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BbiCcllaA HepBHaA AeATeNbHOCTb —

3TO POPMbl HEPBHON AEATENIbHOCTU OPraHU3Ma,
HanpaBAEeHHble Ha ero B3aMmoaenNCcTBMeE C BHELLHEN
cpeaon, T.e. onpeaenatoume ero noBeaeHme

UeaH Nemposuy lNaesrios
(1849-1936)
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OBLLUMIA NNAH KYPCA

BbICLUAA HEPBHAA
OEATEJIBHOCTb

LHHC — MO3I"

UcTtopus nayyeHus
MeToabl

®OPMbI NOBEOEHUA

(BpoxxgeHHoe, NpUobpeTeHHOe, MHCTUHKTbI)

NMOTPEBHOCTU, MOTUBALIUN,

OPIrAHU3ALNA LHC aMounun
9BOJIIOLUUNA LUIHC

PASBUTUE LUHC
OBYYEHUE NMAMATb

COH - BOAPCTBOBAHUE

PACCTPOVCTBA BHL:
HEBPOJIOI MYECKNE
n NMCNXNATPNYECKWNE



HeobxoanmocTb nccneaoBaHUa Mo3ra :

1. Mo3r - Hanbonee CNOXKHO YCTPOEHHbIN OpPraH Ha 3emne;

2. DopmupoBaHME MO3roOM NOBEeAEHNA U CO3HAHMNA OCTAETCA HEPELLIEHHbIM
BOMPOCOM MMUPOBOU HAYKWU;

3. lMporpeccuBHbIN POCT PAaCCTPOMCTB, 0O6YCNOBAEHHbIX MATONOTMYECKUMM
npoueccamm Mmo3ra:

THE TOLL OF SELECTED BRAIN AND NERVOUS SYSTEM DISORDERS*

Condition Total Cases Costs Per Year
Hearing Loss 28 million $ &6 billion
All Depressive Disorders 20.5million 44 billion
Alzheimer's Disease 4.5 million 100 billion
Huntington’s Disease 30,000 2 billion
Stroke 4.7 million 51 billion
Schizophrenia 2 million 32.5 billion
Parkinson's Disease 1 million 5.6 billion
Traumatic Head Injury 5 million 56.3 billion
Multiple Sclerosis 2.5 million 9.5 billion
Spinal Cord Injury 250,000 10 billion

* Estimates provided by the National Institutes of Health and voluntary organizations.



WHAT DoN'T WE KNOW?

INTRODUCTION

What Don’t We Know?

tScience, we tend to get excited about new discoveries thatlift the veil a little on how things work, from cells
to the universe. That puts our focus firmly on what has been added to our stock of knowledge. For this
anniversary issue, we decided to shift our frame of reference, to look instead at what we don t know: the
scientific puzzles that are driving basic scientific research.

‘We began by asking Science’s Senior Editorial Board, our Board of Reviewing Editors, and our own
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1. What is the Universe Made of?

2. What is the Biological Basis of
consciousness?



UcTtopua nsyyeHus sbicLuer HEPBHOMU
aearenbHoctn ao 201r go H.3.

«He 2080pume 0 mom, Ymo y 8ac Hem spemMeHuU.
CmonbKo xce e2o bbino y MukenaHoxeno,

JleoHapoo 0a BuHyu, lNacmepa u SHWmeulHa»
LhekcoH bpayH

FTMAONOKPAT
(460—377 rr. no H.3.)

3anyck
nosefeHus P

Cxema o [ybbiHuHy B.A.

APUCTOTE/b FANEH
(384 - 322 A0 H.3.) (129— 201 H.3.)



Nctopua nsyvyeHna BH ot PeHe [leKkapTa Ao Havana XIX B.

OEKAPT, PeHe (1596 - 1650), dpaHLy3ckuin dpunocod
1 ecTecTBomcCnbITaTeNb

* pasgeneHue Tena n aywu;

* Noaaep’KMBas MOHATUE «BbICLLIEro pa3ymay;
® CO3HaHUe — B anudu3e;

® OnMcan NPOTOTMN MNOHATUA PEPNEKTOPHON AyrU
B BUAE «HEPBHbIX HUTEN» OT OPraHOB YYBCTB K MbILLLLAM;

KoHuenuus pegnekxca rno ekapmy



Uuprku MPOXA3KA (Georg Prochaska) (1749—1820), yellckuit aHaTom, GU3MOAOT 1 Bpay

Puc. [lByHeiipoHHan
MOHOCKHHaNTUY ecKas

pednekTopHas gyra

The prlnC]pleS KoneHHoro pednekca
of physiology 5
(1851)
fl \
=
i
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Il 2- ElyBCTBVITeJ'IbHOE BOHOKH)O
» Been noHAtTue u tepmuH pednekc (1800 r.) |
AN BCEM HEPBHOM CUCTEMbI, @ HE TO/IbKO eé 5?,?_ e e
HM3LL| MX OTLI,EJ'IOB,' i S?L?:;?;sgz:“eoz;momo

e YTBEpPrKAaN N3bUpaTenbHOCTb PeaKkLnm Ha

BHeLIHWe BO3AeNCTBUA (oT nat. «pednekce» — OTPAXKEHHDLIN)
B 3aBUCMMOCTU OT noTpebHoCTK. 1800 .



Hauyano XIX BeKa — CTaHOBAEHMEe NCUXO0TUN U TEOPUA aBonroUUN

NAPBWUH Yapnb3 (1809 - 1882),
AHITMNCKUIN ecTecTBOMUCNbITATE b

e Teopua ectecTBEHHOro otbopa;
e CoeagMHEHME MO3ra U pasyma;
e [IpM3HaHMEe 06LLHOCTM YeNOBEKA U KUBOTHbIX;
e CpaBHUTE/IbHOE U3Y4YEHUE UX NOBEAEHUS;
e Hayano passutuAa:
dUN3MONOrNN YeNIOBEKA U }KUBOTHbIX;
MUKpoburonoruu;
reHeTUKMN.

Co3paHue HaY4HbIX NpeanocCbi/ZIOK
ANnAa CPaBHUTENIbHOIO UsyvyeHunA
KUBOTHDbIX U Ye/10oBEKa



PYCCKAA OUSVONOTVNHECKAA LUKONA BHA

UeaH Muxalinosuy

CEYEHOB (1829-1905)

UsaH lNemposuy

[AB/10B (1849-1936)

Baaoumup Muxalinosu4y
BEXTEPEB (1857-1927)




PYCCKAA OUSVIONOTVHECKAA LUKONA BHLI

B 1863 r. ony6banKosan paborty

«PedneKcbl ronoBHOro mosra», B KOTOPoOu
BnepBble 060cHOBan pedneKToOpHyIO Npupoay
NCUXUYECKOUN AeATEeNbHOCTY;

060CHOBaN aHAaTOMUUYECKMIA U MONIEKYNIAPHbDIN
NPUHUMNbI U3yyeHua Gusnonorum.

UsaH Muxaiinosuy «..HU OOUH pyccKuli y4éHblIl He umersn
CEYEHOB (1829-1905) MaKo20 WupoKozo U 6s1a20meopHO20 8UAHUA
. HQ PYCCKYH HAYKy U pa3sumue

o Ceuenos . M.
RS Snemer Hay4yHo20 0yxa 8 Hawem obujecmee...»
' (K. A. Tumupszes)



http://www.google.ru/url?sa=i&rct=j&q=%D0%A2%D0%95%D0%A0%D0%9C%D0%9E%D0%AD%D0%9D%D0%A6%D0%95%D0%A4%D0%90%D0%9B%D0%9E%D0%A1%D0%9A%D0%9E%D0%9F%D0%98%D0%AF&source=images&cd=&cad=rja&docid=bsOJd1ie0dBv-M&tbnid=tod0ctMMIGUwnM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.biblioclub.ru%2F127600_Psikhofiziologiya_Uchebnik.html&ei=69cdUcDeE8ep4AT0qoGwBQ&bvm=bv.42553238,d.bGE&psig=AFQjCNGPun2-PcVqfVwJpfCWobVUNlu8bw&ust=1360996685334835
http://www.google.ru/url?sa=i&rct=j&q=%D0%A2%D0%95%D0%A0%D0%9C%D0%9E%D0%AD%D0%9D%D0%A6%D0%95%D0%A4%D0%90%D0%9B%D0%9E%D0%A1%D0%9A%D0%9E%D0%9F%D0%98%D0%AF&source=images&cd=&cad=rja&docid=bsOJd1ie0dBv-M&tbnid=tod0ctMMIGUwnM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.biblioclub.ru%2F127600_Psikhofiziologiya_Uchebnik.html&ei=69cdUcDeE8ep4AT0qoGwBQ&bvm=bv.42553238,d.bGE&psig=AFQjCNGPun2-PcVqfVwJpfCWobVUNlu8bw&ust=1360996685334835

PYCCKAA OUSVIONOTVHECKAA LUKONA BHLI

Baaoumup Muxalinosuy

BEXTEPEB (1857-1927)

e OCHOBbI Y4eHUA 0 pyHKUUuAaxX mosra (7 Tomos);
e OcHoBbI ncuxonorum (3 Toma);

e Pednekconorus;

e OcHoBatenb UHCTUTYTA NCUXUATPUU;

e CoueTtaTenbHble pedneKcol.



