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DEVELOPMENT OF THE CENTRAL NERVOUS SYSTEM
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End of 4th week

3rd week

- @$‘ -

Meurulatiomn.

Flexures and swellings distinguish
the forebrain {(prosencephalon),
midbrain (mesencephalon}, and
hindbrain (rhombencephalon).

End of Sth week

Forebrain divides into the

diencephaton and telencephalon

{(future cerebral cortex).

Secondary gyri are
present; brain is 25%
of its adult size.

5th week

Spinal nerves grow into the
body wall; autonomic nerves
grow into the wviscera within
the body cawvities.

3 months

Cerebral cortex (telencephalan)
overgrows the midbrain.

& months

Primary gyri begin to appear.

EARLY DEVELOPMENT :

By the beginning of the 2" week of human embryonic development, 3 germ cell layers become established :
ectoderm, mesoderm and endoderm.

Amnion

Embryonic
ectoderm

Prechordal plate

Primitive streak

Intraembryonic
mesoderm

1
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Subsequently, these each germ layer give rise to partic

Epithelial parts of:

Trachea
Bronchi
Lungs

: Muscles of head, striated skeletal muscle

1 (trunk, limbs), skeleton except cranium, dermis !

| of skin, connective tissue

Cranium

Connective tissue of head

Dentin

Epithelium of gastrointestinal tract,
liver, pancreas,

urinary bladder, and

urachus

ENDODERM

1
1
1
I
1
1
-€ T
1
1
1
1
I
1

Epithelial parts of:

Pharynx
Thyroid

Tympanic cavity
Pharyngotympanic tube

Tonsils

Parathyroid glands

1
I Urogenital system including
: gonads, ducts, and accessory

glands

1
e

1
ECTODERM

ular tissues and organs in the adult.

__________________ 1

lof viscera
1

1

\Serous membranes of pleura,
:pericardium‘ and peritoneum
1

:Primordial heart

1

1Blood and lymphatic cells
1

1

:Spleen

1

Suprarenal (adrenal) cortex

1
1
i g S

SURFACE ECTODERM

|Epidermis, hair, nails, cutaneous

:and mammary glands
iAnterior part of pituitary gland
i Enamel of teeth

i Internal ear

1
: Lens of eye

A

MESODERM

N\

Trilaminar embryonic disc

Epiblast

Embryoblast

The ectoderm gives rise to the skin and the nervous system.

The mesoderm forms skeletal, muscular and connective tissues.

\d
NEUROECTODERM

Neural crest

Cranial and sensory
ganglia and nerves

Medulla of
suprarenal
gland

Pigment cells

Pharyngeal arch

cartilages

‘/\" Neural tube
N

system

Retina

Posterior part

Central nervous

of pituitary gland

1
1
1
1
1
1
1
1
1 Pineal body
1
1
1
1
1
1
1

Head mesenchyme and connective tissue

Bulbar and conal ridges in heart

The endoderm gives rise to the alimentary, respiratory and genitourinary tracts.

During the third week of embryonic development, the dorsal midline ectoderm undergoes thickening to form

the neural plate.

The lateral margins of the neural plate become elevated, forming neural folds on either side of a longitudinal,

midline depression, the neural groove.

The neural folds then become apposed and fuse together, thus sealing the neural groove and creating the

neural tube.
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e Some cells from the apices of the neural folds become separated to form groups lying dorsolateral to the
neural tube.

® These are known as the neural crests.

e The formation of the neural tube is complete by about the middle of the 4™ week of embryonic development.

Neural

DEVELOPMENT OF THE SPINAL CORD :

¢ Enormous growth, distortion and cellular differentiation occur during the subsequent transformation of the
neural tube into the adult CNS.
® This is maximal in the rostral part, which develops into the brain, the caudal portion becoming the
~

spinal cord. ~
~
~
Forebrain ~ ~ Midbrain (mesencephalon)
(prosencephalon)
] Hindbrain (rhombencephalon)
Optic vesicle
Cephalic flexure
Cervical flexure
E
E
)
-

Central nervous system at 28 days

* The central cavity within the neural tube becomes the central canal of the spinal cord and the ventricles of
the brain.

