MNeural tube

Midbrain Hindbrain

. | 4 = Spinal cord
. ],_,.

Forebrain

Cerebral
Hemisphere

>
- ' ’ - Cerebellum
g

=~ _Pons

'}\ medulla

100 Days

N. Cenk SAYIN
Trakya Universitesi Tip Fakiiltesi

Istanbul-01/10/2017 9 Months



Sinir sistemi

« Merkezi sinir sistemi (MSS):
ensefalon+medulla spinalis

« Periferik sinir sistemi (PSS): MSS disindaki
noronlar ve periferal yapilar, beyin ve
medulla spinalisi baglayan kranial ve spinal sinirler

« QOtonom sinir sistemi (0OSS): Duz kas, kalp kas! veya bez
epitelini innerve eden MSS ve PSS noéronlari



¥V 3. Hafta — Noriilasyon

Norulasyon;
« NOral tupun olusumudur

« 4. hafta basinda 4-6. somitlerin bulundugu bolgede
baslar

— Kranial 2/3: beyin

— Kaudal 1/3: medulla spinalis’i meydana getirir
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3. hafta

 Mezoblastin ortaya cikmasiyla embriyonal disk 3
tabakali hale gelir (Bu dénemde embriyoya trilaminar germ
diski=gastrula, olaya da gastrulasyon denir)

Gastrula
Mesoderm

Blastula

Ectoderm

S Fndoderm

Blastocoel Blastocoel Blastopore

3 onemli olay:

 Primitif ¢izginin olusmasi

« Notokordun olusmasi

- Uc germ tabakasinin farklilasmasi




3. hafta-Primitif cizgi

3. hafta basinda, embriyonel diskin dorsal yuziinde, orta cizgi
kaudalinde, kalin siskin, cizgisel bir bant gozlenir

Epiblast hicrelerinin cogalarak toplanmasi ile olusan bu cgizgiye

primitif gizgi|denir.
Primitif ﬂzgl kaudal ucuna hucr
cunda hucre proliferasyonu il

i_ile uzar, kranial
primitif dugum adini alir.

Amnion
kenar

Néral N&:al katlanti Noral Plak
: — Néroektoderm

Noral Oluk

(] Primitif .Y
}' Dugum Primitif Dugum
Primitif ¢izgi

19 Ginlik

H
‘

Primitif Cizgi

17-19. giin




3. hafta-Primitif cizgi

« Kisa bir slre sonra bu cizginin ortasi boyunca uzanan
primitif oluk (yarik) belirir.

Noral oluk

Somitler

Primitif % |
cizgi
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Noral plak
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20. Gun
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Noro-
ektodermr

>Sinir sistemi,
primitif cizginin on
kismindaki
ektodermden
(noral plak) gelisir
(23.gln)

>Noral plak;
notokord ve
paraaksiyal
mezodermin
ektodermi
induklemesiyle
ortaya cikar




3. Hafta — Notokord

> Notokord hicresel bir kordon- embriyonun ilkel
iskeletini meydana getirerek dik durmayi saglar

> Kas-iskelet yapilari, MSS gelisimi icin gerekli sinyalleri
verir (erken embriyoda primer uyarandir)*

~ Eriskinde> Intervertebral disklerin yapisina katilir.

Post-natal

Notochord Cell Ridl
Nucleus Pulposus

Annulus
Fibrosus

Cartilage
End Plate

Vertebral
Bone




2. 3. hafta

UNSW Embryology



3. hafta-Primitif cizgi
> Primitif ¢izginin boyutu goreceli azalarak embriyonun
sakrokoksigeal bolgesinde onemsiz bir yapi haline gelir

> Normal kosullarda: 4.haftanin sonunda kaybolur

> Primitif ¢izgi kalintilarinin varhgini sirdirmesi >
“sakrokoksigeal teratom”

Primitive Streak
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Masernal < Falol Tip ve Pernalolop Demeds

B, ®, . -
A Néral Tiip

 Noral plak: MSS ve medulla spinalis gelisir.

syncytiotrophobl
cytotrophoblast

extraembryonic
YOIk Chorionic ~ Somatic

cavity mesoderm

extraembryonic
splanchnic
mesoderm



Masernal < falol Tip ve Pernalolop Demed

AZSE hafta-Norulasyon

 Noral tup, yuzey ektoderminden ayrilinca; noral tipun her iki
yanindaki hucreler dorsolaterale goc eder ve noral tup ile
yluzey ektodermi arasinda néral kristay\ olusturur

