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OBJECTIVES

By the end of the lecture you should be able to:

» Describe the formation of the neural tube.

»List the 3 primary brain vesicles and their derivatives.
» Describe the brain flexures.

» Describe briefly the development of the cerebrum.

»Describe briefly the development of the cerebellum.
»Enumerate the most common congenital
anomalies in the development of CNS.

Prof Saeed Abuel Makarem




INTRODUCTION

Amnion / Embryonic

ectoderm
Prechordal plate

Primitive streak

> | ./ Embryonic
Intraembryonic\, QWS \endoderm

mesoderm
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By the
beginning of the
3'd week of
development,
three germ cell
layers become
established:

1. Ectoderm,
2. Mesoderm &
3. Endoderm.




Neural )
fold

Neural\
groove

EARLY
DEVELOPMENT

During the middle of the 3rd
week, the dorsal midline
ectoderm undergoes
proliferation and thickening to
form the

The margins of the neural
plate become elevated,
forming

So a longitudinal, midline
depression, called the
Is formed.

Then the 2 neural folds
approximate to each other
and fuse together, thus
sealing the neural groove and
forming the
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Neural Tube Development
Three-vesicles stage (End of 4™ Week)

(@ - Prosencephalon
4= < orforebrain

Formation of the neural
tube is completed by the
middle of the fourth week.

By the end of the 4th
week, the upper part of

the neural tube dilates and
shows 3 brain vesicles:

Prosencephalon, or
forebrain.
Mesencephalon, or
midbrain &
Rhombencephalon
or hindbrain.




Pontine
flexure

Myelencehol}on \

AN Cephalic

Cervical flexure

flexure

Metencephalon

=i

Mesencephalon

. Diencephalon

Telencephalon

By the 51" week further differentiation distinguishes five

secondary

 The prosencephalon divides into 2 lateral

one median

« The Rhombencephalon divides into

and

and
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Neural Tube Development
I Five-vesicles stage (51" week)

Telencephalon

(2 cerebral hemispheres)
I\‘.‘_:.

~_ Telencephalon
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Mesencephalon
Metencephalon )

Midbrain — | | |
Hindbrain — | \
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- == Myelencephalon ¥
Differentiation Spinal cord
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By the 4th week:

The neural tube grows
rapidly and faster than the
cranial cavity.

So it bends twice ventrally,
producing two flexures:

Midbrain flexure: between
prosencephalon and

mesencephalon (midbrain).

Cervical flexure:

Between the hind brain &
the spinal cord.

« Later on a 3" flexure
(Pontine flexure),
appears dorsally (in
opposite direction),
resulting in thinning of
the roof of hindbrain.
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3 Brain Flexures

Cerebellum

Pontine flexure

Midbrain -
flexure 7 ! Spinal cord

/

Cervical flexure
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Primarybran vesieles  Secondary brain vesiles  Dervatves in matue bran |
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Proséncephalon (oredran) - Telncaphaln
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Development of the Cerebrum

The cerebrum develops from the

Telencephalon
(2 cerebral hemispheres)

Diencephalon —

Midbrain —

Hindbrain —

Differentiation




Differentiation of Forebrain Vesicle

The (prosencephalon) or the
forebrain vesicle differentiates
Into a:

Two lateral cerebral vesicles
or (telencephalic vesicles.)

Median part, (diencephalon),

Their lumen gives the 2 lateral
ventricles and the 3" ventricle.

Both cavities communicating
with each other through a very
wide interventricular foramen.

The cerebral hemispheres
expand in all directions.

Its medial wall becomes
thin, flat and it is the site of
choroid plexus of the lateral
ventricle.
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Cerebral hemisphere

Ependymal roof of
the diencephalon

foramen

.| Lateral
I”‘J ventricle

Lat

ventricle TPPOcCampus

Pallium

Choroid
pl exus

Foramen
of Monro

Corpus
3rd ventricle striatum

Hypothalamus
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Lamina terminalis  Interventricular



Development of the Cerebrum

 The wall of the
telencephalon is
formed of 3 layers;
from inwards to
outwards they are:

1. Ependymal layer:
(lining the cavity of the
lateral ventricle.

2. Mantel layer:

nerve cells forming the
grey matter.