PYCCKAA OUSVIONOTVHECKAA LUKONA BHLI

e BBen noHATUE YCNI0OBHOTO pedaeKkca;

e Pa3zpaboTan metoabl UccneaoBaHuA
NCUXUUYECKUX NPOLLECCOB;

e Jlaypeat Hobenesckou NMpemun 3a
du3nonoruio nuuieBapeHus;

* MpepnoXUn NOHATUE BTOPOU CUrHA/IbHOM
cUcTembl.

UsaH lNemposuy

[TAB/IOB (1849-1936)
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Myseu WU.MN. Nasnosa, UHcTUTYT pusnonorun, Kontywm
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«MamATHUK monoyHuLe, cHabxasLwen W.I. NMaBnosa 1 ero cobak MONOKOM»



B pe3ynbtaTte pabot pycckux uccnegosarteneit U.M. CeueHosa, U.MN.MaBnoBa,
B.M. bextepesa, J1.A.Opb6enn, N.K.AHOXUHA 1 apyrnx drusnonornyeckas
npupoaa NCUXUYECKNX ABNEHUN Bblna NPUHATA HAYyYHbIM 6ONbLUIMHCTBOM.

PaboTbl NO UCCNL200BAHWIO MO3ra,
nonneomaHHble Hobenesckmm KOMUTETOM:

1906 r. HepBHaAa cnctema obpasoBaHa otaenbHbiMU KneTkamu (C. PamoH-n-Kaxanb; lonbaxu);
1932 r. CnuHancbl — KOHTaKTbl HenpoHos (Y.C. LUeppUHITOH);
1936 r. MexaHM3M XMMUYECKon nepeaavmn HepsHoro nmnynbca (I. Aewnn, O. Nlesu);
1963 r. OTKpbITUE MOHHbIX KaHanoB (. IKKAC, A. XoaKKuH, 3.P. Xakcnu);
1970 r. BnocuHtes meamatopos B HerpoHe ([. Akcenbpopa, b. Kau, Y. Onnep).
[
2000 r. MexaHu3mbl curHanbHom TpaHcaykuum B LHC (3. Kenaen, A. Kapnaccon, M.MpuHrapa, )
[
2012 r. UccnepoBaHme peuenTopos, conpa*KeHHbix ¢ G-6enkamu (P. epkosuu, b. Kobunka...)
2014 r. HepoHbl «opueHTaumnm» B mo3sre (cynpyru Mosepbl n Axx.OKud)
[

2017 r. MonekynapHble MeXaHN3Mbl LMPKALHBIX PUTMOB....c.cccvvuurerererinieneenens
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NEUROSCIENCE
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Measure Names
Mon-Scientific Atbendance

. Scientific Attendance

g" 12-15 September 2020
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July 5-9, 2014 Milan | Italy

1OFEN

Forum of Neuroscience
July 2-6, 2016 | Copenhagen, Denmark

Organised by the Federation of European Neuroscience
Hosted by the Danish Saciety for Neuroscience

Societies (FENS)

FENS

FENS =

11 rens

Forum of Neuroscience

th
anniversary

NEUROWISSENSCHAFTLICHE
- CrsELLSCHAFT
7-11)uly 2018 | Berlin, Germany '-EL
g Neurescience Soc




«Cample» puHAHCHPYEMBIE IIPOTPAMMBIL:

*Blue Brain
*The Human Brain Project, HBP $300M |
*B.R.A.LN. (,,Brain Research Through Advancing Innovative
Neurotechnologies”)

*Brain Mapping by Integrated Neurotechnologies for Disease

O0bem chmHaHCUPOBaAHUA Hay4HbIX uccnegoBaHun B EBpone

O6wmin obvem duHaHcUpoBaHNUS
PaMOQHan APETRETEE nepMOA‘ -
MNpA eBpo

FP1 1984-1987 38

wwo e s
FP3 1990-1994 6,6

e s w2
FPS 1998-2002 15,0

e weemes me
FP7 2007-2013 50,5

$500M 1

$400M —

$200M

$100M |

L —

% % e M % % % % % % %0 %

16 u3 29 cmydeHmos kaghedpni ¢pusuonoauu HI'Y
(2020/2021) uccnedyrom pabomy mo3ea

Total
Neuroscience
Neurotechnology

Infrastructure
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Famous Neurobiologists
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Heitpobnoasoru Poccun

K.B. Aroxun

C. B. CaBeabesB
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TT.M. BaraGam H.H. Apirano

AA. 36(131/113013



«Hayxa dsusrcemea moauxamu 6 sasucumocmu
YpoBHHI HCCAEAOBAHUA: _
o1 yenexos, deaaemurx memoouxony (V.11 I'laeqos)

£ a

im CNS

YPOBHU U3y4YeHUA MO3ra

10cm | Systems

MeToaun4eckune nogxoapl

« CoumnanbHble B3anMogencTens

7 N
icm Maps " CBepxy - BHU3
¢  CUCTEMHDbI YpOBEHb (BbICLLNE HEPBHbIE
(YyHKLUM)
( "
1 mm Networks « BsaumopgencTeune Mexay CTpyKTypamu ,
mMoa3ra 3
r N «  QyHKUMOHarbHasa opraHuaaums
100 um Neurons NOKaMBHBIX HEMPOHHBIX 1 FManbHbIX
ceTeit
s ™ « [lpouecchl Ha KNEeTOYHOM YPOBHE U
1uym | Synapses nepegaya curHana ot KNneTku K KneTke
CHu3y - BBepX
. > «  MonekynspHble MeXaHU3Mbl
1A | Molecules




OCHOBHbIe MemoObI U MOOXOO0bI:

HeuHea3usHbIe MemoOkl uccriedoeaHUs Mo3aa:

»  JnekmpoaHueghanoepaghus - I3

»  MazHumoasHueghanozpagus -M3II

*  KomnbromepHas momoepagpusi — KT, MCKT

* [lo3umpoOHHO-3aMUcCcUOHHass momozpagusi — N3T

*  MazcHumHo-pe3oHaHcHass momoepaghusi — MPT, oMPT
» [nybokas cmumynsayusi mo3za, DBS

*  MacHumHas cmumynsyus Mmo3sea

Anekmpo-cbusuoio2uyeckue memaoob! uccriedo8aHus Mo32a in Vitro.

MonekyngapHo-buoxumudeckue mMmemaoOb! Ucc/ief08aHUs M032a:

»  OKcrnipeccusi 2eHos u berkos

*  YposeHb meduamopos

* [lnomHocmb peuernmopos

* [eHemu4eckue mModughukayuu 3Kcrpeccuu 2eHo8 (Hokaym, HoKOayH, aurnepakcrpeccusi)
* CRISPR-Cas9 mexHornozauu (UusmMeHeHuUe aKCrpeccuu, YpPOB8HS MeEMUIIUPOBAHUS)

Hoeetiwwue memoouyeckue noodxoosk! 08 uccriedosaHuUs Mo32a:

OnmoeeHemuka
«  XemoceHemuka
CLARITY



MIZTOL ) NCCZ 0081 202) MIOITA 512050520530 55)202
dnekTposHuedanorpadusa (33r)

Ha *XuBoTHbIX - € 1913 r,, Ha YenoBeke — ¢ 1924 r.

Single EEG

recording | "T[ | X
_ Ml
Wl |

1
Jleavma Tema Azvgpa bema-1

BblAenaoT pUTMbI:
o, anbda (8-13 y),
B, 6eta (13-30 ly),
S, aenvbta (1-4 Ty),
0, Teta (4-7 u),

Yy, ramma (>40 ).

MoHononapHbIA U BUNONAPHBLIA NOAX0A;

HanoxeHue anekTpoaos no cxeme 10-20 O — 3aKpbITME N33,

B — akTMBHOE 6oapCcTBOBaHUE; ObICTPbIN COH;
AHanus: Koppenatbl Pa3HOr0 COCTOAHUA; & — rnyboOKMUN COH; KOMa; YMCTBEH. NepeyTOMNEHME;
METO/, BbI3BaHHbIX NOTEHLMANOB. 0 — obyueHue;

Y — MAaKCMMaJibHOE BHUMaAHUE.
MoxeT gononHATbLCA:

3N1eKTPOMMOrPaMMoOn U INeKTPoOoKynorpaduen




I3l anunenTnuyecKaa akKTUBHOCTb
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Bbi3BaHHbIE NnOoTeHUUanbl U IQ

“BeicorRmIA 1Q . HusrmilQ——

154 M\/M 96 \/\/\/

151 '\/J\/\/\/\/\ 86 M\

0 250msec 0 250mscc

Puc. 9.1 BuIsBaHHLIC MOTCHLMAIL] Y HICCTH HCIBITYEMbIX ¢ BLICOKHMI (cneBa)
WLIECTH HENBITYEMBIX ¢ HU3KINMIE (cnipasa) nokazaTedsym 1Q (no H.I.Eesensk, 1995).




it ol

J‘WM"\M
v ST oy eI W

e Fy
AN A b AT g P P i AP b At L o A b b ot p e B 3}
fy =ty

NV €N g T Nt 1 i S W el e D AR S
fm Py

*&'ﬂ}{v}\{‘;’\r\wﬂ“‘mﬁr”‘%\rwvwfMWW-Mww\ﬂ\;%‘rw,«.ﬂa‘-’*.ww'u‘ [EERTTTEC

:v.'hiw:'vi.-.'f\f-:‘.";‘”-'\-’v\ﬂ-°-"wm\,mw—«mw-.wm‘quwmmmu
Frra=F;

vé%»w*ﬂ~wm~mmww.mﬂmmwrw
Fa=p

.«:;-W.:-M-“"*"NW"""-' R e SN A e A S A N
o=t )

o
~wwvwﬂw.w~'-"fN\-WM‘LWA-MWWMWWM\;\mem'c'ws.v\f*w.wufvwv'“ww“*w
Bty R 1 frew
'.'-_."..-""\-‘w\n'\“nWM\’.",'\)‘"‘v\'J’,w"’\:MV~.-a‘V\-‘V'wtM,-NMfr’\,vf“-'w'V\f"\,v"\w\;_wwvu,ﬂﬂw\;ﬁmxww




MarHutosHuedanorpadpusa (M3l) — peructpauma MarHUTHOro NOAA,
0bycnoBneHHOro 6Mo3neKTpNUYECcKom aKTUBHOCTbIO MO3ra
Ucnonbsyetca —c 1968 .