Noral Krista
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Masernal < Falol Tip ve Pernalolop Demeds

AU

Noral Tup

Notochord ~ Amniotic cavity

Amnion Neural groove

Parietal
mesoderm
layer

Visceral
mesoderm
layer

—————

R N -

------

Endoderm

Paraxial : Intermediate
mesoderm & e

~ Vel cavities in
Dorsal e mae lateral

plate

------

Intra-
embryonic
body cavity

Endoderm
D




3. hafta-Norulasyon

« Noral tup; Beyin + medulla spinalis

 Noral krista; Periferik ve Otonom SS dahil kranial,
spinal ve otonomik ganglionlari olusturan hlcrelerin
cogunu meydana getirir.
— Tiroid bezi C hucreleri, odontoblastlar, adrenal medulla,

melanositler, ylz ve boyun derisi, ylz ve kafatasinin kemik ve

yumusak dokulari vb. yapilari da olusturur.
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Tip vo Pernalolop Demeds

Hirschsprung
(Aganglionik megakolon)

« Konjenital megakolon

(Kolonun bir parcasinin asiri
dilatasyonu)

Distended
sigmoid
colon

— Dilatasyon - genislemis
bagirsak parcasinin distalinde
plexus myentericus’ta
otonomik ganglion
hucrelerinin olmamasi

Aganglionic portion

e Rectum
]

« Kolon duvarina noral krista
hucreleri go¢c edemez ve
parasempatik ganglion
hucrelerine farklanamazlar



3. hafta-Nériilasyon

 Noral tup
kapanmasi:

— kranial (anterior
noropor) 24. gun

— kaudal (posterior
noropor) 26.gun
kapanmasiyla
sonlanir (Once
servikalde, sonra
kaudal ve sefalik iki
yonlu olacaktir)




Noral Tup

Proliferation
Patterning
Cytoskeleton

E=te.
Genome
Epigenome ——> Environment
DNA methylation Folic acid levels
Histone modification Diabetes
Nucleosome positioning Obesity

Febrile iliness



Amnu Rev Genet. 2014 ; 48: 583-511. doi:10.1146/annaresy-penet-120213-092208.

Genetic, Epigenetic, and Environmental Contributions to Neural
Tube Closure

Jonathan J. Wilde'-2", Juliette R. Petersen’?.", and Lee Niswander!-’

Jomathan J. Wikde jorathan.wildeucdenver.edu; Julletie R Petersen: julie@e pelersenfucdenveredu; Les Niswander
lex niswandenfucdenver sdu

Howard Hughes Medical Institute, Department of Pediatrics, University of Colorado Anschutz
Medical Campus, Children's Hospital Colorado, Awora, Colorado 80045

“Cell Biology, Stem Cells and Development Graduate Program, University of Colorado Anschutz
Medical Campus, Aurcra, Colorado 80045

*Molecular Bicdogy Graduate Program, University of Colorado Anschutz Medical Campus, Aurora,

Colorade B004

Noral Tup

Epigenetic regulators required for neural tube closure

CGene Protein Function Ohzerved Neural Tube Defect |
Pomlg PPMIG Chromatin remodeling Exencephaly |
Dinmi3a DNMTIA DMA methylation Exencephaly
Dmmi3b DNMT3B DHA methylation Exencephaly
D3l DNMT3L DMNA methylation Exencephaly
CEBP CBF Histone acetylation Exencephaly
Eatla GCH5 Histone acetylabion Exencephaly
Ep30o p300 Histone acetylabion Exencephaly
Hdacd HDAC4 Histone deacetylation Exencephaly
Sirel SIRT1 Histone deacetvlation Exencephaly
Edm2b FBXLI10 Histone demethylahion Exencephaly
Edmida UTX Histone demethylation Exencephaly
Upy UTY Histone demethylation Exencephaly
Alkbkl AILEBHI Histone methvlation Exencephaly
Jny JTARID? Tumony | Histone methylation Exencephaly
Cited? CITED2 Co-regulator of CBP/p300 | Exencephaly
Smarcel BAF155 Mucleozome remodaling Exencephaly
Smarcad BRG] Mucleozome remodeling Exencephaly
Cecr? CECER2 Mucleozome remodelmg Exencephaly
miR-124a | WA Mucleozome remodaling Spina bafida
mIR-0% MNrA Mucleozome remodeling Spina bafida
MNaplL? Nucleozome assembly