3. Marginal layer:
nerve fibers forming
the white matter.
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Roof of the third ventricle

Choroid plexus of
lateral ventricle

Pallium

Telencephalon Lateral

ventricle

Interventricular
foramen(very wide

Third, at this stage)

ventricle

Optic stalk Optic stalk
Infundibular process

Cononal section in the diencephalon and telencephalon
at the Level of the optic cups
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‘As development proceeds the following changes occur: ‘

Subcortical nuciet - ‘ Ascending and descending fraq

Most of the nerve
cells migrate “
from the
mantel layer to

I the marginal

layer forming

the cerebral

- Grey matter cortex.

White matter Some cells do
not migrate
and remains in
the mantel
layer to form
the basal
ganglia.

— Brain stem

Prof Saeed Abuel Makarem




Development of the Cerebrum

Mesence phalon Rhombencephalic

By the day 32 the
cerebral hemispheres e
first appear as a pair | S
of bubble-like R
outgrowths of the i

Telencephalon.

By 16 weeks, the
rapidly growing
hemispheres are oval

Pontine

flexure

and have expanded N a—
back to cover the | o N

diencephalon.
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By the end of 3" month all surfaces of the cerebral hemispheres

are smooth.
By the 4" month the grey matter grows faster than the white matter
so, the cortex becomes folded into gyri separated by sulci. “
The gyri and sulci effectively increase the surface area of the brain. l

The detailed pattern of gyri & sulci varies to some extend from
Individual to individual.

Cerebral hemisphere Week 30
Rhombic e P v ‘ Week 14
ip — :

Diencephalon Lateral sulcus
Insula

Temporal lobe

7 Cerebellum
Infundibular " 4 ™ Cranial nerves
stem !

4 Spinal cord
Cerebellum o A

Central sulcus

Week 26 i = ; Week 38

Lateral sulcus

Insula ; ! Occipital
lobe

Frontal lobe

Cerebellum

=" Q¢ 3" month
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Choroid plexus

Corpus striatum: Paliym
- . ) ”\ , \5 Interventricular
It appears in 61" week in 27 Mol Qy  foramen
the floor of each f/ @lv® W el
cerebral hemisphere. _ L ¥ g =
As the cerebral cortex - = atratum
differentiates and its . .
fibers passing to and
Hypothalamus

frOm |t. Ependymal roof  Third ventricle

_ f third ventricl
These fibers pass o

Thalamus

through the corpus PEN S Cerebral orlex
S'[I’ia'[um. Choroid plexus of lateral M

and third ventricles

_ Caudate nucleus

divided Into NG @3 A

‘ 788|" ™. Projection fibers of

caudate nucleus & i\ ) | e
lentiform nucleus. A

This fiber pathway

forms the internal
C ap SuU I e. Hypothalamus Plane of subsequent fusion

Thalamus :
: Lentiform nucleus




Further expansion give C-shape
appearance to the hemisphere itself
| as well as its cavity (lateral ventricle).

Developing right
cerebral hemisphere

endymal roof of third ventricle
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Also the
caudate
nucleus
elongates
and assumes
the shape of
the lateral
ventricle and
remains
related to it.

Choroid fissure

Interventricular foramen
Lateral ventricle

Corpus striatum 4
£

Corpus striatum

/ |

Choroid fissure

Frontal horn of
lateral ventricle

Lateral ventricl

\

Temporal horn of lateral

Head of caudate nucleu Ta date nucleus

R

/
Lentiform nucleus Temporal horn Ocgcipital horn
of lateral ventricle of lateral ventricle




Development of the Cerebral Commissures

O s wN e

o

As the cerebral cortex

develops, group of fibers,

(commissures), connect
the 2 corresponding
regions of the cerebral
cortex.

These are:
Lamina terminalis.
Optic chiasma.

. Anterior commissure.

Posterior commissure.

Hippocampal
commissure.

Habenular commissure.