Changes in magnetic X The results are mapped

fislds, recorded by back onto z diagram of

143 SQUIDS in the a head. Weaker rasponses
~ \ array (seen from the indicats activity at greater
o ) top of the head). depths in the brain.

Superimposing all the
channels establiishes that
the maximum rasponsa
occurs 97 ms after the
onsat of the tona.

M3r YyBCTBUTEJ/IbHEE 23[, HO 3HAaYUTENbHO A4OpoxkKe, NCNonbsyeTca B ANarHOCTUKe
NaToNOrnM MO3ra, rno paspeweHnto cConocCraBMma C BHYyTpMMO3rosbiMU aNNEKTPOLAAMU



CHAFIAPOBAFIYE MOITE
1. KomnbloTepHaa Tomorpadpua (KT)

Marmow X-ray beam

\ =Sl [leTekTop
/\( _d:d_:;—:':_LJ X_ray

-

NCTOYHMK % — MepBble U30bpaxkeHus KT
X-ray

e Vicnonb3yetca ¢ 1972 r. (Hobenesckas npemus 1979 r.)
e OCHOBHOWM MPUHLNM — PEHTIEHOBCKOE U3/TyYeHue;

e [/laeT TOYHYIO MOPPOSIOTUYECKYIO KAPTUHY;

* He onpeaenaeT akTMBHOCTb MO3ra.

MynbsTucnmpanbHas KOMrbloTeEPHas
Tomorpadgmna — MCKT

(8o 160 cpesos 3a obopoT CKaHepa)

3D nsobpakeHua KT
ceroaHsa




CHAFIVIPOSAFIVIE NMIOIT2
2 [03UTPOHHO-aMUCCUOHHas Tomorpadua (M3T)
= ABYX®OTOHHAA IMUCCUNOHHAA TOMOFpad)Mﬂ

detectors

colncidence n e :' . «Albira»
electronics PN Bruker, CLLA

; . & 4 Paanodapmnpenaparbi:
reconstruction 4 P yrnepog C11 (T'/z= =20.4 MMH)
1 | A i AN a3ot N13 (7%= =9.96 muH)
ol —— Kucnopopa 015 (TV==2.03 muH)
postron g~ oither: $TOp-F18 (T%=109,8 MuH.)

nucleus

F18 -ne3oKcuritoKkosa

MpuHUMN: perncTtpauna KBaHTOB CBETa;
Ycrynaet KT no onucaHuio CTPYKTypbl;
Onpeaenser PyHKUMNOHANbHYIO aKTUBHOCTb.

O6nacTtb NpumeHeHuUs: ,
HEBPONOrMA, KapAnoNorua, OHKONOrmA H  3PEHME CNYX  BbIEOP AENCTBUA

M3T-KT Nno3anTpoHHO-aMUCCUOHHAsA ToMorpadus BoicBeYNMBaEeT 06nacTu C NOBbILLEHHbBIM
obmeHoMm BewecTB, a KT onpeaensieT nx To4Hoe No3numnmoHMpoBaHme



CHRAFIZIPOBAFIYIE MOITR
3. MarHuTHo-pe3oHaHcHasa Tomorpadua (MPT) = AMP

Brnepsble npeasoxeH 8 1973 r.,
Hobenesckasa npemua 2003 r. (M. Potepbyp, MN.MaHchuna)

4YaCTOTHble

MakcmanbHO MHGOPMATUBHDLIN, Be30nacHbIN,
HEWHBA3MBHbIN, BbICOKOYYBCTBUTE/IbHbI
MeTOoJ[, COBPEMEHHOW AMArHOCTUKMU;

pPaguneHTHble
KaTyLKn

He TpebyeT BBeAEHUA AONONHUTENbHbIX BELLECTB,
OCHOBAH Ha NPUPOAHbIX CBOMCTBAX A4EP;

MarHur

B paBHOM cTeneHn Noaxo4uT ANA TBEPAbIX U
MATKUX TKaHEewu;

EcTb BO3MOXHOCTb YCUAEHUA CUTHANA;
MP-anoddysna, MP-anrnorpadua, MP-cnekTpocKkonus




MPT Ha »XUBOTHDbIX

/-
BioSpec 117/16 USR, Bruker, CLLIA Onyxo/b N06HOM Nasyxu
11,7 Tecna Uuul COPAH

(MarHuTHOE none semnn 5x10°Th)

BioSpec 11711

MP-CHUMOK Mmo3ra cobakmu



CHAFRVNPOSAFIZIE MOITA
4. dyHkumoHanbHaa MPT (fMRI), BOLD (blood oxygen level detection)

oKcu-Hb
‘ MP curHan

ne30oKcn-Hb

Bce npeumywectesa MIPT +

o AxTHUBHOCTL ObnacTewr mo3ra NPpU NPEADBABNEHHK:
® BO3MOHOCTb OLLEHKM PYHKLIMOHANbHOM B cicois cobans:
aKTUBHOCTMU N\O3ra,' [C] nUCEMEHHOIO TEKCTA

8 HanoxeHue 30H

e MpnHUMN MeToaa — OLEHKA MHTEHCUBHOCTU
KPOBOTOKa B 06/1aCTAX HEMPOHANbHOM aKTUBALUMU;
e EAnHMLA n3mepeHnsa - Bokcenb (3D nukcensb).

5. TEPMO3HUEPANTOCKOMNUA

N3MEepPEeHME NOKaNbHOro MeTabonmsama M KPOBOTOKA
no Tensonpoaykuum no dukcaumm MHPPaKpPaCHbIX
lyyen B AmanasoHe 3-5 n 8- 14 MKM C NMOMOLLbIO
TENN0BM30pPa;

paspabotaH Llesenesbim U.A. (1989 r.) B UHCTUTYTE |G—_—_— AP
BH/A (Mocksa).

rPaMOTHbBIN



http://one-fact.ru/1-human-fact/chtenie-slozhnejshee-uprazhnenie-dlya-mozga-prichina-trudnostej-v-obuchenii-chteniyu-i-pismu.html
http://one-fact.ru/1-human-fact/chtenie-slozhnejshee-uprazhnenie-dlya-mozga-prichina-trudnostej-v-obuchenii-chteniyu-i-pismu.html

MR findings in Dementia

] M3T - runometabonnsm Npu HeMpPoOnaTonorum

AD vVaD FTLD

Hippocampal
atrophy + 4+ + 4 ++
Temporal
atrophy + o+ + +++
Frontal
atrophy * ek
Parietal
atrophy X ¥ =
Lacunes - LU, =
WML's - +++ =
Strategic
infarcts ” s 2 2o =

Frontal

Parietal

Central Sulcus

~

Lewi

Normal Alzheimer

AD — 6onesHb Anburenmepa ;
VaD — nogkopkoBas AeMeHuns
FTD — no6bHo-BUco4Hasa gucTp:
Lewi — 6onesHb Jlesu

MMUOMbI



6. Metogq ANdPY3MOHHOM  TEH3OPHOM  MArHUTHO-PE30HAHCHOM  TomMorpadum
C TpaKTorpadumen ocHoBaH Ha USMEPEHUN BENNYNHBI U HanpasaeHns anddysmm monekyn
BOAbl B BelwecTBe Mo3ra. [ABUXKEHMEe MONEKYN BOAbl BAO/Mb BOJIOKOH 6enoro BewecTsa
NPOUCXOAUT ropasao akTUBHEE, YeM B NepneHaMKYNSPHbIX HanpaBaeHUAX.

MeTo, No3BONIAET OLUEHKY CTEeMeHu MopaxKeHua mosra, cosgaHuve 3D peKOHCTPYKUMU
BOJIOKOH 6enoro BelwecTBa, a TaKXe OOHapyXWUTb M OUEHUTb NOBPEXAEHWE HEPBHbIX
CBA3EM, VYCTAaHOBWUTb  KOPPEeNnsauumilo  MexKay MOopaKeHMemM  HEMPOHHbIX  CBs3eM
N HEBPONOrNYECKUM AePULMTOM B COOTBETCTBYIOLLEN CUCTEME.

- "_ g /

—

white matter whole brain

Bousoknucmas cmpykmypa benots mamepuu u obaacmedl yen020 mosea Mapnrviidki Oviia peKorenpyuposaria
6 BUPILYANLHOM NPOCHIDANHENIEE ¢ UCHOABIOBAIUEM OalHbIX, NOAYUEHHBIX ¢ UCHOAb306atitemM Memoda D TT-

MRI ¢ mpaxmozpagued.



FnyboKasa ctTumynauma mosra
(Deep Brain Stimulation, DBS):

» CTUMYNALMA 3NeKTPOTOKOM Pas3/INyHbIX 30H MO3ra yepes

MMNNaHTNPOBAHHbIE IN1EKTPOAbI,

» 3/1eKTPOAbl COeAMHEHbI C YNPaBAAIOLWMNM BIOKOM;
» MOKas3aH TepaneBTuyecknii apdeKkT npu NapKMHCOHU3ME,
Tpemope, AUCTOHUKU, bonesHn AnbLrermepa, HapyLeHnm

namaTu;.