Frontal section (ventral to sulcus limitans) at 36 days

Lamina terminalis

Telencephalic _~
vesicle
Alar plate

Optic stalk
3rd ventricle _
Optic cup
Infundibular recess

Diencephalon

Cerebral aqueduct
Mesencephalon

Metencephalon Basal plate

(cerebellum, pons)

Metacoele
(4th ventricle)

Myelencephalon
(medulla oblongata)

Rhombencephalon

Spinal cord
4th ventricle

3
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® The neural crests form the sensory ganglia of spinal and cranial nerves, and also the autonomic ganglia.

Neural crest

MNeural crest cells \ Neural crest cells
:‘ ;-; Neural tube 4

Dorsal
horn

Spinal cord

Site of
lateral
horn

Ventral

Ganglion of sympathetic trunk

* As development continues, a longitudinal groove, the sulcus limitans,

appears on the inner surface of the lateral walls of the embryonic \ Alar plate

. . ___- Sulcus limitans
spinal cord and caudal part of the brain. .

e The dorsal and ventral cell groupings thus delineated are referred to " Basal plate

as the alar plate and the basal plate, respectively.

® Nerve cells that develop within the alar plate have predominantly sensory functions, while those in the
basal plate are predominantly motor.

* Further development also brings about the differentiation of grey and white matter.

® The grey matter is located centrally around the central canal, with white matter forming an outer coat.

White Dorsal root

Dorsal root of
spinal nerve

Spinal

Ventral Central Ventral root of
horn canal spinal nerve

¢ This basic developmental pattern can still easily be recognised in the adult spinal cord.

White matter Dorsal or posterior

Central canal horn of gray matter

Dorsal root
ganglion Lateral horn of
gray matter

_J

_ — _ : =<
Spinal nerve . f -

Ventral or anterior

horn of gray matter
e r;ﬁl
3 ¥

Dorsal root of
spinal nerve

Ventral root
of spinal nerve

Pia mater

— Arachnoid

Dura mater
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DEVELOPMENT OF THE BRAIN :

During embryonic development, the rostral portion of the neural tube undergoes massive differentiation and

growth to form the brain.
By about the fifth week, three primary brain vesicles can be identified :
the prosencephalon (forebrain), mesencephalon (midbrain) and rhombencephalon (hindbrain).

The longitudinal axis of the developing CNS (neuraxis) does not remain straight but is bent by a midbrain or
cephalic flexure, occurring at the junction of midbrain and forebrain, and a cervical flexure between the brain

and the spinal cord.

Rhombencephalon

Cervical
flexure

Sp’}?o/

Prosencephalon

By the seventh week further differentiation distinguishes five secondary brain vesicles produced by :

o division of the prosencephalon into the telencephalon and diencephalon and
o division of the rhombencephalon into the metencephalon and myelencephalon.

The junction between the metencephalon and the myelencephalon is marked by an additional bend in the

neuraxis, called the pontine flexure.

Metencephalon

Pontine
flexure

\'u
Myelencephalon \

Mesencephalon

Cephalic
ﬂ% ™~ ﬂpexure
e Cervical
2 flexure Diencephalon
o
e

Telencephalon

Mesencephalon

Primary brain vesicles Secondary brain vesicles Derivatives in mature brain
Prosencephalon (forebrain) Telencephalon Cerebral hemisphere
Diencephalon Thalamus
Mesencephalon (midbrain) Mesencephalon Midbrain
Rhombencephalon Metencephalon Pons, cerebellum
(hindbrain) Myelencephalon Medulla oblongata
5
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FURTHER DEVELOPMENT OF THE BRAIN :
e Of the three basic divisions of the brain, the prosencephalon or forebrain is by far the largest.
e |tis also referred to as the cerebrum.