NAPIL2

Exencephaly




> Somitlerin 4. gifti kranialindeki noral tup,

beyni olusturur.......

stage 10

cranial

brain neuropore
fold

neural ; \ closing

\

caudal
neuropore

2.5-3.0mm

Ant. Noéropor

kapanmi Mandibular(1.)
/.,-Yutak kavsi

Kalp cikintisi

23-25. Gun

Posteri
noéropor

2.Faringeal
kavis

25-27. gun
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Tip ve Perinalolop Demed

Medulla Spinalis Gelisimi

« 4. cift somit kaudalinde kalan néral tip, medulla

spinalis olarak gelisir




Beyin Gelisimi

« 4. hf sonunda kranial bdlgede rostral néroporun
kapanmasiyla beynin gelisecegi 3 ilkel beyin vezikili

olusur:
Prosencephalon Mesencephalon

— On vezikiil=prosencephalon
— Orta veziklil=mesencephalon

— Arka vezikll=rhombencephalon

Cerebral hemisphere ] Corpus callosum
\, < ’
, /

Choroid plexus (in 3™ ventricle)
Thalamus

Rhombencephalon

Pineal gland

: Midbrain
~ — Cerebral
~aqueduct

Fourth ventricle
Choroid plexus
Cerebellum

Spinal cord

Hypothalamus

Pituitary gland

Pons
Medulla oblongata

Spinal cord



Masernal < Falol Tip ve Pernalolop Demeds

2 Beyin Gelisimi
T¢|¢r'll','¢|ﬂ'la|ﬂr'l
5 . h af ta Prosencephalon
Diencephalon
Prosencephalon

telencephalon
+ diencephalon

} Mesencephalon

Metencephalon
Rhombencephalon

Mylencephalon

Mezensefalon
bOlunmEZ! ! !... Spinal cord
Fourth ventricle
Mesencephalon

Rhombencephalon Rhombencephalon

metencephalon+
myelencephalon

Telencephalon
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Tp v Pernaloiop Demed

Beyin Gelisimi

(d) Adult brain (e) Eriskin noral

i
(b) Primary brain vesicles (c) Secondary brain vesicles ot kanal

Cerebrum: cerebral
hemispheres (cortex,
white matter.

Aquaductus
Sylvii

Myelencephalon

|

" Spinal cord Santral kanal




Maternal « falol Tip ve Perinalolop Demedd

AV Beyin Gelisimi

mesencephalon
diencephalon ncaeen) [cephalic ﬂexure]

prosencephalon ‘ Q‘; /\_ rhombencephalon

(forebrain) {(hindbrain)

\‘ metencephalon

spinal cord

cervical ﬂexureJ

pontine flexure . biclip  myelencephalon



Masernal < Falol Tip ve Pernalolop Demeds

2 Beyin Gelisimi

Chorvidal jfissure

Paraphysis

Lamina reuniens <

Lamina terminalis

Chiasmatic plate

Chinsma

Hypophysis
Recessus infundibuli

> Noral tipun rostral ucu
~ Hatali kapanmasi anensefali gelis

imi ile sonuclanir



Beyin Gelisimi

ventral indiiksiyon: Beynin 2 hemisfere ayrilmasi

Interhemisferik fissiur ~10. haftada olusur
11 Dural tabaka: 6. hf da olusur

sl Primitif ventr medial duvari kan damarindan
psOdostratifiye epitelle kapli choroid pleksuslar
gelisir.
Erken gebelikte choroidde ylksek glikojen icerigi>
blylyen beyin icin enerji kaynadgi — 19. hf sonrasi
CSF Uretimi

Lat. Ventr: 13-14 hf gorunur, gebelik hf ilerledikce
dramatik olarak degisir

<16. hf primitif lat.ventr genis goérundrler

Gebelik hf ile dramatik dedismeye karsin
atrial genislik 14-40 hf <10mm

Thi venkice USG ile MRI aras! 1-2mm uyumsuzluk
beklenebilir

Cerebral aqueduct (of Sylvius)

Foramen of Luschka )
Foramen of Magendie



Beyin Gelisimi

(SP: 2 ince translusen membran - C. Callosum dniinden baslayip fornix’in st
ylUzeyinin altina uzanan, yanda lateral ventr ic duvarlari ile sinirli

