Cerebellar

4th ventricle Roof plate Rhombic lip VaRiis hemisphere

L Special
General 1 ' visceral

visceral afferent
efferent General 4th ventricle
: visceral
Special visceral
plate ef‘: erent ) afferent D E
(|x X X|) Somatic Ollvary
43 efferent nucleus
(X1) http://what-when-how.com/neuroscience/development-of-the-

nervous-system-gross-anatomy-of-the-brain-part-2



METENCEPHALON

CEREBELLUM:

- develops from the dorsal part of the alar plate

the cerebellar swellings:

1. enlarge

DEVELOPMENT OF BRAIN

Roofplate ~ Cerebellar Cerebellum increasing
Rhombic lip rudiment in size

A \ Fot:[ttl'n M
ventricle ' C

Alarlamina \
and basal lamina -
of metencephalon

Roof plate of
fourth ventricle

Purkinje cell
* TR
Granular cells —; X
Cerebellar %

nuclei (}/
5 Germinal cells

Rhombic lip Cerebellar rudiments grow
(source of cerebellum) medially in the roof plate to Vermis
meet in the middle line

Trigeminal ganglion
) GSA:

:;/:‘::’:Wasal CNV
. . Alar —— / Sensory from heac
2. fusein the median plane R ¢ ] B D
i o i11.ateral o
Pontine nuclei emisph
3. overlap the pons and the medulla - —— N o

of mastication

https://www.slideshare.net/anjupaed/embryology-of-brain

Trigeminal tract (CN V)

mesencephalon
cerebrum
cerebellum -

Metencephalon (pons)

Trigeminal ganglion

Developing

; cerebellum d
Rhombic neuro-hypophysis

'Ip pons

(35 days) (55 days) (75 days)

Cerebellar Development (Pig)

http://lvanat.cvm.umn.edu/neurLab6/pages/PleaseClick.html

https://veteriankey.com/development-of-the-nervous-system-malformation/



DEVELOPMENT OF BRAIN

MIDBARIN (MESENCEPHALON):

- the neural canal narrows - becomes the cerebral agueduct

a. cerebral agueduct — connects the 3rd and 4th ventricle

b. tectum mesencephali (roof):

— neuroblasts from alar plate become the SUPERIOR and INFERIOR COLLICULI

c. tegmentum mesencephali

aqueductus

Tectum:

Corpora quadrigemina

Rostral colliculus (visual reflex)
Caudal colliculus (auditory reflex)

GSE:
CN IV
To dorsal oblique muscle

Alar plate

Substantia nigra
Crus cerebri

Tegmentum:

Red nucleus
Reticular formation
GSE:
CN Il
To extraocular muscles Basal plate
GVE:
CN Il

To smooth muscle of eyeball
via ciliary ganglion

Nucleus ruber

Crus cerebri

Visceral efferent

Somatic efferent
(I and IV)

Sulcus limitans

Telencephalon (Telen)
and lateral ventricle (LV)

Interventricular foramen (IF)
Prosencephalon (Pro) Diencephalon (Dien) and
third ventricle (ThrV)

Mesencephalon (Mes) and
cerebral aqueduct (CA) —

Fourth ventricle (FV)
Cerebellum (Cbl) and pons

Mesencephalon (Mes

Rhombencephalon

{Fihom) Myelencephalon (medulla oblongata)

Telen

Spinal cord and

inal
central canal Spinal cord

http://luckystarshotel.ru/str/nervous-system/ventricular-system/

Stratified nuclear
layer of colliculus

Substantia
nigra

nttps://www.sciencedirect.com/topics/agricultural-and-biological-sciences/midbrain



MIDBARIN (MESENCEPHALON):

— neuroblasts from basal plate give rise to:
1. red nuclei

2. nuclei of 3rd, 4th cranial nerve

3. substantia nigra

d. fibers from cerebrum from the cerebral peduncle

Visceral efferent

Somatic efferen
(It and 1V)