Midbrain imesencephalon)

Hindbrain irhombencephalon)

Oiptic vesicle

Cephalic flexure

Cervical flexure

36 mm

Spinal cord

Central nervous system at 28 days

e Within the cerebrum, the telencephalon undergoes the greatest further development and gives rise to the
two cerebral hemispheres.

Ponting
{hrmere Masencophalkon

Fistuta pons

a5 days

&0 days

¢ The cerebral hemispheres consist of :
o an outer layer of grey matter (the cerebral cortex) and

o aninner mass of white matter, within which various groups of nuclei lie buried
(the largest being the corpus striatum).

Ascending and descending tracts

%

Brain stem

6
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The diencephalon consists largely of the thalamus, which contains numerous cell groupings and is intimately

connected with the cerebral cortex.

Occipital lobe

Cerebral hemisphere

Epiphysis
Olfactory bulb

Olfactory bulb
Mamillary body

Lamina terminalis
Hypothalamus

Optic chiasma Infundibulum

Medial surface of the right half of telenecephalon and diencephalon in an 8-week embryo

The mesencephalon, or midbrain, is relatively undifferentiated
(it still retains a central tube-like cavity surrounded by grey matter).

Alar plate Stratified nuclear

.SL!ICUS layer of colliculus
limitans

Visceral
efferent
Somatic efferent
— (Il and IV)
Nucleus

Substantia
nigra

Basal plate cerebri

The metencephalon develops into the pons and overlying cerebellum.
The myelencephalon forms the medulla oblongata (medulla).

A Central nervouwus system at 49 days

Cephalic flexure Moetencoephalon

{coerebellu

Mesencephalon
Mamillary body

Epiphysis
ipineal gland)

Ayelencephalon
(medulla oblongata)

Diencephalon
Telencephalic vesicle

Pontine flexune
(cerebral hemisphoere) e s

170 mm

Tedlencephalon -
Olfactory lobe Spinal cord
(paleocortex)
Optic cup
Infundibulum
{pituitary stalk)

1L Central nervous system at 3 months

“erebral hemisphere (neocortex)
Cerebral he phere ( Mesencephalon

ne of diencephalon

grown by cerebral
wpheres)

Oliactory lobe (paleocortex)
Optic nerve (cranial nn. 1D
Hypophysis (pituitary gland)

Cervical enlargement
of spinal cord

76,0 mm

I

of spinal cord

7
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Frontal section (ventral to sulcus limitans) at 36 days

Lamina terminalis

3rd ventricle

Telencephalic

vesicle | .
Lateral ventricle

Alar plate

Optic stalk
3rd ventricle .
Optic cup

Infundibular recess

Diencephalon

Cerebral aqueduct
Mesencephalon

Metencephalon Basal plate

(cerebellum, pons)

Metacoele
J (4th ventricle)

Myelencephalon
(medulla oblongata)

Rhombencephalon

Spinal cord
4th ventricle

Central canal

Right lateral ventricle

Region of invagination of
choroid plexus along choroid
fissure of lateral ventricle

Right interventricular canal
(of Monro)

Foramen in 3rd ventricle
for interthalamic adhesion

Thalamic impression
Optic recess of 3rd ventricle
Infundibular recess

Region of invagination of
choroid plexus along choroid
fissure of lateral ventricle

Cerebral aqueduct (of Sylvius)

PHYLOGENY :

more complex animals.

—_—
Hemichordates
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‘ Tunicates

W :chinoderms

e Asthe brain develops, its central cavity also undergoes considerable changes in size and shape forming a
system of chambers or ventricles, which contain cerebrospinal fluid (CSF).