10-12.hf gelismeye baslar - 17. hf eriskin seklini alir

<18hf belirgin degildir Cap: 2-10mm (s e enlons

Pinaal body
I

Splenium

Pia wnaler

Gyrus subeallosus

Parolfactory area —

(3 _ Fascia dendeats

X l;l \\ 4

Rostrum
Anrerior commissure
Lemana terininalis
Optio recess /
Optic chivsma /
Infundibudvin |

Corprs mamillors /



Beyin Gelisimi




Masernal < falol Tip ve Pernalolop Demed

A Beyin Gelisimi

Lateral View Anterior View

P
/)

e e [ csp Anterior horn of
nterior horn of | lateral ventricle

lateral ventricle |

Posterior horn
of lateral ventricle

Cerebral aqueduct

Inferior horn of

Inferior horn of lateral ventricle lateral ventricle

@ Behrang Amini C. Septi

¢. veli interpositi

Cavum Septi Pellucidi, Vergae, Veli Interpositi




Beyin Gelisimi

(avum vergae:
CSP icinde bir kavite

Foramen Monroe’'nun
posteriorunda -
forniksler tarafindan
olusturulan dikey
sttunlarin duzlemi

Siklikla 40.Hf birlesir




Bevin Geli

Cavum Veli Interpositum




lateral ventricles subarachnoid
space
- - foramen of

Beyin Gelisimi

e 3.ventr: gec 1. trim de gorinebilir

Transvers boyut<4mm i e

* 4.ventr: arka beyindeki santral
kanalin fokal dilatasyonuyla olur.
Bu vezikilin alt tavani kaudal-
dorsale donerek “Blake pouch”u
olusturur.

“Blake pouch” obex’e dogru fenestre e
> foramen Magendie (7-8.hf) :

Multiple pia-arachnoid

(For. Lushka daha gec olusur) trabeculations

Blake’s pouch fenestrates
variably down to obex

4= neck of Blake's pouch
= foramen of Magendie




Beyin Gelisimi

4.ventr: 14-16 hf genisler ve 22-23. hf’da normal boyutuna gelir.
Cisterna Magna’daki septalar Blake pouch duvarlarinin
kalintilaridir

Sagital planda 4.ventr AP capi <7mm

C M Foramen of Monroe | f
2 - 1 O mm Aqueduct of Sylvius h o

Foramina of Luschka

Foramen of Magendie




Beyin Gelisimi
» Serebral parankim: 2 tip néronal migrasyon
— Dairesel — tegetsel
8 — 24 hf: kortikal ndéronal migrasyon
24 hf — term: noéronal organizasyon + maturasyon

Forebrain Midbrain Hindbrain

Diencephalon ., Mesencephalon + Metencephalon

Telencephalon
(cerebral
vesicles)

" Myelencephalon

7777777777777

S/
Optic Pontine Spinal
stalk flexure cord
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Beyin Gelisimi

»Serebral vezikll basta subventricular zone Ventricular zone
primitif germinal matrix
(ventrikiiler zon) denilen tek
tabaka noroepitelyal hcicerir.
»5hf’da hiicresel proliferasyon
ve migrasyonla 6nbeyin 2
tabaka hc’den olusur. Bu
zamanda “preplate” olarak
bilinen ylzeyel ve derin
noroepitelyal tabaka vardir.

> Preplate’in olusumu
norogenesis’in baslangicidir.
»Bu hicreler bazal
telensefalondan tegetsel
olarak piamatere dogru
goclerini noral tup
kapanmadan tamamlar




Migration cells:

Cajal-Retzius cell

S>——

Projection neuron
o

Interneuron

e

Guidance cues:

e Reelin

O Cxcl12

[0 Sema3A/Sema3F
B 1g-Nrg1

[l CRD-Nrg1
HGF/BDNF

@ Unknown repellent

(CP) cortical plate; (GP) globus pallidum; (1Z) intermediate zone;
(MZ) marginal zone; (NCx) neocortex; (PCx) piriform cortex; (Str)
striatum; (SVZ/VZ) subventricular/ventricular zones

Beyin Gelisimi

Telencephalon’da
noronal migrasyon:

(Koronal kesit)
Medial ganglionic
eminence
(MGE)den dogan
internoronlar
tegetsel sekilde
subpallidumdan
kortekse dogru goc¢
ediyorlar.



Maternal « Falol Tip ve Perinalolof Demeds

A Beyin Gelisimi
Beyaz madde
24 — 34 hf: corona radiata gelisir

R, oculomaotor nerve
L. oeulomotor nerve

Buperior peduncle
Pyramid K
Divd

Inferior peduncle

/
Decussation of pyramids
F1G. 675.—Certain tracts of the brain, particularly of the corona radiata, introduced into an outline of
Fig. 642.

