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two divisions of the nervous system are distinguished:two divisions of the nervous system are distinguished:

-- the the central nervous systemcentral nervous system (CNS) (CNS) -- includes the spinal cord and brainincludes the spinal cord and brain

-- the the peripheral nervous systemperipheral nervous system (PNS) (PNS) -- ininvolvvolves peripheral nerves and gangliaes peripheral nerves and ganglia ==
small aggregations of neurons associated with cerebrospinal or autonomic small aggregations of neurons associated with cerebrospinal or autonomic 
nervesnerves

Histologically, the nervous system consists of three structurally different Histologically, the nervous system consists of three structurally different 
components:components:

 the the nerve tissuenerve tissue
 blood vesselsblood vessels:: capillaries, arterioles and venues that densely penetrate the capillaries, arterioles and venues that densely penetrate the 

nerve tissue,nerve tissue,

 the the connective tissueconnective tissue thatthat serves to protectionserves to protection; it may be ; it may be differentiated into:differentiated into:

-- meninges meninges -- forming envelopes forming envelopes ofof the CNSthe CNS

-- epiepi--, peri, peri-- and and endoneuriumendoneurium -- connective tissue occurring connective tissue occurring within within nerves nerves 

or or on their surfaceson their surfaces

-- capsulescapsules surrounding the gangliasurrounding the ganglia



BBasic structural asic structural characteristicscharacteristics of the nerve of the nerve 
tissuetissue

it is composed of it is composed of 
the nerve cells  or  the nerve cells  or  neurons neurons and special supporting and special supporting 
cells called  cells called  neuroglianeuroglia

neurons neurons -- cells cells in which two properties of protoplasm in which two properties of protoplasm 
are developed to a great degree: are developed to a great degree: irritabilityirritability (the (the 
capacity for response  to physical and chemical agents capacity for response  to physical and chemical agents 
with the initiation of an impulse), with the initiation of an impulse), conductivityconductivity (the (the 
ability to transmit impulseability to transmit impulsess from one locality to another) from one locality to another) 

 the cell body or the cell body or perikaryonperikaryon
 dendrites dendrites (their number varies in a great range, theoretically (their number varies in a great range, theoretically 

from one to several hundreds; they are usually short and conduct from one to several hundreds; they are usually short and conduct 

impulses to the perikaryonimpulses to the perikaryon))

 the the axon axon (neurite) (neurite) -- it is mostly very long and it is mostly very long and always singlealways single, , 

it conducts the impulses away from the respective cellit conducts the impulses away from the respective cell. . 
 twigtwig--like branchings or like branchings or arborizationsarborizations ((telodendriatelodendria) ) 
that touch the perikarya, dendrites or axons of one or more neuronsthat touch the perikarya, dendrites or axons of one or more neurons

synapsessynapses



SynapsesSynapses

unidirectional transmission of unidirectional transmission of 
signals signals 

synapses synapses 

chemicalchemical

electricelectric

Chemical synapseChemical synapse

 presynaptic terminal presynaptic terminal 
(knob)(knob)

 synaptic cleftsynaptic cleft

 postsynaptic terminal postsynaptic terminal 
(membrane)(membrane)



neuroglianeuroglial cellsl cells are classifiedare classified

-- central glia:central glia:
astrocytes, oligodendrocytes, astrocytes, oligodendrocytes, 
microglia and ependymamicroglia and ependyma

-- peripheral glia:peripheral glia: cells of Schwann,  cells of Schwann,  
satellitesatellite cellscells

AstrocytesAstrocytes -- are the largest of neurogliaare the largest of neuroglial l 
cells, are cells, are the protoplasmic and the fibrous the protoplasmic and the fibrous 
onesones, bo, both cell types send off numerous th cell types send off numerous 
processes that extend to blood vessels processes that extend to blood vessels 
and to neurons where they expand (and to neurons where they expand (end end 
feetfeet) ) 

hematoencephalic barrierhematoencephalic barrier

tthe protoplasmic astrocytes prevahe protoplasmic astrocytes prevaiil in gray l in gray 
matter while the fibrous ones in white matter while the fibrous ones in white 
mattermatter



OligodendrocytesOligodendrocytes -- are found in are found in 
particular in white matter where are particular in white matter where are 
arranged in rows between the myelinated arranged in rows between the myelinated 
fibresfibres
oligodendrocytes produce the myelin of oligodendrocytes produce the myelin of 
myelinated axons in white mattermyelinated axons in white matter