Sulcus limitans

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/midbrain

DEVELOPMENT OF BRAIN

https://hu.pinterest.com/pin/292945150731236922/

Stratified nuclear
layer of colliculus

Substantia
nigra

GSE:
CN I

GVE:
CN Il

Aqueduct of midbrain

Periaqueductal gray

Reticular formation
Brachium of the
inferior colliculus

MLF

Anterolateral system Red nucleus

Medial lemniscus
Substantia nigra

Parieto-, temporo- and
occipito-pontine fibers
Edinger-Westphal
nucleus

Cortico-spinal tract
Oculomotor

nucleus
Fronto-pontine fibers

Oculomotor nerve (CN 111)

Tectum:

Corpora quadrigemina

Rostral colliculus (visual reflex)
Caudal colliculus (auditory reflex)

GSE:
CN IV
To dorsal oblique muscle

Substantia nigra
Crus cerebri
Tegmentum:

Red nucleus
Reticular formation

To extraocular muscles

To smooth muscle of eyeball
via ciliary ganglion



DEVELOPMENT OF BRAIN

FOREBRAIN:
- attherostral neuropore occurs — two lateral optic vesicles
OPTIC VESICLES: Wesencepheion

- primordia of the retina and optic nerves diencephalon

teloncephalon

optic
cup

Central nervous system at 28 days 4th
ventricle

Forebrain Midbrain (mesencephalon)

[prosenc 1-|)h.1|¢>nl\

Hindbrain (rhombencephalon)

A
Cephalic flexure /
Cervical flexure
_:; Spinal cord
cervical nerve
4
\ | ¥ :}‘
NOM
T $
<OMN A CRAIC...A0
spinal cord
Y

https://embryology.med.unsw.edu.au/embryolo
gy/index.php/Neural_System_Development



DEVELOPMENT OF BRAIN
FOREBRAIN:

at the rostral neuropore occur:
- rostral (anterior) telencephalic vesicles

- dorsal (posterior) diencephalic vesicles

Epithalamus

Epithalamus Cavity of
Pineal Cavity of Epithalamic mesencephalon
Epithalamic gland esencephalon =
Mesencephalic floor
Mesencephalic floor »
Thalamus —a

(tegmentum)

Cerebellum

Lateral recess

Roof of
fourth ventricle

Thalamus.
(tegmentum)
3 Hypothalamic
Hypothalamé Cerebellum sulcus
sulcus 4
\
Lateral recess Cerebral
Cerebral | hemisphere
hemispherd . —\
Roof of
- \ fourth ventricle

Pontine flexure
Hypothalamus N “
7 \\ Hypophysis

Pontine flexure
Hypothalamus

Hypophysis
Medulia

Medulla
0 : Anterior Optic chiasma oblongata
AND”O.' ptic chiasma oblongata commissure
commissure ” Lamina Optic nerve
Lamina ptic nerve terminalis
terminalis Olfactory
Offactory bulb
bulb
Thalamus. Diencephalic
Thalamus Dleréph:ilc roof plate
roof plate Habenular
Habenular Corpus commissure
Corpus commissure callosum Pineal
callosum leegl gland
an
9! Posterior
Posterior commissure
comim»uc Superior
Superior colliculus
colliculus
Inferior
Inferior colliculus
colliculus
Cerebellum
erebellum

body

Hypothalamus

body

commissure  Optic
chiasma

commissure  opic Hypothalamus

chiasma

https://www.sciencedirect.com/topics/neuroscience/myelencephalon

Secondary Brain
Vesicles

-

https://embryology.med.unsw.edu.au/embryology
/index.php/Neural_System_Development

mesencephalon

diencephalon

telencephalon

optic
cup

4th
ventricle

cervical nerve

spinal cord

https://embryology.med.unsw.edu.au/embryolo
gy/index.php/Neural_System_Development



FOREBRAIN:

THELENCEPHALIC VESICLES:

- primordia of the cerebral hemispheres

DEVELOPMENT OF BRAIN

Median telocele
(ventricle 1l1)