. Corpus callosum.

Level of '
sections Parietal lobe  Third ventricle

BandC

Frontal lobe

Hippocampal
commissure >

Corpus ™\
callosum

Lamina _>
terminalis

/
Anterior commissure

Optic chiasm

Occipital lobe

Habenular
{ commissure

Epiphysis
(pineal body)

/Posterior
commissure

Colliculi

Infundibulum
Mamillary body

Prof Saeed Abuel Makarem




IThe cortex
covering the
surface of the
corpus striatum,
grows relatively
slower than the
other cortices.

So it Is overgrown
by the rest of the
hemisphere and
lies in the depth of
the lateral sulcus.
This is called the
Insula. So, the
Insular lobe Is a
portion of cerebral
flcortex that has been
hidden to lie deep

within the lateral
sulcus.

Development of the Insula & lateral fissure

25week 30 week 33 Week

[



https://en.wikipedia.org/wiki/Lateral_sulcus
http://www.google.com.eg/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjxy5vq_9vdAhVOzBoKHdAOBKcQjRx6BAgBEAU&url=http://www.brainfacts.org/Archives/2009/Brain-Atlases&psig=AOvVaw2VFx7MmJzaDTUhqBIJAHUQ&ust=1538165443148650
http://www.google.com.eg/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjxy5vq_9vdAhVOzBoKHdAOBKcQjRx6BAgBEAU&url=http://www.brainfacts.org/Archives/2009/Brain-Atlases&psig=AOvVaw2VFx7MmJzaDTUhqBIJAHUQ&ust=1538165443148650

Development of the Cerebellum

It develops from the part of the

Telencephalon
(2 cerebral hemispheres)

Diencephalon

A P

Midbrain — metencephalon

Hindbrain — myelencephalon

Differentiation




develops into:
1. Pons anteriorly

2. Cerebellum
posteriorly.
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Central nervous system at 49 days

Cephalic flexure
Mesencephalon
Mamillary body

Epiphysis
(pineal gland)

Diencephalon

Telencephalic vesicle

(cerebral hemisphere)
Telencephalon
Olfactory lobe

(paleocortex)

Central nervous system at 3 months

Cerebral hemisphere (neocortex)

Outline of diencephalon
(overgrown by cerebral
hemispheres)

Olfactory lobe (paleocortex)
Optic nerve (cranial nn. I1)

Hypophysis (pituitary gland)

Pons (metencephalon) ”

Optic cup

Infundibulum
(pituitary stalk)

~_~ Metencephalon

(cerebellum, pons)
Roof of 4th ventricle

Myelencephalon
(medulla oblongata)

Cervical flexure
Pontine flexure

Spinal cord

Mesencephalon

Cerebellum (metencephalon)

Medulla oblongata
(myelencephalon)

Cervical enlargement
of spinal cord

Lumbosacral enlargement

of spinal cord




 Pontine flexure results
in:

1. Moving the 2 alar
plates laterally then
pending medially.

2. Stretching and
thinning of the roof
plate.

3. Widening of the
cavity to form the 4t
ventricle.
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Cerebellar
Plate

E:traven‘tti::ulal_'

Intraventricu lar',

Development of the Cerebellum

E-;_.I[E.UH- limitans

Cut edge roof
dth ventricle
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Metencephalon: Changes in Alar plates

Cerebellum

The dorsal parts thicken to

Rhombic lips ventricle

form Rhombic lips, that will
give rise to the cerebellum.

Some neuroblasts migrate
from the mantel layer to
the marginal layer forming
the cerebellar cortex.

Others remains in the
mantel layer and give rise
to the cerebellar nuclel.

The cerebellar peduncles
develop later as the axons
of the neurones of the
cerebellar nuclei grows out
to reach the brain stem.

Schoenwolf et al: Larsen's Human Embryology, 4th Edition.
Prof Saeed Abuel opyright © 2008 by Churchill Livingstone, an imprint of Elsevier, Inc. All rights reserved
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* As the cerebellar
hemispheres develops they
undergo a complicated
process of transverse
folding and form closely
packed, leaf-like transverse
gyri called folia.