MicrogliaMicroglia -- are the smallest of all glial are the smallest of all glial 
cellscells
they they have smaller and elongated cell have smaller and elongated cell 
bodies that are continuous with one or bodies that are continuous with one or 
two thick processes that branch freely in two thick processes that branch freely in 
gray mattergray matter

is of mesenchymal origin and is is of mesenchymal origin and is 
phagocyticphagocytic



Ependyma Ependyma -- forms a lining of  ventricles and forms a lining of  ventricles and 
the spinal  canalthe spinal  canal
itit consists of cubical or columnar cellsconsists of cubical or columnar cells
the eponym is closely associated with pia the eponym is closely associated with pia 
mater that is extremely vascular and forms somater that is extremely vascular and forms so--
called called choroids plexuschoroids plexus

Schwann's cellsSchwann's cells -- accompany myelinated accompany myelinated 
fibres in peripheral nervesfibres in peripheral nerves

Satellite cellsSatellite cells -- are found in spinal or are found in spinal or 
autonomic ganglia where surround cell  bodies autonomic ganglia where surround cell  bodies 
of neurons in a single layerof neurons in a single layer



THE CENTRAL NERVOUS SYSTEMTHE CENTRAL NERVOUS SYSTEM

CNS inCNS involvesvolves the spinal cord and brainthe spinal cord and brain

brainbrain: : 
brain stem (myelencephalon,brain stem (myelencephalon,

metencephalon, mesencemetencephalon, mesence--
phalon, diencephalon)phalon, diencephalon)

cerebellumcerebellum
telencephalontelencephalon

are consisted of two mattersare consisted of two matters
differing in the appearance and differing in the appearance and 
structurestructure

thethe gray gray and and 
thethe white matterwhite matter



tthehe gray mattergray matter contains cell bodies, contains cell bodies, 
nonmyelinated fibresnonmyelinated fibres, , associated neuroglial associated neuroglial 
cells (astrocytes, microglia) and very dense cells (astrocytes, microglia) and very dense 
capillary networkcapillary network

thethe white matterwhite matter is composed  of only is composed  of only 
myelinated axons of nerve cells plus oligodenmyelinated axons of nerve cells plus oligoden--
drocytes and blood capillaries (lesser than in drocytes and blood capillaries (lesser than in 
gray matter)gray matter)

Distribution of tDistribution of the gray and white he gray and white 
mattermatter

spinal cordspinal cord -- the gray matter occurs in the the gray matter occurs in the 
core of the organ, resembling the general form core of the organ, resembling the general form 
of an H on cross sections of an H on cross sections ((the white matter is the white matter is 
peripherallyperipherally))

cerebrum and cerebellumcerebrum and cerebellum -- the gray the gray 
matter is superficially forming an outer cover matter is superficially forming an outer cover 
designated as the designated as the cortexcortex, the white one , the white one 
occupies the inner coreoccupies the inner core

iislands of the gray matter scattered the slands of the gray matter scattered the 
white matter in the centre are white matter in the centre are nucleinuclei



Description of gray matters in the CNSDescription of gray matters in the CNS

4 locations: as the gray matter of the spinal cord, as the cerebella4 locations: as the gray matter of the spinal cord, as the cerebellarr cortex, as the cortex, as the 
cerebral cortexcerebral cortex (telencephalon)(telencephalon), and as the cerebella, and as the cerebellarr and cerebral nucleiand cerebral nuclei

SPINAL CORDSPINAL CORD

the gray matter is placed centrally the gray matter is placed centrally 
and  resembles the Hand  resembles the H--shaped area shaped area 
oon each side, the limbs of n each side, the limbs of 
the the capital capital H are termed theH are termed the
anterioranterior and and posterior hornsposterior horns

iin addition, extending throughout n addition, extending throughout 
the thoracic segments and first the thoracic segments and first 
lumbar ones, there are lumbar ones, there are 
lateral hornslateral horns of gray matterof gray matter

central canal, lined by epcentral canal, lined by ependymaendyma, , 
is situated in the horizontal bar is situated in the horizontal bar 
of the Hof the H



thethe gray mattergray matter

thethe white matterwhite matter

3 fasciculi (3 fasciculi (anterior, anterior, 
lateral and posterior)lateral and posterior)