Foramen of Monro

Lamina
terminalis

Lateral telocele
(ventricle Il)

Diveesle
(ventricle 1ll)

Optic cup

Mesocele
(aqueduct of
Sylvius)

their cavity become the lateral ventricle Vi
Myelocele
(ventricle IV)
known as telencephalon Posttion of
auditory vesicle

A

A Spinal cord B
Epithalamus. Cavity of
Epithalamic esencephalon Rl
Mesencephalic floor Thalamus
Thalamus

(tegmentum)

Cerebellum sulcus
A

Lateral recess

Cerebral
hemispherd

Hypothalamic

Cerebral
hemisphere
Roof of
\ fourth ventricle
Pontine flexure
Hypothalamus N “
N Hypophysis
Medulia Anterior
Anterior Optic chiasma oblongata commissure
commissure Lamina
Lamina Optic nerve terminalis
terminalis Olfactory
Offactory bulb
bulb
Thalamus:
Thalamus Diencephalic
roof plate
Habenular Corpus
Corpus commissure callosum
callosum

Pineal

gland

Posterior
commissure
Superior
colliculus
Inferior
colliculus

erebellum

body

Anterior
commissure

Optic Hypothalamus

chiasma

Olfactor
oY Anterior

Aqueduct of

Lateral ventricles
(first and second)

Third ventricle

(>

Fourth ventricle

Sylvius

Hypothalamus
Hypophysis

Optic chiasma

Optic nerve

Mamillary
body

commissure

Optic
chias

Hypothalamus
ma

https://www.sciencedirect.com/topics/neuroscience/myelencephalon

v Il Choroid plexus

C

mesencepnaion

Mesencephalic floor
(tegmentum)

Cerebeflum

Lateral recess

Roof of
fourth ventricle

Pontine flexure

Medulla
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roof plate
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Superior
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Inferior
colliculus

Cerebellum
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Head and tail
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Cartson: Muman Embryology and Developmentsl Biology, 4th Editon
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https://embryology.med.unsw.edu.au/embryolo
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DEVELOPMENT OF BRAIN

Median telocele
(ventricle IIl)

Foramen of Monro

Lamina
terminalis

FOREBRAIN:

Lateral telocele
(ventricle I1)

Diocoele
(ventricle Ill)

DIENCEPHALIC VESICLES:

Optic cup

- known as diencephalon Vs
(aqueduct of
Sylvius)

- their cavities become - 3rd ventricle

Metacele
(ventricle IV)

Myelocele
(ventricle 1V)

Position of
auditory vesicle

A Spinal cord
Epithalamus.
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Epithalamic
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glang esencephalon
\ Mesencephalic floor
(tegmentum)
/ Cerebellum
\]
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Roof of
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\\va(vnysws
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Optic chiasma
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terminalis

Optic nerve

Offactory
bulb

Thalamus.

Diencephalic
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Pineal
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Corpus
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commissure
Superior
colliculus
Inferior
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erebellum
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body
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Anterior
commissure  oppic Hypothalamus

chiasma

& -

I Choroid plexus
Lateral ventricles Anterior

(first and second) horn

X Third ventricle Inferior
| )

‘ i P horn
m

Aqueduct of

Sylvius
k ‘ Posterior
Fourth ventricle horn
Epithalamus Cavity of
Epithalamic mesencephalon
sulcus
Mesencephalic floor
Thalamus.

(tegmentum)

Hypothalamic

Cerebellum
sulcus

Lateral recess

Cerebral
hemisphere
Roof of
fourth ventricle
Pontine flexure
Hypothalamus
Hypophysis
Medulla
Anterior: Optic chiasma oblongata
commissure
Lamina Optic nerve
terminalis
Oifactory
bulb
Thalamus Diencephalic
roof plate
Habenular
Corpus commissure
callosum
Posterior
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Superior
colliculus