The pyramidal tracts are red; the cerebropontile and central tegmental tracts are blue.

28 — 40 hf: Beyaz madde (corona radiata dahil)
genisler



Maternal « Fatol Tip ve Pernalolop Domed:

Beyin Gelisimi

3 ana kommisstir: Corpus
Anterior: 8 — 9 hf Callosum
Hippokampal ve Posterior: 9 — 11 hf
C.Callosum: 10 hf gelisim baslar,

Anterior
commissure

C.Callosum 2 bagimsiz parca seklinde (anterior-
posterior) buyur. Anterior parca 14-15 hf,
posterior 18-19hf’da ayird edilebilir. 20. hfda son
seklini alir (eriskin seklinin %5’i)

Posterior
Commissure

Arcuale lasciculi {U-fibers)

Superior
longitudinal
fasciculus

Body
1 anT. PiLLARS

WIFRDCAMP /" oF FORNIX - Hippocampal
oM M SSURE | Corpus —___ commissure
e b callosum

—— Splenium

UNCUS

Roskum
Irferior
longitudingl
HIFFOCAMPUS Uncinate fasciculos

fasciculus Cingulum

Antarior
CoOmMMmIssLUReE

Farmix



Sulcus in the medial surface

Cingulate sulcus

)
T,

"ru-

Vs

-—

LINGUAL Gwp
£ \

Collabere

Calcarine sulcus

Precentral Central

Postcentral

Intraparietal

Lateral
occipital

Lunate

Lateral Inferior temporal

Superior temporal

Beyin Gelisimi

Sulkasyon

14 - 15 Interhemisferik

16 Sylvian

22 -23 Callosal
Parieto-occipital
Hippokampal

24 - 25 Calcarine
Cingular

26 Central
Collateral

27 Precentral

Superior temporal

28 Postcentral
Intraparietal

29 Superior frontal
Inferior frontal

33-34 Inferior temporal
Occipitotemporal




Matemal - fa10l Tp ve Permatciof Demeds Ultrasound Obstet Gynecol 2006; 27: 494-502
Published online in Wiley InterScience (www.interscience.wiley.com). DOI: 10.1002/uog.2757

Sonographic developmental milestones of the fetal cerebral
cortex: a longitudinal study

B. COHEN-SACHER*, T. LERMAN-SAGIEt, D. LEVt and G. MALINGER*

*Department of Obstetrics and Gynecology, Fetal Neuralogy Clinic, TPediatric Neurology Unit and 1 Genetics Institute, The Edith Wolfson
Medical Center, Holon and Sackler School of Medicine, Tel Aviv University, Tel-Aviv, Israel

Insular sulci

Secondary cingulate sulci

Inferior frontal sulcus

Superior frontal sulcus

Inferior temporal sulcus

Superior temporal sulcus

Precentral sulcus

Postcentral sulcus

Marginal sulcus

Secondary occipital sulci

Olfactory sulcus

Central sulcus

Cingulate sulcus

Calcarine fissure

Parieto-occipital fissure

Hippocampal fissure

Callosal sulcus
Sylvian fissure

Interhemispheric fissure

Gestational age (weeks)

Figure 1 Detectability of sulci and gyri according to gestational age. We considered a particular structure to be present when it was seen in
more than 75% of the fetuses (M) detectable if it was observed in 25-75% of the examinations (H) and absent when it was not observed in
at least 25% of the examinations (O).



Matemal « fa10i Tp ve Permalcios Demed) Ultrasound Obstet Gynecol
\ S Published online in Wiley InterScience (www.interscience.wiley.com). DOI: 10.1002/uog,

Sonographic developmental milestones of the fetal cerebral
cortex: a longitudinal study

Figure 2 Ultrasound images showing coronal planes at 18 and 22 gestational weeks. Callosal sulcus (1), Sylvian fissure (2), hippocampal
fissure (3). W, weeks.




sound Obstet G 2 ¢
shed online in W erS www.interscience.wiley.com). DOI: 10.1002/uog.2757

Sonographic developmental milestones of the fetal cerebral
cortex: a longitudinal study

B. COHEN-SACHER*, T. LERMAN-SAGIET,

tetrics and G
ter, Holon and Sackler

Figure 3 Ultrasound images showing sagittal planes at 24 and 28 gestational weeks. Note that the section at 24 weeks is close to the midline
and at 28 weeks, periventricular. Cingulate sulcus (1), parieto-occipital fissure (2), calcarine sulcus (3), precentral sulcus (4), central sulcus
(5), postcentral sulcus (6), marginal sulcus (7), Sylvian fissure (8). W, weeks.