Nerve cells of the gray matter are multiNerve cells of the gray matter are multipolarpolar and of 3 types:and of 3 types:
 motor neuronsmotor neurons -- in the anterior (ventral) horns; stellate shapein the anterior (ventral) horns; stellate shape, , 150 um in diameter and send off long and myelinated 150 um in diameter and send off long and myelinated 

axons ending on muscle fibres of striated voluntary musclesaxons ending on muscle fibres of striated voluntary muscles
 funicular cells funicular cells (cellulae funiculares) (cellulae funiculares) -- mainly in the posterior horns; the axons of the  funicular cells enter the white mainly in the posterior horns; the axons of the  funicular cells enter the white 

matter and matter and run to run to the brain stem where endthe brain stem where end
 interneuronsinterneurons (intercalated neurons) (intercalated neurons) -- small neurons diffusely distributed among motosmall neurons diffusely distributed among motor r and funicularand funicular cellscells





CEREBELLUMCEREBELLUM

vvermis and ermis and 2 hemispheres2 hemispheres

surface area surface area is cca 0,10is cca 0,10 -- 0,150,15 mm22

gray mattergray matter occurs in 2occurs in 2 locations:locations:

a thin a thin cortexcortex at the surface of at the surface of 
cerebellar hemispheres cerebellar hemispheres 
and  within the centrally placed white matter where and  within the centrally placed white matter where 

forms several small collections of nerve cellsforms several small collections of nerve cells calledcalled

thethe cerebellar nucleicerebellar nuclei

white matterwhite matter: fills spaces between fills spaces between 
cortex and  nucleicortex and  nuclei

on sections, it forms „arbor vitae“on sections, it forms „arbor vitae“



iin sections, the cerebellar cortex shows 3n sections, the cerebellar cortex shows 3--
layered structure:layered structure:

 an an outer molecular layerouter molecular layer (stratum 

moleculare) 

 Purkinje cell layerPurkinje cell layer (stratum gangliosum)

 granule cell layergranule cell layer (stratum granulosum)



efferent fiberefferent fibers  s  -- axons of axons of 
Purkinje cellsPurkinje cells

afferent fibafferent fibeersrs of 2 types:of 2 types:
 mossy fibresmossy fibres (they form  (they form  

synapses on cells of granule cell layer) synapses on cells of granule cell layer) 

 climbing fibers climbing fibers (take part in (take part in 

synapses on dendrites of Purkinje cells)synapses on dendrites of Purkinje cells)





TELENCEPHALONTELENCEPHALON
gray matter: gray matter: 
 cortex telencephali  cortex telencephali  (on the surface)(on the surface)

 nucleinuclei

thicknes of the cortexthicknes of the cortex 1,5 1,5 -- 55 mm, area 0,20 mm, area 0,20 –– 0,250,25 mm22

white matterwhite matter: between cortex and nuclei: between cortex and nuclei

Cortex telencephali/cerebri)

 isocortex - asi 11/12

 allocortex

Isokortex 

(neocortex) 
8–9 milliard cells

Neurons:

- pyramidal cells

- fusiform cells

- stellate (granule) cells

- special neurons: horizontal cells (cells of Cajal) and vertical cells  (cells of Martinotti)



nneurons are organized by a laminated manner in 6 layerseurons are organized by a laminated manner in 6 layers





The axons of cells in the outer pyramidal layer, ganglionic layer andThe axons of cells in the outer pyramidal layer, ganglionic layer and
polymorphic (fusiform)polymorphic (fusiform) layer leave the cortex, enter the white matter andlayer leave the cortex, enter the white matter and
connect different regions of the cortexconnect different regions of the cortex
in the same hemisphere in the same hemisphere -- associationassociation fibresfibres or  connect areas of the cortexor  connect areas of the cortex
of one hemisphere with corresponding areas of opposite hemisphereof one hemisphere with corresponding areas of opposite hemisphere
-- commissuralcommissural fibresfibres
or connect the cortex with lower nervous centres or connect the cortex with lower nervous centres -- projectionprojection fibresfibres