Inferior
colliculus

Cerebellum

Mamillary
body

Hypothalamus

Olfacton
bulb

Anterior
commissure  Opic

chiasma

https://www.sciencedirect.com/topics/neuroscience/myelencephalon

Secondary Brain|
Vesicles

-

https://embryology.med.unsw.edu.au/embryology
/index.php/Neural_System_Development
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DEVELOPMENT OF BRAIN

DIENCEPHALON:
three swellings develop in the lateral walls of the 3rd ventricle, which later become the:
1. THALAMUS

2. HYPOTAHLAMUS

3. EPITHALAMUS (pineal gland)

https://www.sciencedirect.com/topics/neuroscience/myelencephalon



DIENCEPHALON:

EPIPHYSIS (PINEAL GLAND, pineal body):

DEVELOPMENT OF BRAIN

- develops from as a median diverticulum of the caudal part of the roof of the diencephalon

Roof of
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Medulta
Optic chiasma oblongata

Optic nerve
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colliculus
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Cavity of
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Cerebellum
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Roof of
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Pontine flexure
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commissure
Lamina

roof plate
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colliculus

Cerebellum

https://www.sciencedirect.com/topics/neuroscience/myelencephalon
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DIENCEPHALON:

PITUITARY GLAND (hypophysis):

develops from two sources:

1. HYPOPHYSIAL DIVERTICULUM (RATHKE POUCH)

2. NEUROHYPOPHYSIAL DIVERTICULUM

Pituitary

(Hypophysis)

pars tuberalis

pars intermedia

D
\ i -
CATONS

DEVELOPMENT OF BRAIN

Metencephalon Myelencephalon

Mesencephalon Rathke’s pouch
Infundibulum

Diencephalon

Rathke's

Infundibulum
pouch

' Regressing
Telencephalon '/ stalk of
Rathke's pouch
Hypothalamus

Infundibulum

Infundibular
stalk

Intermediate
lobe

Anterior lobe

Intermediate lobe q
~ Neural lobe

‘ .
Former site \\
Residual lumen of stalk of Roof of
Rathke's pouch pharynx

https://www.sciencedirect.com/topics/medicine-and-dentistry/hypophysis

https://fembryology.med.unsw.edu.au/embryology/index.php/File:Pituitary_histology_011.jpg



DEVELOPMENT OF BRAIN

DIENCEPHALON:

PITUITARY GLAND (hypophysis):

1. HYPOPHYSIAL DIVERTICULUM (RATHKE POUCH) :

- an upgrowth from the ectodermal roof of the stomodeum

- adenohypophysis (glandular part, anterior lobe) develops from this

Lumen of
diencephalon

Optic chiasma

Infundibulum

Pharyngea
hypophysi

Notochord bone

Pars intermedia

Rathke's pouch) Oral
cavity

909 2000 Women K A | Lifg e W e & Wkt

Pars tuberalis

Pars nervosa

Figure 2. Development of the pituitary gland.
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https://www.sciencedirect.com/topics/medicine-and-dentistry/hypophysis



DIENCEPHALON:
PITUITARY GALND (hypophysis):

2. NEUROHYPOPHYSIAL DIVERTICULUM:

- adowngrowth from the neuroectoderm of the diencephalon

- development of neurohypophysis (posterior lobe, nervous part, pars nervosa)

Floor of the
diencephalon

Roof of Rathke's

Source: Paulsan DF: Histology & Cell Biology: Examination & Board Review, Sth Edition:
wwwi.accessmedicine.com

Copyright © The McGraw-Hill Companies, Inc. All rights reserved.