> Ha3BaHue — OLLIM60‘-IHO, T.K. aKTUBHOCTb MO3ra He

aKTUBUPYETCA, a NOAABAAETCA B pe3y/braTe
rmnepnonapusauunn.
» 3apdeKT obpatum (cnenas xmpyprus).

BHYyTpUMO3rosaa marHUTHasa
cTUMynauuma.:

» BO3/JeNCTBUE 3N1EKTPOMATHUTHbIM
NoNemM B Te4HEHUU MUNNTUCEKYHA,;

» BO3bOyXaeHune Ha rnybuny 2-3 cm;

» ncnonbsyetca ¢ 1985r.;

» NOKa3aHa NoJIoXKUTeIbHas ANHAMUKaA
npu Tepanuun aenpeccuu;

» He TpebyeT NoAKNOYEHUA K TOKY.

TRANSCRANIAL MAGNETIC STIMULATION

Card ' R 2o Wire coll .
bject ] 2 powerful and rapid hanging

3 3 Pulsed
apidly with distance, it can magnetic
fleld

nduces electric current i -~

T Positioning frame

therapy \ ‘\4 .‘!



http://www.google.ru/url?sa=i&rct=j&q=transcranial+magnetic+stimulation&source=images&cd=&cad=rja&docid=wMMA1oPjwiGA1M&tbnid=lQmguPQNMmby2M:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.biotele.com%2FTranscranial.htm&ei=I-odUY72PKbV4gTrioHoCg&bvm=bv.42553238,d.bGE&psig=AFQjCNFM4dw8E-M0KwPbyo3zOwQhjo_6_w&ust=1361001370459608
http://www.google.ru/url?sa=i&rct=j&q=transcranial+magnetic+stimulation&source=images&cd=&cad=rja&docid=wMMA1oPjwiGA1M&tbnid=lQmguPQNMmby2M:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.biotele.com%2FTranscranial.htm&ei=I-odUY72PKbV4gTrioHoCg&bvm=bv.42553238,d.bGE&psig=AFQjCNFM4dw8E-M0KwPbyo3zOwQhjo_6_w&ust=1361001370459608

KnetouyHasa anekTpodusmonorus

3KCTpaKI'IETO‘-IHaﬂ 3anuncb

in Vivo,

Ha KyAbType KNeToK,

cpe3ax mMmo3ra

BHYTpUKNneTO4YHaA 3anucb

JlokanbHaa pukcayma
putch clump




METOLbl VICCTIELAOBAFIVIZI MIO3STA in vitro

=

MeToabl 6MOXMMUYECKOrO aHaIn3a:

v’ Henpoxmumua (in vitro — HPLC; in vivo — mnkpogmanms);

v aKTUBHOCTb PEPMEHTOB CMHTE3a U Aerpajauumn meamaTopos;
v’ nnoTtHocTb peuenTtopos (binding).

SHIA

C

N\

a = " a | M

OAUH 2 HanGonee pacnNpPOCTPaHeHHbIX W

COBPeMEHHbIX KMAKOCTHBIX XPOMATOrpachos [Mpumep xpomatorpammol o6pa3u,a MO3ra
tpupmer Shimadzu

MeToabl MOpPdOIOrMYECKOro M CTPYKTYPHOTO aHa/In3a:
v’ cBeTOBas h"

|

v’ KOHpOKa/IbHaA ~—  MWKPOCKONMUSA.
v’ 3/1eKTPOHHas f




METOLbl VICCTIELAOBAFIVIZI MIO3STA in vitro

=

Semi-quantitative RT-PCR

Rl Gene X

MeToabl monekynsapHo-bmnonoruyeckume:
v’ 3Kcnpeccua reHos:

rmbpuamnsayma in situ;

MNLP B peasbHOM BpemeHM Real-time RT-PCR

Dekta Rn vy Cycla

Datia B vs Cyele

v’ 3Kcnpeccus 6eNKoBs:

NMMYHOTUCTOXUMMUS; !ﬂ -!
BECTEePH-ONOTTUHT. =

OpHoBpeMEeHHbI aHanAu3

MHOXXeCTBa reHoB.

1. MwuKpouunsbl

2. RNA-sequencing (lllumina, Solid)
(NGS — Next Generation Sequencing)




Moaundukauum aKkcnpeccum reHoB

Z2N

[lodaerneHue aKcripeccuu YcuneHue aKcripeccuu

(Overexpression)

I
[locmosiHHOe BpemeHHoe R :
(Hokaym) :
|

. 7\ '
|
PHK—yHmequepeHuu;q yC{,TOGHbIU HoKaym |
I(HOKOaj’H) (Coﬂditional Knockout) f
I & |

| K
v v £ v v

CHuxeHue gpyHKyuu 2eHa/berika Axkmueauyus goyHKuuu eeHa/berika



CO30AHUE HOKAYTA

Faster mother

Selection with
resistance marker

A —

Electroporation

Homologous
recombination

Gene of interest

Chimera mouse

Chimera mouse

l

Normmal mouse

Heterozygous

for gene knock out

l

Ereeding to produce a mouse
homozygous for the gene knockout

Mormal mouse

Normal mouse

Mormal mouse




MexaHuam PHK-uHTepdepeHLuUn

||||||||||||||||||||||||||||HI|||||||I||||| apyuenoyeyHas PHK
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Inhibition of a2A-ARs expression by RNA interference
in vivo in the brain of 5-day old rats

%.

100 +

50

B SALINE (100%)
B (sRNA - UNRELATED
B sirNA

Brainstem Cortex

- p<0.05

Brainstem Cortex

Behavior of adult male rats in elevated
plus-maze after knock-down of brain
a2A-ARs during neonatal life

Il ntact
I Saline
mmm Unrelated ODN - 15

Hm Antisense ODN

mRNA

Receptors

Seconds

=
o
o
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Inversion

==

=

Image by Larissa Haliw

Deletion

P i P

F, Generation

CRE-LoxP system

Original gene function is disrupted,
& reporter gene Is transcribed
Instead.

LoxP (Floxed) Mouse

Cre LoxP Mouse

n Cells lacking active Cre recombinase

Original gene function Is untouched.



Transgenic strategies for combinatorial

expression of fluorescent proteins in the
nervous system

Jean Livet’, Tamily A. Weissman', Hyuno Kang], Ryan W. Draft’, Ju Lu', Robyn A. Bennis', Joshua R. Sanes'
& Jeff W. Lichtman'

Brainbow

a XFP combinations |

Chicome for Resulting
each copy  colour
i 2 3

EEE =T
B v uohbie
EI¥ ¥ Buegreen
I [ ] o=
5 et groen
MHEN orne

IR [R][R] [ Red ]
HEQ Magenta
| |clc ) R
mgY o

Vol 450[1 Movember 2007 | doi:10.1038 /nature06293



A Conditional transgenic B Inducible transgenic

g Astrocyte-specific
AS"OCVteF;:,P;zZ‘; — promoter tTA TetO Transgene
—Ea—

—mrmmem— Y —E—.—
Pronuclear injection and
transfer to oviduct of *
pseudopregnant mice
Doxycycline in drinking
expression
l :

—&.—
Birth of transgenic mouse _A_
- Dox
v

Transgene expressed No expression in non-
specifically in astrocytes astrocytic cell types

No doxycycline: astrocyte- No expression in
specific transgene expression non-astrocytic cell types



ONTOTEHETUKA «OO0HQa U3 OCHOBHbIX 30004 HOYKU —

usmepumse mo, Ymo U3Mepumo,
u coename U3MepUMbIM Mo, Ymo
ewé He usmepeHo»

I. lanuned

«..OnmozeHemuka -..amo noodapokK boaa
Helipogu3zuonozam»
(P. [lecemoH,

dupekmop MHcmumyma mo3z2a, MTU)

Kapn Ouccepor (B ueHTpe)
c K. WeHonem un [1. XeHAepCcoHOoM,
CraHdopa, KanndopHus

Hel‘;IpOHbI ronao0BHOINo mo3ra,

OPaHKEeBbIM OKpaLLEeHbl AAPA KNETOK,
CUHUM — aKCOoHanbHble oTpocTkn (Poto Thomas Deerinck, NCMIR.)




POAOMNCUH OTKpbITME POAONCUHOB:
1971 - 6aKkTepmanbHbIN

KaHHaNo- rano- b6aKkTepuo- n GPCR 1977 - ranopoaoncuH
- [
H+ - 2002 - KaHanopoaoncuH
[
[
[
- 2005 — Hayano OnToreHeTUKMH
[
BR/PR L
/) 0,
Pt
et En
H* =
e -
[ Go
Bacterial | ATp : G G
Cyclase ATP tw,,, ‘ .
" D oy, iy @ 15 S (Nature Methods, 2010)
- [
Oipein enginesring and genomic
expansion; generalizable opsin targsting
sirategies; brain-diseass and neuroscience
75 o applications; stem cells, heart cells,
0 — muscle cells and human neurons studied
o % G5 - —_——
Yucno nybnukauud £ 60 "
E 55 Bacteriorhodopsin described . L )
o 50+ a8 & singhe-component Fiberoptic interiace (May 2007} and f
g 45 — light-activated regulator of single-component control of freely moving II
= 40 - transmembrans ion fow mammals (Ociober 2007) described i
E gg : Microbial opsina first browght ||
5 25 Halorhodopsin described to neurons (August 2005) ||
5 20 1 Channelrhodopsin described
855
E 10
Z 54
04
OO RO TN T NDEROQO - NI TUOR D RO —0 G 0 Qe Q@O
5585555553838298389823834338 38R0 ARRARAA0



OCHOBHbIE 3TAMNbI TEXHO/1IOTUW ONTOTEHETUKUA

STEP1 _
Fiece together genstic construct.