Primary fissure

* These processes of fissure | prepyramidal issure |
formation and foliation o s
continue throughout ok

 Embryonic,
 Fetal, and

« Postnatal life, and they
Increase the surface area of
the cerebellar cortex.
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The most Common Congenital Anomalies of The Brain

« Mental retardation.

« Seizures (changes in electrical
activity).

« Cerebral palsy.

 Cranium bifidum with or without Microcephaly Normal
meningocele &
meningoencephalocele. Hydrocephalus

« Agenesis of corpus callosum.

 Microcephaly (abnormal small
head associated with incomplete
brain development).

« Hydrocephalus:

« Arnold-Chiari malformation:
(herniated part of cerebellum
through the foramen magnum
leading to CSF obstruction. ,so
hydrocephalus results),

 Aqueductal stenosis. = N cioocemen
* Anencephaly. *

Cisterna magna obliteration



https://en.wikipedia.org/wiki/File:Hydrocephalus_CDC.png
https://en.wikipedia.org/wiki/File:Hydrocephalus_CDC.png
https://www.google.com.sa/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi9zoT31dzPAhXJuRoKHUe-CAYQjRwIBw&url=https://en.wikipedia.org/wiki/Microcephaly&psig=AFQjCNHWL5KCdw7ipHBbEAQwfv_wpXr67g&ust=1476616045132566
https://www.google.com.sa/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi9zoT31dzPAhXJuRoKHUe-CAYQjRwIBw&url=https://en.wikipedia.org/wiki/Microcephaly&psig=AFQjCNHWL5KCdw7ipHBbEAQwfv_wpXr67g&ust=1476616045132566
http://www.google.com.sa/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjAjoGj2tzPAhWGthoKHVioAAUQjRwIBw&url=http://ispn.guide/book/ispn-guide-pediatric-neurosurgery/hydrocephalus&psig=AFQjCNFUEWK5BoyKZLtuZvtbo50r-Yl59g&ust=1476617297117516
http://www.google.com.sa/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjAjoGj2tzPAhWGthoKHVioAAUQjRwIBw&url=http://ispn.guide/book/ispn-guide-pediatric-neurosurgery/hydrocephalus&psig=AFQjCNFUEWK5BoyKZLtuZvtbo50r-Yl59g&ust=1476617297117516
https://www.google.com.sa/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiCtJv53tzPAhXGuhoKHWs9Da8QjRwIBw&url=https://www.sonoworld.com/client/fetus/html/chapter-02/chapter-02/cns/cnsfmf.html&psig=AFQjCNGmZkiQdPbiVW_x9lf9ReogiVsnvQ&ust=1476618241895635
https://www.google.com.sa/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiCtJv53tzPAhXGuhoKHWs9Da8QjRwIBw&url=https://www.sonoworld.com/client/fetus/html/chapter-02/chapter-02/cns/cnsfmf.html&psig=AFQjCNGmZkiQdPbiVW_x9lf9ReogiVsnvQ&ust=1476618241895635

ANENCEPHALY

In anencephaly, the
brain and skull are
minute and the
Infant does not
survive.

It Is due to failure of

closure of the
cranial neuropore of

the neural tube.

The frequency of
this case 1:1000.

i
i
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i
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https://en.wikipedia.org/wiki/File:Anencephaly_side.jpg
https://en.wikipedia.org/wiki/File:Anencephaly_side.jpg
http://www.google.com.sa/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjiy4DO2dzPAhWGJhoKHT7-AqMQjRwIBw&url=http://www.pregmed.org/anencephaly.htm&psig=AFQjCNFAzO1d66Pop9zkIHtYeDKXj-tlmA&ust=1476617008705915
http://www.google.com.sa/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjiy4DO2dzPAhWGJhoKHT7-AqMQjRwIBw&url=http://www.pregmed.org/anencephaly.htm&psig=AFQjCNFAzO1d66Pop9zkIHtYeDKXj-tlmA&ust=1476617008705915

THANK YOU
AND
GOOD LUCK