DEVELOPMENT OF BRAIN

Optic chiasma

Infundibulum

Lumen of
iencephalon

\
Pharyngeal
hypophysis

Sphenoid
Notochord bone

Pars tuberalis

A B Pars nervosa

Rathke's pouch Oral A :
cavity Pars intermedia

X013 W i 44 | L W

3rdd wentricle

diencephalon

Figure 2. Development of the pituitary gland.
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D o
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—
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https://accessmedicine.mhmedical.com/ViewLarge.aspx?figid=42047134&gbosContainerID=0&gbosid=0&groupID=0



DEVELOPMENT OF BRAIN

DIENCEPHALON:

INFUNDIBULUM:

- connection between hypothylamus and hypophysis

- derived from neurohypophysial diverticulum
- givesriseto the:

1. median eminence (eminetia mediana)

2. infundibular stem

3. pars nervosa of hypophysis

Floor of the
diencephalon

Roof of Rathke's

Neurohypophysis |

the mouth A pouch

Sourca: Paulsen DF: Histology & Cell Biology: Examination & Board Review, Sth Edition:

www.accessmedicine.cam

Copyright © The McGraw-Hill Companies, Inc. All rights resarved.
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Secondary Brain
Vesicles

DEVELOPMENT OF BRAIN
TELENCEPHALON:

consists of:
1. median part

2. two lateral diverticula

Telencephalic Interventricular Hippocampus
vesicle foramen
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DEVELOPMENT OF BRAIN

TELENCEPHALON:

1. median part:

- the cavity of median part — forms the extreme anterior part of the 3rd ventricle

Telencephalic Interventricular

Hippocampus
Lateral ventricle

vesicle foramen

Choroid
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Human Embryo (Week 8, Stage 22) developing head section

https://embryology.med.unsw.edu.au/embryolo
gy/index.php/Neural_System_Development
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TELENCEPHALON:

2. two lateral diverticula:

primordia for the cerebral hemispheres

AT FIRST the cerebral hemispheres:

1.

2. expand

meet each other in the midline

Therd ventndle
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cover the diencephalon, midbarin and hindbarin
II

DEVELOPMENT OF BRAIN
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DEVELOPMENT OF BRAIN

TELENCEPHALON: Cerebral cortex Cerebral cortex

CORPUS CALLOSUM:

- prominent swelling in the floor of each cerebral hemisphere o

Olfactory bulb

and tubercle Entorhinal

- largest cerebral commissure cortex

Pyriform
cortex

Interventricular
foramen

- connects the hemispheres together

Cerebral cortex
Cerebral cortex

pellucidum
. : Posterior
c Midbrain D Anterior commissure
commissure  Massa
intermedia
Cerebral cortex Lateral Choroid plexus of

ventricle lateral ventricle
Caudate
nucleus
Putamen
e Globus
ventricle Internal A
& F capstile pallidus
. Hypothalamus
Cartson: Human Embryology and Developmental Biology, 4th Edition. .B | Ji
Copyright © 2009 by Mosby, an imprint of Eisevier, Inc. All rights reserved. asal ganglia

|:| Thalamus
https://slideplayer.com/slide/4492771/ I Fornix and hippocampus



DEVELOPMENT OF BRAIN

TELENCEPHALON:
CORPUS STRIATUM:

- the cerebral hemisphere become ,,C” — shaped

- asthe cerebral cortex differentiates — fibers passing to and from it — these fiber pathway the INTERNAL CAPSULE

INTERNAL CAPSULE (CAPSULA INTERNA):

Level of
Band C

- separates the corpus striatum into: Frontal lobg

Hippocampal
commissure

1. caudate nuclei (nucleus caudatus)

Corpus  _
callosum

2. lentiform nuclei (nucleus lentiformis)

Lamina _—
terminalis

Optic chiasm

sections Pariefal lobe  Third ventricle ‘

Occiphal iobe ]

Haberwular
commissure

Chorold plaxus

< Pineal gland Imervenincular

foraman
__ Posterior
commissure Lateral
ventricle

Calliculi

Carebelium

Ependymal roof  Third veniricle

of third ventricle
Mammilary body

Cerebral cortex

Choroid plexus of lateral

and third vantricles  — Caudate nucleus

Projection fibars of
internal capsule

Plane of subseguent fusion

Hypothalarmus

Choroid fissure

Intervantricular foramen

Corpus striawm) 4

Lateral ventricle

Frontal hom of
|ateral ventricle

Temporal horn of lateral ventricle

Head of caudate nucleus

Tail of caudate nucieus
N !