Promoter  Gene encoding opsin
to drive {light-sansitive
| expression ion channel) y

STEP2

Insert construct into virus.

Y

L.

STEP3

Inject virus into animal brain; opsin
is expressed in targeted neurons.

".‘f"'_'ﬁ""-h.\

STEP 4

Insert ‘optrode’, fibre-optic
cable plus electreds,

STEPS
Laser light of specific wavelength
opens ion channel in neurons,

Membrane

Opsin channel

STEP6

Record electrophysiological
and behavioural results.




OCHOBHOE NpeMmyLLecTBo OcHOBHasA npobaema

ONTOreHEeTUKMU: ONTOreHEeTUKMU:
[0CTaBKa ONCUHOB B KAETKY

® BbICOKaA M3bMpaTeibHOCTb; e Bupycobl (AAV), NneHTUBUPYCbI;

e ObICTpOTa OTBETA. e Cre-Lox pekombuHaums }MbILLIM
® 3/1eKTponopauma in utero

Electrical stimulation Optogenetic excitation Optogenetic inhibition

¥ ) MoeT A0NONHATb PEFUCTPALIUIO
| Faa 31EKTPUYECKOM aKTUBHOCTM METOAOM
\ \ > ap

fMRI.

=

MpumeHeHUe ONTOreHEeTUKMK:

® aKTMBALUA HEMPOHOB — HEMPOHHbIE CBA3M —» NMOBEAEHME ;

® NoBeAeHne - akTuBaLKUA HEMPOHOB —> HEWPOHHbIe CBA3MU;

ANA UCccnenoBaHUA MexaHU3MOB BOCNPUATUA, NOAKPENAeHNA, 0byYeHus.

O6beKTbl ONTOreHeTUKM: ...[1na docmuxceHua ycnexa Ha0o cmasume
C. elegants, nposo¢unna, 4aHNO-pepuro Uesiu HecKosbKo 8bllie, YemM me, Komopbie 8

MbILIK, KPbICbl, NPMMATbI, YeN0BEK HacmosAuwee spemsa Mmo2ym 6bimeb

docmuaHymeil...
Makc lNnaHK



Optogenetic Excitation

Bacteriorhodopsin Halorhodopsin Channelrhodopsin
(BR) (HR) (ChR)

P_,l — All-trans retinal

7 Optogenetic Inhibition chromophore

.
&

FIGURE 1 | Optogenetics can drive firing ide of phy ranges.

200 Applications:

*State (sleep-wake, anesthesia)

*Sensory detection/discrimination

150 *Perception
*Network activity/patterns

*Learning
100

*Memory

*Decision

*Habit/deliberation

*Reward processing (feeding/addiction)

50

*Aversion

o A *Motivation

2002 2004 2006 2008 2010 2012 *Depression
*Alzheimer’s/Parkinson’s treatments

0 Optogenetics 0 Designer Receptors *Autonomic regulation
*Intracellular signalling mechanisms



OlTONEHETUKA B POCCUU

Light OFF/a Light ow?’

Illumination of the hippocampal neurons with blue light
significantly affected behavior of photosensitive animals.

i [ AAV-EGFP
A [ AAV-ChR2h134
b A Mk bl ad N I % p<0.05 vs all other
e \'ﬁﬁ‘\}‘“‘v" “\’“‘(“."'J‘ '-"; '}"‘hwlh '\") lﬁﬁwmwhkw‘yh > o
Light OFF B‘“"' Light ON : )
- e N L ¢ L]]I
I ‘ 0,05 ’ - 10 -
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Light OFF Light ON
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Optogenetics, physiology, and emotions

Alaxxai V Kravitz* and Antonello
((}2) CORE CONCEPTS

I Dishatas, Endocrinalagy, and Obasity Brandh, Natio
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Optogenetics

Sarah C. P. Williams® and Karl Deisseroth”
3Science Writer

®Department of Bioengineering and Psychiatry and Department of Behavioral Sciences,
Howard Hughes Medical Institute, Stanford University, Stanford, CA 94305

Reviewsd by:
Malissa B Wardan, Comall Univarsity, USA
Dipash Chaudhury, Mount Sinai Schoo! of Madicing,

Keywords: optogenetics, emotions, anxiety, deprg

A story spanning four decades that began of those in the field isn’t to genetically engineer
with one the most basic of science questions— humans to have opsins in their brains and
how microscopic organisms sense light—has control people’s behaviors with light, but rather
changed the way researchers approach brain to use the optical control of neurons in model
science. Turning on and off neurons in the organisms to reveal how the brain works.
brains of mice, by coopting the microbial sen- Early behavioral applications of the tech-
sors, has become almost as easy as flickinga nique induced mice to act in certain, easily
light switch. observable ways: to awaken (8), or to turn in
In the past, determining which collections a circle when the light shone (12), for example.
of neurons in the brain carry out which In the past decade, however, optogenetics

Published in final edited form as:
Bram Res. 2013 May 20: 1511: 1-5. do1:10.1016/j.brainres.2013.01.026.

Recent advances in optogenetics and pharmacogenetics

Gary Aston-Jones? and Karl Deisseroth®
dDepartment of Neurosciences, Medical University of South Carolina, Charleston, SC 29425

bPDepartments of Bioengineering and Psychiatry, Stanford University, Stanford, California 94305,
USA
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Behavioral/Cognitive

Amygdala Inputs to the Ventral Hippocampus
Bidirectionally Modulate Social Behavior

Ada C. Felix-Ortiz and Kay M. Tye
Picower Institute for Learning and Memory, Department of Brain and Cognitive Sciences, Massachusetts Institate of Technalogy, Cambridge,
Maszachusetts 02139

Impairments in social interaction represent a core symptom of a number of psychiatric disease states, including autism, schizophrenia,
depression, and anxiety. Although the amygdala has long been linked to social interaction, little is known about the functional role of
connections between the amygdala and downstream regions in noncompetitive social behavior. In the present study, we used optogenetic
and pharmacelogical tools in mice to study the role of projections from the basolateral complex of the amygdala (BLA) to the ventral
hippocampus (vHPC) in two social interaction tests: the resident-juvenile-intruder home-cage test and the three chamber sociability test.
BLA pyramidal neurons were transduced using adeno-associated viral vectors (AAV;) carrying either channelrhodopsin-2 (ChR2) or
halorhodopsin (NpHR), under the control of the CaMEIln promoter to allow for optical excitation or inhibition of amygdala axon
terminals. (ptical fibers were chronically implanted to selectively manipulate BLA terminals in the vHPC. NpHR-mediated inhibition of
BLA-vHPC projections significantly increased social interaction in the resident-juvenile intruder home-cage test as shown by increased
intruder exploration. In contrast, ChR2-mediated activation of BLA-vHPC projections significantly reduced social behaviors as shown in
the resident-jovenile introder procedure as seen by decreased time exploring the intruder and in the three chamber seciability test by
decreased time spent in the social zone. These results indicate that BLA inputs to the vHPC are capable of modulating social behaviors in
a bidirectional manner.

Key words: amygdala; ChR2; hippocampus: NpHR: optogenetics: social
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PASBUTUE OMNTOIMEHETUKU

WWW. rndsystems.com

Injectable, Cellular-Scale Optoelectronics with Applications for
Wireless Optogenetics

Tae-il Kim et al.

Science 340, 211 (2013);

AYAAAS DOI: 10.1126/science.1232437

Injectable, Cellular-Scale
Optoelectronics with Applications
for Wireless Optogenetics

Tae-il Kim,?* Jordan G. McCall,>**®* Yei Hwan Jung,’t Xian Huang,! Edward R. Siuda,*>*®
Yuhang Li,” Jizhou Song,® Young Min Song,* Hsuan An Pao,* Rak-Hwan Kim,*

Chaofeng Lu,” Sung Dan Lee,*° Il-Sun Song,** Gunchul Shin,* Ream Al-Hasani,®*?

Stanley Kim," Meng Peun Tan,'® Yonggang Huang,” Fiorenzo G. Omenetto,****

John A. Rogers, %1141 Michael R. Bruchas®**6+f
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Optogenetics and its application in neural degeneration and regeneration
Josue D. Ordaz, Wei Wu, and Xiao-Ming Xu, M.D., Ph.D.

“,‘ Optogenetics No Optogenetlcs B 8
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(A) OnToreHeTMYyecKaa  WMHAYKUMA  AKTUBHOCTM  HEMPOHOB  yBeAWYMBaeT  npoandepaunto
npeALecTBEHHMKA MUETMHN3ALNU N ONUTOAEHAPOLIUTOB.

(B) OntoreHeTnKa bbina anpobupoBaHa ANA NeYeHUA HEOKOPTUMKANbHOM, TaaMOKOPTUKANbHOM U
BMCOYHOM 3NUAENCUMU Y TPbI3YHOB (ModaB/ieHMe aKTUBHOCTM Tanamyca + ctumynsuma FTAMK
HEeMPOHOB BUCOYHOM A0/ KOPblI).