Maps of the izocortex
Although 6Although 6--layered organization is found in thelayered organization is found in the wholewhole isocortex, the thickness of individual layers isocortex, the thickness of individual layers 

and their relative proportions as well as density (total number) of neurons, glial cells, fibers and their relative proportions as well as density (total number) of neurons, glial cells, fibers 
and blood vessels in them show more or lesser conspicuous differences among cerebral lobes and blood vessels in them show more or lesser conspicuous differences among cerebral lobes 
and gyrusesand gyruses

tthe differences he differences have been have been extensively studied in 30 and 40 years of extensively studied in 30 and 40 years of last last century on serial century on serial 
sections of cerebral hemispheres and resulted in construction of sections of cerebral hemispheres and resulted in construction of special maps of the  special maps of the  
isocortexisocortex

Maps are termed according to information involved in them as follows:Maps are termed according to information involved in them as follows:
 cytoarchitectural maps cytoarchitectural maps -- describe the density of perikarya,describe the density of perikarya,
 myeloarchitectural maps myeloarchitectural maps -- show the density of myelinated fibers,show the density of myelinated fibers,
 glioarchitectural mapsglioarchitectural maps -- concern the type and density of glial cells,concern the type and density of glial cells,
 angioarchitectural mapsangioarchitectural maps -- describe the density of blood capillaries or vascudescribe the density of blood capillaries or vascu--larization,larization,
 synaptoarchitectural mapssynaptoarchitectural maps -- show the density synapses in the isocortexshow the density synapses in the isocortex

Allocortex 
shows more simple structure than the more simple structure than the isocortex,isocortex, it it approximately corresponds to primitive approximately corresponds to primitive 
part of telencephalon known as thepart of telencephalon known as the rhinencephalonrhinencephalon



MENINGESMENINGES

The CNS is protected from the external trauma by bony encasements (skull and The CNS is protected from the external trauma by bony encasements (skull and 
vertebral column) and by three membranous investmentsvertebral column) and by three membranous investments..

 the outermost, robust the outermost, robust dura materdura mater
 the middle, spider webthe middle, spider web--likelike arachnoidarachnoid and and 
 tthe innermost, delicate, vascular he innermost, delicate, vascular pia materpia mater

Dura materDura mater
includes: a) the cranial dura, b) the spinal duraincludes: a) the cranial dura, b) the spinal dura

The cranial dura consists of two layers:The cranial dura consists of two layers:
-- an outer an outer endosteal layerendosteal layer of dense connective tissue, adhering to the inner surface of dense connective tissue, adhering to the inner surface 
of the bones of the skullof the bones of the skull
-- an inneran inner meningeal layermeningeal layer, consisting of a thinner fibrous tissue membrane, which , consisting of a thinner fibrous tissue membrane, which 
is covered on its inner surface by  mesothelial cells. is covered on its inner surface by  mesothelial cells. 

These two layers separate each other at certain locations to form the extensive These two layers separate each other at certain locations to form the extensive 
venous (dural) sinusesvenous (dural) sinuses..

The spinal dura is a continuation of the inner layer of the cranial dura.The spinal dura is a continuation of the inner layer of the cranial dura.



ArachnoidArachnoid

is a delicate, avascular membrane lying immediately beneath the durais a delicate, avascular membrane lying immediately beneath the dura

iit t consistsconsists of 2 components:of 2 components:
-- a thin, a thin, connective tissue componentconnective tissue component being in contact with the durabeing in contact with the dura
-- a network of delicate a network of delicate trabeculaetrabeculae, which insert to the pia mater, which insert to the pia mater
tthey are covered with flat or low cuboidal epitheliumhey are covered with flat or low cuboidal epithelium

tthe cavity between the arachnoid and pia mater is a he cavity between the arachnoid and pia mater is a subarachnoid spacesubarachnoid space and is and is 
filled with cerebrospinal fluid (CSF)filled with cerebrospinal fluid (CSF)

Pia materPia mater

the innermost layerthe innermost layer is highly vascularizedis highly vascularized,, adheres closely to the brain and spinal cord adheres closely to the brain and spinal cord 
and follows all of their surface irregularities and follows all of their surface irregularities 
-- inner layerinner layer of elastic and reticular fibers, which are firmly attached to the underof elastic and reticular fibers, which are firmly attached to the under--
lying nervous tissue,lying nervous tissue,
-- superficial layersuperficial layer receiving the trabeculae from the arachnoidreceiving the trabeculae from the arachnoid

iiIts external aspect is covered with simple squamous cells of mesodermal originIts external aspect is covered with simple squamous cells of mesodermal origin