Oceipital horn
of lateral ventncla

Tempaoral horn
of lataral ventricle



DEVELOPMENT OF PERIPHERAL NERVOUS SYSTEM

the peripheral nervous system consists of:

) Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
1. cranial nerves ook

Sacral  Lumbar Thoracic Cervical Cerebellum

2. spinal nerves Grey White nerves  nerves nerves nerves
matter  matter I | | |

Thalamus and
hypothalamus
(surrounded by
the cerebrum)

3. visceral nerves

4. cranial ganglia

5. spinal ganglia

i 7
Femoral " o /

. . N

6. autonomic ganglia nerve NG LIEIAEY l
] ¢ )
3
y

Sciatic
nerve \
Tibial

nerve

http://www.zo.utexas.edu/faculty/sjasper/bio301L/nervous.html



DEVELOPMENT OF PERIPHERAL NERVOUS SYSTEM

NEURAL CREST CELLS migrate to form:

I. SENSORY GANGLIA in releation to the:

1. trigeminal nerve

2. facial nerve

3. vestibulocochlear nerves
4. glossopharyngeal nerves

5. vagus nerves

https://www.drawittoknowit.com/course/embryology-fundamentals/musculoskeletal-nervous-systems/nervous-system/1406/neural-crest-cell-differentiation/subscribe
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DEVELOPMENT OF PERIPHERAL NERVOUS SYSTEM

NEURAL CREST CELLS differentiate into:
[I. MULTIPOLAR (AUTONOMIC) GANGLIA including:

1. ganglia of the sympathetic trunks

@\ NEURAL CREST CELL Neural Crest Cell Development Neural Crest Cell Migration
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DEVELOPMENT OF PERIPHERAL NERVOUS SYSTEM

NEURAL CERST CELLS differentiate into:

[Il. Chromaffin cells of the suprarenal glands
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DEVELOPMENT OF PERIPHERAL NERVOUS SYSTEM

A
NEURAL CERST CELLS DERIVATES:

Neural plate Egrl:jf:: plate F Neural crest derivatives

Non-neural

Mesenchymal cells
ectoderm

Chondroblasts/chondrocytes
. Osteoblasts/osteocytes
" 4 | Fibroblasts
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D - Epidermis Glial cells
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8. Dorsal root ganglia
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SPINAL NERVES

MOTOR nerve fibers:

Marginal zone \ Afferent neuroblasts

\ in spinal ganglion

- arising from the spinal cord

- atthe end of the 4th week Sulcus

limitans|

Basal plate

- arise from the cells in the basal plates of the spinal cord

- form the ventral nerve root

DEVELOPMENT OF SPINAL NERVE

Dorsal sensory root

Vantral

Outgrowing motor axons - o Ventral motor root
Trunk of spinal nerve

neuron
* Motor axons growing out from neurons in the basal plate

« Sensory components arise centrally and peripherally from

growing fibers of nerve cells in the dorsal root ganglion. median ks

fissure substance
(matter)

Trunk of
spinal nerve

* Nerve fibers of the ventral motor and dorsal sensory roots join to
form the trunk of the spinal nerve.

https://www.slideshare.net/DrMohammadMahmoud/development-of-nervous-system-73615684

Veantral motor root



SPINAL NERVES

SENSORY nerve fibers:

Marginal zone Afferent neuroblasts

- axons derived from the neural crest cells (later as the spinal ganglion cells) in spinal ganglion

- these neural crest cells become spinal ganglion cells

- fibers from the dorsal nerve root

DEVELOPMENT OF SPINAL NERVE

Ventral hom

Ventral motor root

Trunk of spinal nerve
» Motor axons growing out from neurons in the basal plate

» Sensory components arise centrally and peripherally from
growing fibers of nerve cells in the dorsal root ganglion.

» Nerve fibers of the ventral motor and dorsal sensory roots join to
form the trunk of the spinal nerve.

https://www.slideshare.net/DrMohammadMahmoud/development-of-nervous-system-73615684

Ventral motor root
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