(C) OnToreHeTuyeckas aKkTMBauus 3ybyaTo W3BWAMHLI TUMMNOKAMNa B MoAenax Mmbiwen AD
yNy4yLlaeT A0NTOBPEMEHHYIO NaMATb 33 CYET YCUNEHUA PoCcTa AEHAPUTOB.

(D) OnToreHeTUYeCKMn  KOHTPO/Ab  BbiCBOOOXAEHMA gdodamMuMHa B NosocatTom Tene U3
TPAHCN/IAHTUPOBAHHbIX A0PaMUHEPTUYECKUX HEMPOHOB NpU 6one3HU MapKMHCOHA.

ncoding cells
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CLARITY

Clear Lipid-exchanged Acrylamide-hybridized Rigid Imaging
/Immunostaining/In situ hybridization-compatible Tissue-hYdrogel

ARTICLE

Structural and molecular interrogation of
intact biological systems

Kwanghun Chun.gu,‘J enelle Wallace', Su r-Yon Kim', Sandhiya Kalyanasundaram2, Aaron S. Andalman'?,
Thomas J. Davidson"?, Julie J. Mirzabekov', Kelly A. Zalocusky"?, Joanna Mattis', Aleksandra K. Denisin', Sally Pak’,
Hannah Bernstein', Charu Ramakrishnan’, Logan Grosenick!, Viviana Gradinaru® & Karl Deisseroth™>%*

doi:10.1038/naturel2107

MNMpoekT “BRAIN” Nature, 2013, 10 Apr, Epub ehead of print.

Buaeo goctynHo no agpecy: https://www.nature.com/news/see-through-brains-
clarify-connections-1.12768



NMPUHUUN METOOA CLARITY
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Hydrogel-embedded/non-ETC Hydrogel-embedded/non-ETC
2 days in Focusclear 8 days in Focusclear

Karl Deisseroth, M.D., Ph.D.
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Hydrogel-embedded/non-ETC  Hydrogel-embedded/ETC-cleared
4 days in 85% glycerol 2 days in 85% glycerol



Advanced CLARITY for rapid and high-resolution
imaging of intact tissues

Raju Tomer!-3, Li Yel-3, Brian Hsueh!:3 & Karl Deisseroth!-4

!Department of Bioengineering, Stanford University, Stanford, California, USA. Howard Hughes Medical Institute, Stanford University, Stanford, California, USA.
*CNC Program, Stanford University, Stanford, California, USA. *Department of Psychiatry and Behavioral Sciences, Stanford University, Stanford, California, USA.
Correspondence should be addressed to K.D. (deissero@stanford.edu).

Published online 19 June 2014; doi:10.1038/nprot.2014.123
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Bringing CLARITY to the human brain: visualization of
Lewy pathology in three dimensions

A. K. L. Liu*, T, M. E. D. Hurry*, O. T. W. Ngt,%, J. DeFelice*, H. M. Lai*,§, R. K. B. Pearce*,
G. T-C. Wongt,y, R. C-C. Changt,5,9 and S. M. Gentleman*

Figure 6. Z-stack image of double immunofluorescence with anti-
2SN (green) and anti-TH (red) antibodies on human midbrain
block (z-stack step size 1.5 um).

Figure 3. Z-stack image of Immunofluorescence with tyrosine hydroxylase (TH) staining on rat coronal block showing TH-positive
neuronal processes at the cortex and dense, homogenous staining within the striatum (z-stack step size 3.3 ym) (a). Staining in the
human midbrain block showed dense TH-positive axonal processes (z-stack step size 1.5 um) (b).



Optimization of CLARITY for Clearing Whole-Brain
and Other Intact Organs'?3

Jonathan R. Epp,"* Yosuke Miibori,~* Hwa-Lin (Liz) Hsiang,"** Valentina Mercaldo,’**
Karl Deissercth,” Sheena A. Josselyn,"** and Paul W. Frankland™*

DOhitpfdx_ doi.org' 101523/ ENEURO.0022-15.2015
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Reconnectable fiberscopes for chronic in vivo deep-brain imaging
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KNETKWU HEPBHOWU CUCTEMbI

2. [nhna 3. KneTkn KpoBEeHOCHbIX
cocynos

PucyHok PamoH-n-Kaxanb
(MMnperHauna cepebpom
no Fonbaxu)

~ 86-100 000 000 000 LIJT.< = 10-50 KA. ruum Ha 1 HeMUpoH Z 640 km/ 3a 2 cek



MO3I B LUDPAX
(ana BbICLLKMX MNeKonNUTaOWUX)

[lona mo3ra B obLLen macce Tena 2 -39,

[ona K1CIoPOAa M TI0KO3bI, NOTPe6AAEMOro MO3TOM | ng 25 %

ToAlWmMHa Kopbl FO/IOBHOFO MO3ra 4 MM
(ctonKka n3 4 6aHKOBCKMX KapT)

[Aowaab Kopbl FO0BHOFO MO3ra 2500 KB. CM
(maolaab pasBepHYTOM Fa3eThbl)

CKOpOCTb HEPBHOIO MMMY/1bCa 100 m/cek

ObLWwas AAHA KanuaiapoB B MO3Te 640 Km

O611aa A1MHa aKCOHOB 160 000 Km

[171viHa Ten HeMpoHOoB 1000 Km

Yncao HepoHOB A0 100 mapa

Yncno cMHancos 10 TpAaH.

Yncao onepaumii, BbINOJHAEMbIX MO3TOM B CekyHay | 1012 KBaZPUIINOH




«Cnacubo podumerisiM 3a co3daHue
MO€e20 2eHOMa U 80CrUMaHur

3a passumue MOe20 KO2HUMoma»
C. CeyHe «KOHHEKMOM»

3 Munnuapaa nap HykneoTnaos —
6uonornyeckasgs MHOAMBUAYANbLHOCTD;

100 mnnnuapgoB HEMPOHOB, MWUITIUOH
MUNMapaoB CMHaNCoOB — NCUXMUYecKas
MHOMBUAYaAJIbHOCTb.




HEUPOH — cTPYKTYPHO-OYHKLMOHANbHAA €AMHULA HEPBHOM CUCTEMbI
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MEM.

JeHdpumpbi - UUTONMNA3MaTMYECKNE BbIPOCTHI
yBENUYMBAIOLLME NPOCTPAHCTBEHHYIO
NoKanusauuio HelipoHa. Ha HMx pacnonoxeHs
CUHaNchl ¢ ApYruMKU HelfpoHamu. HekoTopele
HepPOHLI MMEIOT Ha AeHOpUTax
cneLmanuaupoBaHHble BbIpOCThl — WUMUKY,
ABNAKLLMECA CNeLManiaMpoBaHHoN
NOCTCHMHANTUYECKOW YacThIO IMyTaMaTHbIX
CUHaNCOoB.

AKCOH - YNWHEHHBIA BLIPOCT LWMTONA3MBI,
CTPYKTYPHO W (PYHKLMOHATBHO
npwucnocofneHHsIn ONA NpoBEneHUA
MOTEHUWANOB OeWCTBUA. Y NO3BOHOYHLIX
KMBOTHLIX OH MOKET UMETH MWETNMHOBYHD
obonouky.

AKCOHanbHbIU XONMUK — HayalnbHLIA Y4acToK
aKCcoHa, MMEKLLMA BbICOKYH) BEPOATHOCTL
reHepaLWa noTeHunana QencTBrA

AKcoHaneHbIe pacluupeHun —
npecHHarnTu4eckne TepMHUHanK
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neurons have a
single process
called the axon.
During development,
the dendrite fused
with the axon.

equal fibers

have two relatively

extending off the
central cell body.

interneurons have
no apparent axon.

interneurons are highly
branched but lack
long extensions.

efferent neuron has five to
seven dendrites, each
branching four to six times.
A single long axon may
branch several times and
end at enlarged

axon terminals.

D.U. Silverthorn, Human Physiology, 2010



Pasmepkl HelipOHOB

oT 20 MKM ao 1 mm
Pa3amMepbl Ten HEMPOHOB: OIIII#
oT 1 MKM 0o 1 mm

[nameTp akCcOoHOB:

OnuHa: oo 1 m (y yenoeeka) U donblue B 3aBUCUMOCTHU
OT pa3aMepoB Tena KUBOTHbIX
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NcTopus U3yyeHusa rnuu

- 1856 rogq Pyponbd Bupxoe npeanoxun TepMuH «Helnpornua» - HekoTopas
cyBcTaHUMA KoTopas 3anonHAeT NPocTPaHCTBO Mexay
HeHpoHamMu.

- 1897 roq PamoH Kaxanb «MCTONOrMA HEPBHOW CMCTEMBI» - ONMUCBIBAET
acTpoUUThl — PYHKUUA 3NEeKTPUYeCcKon n3onayunn HelMpoHOoE.

« 1955 rog [Mon MMuc — BbiCKa3biBaeT NpeanonoxeHne, YTo rMUA BoBNeYeHa
B CMHanNTUYeCcKYo akTUBHOCTb

- 1965 roq Xonrep MNangH v MNMon JlaHre — HEWPOH U MMKA POPMUPYIOT
dyHKUMOHanbHYy© egquHuly, B kKoTopoi ofa anemMeHTa oKasblBaloT
BO3OeNCTEWE APYr Ha apyra



HEUPOINUA

Pa3sHOBUAHOCTU U QYHKLUN HEUPOrNUK

HEMPOINUA
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MUENUHUZALUA AKCOHOB
* LleHTpanbHaa HepBHaA cucTema

/\ OnurogeHapoumnt

o

® QYHKUMA ONUTOAEHPOLIUTOB U
LLIBAHHOBCKMX KNETOK —

obpa3oBaHue mmennHa gnAa YCKopeHua
HepBHOU nepenayun B 5-10 pas, T.K. MOHHbIE
TOKU — TONbKO B NepexsaTax PaHBbe.

