NERVOVY SYSTEM



Neurony Gliové bunky

Funkce v neuronalni siti

Aferentni

Eferentni

Senzorické Neuron Synapse

Interneurony Oligodendrocyt

Projek&ni CNS

Senzitivni Astrocyty

Motorické - fibrézni (Seda hmota)

Asociacni - protoplazmickeé (bila hmota)
Astrocyt Oligodendrocyty

Mediator Mikroglie o

Dopaminergni Ependymové burnky

Cholinergni o

Serotoninergni Periferie )

Aminergni SchV\{an’novy burky

GABAergni Satelitni bunky (amficyty)

Nitriergni (NO,)

Peptidergni, ...

Morfologie téla

Unipolarni Nucleus

Bipolarni |

Multipolarni fo |
Pseudounipolarni Kapildry

Délka axonu
Golgi typ | (dlouhy)
Golgi typ Il (kratky)




Klasifikace neuronu

— Unipolarni — primarni smyslové buriky (ty¢inky,
Cipky) ,

— Bipolarni — druhy neuron v reting, A
vestibulokochlearni ganglion

— Multipolar - the most frequent — CNS, the
autonomic ganglia

— Pseudounipolarni
— Jeden vybézek tvaru T
— Axonalni a dendriticky vybézek

— Kranialni nervy

Délka axonu
Golgi typ | — projekéni neurony, velké perikaryon, dlouhy axon, vedeni na velké

vzdalenosti
Golgi typ Il — interneurony, malé perikaryon, axon neopousti oblast ve které je neuron

lokalizovan



MORFOLOGIE

Pfiklad: Pyramidalni neuron cerebralniho kortexu

(vnitfni pyramidova vrstva, ,motorcortex”)

Dendritic spines

Ribosomes
Mitochondrion
Nucleus

Golgi complex

Cell body (soma)

Rough endoplasmic
reticulum (Nissl substance)

Axon

Nucleolus /

MisSni multipolarni neuron
10-100um
Perikaryon
- kulaté jadro, dominantni jadérko

- bazofilni cytoplazma — tyCinkovité
mitochondrie, GA, GER

- Nisslova substance
- neurofilamenta, neurotubuly
- lipofuscin

Dendrity, dendritické trny

Axon
- odstupovy konus
- inicialni segment
- axolema
Synapse

- presynaptické zakonceni
(terminalni arborizace)

- synapticka stérbina

- postsynapticka membrana

Motoricka ploténka
- velkoplosna cholinergni synapse




Axosecretory

AXxoaxonic

Axodendritic Axoextracellular Axosomatic

Axon terminal
secretes directly
into bloodstream

Axon terminal
secretes into
another axon

Axon terminal Axon with no Axon terminal

ends on a dendrite connection ends on soma

spine seccretes into Axosynaptic
extracellular fluid Axon terminal

ends on another
axon terminal



CNS — telencephalon - cortex cerebri, cerebellum,
medulla spinalis

« Seda hmota * Bila hmota ,
. o — Myelinozované axony
— Téla neuronu

— Neuroglie (oligodendrocyty)
— Vaskularizace

— Nemyelinizovana viakna
— Neurogliové bunky
— Bohata kapilarni sit

I Anterior Cerebral Artery

I Middle Cerebral Artery
Posterior Cerebral Artery




Telencephalon

Seda hmota

1.5-5mm, 0.2-0.25m?

Povrch (cortex cerebri) + oblasti v bilé hmoté
(ncl. caudatus, lentiformis, claustrum, amygdale)

Isocortex 11/12 povrchu

- 8-9x10° neurond
Neurony
Pyramidalni (motoneurony)
Granularni (hvézdicovité)
Fusiformni (bipolarni)
Cajalovy (horizontani)
Martinottiho (vertikalni)

Neuroglie
Astrocyty
Mikroglie

Lamina molecularis
Lamina granularis externa
Lamina pyramidalis
Lamina granularis interna
Lamina ganglionaris
Lamina multiformis v

- 6 vrstev dle dominantniho typu neuronu

o0k wNE

Allocortex 1/12 povrchu, rhinencephalon

Bila hmota
Corpus medullare telencephali




pyramidove zrnité vietenovité vietenovité Martinottiho
vertikalni horizontalni
Cajalovy
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Santiago R. Cajal
Nobel prize 1906



Brodmannovo ¢lenéni mozkové kuary

REGIO AREAE FUNKCE

Postcentralis |[1.2.3.43,(25) somatosenzoricka,

chutova
Praecentralis |46 (4s) motoricka
Frontalis 8,9,10,11.44, asociacni
4546 47 (8s)
Insularis 13,14,15,16 integracni

Temporalis 20,2122 36,37 ,38,41,42 52||sluchova

Parietalis 5,7,39,40 asociacni
Occipitalis 17,18,19,(19s) zrakova

Cingularis 23,24 31,32 33 mimavalni
Retrosplenialis|[26,29 30 mimavalni

¢ich (34),mimovolni

Hippocampica ||27.28 34,35 48 51 s
pamét

) area olfactoria .. .
Olfactoria _ _ tichova
trigonum olfactorium




Brodmannovo déleni mozkové kiry
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Lamina molecularis

Lamina granularis externa

e
2 YA

Lamina pyramidalis

Lamina granularis interna

V.

Lamina ganglionaris

V.

Lamina multiformis

VI.