Hipofiz
« Adenohipofiz: Rathke posu da denen Stomodeumun
ektodermal tavanindan yukari dogru cikinti

— 6. haftada oral kaviteyle baglanti kaybolur.

* Norohipofiz: Diencephalon’un néroektoderminden
asaglya dogru cikinti

A lnfundibulum\ B __,.-j///'-f B - _..’-_/,Zi'
———2 8§ N
W”’ ‘\Q

Rathke’s Pouch ——— i

(JNeural ectoderm 1 Oral ectoderm "‘.~.7.'a

Eoe — D Median eminence

'-\//-I - /-
Sphenold 3\ \ . Y e
sinus R Pars —. Pars
Q tuberalis Nervosa
) Pars % Pars
- s B distalis ! intermedia
e —— .,
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Serebellum

. Ilk gelismeye baslayanlardan, maturasyonu en son tamamlanan yap!
« Serebellar hemisferler metensefalon, vermis kismen mesensefalon

kokenli.
« Vermis olusumu 9.hf baslar

central lobule
anterior cerebellar notch ala of central lobule

Cerebral hemisphere
telence lon; anterior portion
( s ) eaeniar. Mdise {m:ttrlor ;lwrrian

e }a/ monticulus

Mesencephalon _ cerebellar sulcas
cerebellar hemisphere,
superior snryaa’

s
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Diencephalon

Cerebellum

Serebellar fissurler:
20 - 30 hf

11 WEEKS

9 vermian subdivision

/\ [/ "= 14.hf bulunmakta

Folia

Cerebellum

Vermian hemisferlerin
yapraksi yapisi: 27-30hf




Maternal - Fatol Tip ve Pernalolop Demed

Serebellum

The Fetal Cerebellar Vermis
Assessment for Abnormal Development by Ultrasonography

- - - - v - -
Vermis - superiordan inferiora dogru gelisir and Magnetic Resonance Imaging
Ashley J. Robinson, MB, ChB,*t Susan Blaser, MD, T Ants Toi, MD,# David Chitayat, MD,§
William Halliday, MD, || Sophie Pantazi, MD,# Munire Gundogan, MD, ¥
Suzanne Laughiin, MD, | and Greg Rvan, MB#

( Ultrasouwnd Quarterly 2007;23:211-223)

11-12 hf 13-14 hf 16 hf 18 hf

Vermis Vermis
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Myelinasyon

Oligodendrositlerin proliferasyonu, astrositlerin néronal
destek ve baglanti icin cogalmalari ile gerceklesen bir sirec

12 - 13 hf ‘da spinal kordda baslar, daha sonra beyin sapi
ile kranial yonde devam eder

28 — 29 hf inf ve sup. serebellar pedunkdiller

32. hf mesensefalon

32 - 33 hf colliculus, putamen, ventrolateral thalami
35. hf optik trakt

38 — 40 hf sup. vermis



Masernal « Fatol Tip ve Pernalolop Demed
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Medulla Spinalis Gelisimi
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« Medulla spinalis(MS) intrauterin hayatta
kanalin icini tamamen doldurur

« Columna vertebralis ve MS farkli buylime hizi
gosterirler>

MS kanala gore daha kisa kalir
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Embriyonik Gelisim Evreleri _

Primer noriilasyon 3-5 hf
Anterior néropor kapanmasi 24.GuUn
Posterior néropor kapanmasi 26.GuUn
Prosensefalon/rhombensefalon gelisimi 4-5 hf
Ventral indiiksiyon 5-6 hf
Orta hat/kommisiirler 8-20 hf
Anterior komissur 8-9 hf
Hippokampal 9-11 hf
Septum pellicidum 10-17 hf
Corpus callosum 10-17 hf
Noronal gelisim, proliferasyon, migrasyon
Serebral 5-24 hf
Ventrikller zon 5-14 hf
Subventrikiler zon 14-24 hf
Serebellar; ventrikiler, rhombic 8 hf — postnatal
Noronal organizasyon 24 hf — postnatal

Miyelinasyon 20 hf — postnatal



Sinir sistemi
DARK SIDE OF
THE HORSE
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Embriyoloji ??

Anatomi ??
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