Node of
_Ranvier
> &

= | |HC - 0aAMH onuroaeHapoumnT
obecneunBaeT MMENUHU3ALMUIO HECKONBKUX
aKCOHOB O4HOBPEMEHHO;

= MHC - Ha oaAHOM aKcoHe B [NTHC — mHoro
LLIBaHHOBCKUX KNETOK;

=

'l 4 Axon  Schwann
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Myelin Dynamics Throughout Life: An
Ever-Changing Landscape? MINI REVIEW

Jill M. Williamson* and David A. Lyons* published: 19 November 2018
doi: 10.3389/fncel.2018.00424

[NpedwecmeeHHUKU oriu200eHOpoUUmos
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A

Young adult Middle age
B ‘
-
L
AV 80% fail
“n to survive _\‘\ ~3 weeks

= ) -'\ _J K .\ X
QPC /_Y’f— o ~20% commit Maost sheaths are

Pre-myelinating to myelination stable in length

oligodendrocyte

Hecmompsi Ha 8bICOKULU ypo8eHb «cmaburibHoCMu» cghoOpMUPOBaHHbIX
orituzo0eHOpouyumos (B) ¢ eo3pacmom muernuHu3ayusi akcoHo8 cHuxaemcs (A),
4mo moxxem ocniabnsime QyHKUUOHUPOB8aHUe Mo32a



ACTPOLIUTDI OYHKUMUMN:

«+»

MOPQO-CTPYKTYPHaA:

* popmuposaHue 36;

= obecnevyeHue NOKANbHOCTU CUHANTUYECKON
nepeaadu, npenatcTayoT ceobogHou auddysun
HEeUPOTPAHCMUTTEPOB;

HenpoTpopuyeckasn:

" CUHTE3 rManbHoro Helipotpoduna (GDNF);
" perynauua HeiporeHesa Bo B3pOC/IOM
rMNnoKamne U cybBeHTPUKYNAPHOM 30He;

MeTabonuyeckas :

® nornoweHue noHos K*

® nornoweHue n3bbiTka BOAbI;

® 33xBaT rNyTamaTa, Nepesos, ero B rMyTaMuH;
" pa3noXeHue rNUKOoreHa A0 NaKTaTa;

= 06bmeH ATO;

* rnumdaTUUecKan CUCTEMA OYUCTKU MO3ra.

«—=»

npyu UMUK, TPaBMe, HEUPOTOKCUHAX
® 3aNONHAIOT NPOCTPAHCTBO MEXKAY HEUPOHaAMM,
NPEeNATCTBYA BOCCTAHOBNIEHUIO CBA3EM;

® n36bITOK rnyTamaTa rybuT cocegHue KNeTku.



MOCTHATANbHbLIXA OHTOMEHE3 MOS3IA MNPbI3YHOB

HEWPOHBI
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https://doi.org/10.1016/j.ntt.2016.12.004

YYACTUE HEMPOI/TUU B HEMPONATANOMMYECKUX NPOLIECCAX

PacceaHHbIW CKNepo3
nonMHeBpoNaTUM HapyweHue cMHTe3a mmenmHa

neiikosnuedanursl (onuropeHapouuTbl, MMKpOrAUA):

" BkeripseusiSLC1A3
.\ TpaHcriopTepa ~ -

NapKuHcoHU3m — HapyweHue cuHTe3a GepMeHTOB, yHacTBYIOWUX
B 06meHe aodamuHa (acTpouyutbl, MUKpOrnuUA)

Xopea XaHTUHITOHA — YCuneHue CUHTe3a XMHONMHOBOI KUCNOTbI (acTpouuThi)

DemeHuun npu HelpoaereHepaTusHbIX 3aboneBaHuax —

NapkuHcoH (PD), Anbureiimep (AD), sHuedanonatua BepHuke, ammorpodpuueckuis
natepanbHblit cknepo3s (ALS), nobHo-BucouHana gucrpodua (FTD) u T.n.

AuHaMmuuHbIe U3MEHEHUA OT aTPOPUM aCTPOrUU K aCTPOrNMO3Y U aKTUBaALUKU MUKPOTAUMK

OHkonorua mosra — Muombt ! «Hepom» He 6biBaeT !




Atpodua actpouutoB B DG runnokamna npu 6onesHu Anburerimepa (Hauyano 6onesHn)

A OcCaontrol
E 2500 B 3xTg-AD
=2
@ 2000 ]
&
w
£ 15004
-
0
o 1000 * w
i
Q5004
(]
= [
& 9 12 18
Age (months)

10 pm

KOHTPO/1b

O Away
B Around
:-g 2504 * *
2 204
@
E 1=
=
£
,
g4 W
LL
a ]
13 8
Age (months)

Mol Neurobiol (2011) 43:87-96



Mol Neurobiol (2011) 43:87-96
DOI 10.1007/s12035-010-8157-x

Neuroglial Roots of Neurodegenerative Diseases?

José Julio Rodriguez - Alexei Verkhratsky

Reactive

astrocyte
Astrocyte

Late stages

: _ ~ of neurodegeneration ’

Microglia

Activated
\ microglia

Early stages T

of neurodegenration

\ X

y

Atl’Opth Release of inflammatory
astrocyte 7 Reduced synaptic coverage and neurotoxic factors
Dysfunction of Failure of homeostatic
neuro-vascular unit function

Reduced functional hyperemia
Reduced metabolic support
Altered exprtracellular
homeostasis of ions

x"//\‘ $ ! and neurotransmitters
p -
\ Reduced synaptic connectivity
‘,‘ N through synaptic malfunction
£~ and synaptic loss

Cognitive Atrophy of the brain
deficits

Neuronal death




The Indispensable Roles of Microglia  Hesanenumas pors ...
and Astrocytes during Brain
Development

Kitty Reemst", Stephen C. Noctor2, Paul J. Lucassen™*" and Elly M. Hol 241 doi:

Oligodendrogenesis A_.
Astrogenesis ~
e e e

Microglia Invasion
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A B (& Legend
PS *  Amoeboid embryonic microglia
A Intermediate ramified microglia
g Jk‘ Ramified microglia
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5099170/
https://dx.doi.org/10.3389%2Ffnhum.2016.00566
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PAAUAJIbHAA TNTUA

Time development

.

AN SISHSISRNS |[\ T, f; =NIR= [::T [:{u :‘; e it Panwanbnag
| |I ' nua
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1 | i ", Hedipobnact
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JKCNPECCMPYIOT MapKepbl KaK MUK, TaK U HEUPOHOB:
» GFAP (rnvanbHbit pUBPUNNAPHBIN KUCAbIA 6enok)
» FABP7 (6enok, cBA3bIBaOLMUIA }KUPHbIE KUCOTbI)

’
» BMMEHTUH (NoaaepykaHWe opraHesna B uMTonaasme);
» Pax6 (KoopAnHaToOp Pa3BUTUA CEHCOPHbIX OPraHoB)

= KneTku paguanbHOM IIMK y4aCTBYHOT B NpoOLLECcce paAnanbHOM MUTPaLMn — NepenBurKeHuns
npeawecTBEHHUKOB HEPBHbIX K/IETOK N3 BEHTPUKYASPHOM 30HbI B BEPXHWE CZI0M KOPbl NOAYLLAPUiA
M MO3}KEeYKa B HEMPOOHTOreHes3e;

® BbINONHWMB CBOIO PYHKLMIO KNETKM PAANUaNbHON UM TPAHCPOPMUPYIOTCA NPEUMYLLECTBEHHO B
acCTPOLUTbI, HO OTMeYeHa 1 TpaHchopmaLma B HEMPOHDI (?77?)




B3AMMOAENCTBUE HEMPOHOB

CurHanbl B HEMPOHAX :

» dneKtpuyeckue (MoteHumnan gemncTema — 40 CUHaAMNCca + NOCTCUMHANTUYECKUI
noTeHuwnan)

» Xumunueckue (HempomeauaTtopsbl, Heipomoaynatopbl) Un aneKTpudeckme
(oTHOCUTENbHO peaKo npeacTaBaAEHbI)
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NOTEHUMAN AEUCTBUA - cTapToBas TOUKa BO3BYKAEHUA HEMPOHA.

Pin
+201 | ({6) == 16 synapses firing
| Action potential @ =8 synapses firing
04 @) == 4 synapses firing
20+ @.

Merve

Millivolts

—407 Excitatory postsynapiic

potential

\ Skin

—60-
_——
R‘“Resting membrane potential -
—&0 T T T T T T T T T
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Milliseconds
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+30

- g Bxoa, Na+ B Knetky
NOTEHUUAN AEUCTBUA — £,
CTapTOBaA TOYKA BO3OYKAEHUA % BbIXOA, K+ U3 KneTku
HENPOHa. gm

Tima [miliaaconds)

(a) Weak stimulus releases litle neurotransmitter

Neurotransmitter
20 - release
0 -
®© Kl ..
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(b) Strong stimulus causes more action potentials and releases more neurotransmitter
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" Mepsas perucTpaums «noTteHuuana Bo36yaeH:

+30mB . . MoTeHuuan
0 pewncteua !
J,
A jeldi ley 1mceK
. Fielding Huxi€) "
Sir Alan Lloyd Hodgki® Awiees (19172012 70 mB_ MoTeHuunan fiokosn
(1914-19%) 2

NopprxvH 1 Xaxcm (1940¢) JneKTpuUyeckoe
pasgpakeHue

[TPU BO3OYXAEHMU aKCOHA NPOMUCXOAUT HE
pa3paaka, a NEPE3SAPAAKA MEMBPAHDbI!!!!