Ependymal lining of cavities of brain at 3 months

Right
lateral

Left lateral ventricle

Interventricular
foramen
(of Monro)

3rd ventricle

Infundibular recess
(on ventral surface)

Cerebral aqueduct
(of Sylvius)

Lateral aperture of 4th
ventricle (of Luschka)
in lateral recess

Median aperture of 4th
ventricle (of Magendie)
in roof

Central canal of spinal cord

Anterior horn of left lateral
ventricle in frontal lobe

Central part of left lateral ventricle
Suprapineal recess of 3rd ventricle
Pineal recess

Inferior horn of left lateral
ventricle in temporal lobe

Posterior horn of left lateral
ventricle in occipital lobe

Superior recess of 4th ventricle

Left lateral aperture (of Luschka)
of 4th ventricle

Median aperture (of Magendie)
of 4th ventricle

Central canal of spinal cord

® Parallels have sometimes been drawn between the embryological development of the brain and the major
changes that the brain has undergone during ascent of the phylogenetic, or evolutionary, scale from simple to

e  While this is certainly an oversimplification, the concept does have the advantage of introducing some of the
principal parts of the brain, and their relationships to one another, in a graphic and memorable way.
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AMPHIOXUS

e The simplest of chordate animals (e.g. amphioxus), from which the vertebrates evolved, possesses a dorsal

tubular nerve cord that is reminiscent of the neural tube of the developing mammalian embryo.

_

¢ During phylogeny, the rostral end of the tubular nervous system has undergone enormous modification and
change; consequently, the adult human brain bears little obvious similarity to its evolutionary ancestors.

branchiomotor neurcns

=2 w3 rd s 2]

GMNATHOSTOMES ra

rethcular neunoms

T meuraxial Hoxcode

m, N xrox20

B

"=

2

T S

Fd o

AMPHIOXUS LAMPREYS TELEOSTS MAMMALS CROCODILES BIRDS

Fig. 5. Evolutionary scenano of the developmental patteming in vertcbrae
nervous system. On cach segment of the phylogenctc tree, sequentally
added developmental changes arc placed as synapomorphic character states
such as (1) ncural tube; (2) ancestral expression pattem of regulatory genes
along the antcroposterior ncuraxis (Pax6, Pax2/5/8, En, Fgi®17, Orx,
Emx, DIxl/6, Nio2.1, ac); (3) reticular ncurons?; (4) mooncurons; (5)
diencephalons (shown in cyan); (6) mesencephalon? (shown in red); (7)
rhombencephalon; (8) cye (9) naumxial Hox code; (10) ncuromeres
(cstablishment of ncurcpithclial compantments as senal homologues); (11)
Hox code-dependent specification of branchiomotor ncurons; (12) telen-
cephalon (pallium (shown in green) + LGE (shown in orange)); (13) ncural
crest (peripheral ganglia), (14) paired eyes; (15) lamprey-specific senial
homologucs m regculospinal ncurons (B neurons); (16) mtegration of Hox -
dependent- and thombomere-dependent specification programs; (17) MGE
(shown in bluc) and migming GABAecngx mtancurons; ( 18) sympathetic
trunk; (19) cercbellar system (shown in gray), (20) telcost-speafic serial
homologues in reticulospinal neurons; (21) eversion of the telencephalon;
(22) loss of serial homologues from reticulospinal neurons; (23) neocorntex
withsix layers in mammals; (24 ) dorsal ventricular ndge; (25) loss of layers
from the dorsal pallium.

LLLPLLPPPPLLLLLLLLLLPPPPLLLLLLLLLPPPPLLLLLLLLLLPPPLPPLPPIPPPILOLLLLLLLLLLLPPPLPPPPLPPPOLOLLLLLLLLLLLPLPLPPPPPPPPLLOLLLLLLLLLLI PP PP PP PPPPPPILOLLLILLLPPII

= —

Thar

ABAPHIOM LS

- I

LARPREYS

Diencephalon

Telencephalon

* Regional specialisation has been an important theme in the evolution of the brain and this is especially
obvious in relation to the senses and in movement control.

e Long ago in phylogeny, centres devoted to these functions developed as expansions or outgrowths from the
dorsal aspect of the simple tubular brain.