Cerebrospinal fluidCerebrospinal fluid (CSF) (CSF) -- is a filtrate of blood; it is produced in choroid plexus is a filtrate of blood; it is produced in choroid plexus 
(folds of pia mater and blood vessels covered with the ependymal cells), located in (folds of pia mater and blood vessels covered with the ependymal cells), located in 
the ventricles of the brainthe ventricles of the brain



THE PERIPHERAL NERVOUS SYSTEMTHE PERIPHERAL NERVOUS SYSTEM

includes nerves and ganglia of the peripheral nervesincludes nerves and ganglia of the peripheral nerves

NERVESNERVES
are composed of parallelare composed of parallel runningrunning nerve fibres and nerve fibres and intervening intervening connective tissues connective tissues 

are grouped  in thin are grouped  in thin primary nerve bundlesprimary nerve bundles with a small amount of loose with a small amount of loose 
connective tissue connective tissue -- endoneuriumendoneurium
several primary bundles unite several primary bundles unite toto form a form a secondary nerve bundlesecondary nerve bundle surrounded by surrounded by 
perineuriumperineurium
in accordance with thickness of the nerve, a few to several tenth of secondary nerve in accordance with thickness of the nerve, a few to several tenth of secondary nerve 
bundles  are integrated in the properbundles  are integrated in the proper nervenerve enveloped by enveloped by epineuriumepineurium that that consists consists 
of dense connective tissueof dense connective tissue





GANGLIAGANGLIA

gganglia are usually ovoid structures encapsulated similar as nerves by a dense anglia are usually ovoid structures encapsulated similar as nerves by a dense 
connective tissue connective tissue 
two types two types of ganglia: of ganglia: 
-- dorsal root ganglia (sensory)dorsal root ganglia (sensory) -- are interposed in the course of the dorsal are interposed in the course of the dorsal 
(posterior) roots of the spinal nerves and in some cranial nerves(posterior) roots of the spinal nerves and in some cranial nerves
-- autonomic gangliaautonomic ganglia -- are associated with nerves of the autonomic nervous systemare associated with nerves of the autonomic nervous system

dorsal root ganglia contain the dorsal root ganglia contain the pseudounipolar neuronspseudounipolar neurons
autonomic ganglia mediumautonomic ganglia medium--sized sized multipolar neuronsmultipolar neurons
perikarya perikarya of neurons of neurons are enveloped by a layer of small flat or cuboidal glial cell knownare enveloped by a layer of small flat or cuboidal glial cell known
asas satellite cellssatellite cells



dorsal root ganglion:dorsal root ganglion: autonomic ganglion:autonomic ganglion:



Overwiev of development of the brain and spinal cord 
including histogenesis of the neural tube

itit develops from a thickened area of the embryonic ectoderm develops from a thickened area of the embryonic ectoderm -- neural plateneural plate
itit occurs very early on the dorsal aspect of the embryonic disc cranially to the primitive occurs very early on the dorsal aspect of the embryonic disc cranially to the primitive 
knob reaching to the oropharyngeal membrane over the notochordknob reaching to the oropharyngeal membrane over the notochord



onon about day 18, the neural plate begins to invaginate along the cranioabout day 18, the neural plate begins to invaginate along the cranio--caudal axis and caudal axis and 
forms forms neural grooveneural groove limited with limited with neural folds neural folds on each sideon each side
byby the end of the third week, the neural folds become to move together and fusethe end of the third week, the neural folds become to move together and fuse into a into a 
neural tubeneural tube
the neural tube separates from the ectoderm and is then located between it and the neural tube separates from the ectoderm and is then located between it and 
notochord notochord 

aat the time when the neural t the time when the neural 
folds fuse, some folds fuse, some 
neuroectodermal cells separate neuroectodermal cells separate 
from them and form along the from them and form along the 
dorsal aspect of the tube  dorsal aspect of the tube  
single cord single cord -- called the called the neural neural 
crestcrest; it; it soon divides in the soon divides in the 
left and right parts  that left and right parts  that 
migrate to the dorsolateral migrate to the dorsolateral 
aspect of the neural tubeaspect of the neural tube

nneural crest cells give rise to eural crest cells give rise to 
cells of the cells of the spinal gangliaspinal ganglia
and cells of the and cells of the autonomic autonomic 
gangliaganglia

neural folds

neural groove

spinal ganglion

neural tube



ffrom the beginning, the proximal segment of the neural tube is broadened  and rom the beginning, the proximal segment of the neural tube is broadened  and 
correspondcorresponds s to futureto future brainbrain
the narrower caudal one developthe narrower caudal one developss in in the the spinal cordspinal cord