Bila hmota
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Homotypicky isocortex
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Cerebellum

Seda hmota /cortex cerebelli/
- cca 1mm
- 3 vrstvy

— Stratum moleculare

— Stratum gangliosum (— Purkynovy
buriky)

— Stratum granulosum
Bila hmota

— Eferentni vlakna
— Aferentni vlakna

— Parova jadra mozecCku
(n. dentatus, n. emboliformis, n. fastigii)

Spojeni Purkyriovych bunék s prodlouzenou
michou a stfednim mozkem)




Cerebellum - prehled, (impregnace), objektiv 2,5x
R 5 Tern. %, (G ;

cortex cerebelli e
- stratum cinereum (moleculare) A
- stratum gangliosum e
- stratum granulosum



Cerebellum - cortex |, (impregnace), objektiv 10x

cortex cerebelli '

- stratum cinereum (moleculare)
- stratum gangliosum
- stratum granulosum
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Cerebellum — cortex II, (Nissl), objektiv 40x

H - G
cortex cerebelli , 5 p
- stratum cinereum (moleculare) — ..~ : v

- stratum gangliosum ' . a

- stratum granulosum X >

o Purkynovy bunky




Cerebellum

/ -
= S. moleculare
: ; S. gangliosum
KosSickové W
bunk -
"
/ _—. T I S. Granulosum
N Zrnité bunk
;’ l Bila hmota
7} /
At ] Efergnkni — Mechova viakna
—
3 _\;.-/ neurity P. bunék }\_ -
/ Splhava vlakna

] ) (aferentni)
Purkynovy bunky



Molecular layer

Purkinje cell
layer

Granular layer

|

Cerebellum

!f [N

Quter stellate cell
mATRIm

Wl
\

l \/" Parallel fibers

Basket cell

N\

Golgi cell l

Purkinje cell axon

Granule

Deep cerebellar

nuclei

and

Lateral vestibular nuch

| Climbing
fiber

Mossy fiber

—



Cerebellum — stratum granulare
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Medulla spinalis

THE SPINAL CORD

Cervical
Area

q | P Thoracic
1| Area
Conus b

Medullaris Lumbar
Area
CAUDA EQUINA >

SPINAL CORD

Sacral
Area
Coccygeal
Area




Medulla spinalis

Septum medianum posterior

Fissura mediana anterior

Receptor

Sensory Interneurone
neurone Grey matter

White matter

—
Transverse section
through spinal cord

Motor nerve fibre

Effector (e.g., muscie)

Seda hmota

rohy

- posterior

- (lateral)
canalis centralis
- anterior

Bila hmota
Funiculi:

A — dorsal

B — lateral

C - ventral
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Seda hmota
- dorzalni roh
- ventralni roh



Medulla spinalis (HE) — anteriorni roh a provazec pia mater
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Medulla spinalis (impregnation) — ventralni roh
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PNS ganglia a nervy
N\

spinalni autonomni

Intermediolateral
nucleus

Prevertebral ganglion



Spinalni ganglion (HE) L
pseudounipolarni neurony

epineurium













) Ganglion spinale — lipofuscin v gangliovych bufkach, (HE), objektiv 40x




Autonomni ganglion (HE)
' - T W

P N . )
v multipolarni neuren satelitni burik
| 5 | - ' . 2
. .




Autonomni ganglion (HE)
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Autonomni ganglion (HE)




iferni nerv

Per

Epineurium

Fascicles of nerve fibers

v
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Fascicles of nerve fibers

Adipose tissve



Periferni nerv (HE)

1 g

epineurium  perineurium

- Vaskularizace
¢ ,
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Periferni nerv (myelin)




Periferni nerv (HE)










Periferni nerv - detail

blood
vessel

axons with /’

myelinand T 7
Schwann W
Sheath

layer of
myelin

unmyelinated
fibers




Peripheral nerve — myelin, longitudinal section
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Peripheral nerve (HE)
longitudinal section
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Periferni nerv — podélny fez, (luxolova modr), objektiv 40x
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Takto videéli strukturu nervové tkane Golgi
a Cajal pred vice nez 100 lety
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Jak mizeme studovat nervové struktury dnes?

« 3D, vzajemné vztahy a fyzickeé interakce mezi neurony
* ,connectomics” v kontextu velkach ¢asti mozku
» Sledovani pribéhu nervovych viaken

« Zachovani biomolekul (proteiny,DNA, RNA, glykanové a oproteinové motivy)
» Zpruhlednéni tkané — hydrogel (akrylamidy) — pouziti fluorescenénich znacek

Neurons in an intact mouse hippocampusvisualized using CLARITY and fluorescent labelling.



e Thy1-eYFP 3D rendering

=i

1 1] Thy1-ChR2—eYEP

Cerebral
neocortex

Alveus

z=1,683 um

| Thalamus | Hippocampus

— z = 3,384 um






75.
76.
7.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.

Mikroskopicka stavba centralni a periferni

nervove soustavy

Cortex cerebri

Cortex cerebri (impregnace)
Cerebellum (impregnace)
Cerebellum (Nisslova substance)
Medulla spinalis

Plexus choroideus

Spinalni ganglion

Spinalni ganglion (impregnace)
Autonomni ganglion

Periferni nerv

Periferni nerv (myelin)

Periferni nerv — podélné
Periferni nerv — podélné (myelin)

JAN EV. PURKYNE

J.E.P. (1787-1869)