¢ Inform, they consisted of an outer cortex of nerve cell bodies with an underlying core of nerve fibres.

TELEOZSTS EAAMIRS AL D CRDCOCELES BIADS

¢ Bilaterally paired centres developed in relation to the senses of smell, vision and hearing, and a symmetrical,
midline centre developed in association with vestibular function and the maintenance of equilibrium.

Mesencephalon Myelencephalon

Metencephalon

9
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PROSENCEPHALISATION :

Amphbian

Olfactory bulb

many areas of brain function.

directly related to olfactory function.

Dorsomedial

10
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e Each of the brain centres underwent subsequent evolutionary change, but this was most evident in the
rostral, 'olfactory', part of the brain, which developed into the massive cerebral hemispheres.

<IN .
‘ -
) =4
Bird
Le—r s | -
;—!ep[ e

Cerebrum
Cerebellum
e Tectum
S =

Basic Plan of Brain

¢ During this process of prosencephalisation, the cerebral hemispheres came to take on an executive role in

® For example, the highest level for perception and correlation of all sensory modalities eventually became

localised in the cortical surface of the cerebral hemispheres, as did the highest level for motor control.

Frontal Lobe k|

e This is reflected by the fact that only a small proportion of the adult human cerebral hemisphere remains

Orbital
nucleus  To hippocampus cortex

Projections of the primary olfactory cortex
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® The process of prosencephalisation meant that the other centres became progressively subservient to the
cerebral hemispheres.

® For example, those for vision and hearing underwent relatively little development and fulfil largely automatic,
reflex functions in the human brain.

* They may still be identified, however, as four small swellings on the dorsal surface of the midbrain :
the corpora quadrigemina or superior and inferior colliculi.

e The motor centre near the caudal end of the brain developed into the cerebellum, which retains a very
important role in the maintenance of equilibrium and the coordination of movement.

Cerebellum

Cerebellum

11
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DEVELOPMENTAL ANOMALIES

e Disorders of development disrupt the normal growth and structural organisation of the spinal cord and brain.
e Because the nervous system is derived from embryonic ectoderm, these developmental anomalies also
involve the coverings of the nervous system (skin and bone).

ANENCEPHALY :

¢ In anencephaly, the brain and skull are minute and the infant does not usually survive.

SPINA BIFIDA :

* In spina bifida, the lower spinal cord and nerve roots are underdeveloped and may lie uncovered by skin or
the bony spine on the infant's back (meningiomyelocele).

e Suchinfants are left with withered, paralysed and anaesthetic lower limbs together with incontinence of the
bowel and bladder.

THE END
LoveTomy Team 426

Team leader : Dr. hams

Done by :
12
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a. Rhombencephalon

b. Prosencephalon

c. Telencephalon

d. Diencephalon

e. Metencephalon
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SELF QUIZ

1- Regarding development of the brain, all are true, EXCEPT :
a- The rostral portion of the neural tube undergoes massive differentiation and growth to form the brain.
b- Rhombencephalon become finally midbrain.
c- By about the fifth week, three primary brain vesicles can be identified.
d- By the seventh week further differentiation distinguishes five secondary brain vesicles.
e- Prosencephalon or forebrain is by far the largest, It is referred to as the cerebrum.

2- Regarding development of the CNS, all the statements are true, EXCEPT :
a- The formation of the neural tube is complete by about in the fourth week.
b- Rostral part, it develops into the brain.
c- The caudal portion becoming the spinal cord.
d- Nerve cells that develop within the alar plate have predominantly motor functions.
e- Nervous system is derived from embryonic ectoderm.

1.b

2.d

MATCHING

1. Telencephalon and diencephalon

2. Metencephalon and myelencephalon

3. Cerebral hemispheres

4. Pons ,cerebellum

5. Thalamus

a.2

b.1

c.3

d.5

e.4

13
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