Histogenesis of the neural tubeHistogenesis of the neural tube

tthe wall of the neural tube is initially composed he wall of the neural tube is initially composed 
of a thick, pseudoof a thick, pseudo--stratified columnar epitheliumstratified columnar epithelium
cells cells then then rapidly proliferate in entire thickness rapidly proliferate in entire thickness 
of the wall, but later the mitotic activity is of the wall, but later the mitotic activity is 
reduced only on cells situated near the luminal reduced only on cells situated near the luminal 
aspect of the neural tubeaspect of the neural tube; a; as a result of this s a result of this 
process, the wall of neural tube differentiates process, the wall of neural tube differentiates 
into 2 zones: the  inner into 2 zones: the  inner germinative germinative and  the and  the 
outer outer marginal onesmarginal ones

iin the germinative zone the cells continue in n the germinative zone the cells continue in 
their mitotic activity and migrate peripherally. their mitotic activity and migrate peripherally. 

finallyfinally, the wall of neural tube shows 3, the wall of neural tube shows 3--layered layered 
structure:structure:

-- the  the  ependymalependymal layer = ependyma,layer = ependyma,
-- the the intermediate intermediate or or mantle mantle layer= layer= 

gray matter gray matter --cells of mantle layer cells of mantle layer soon soon 
differentiate into primitive neurons differentiate into primitive neurons -- neuroblasts neuroblasts 
and spongioblasts and spongioblasts (glioblasts),(glioblasts),

-- the the marginalmarginal layer = white matter layer = white matter 
(contains no cells)(contains no cells)



DEVELOPMENT OF THE SPINAL CORDDEVELOPMENT OF THE SPINAL CORD

itit develops from the caudal portion of the neural tubedevelops from the caudal portion of the neural tube
inin contrast with lateral walls of the neural tube, contrast with lateral walls of the neural tube, wherewhere cells rapidly proliferate, the cells rapidly proliferate, the 
dorsal and ventral aspects remain thindorsal and ventral aspects remain thin
llongitudinal groove ongitudinal groove -- sulcus limitans sulcus limitans -- divides both lateral walls in the dorsal part divides both lateral walls in the dorsal part --
alar platealar plate and ventral part and ventral part -- basal platebasal plate
cells of mantle layer rapidly cells of mantle layer rapidly proliferateproliferate and differentiate in the gray matterand differentiate in the gray matter
Remember:Remember:
The alar plate The alar plate -- givegivess rise torise to dorsal horn, the basal plate dorsal horn, the basal plate -- to to ventral hornventral horn



Positional changes of the spinal cordPositional changes of the spinal cord
Initially, the spinal cord extends the entire length of the vertebrate canalInitially, the spinal cord extends the entire length of the vertebrate canal
dduring  further development, the vertebrate canal grows rapidly than spinal cord and uring  further development, the vertebrate canal grows rapidly than spinal cord and 
its caudal end gradually  comes to lie at relatively higher levelsits caudal end gradually  comes to lie at relatively higher levels
iin adults, it usually terminates at the inferior border of the first lumbar vertebran adults, it usually terminates at the inferior border of the first lumbar vertebra

DEVELOPMENT OF THE BRAIN

the brain develops from the cranial part of the neural tube

at the fourth week,three primary brain vesicles occur:

- the forebrain - prosencephalon
- the midbrain - mesencephalon
- the hindbrain - rhombencephalon

During  the fifth week, the forebrain and hindbrain divides so that
5 secondary vesicles arise: 
see diagram (it includes information concerning the development of cavities)









TELENCEPHALON VENTRICULI LAT.CEREBRI
PROSENCEPHALON

DIENCEPHALON VENTRICULUS TERTIUS

MESENCEPHALON MESENCEPHALON AQUAEDUCTUS CEREBRI

METENCEPHALON
RHOMBENCEPHALON VENTRICULUS QUARTUS

MYELENCEPHALON