@ MEXKINEToYHast i L el
s oI A‘ =3
I & »

| cpena
()<

BHYTPUKNETOYHAnA
cpena



NoTteHumnanol pencTBUA -

+40 YHUBEpCaNbHbIe INEeKTPUUYECKMUE CUrHabl — NepeaaTumKku +30 mB
KOMaHpA, OT HeMpPOHa K HEMPOHY U APYrMM K/JeTKam na
{-mmmee- ---f1[1 akcoHa
HelipoH u Muou,ma
b5m ero ANMHHbIN
OTPOCTOK - -80
aKCOH
Knetku cepaua NA mMbileYHbIX
U BOJ/IOKOH
CKeNeTHbIX MbILUL,
KPOBEHOCHbIX — —
cocyaos
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PacnpoctpaHeHue noteHuuana 4eucTBUA NO aKCOHY

AnNeKTPOHHO-MUKpOCcKonu4yeckana gotorpadun
aKco-coMaTU4ecKoro cuHarnca



OnNeKTpU4ecKkun cuHanc

Presynaptic
neuron

Nerve
impulse

Postsynaptic neuron

{a) An electrical synapse

Presynaptic
membrane

Gap junction

Postsynaptic
membrane

{b) Gap junctions

Connexins

Chan

each

Connexon

| formed

by poresin

embrane

OcobeHHOCTMU:

= Y3Kas cuHanTtudeckas wenb (Gap)
= bbicTpasa nepenaya curHana

» [lo3BonNsAeT CUHXPOHU30BaTbL aKTUBHOCTbL HEWUPOHOB
= B M0o3re mnekonuralowmx UMeT HEBLICOKOE pacnpocTpaHeHue ?7??




Activity-dependent plasticity of electrical L
synapses: increasing evidence for its
presence and functional roles in the
mammalian brain

Julie S. Haas'", Corey M. Greenwald' and Alberto E. Pereda’

From International Gap Junction Conference 2015
Valparaiso, Chile. 28 March - 2 April 2015

A Goldfish mixed synapse Heterosynaptic interaction

in mammals

Glutamatergic
synapse

Gap junction

i

eNMDAR

1. PeTtukynsipHoe sgopo Tanamyca

2. 'mnotanamyc

3. Cetyatka

4. HunxHAA onuBa npoporroBa-
TOro moasra

NMDAR
or
mGLUR

Haas et al. BMC Cell Biology 2016, 17 (Suppl 1):14
DOI 10.1186/s12860-016-0090-%
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L.V WA A Comparison of Electrical and Chemical Synapses

Type of Width of Speed of Method of Type of
Synapse SynapticGap Transmission  Transmission Message Types of Cells Involved
Electrical  3.5nm Nearly Direct movement  Excitatory Requires large presynaptic neuron
instantaneous  of ions from one  only to influence small postsynaptic
cell to the other NEUrons
Chemical 20nm Up to several  Release of Excitatory Small presynaptic neurons can
milliseconds  chemical or inhibitory  influence large postsynaptic
neurotfransmitters neurons

Two Forms of Electrical Transmission BneKmMPOXUMUYEcKoe

Between Neurons Front. Mol. Neurosci. 11:427. g3aumoodeticmaue

doi: 10,3389 nmol 20718.00427
Donald S. Faber? and Alberto E. Pereda™?*

Ewe 00uH 8ud arniekmpu4eckKol KOMMYHUKauus Mexoy HelpoHamu —
ariekmpuyeckue roJsis, hopmupyrowjuecs Mexoy HelpoHaMu 8He CUHarcos
(Ha ocHose mokos [1/])



BapunaHTbl pacrnonoxKeHns CMHaMNcos.:
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H — Dendrite
| f; Shaft synapse
|

AKco AKco AKco
coOMmaTU4YeCcKmnu DEHAPUTHDLIN AKCOHa/IbHbIN

Inhibitory synapses (red)
Spine head —

Excitatory synapses (blue) Spines

3D peKoHCTPYKUMA LWWNMUKOB AeHAPUTOB

Ethell IM, Pasquale EB, 2005.



[eHapuTHbIE LUMMNKN B KOPEe MO3ra YerioBeka

The Journal of Neuroscience, July 23, 2014 «
34(30):10078 —10084

CwuHancsol

99dAd enLreny



PHYSIOLOGY 21: 3847, 2004;

[Mpumep opraHuMsaumm 4EHAPUTHOIO LWUNUKa

PeuenTopbl
rmytamara

Barbed-end cap protein

Pointed-end cap protein

Dendrite



TPAHCKPUMNLUMA U TPAHCNALMNA B HEUPOHE

a) NPOUCXOAUT UCKHOUYUTENIbHO B COME HEMPOHa:

Peptides synthesized
and packaged

Rough
endoplasmic

, e Fast axonal transport
reticulum

~— Golgi
apparatus

along microtubule network

<

KnHesnHbI
(aHTEporpagHbIn

Soma

Vesicle contents

released by

exocytosis

o Retrograde fast
axonal transport

Old membrane components
digested in lysosomes

Synaptic vesicle

Synaptic vesicle

Assembly of a new growth cone
after axotomy: the precursor to
axon regeneration
Frank Bradke', James W. Fawcett? and Micha E. Spira®

6) TpaHCNALNA BO3MOXKHA B AEHAPUTAX U aKCOHaX:

ycling
[nHenHbI
(peTporpagHsblin)

doi:10.1038/nrm3176
Published online
15 February 2012

2979



TPAHCKPUNLMA U TPAHCNALMA B HEUPOHE

Netekuma MPHK B KynbType HeMpoHOB runnokamna 17-aH. aM6pMOHOB KpPbIChbl

e Hybridization intesity
— relative to CaMKII
- -> >75%
50-75%
5 <50%

Not detected

6 hours 24 hours 48 hours 72 hours

CaMEKll

o3

Ca-L

Cx26

GADBS, nestin, NFL, TrkA,
INX

NGFR

Arc

BDMNF

Cx32

Metrin 1

GAP43

MAP2, NFM
NT3, TrkB, TrkC
o2

Ca-N, NOS

Nature Reviews | Neuroscience

Nature Reviews Neuroscience 2, 889-898 (2001); LOCALIZATION AND TRANSLATION OF mRNA IN DENDRITES AND AXONS



TPAHCKPUMNLUMA U TPAHCNALUA B HEUPOHE

[BunxkeHne PHK-6enkoBbIx rpaHyn B AeHAPUT HEMPOHA B KYNbTYpE.
CKopocTtb 0.04 m/c

Nature Reviews | Neuroscience

Nature Reviews Neuroscience 2, 889-898 (2001); LOCALIZATION AND TRANSLATION OF mRNA IN DENDRITES AND AXONS



TpaHcnauma 6enKka B geHApPUTaX NPOUCXOAMUT:

" B paHHEM OHTOreHese Mpu PocTe HEMPOHOB;

AEHAOPUT " B Nepuoa akTUBHOIO CMHaNToreHesa;
——n~ ) ',-0 " NPU aKTUBALMM CMHANTMYECKOM NNACTUYHOCTY;
>/ )
S ' D = paboTaeT B [aMK- 1 [nyTamaTtepruny. HEMpPOHax.
synthesis /’
-— =y — ??7?? YyacTMYHAA KOMNEHCALUMA NPU aKCOTOMUU U
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secoted Yy @D \
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component | Surface receptors (> MRNA8nd RISC
. Translating
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Nature Rev Neurosci, 2012, 13, 183-193
Curr Opin Genet Dev. 2011. 21(4): 414-421
J. Neurosci., 2005. 25(2):331-342

Current Opnion in Neurcbiology




PELLENTOPbl HENPOHOB U MUK

1. GPCR (conpaxeHHble ¢ G-benkamu)

Exvareiiuir

Mamh-ans

Intraceliular

MoHOaMWHbI: afpeHaINH, HOpPaAPEHAINH,
nodamuH, cepotoHuH; AKTT, 1T, TTT,
BA30MNpPecCcuH, 3HAOPPUHbI 1 Ap.

3. PeuenTtopbl C KWHA3HOW UK
docdhaTtasHOM aKTUBHOCTbIO

[ ligand binding dimerization active receptors |

L%

— —_—

site of
interaction
with effectors
or adaptors

HenpoTtpoduueckme n poctosble
baKTOpPbI, LUTOKMHbI, UHCY/INH,
NPONAKTUH, TOPMOH POCTa U Ap.

2. Ynpasaaemble IMraHaaMm MOHHbIE KaHabl

FTAMK, raimumH, rnytamat, AT®, cepoTOHUH
(5HT3), aueTnnxonuuH n ap.

4. fipepHble peuenTopbl (aKTUBMpPYEMble
NUranaom GakTopbl TpaHCKpUNUUM)

Current Opinion in Genetics & Development

CrepougHble n TMpeouaHble
rOPMOHbI, BUTaMUH [3, uuc- m
TpaHC-peTUHOEeBanA KUcnoTa u 4p.




LEHTPAJIbHAA HEPBHAA CUCTEMA

rONOBHOU MO3r CNUHHOWU MO3r

Central Spinal
canal

an =<
LWeUHbIN | 7
i e
——if
//::)‘Zf’-fl\\
- rpyaHoil —— s
nmons of the human bren pYA ///’:‘J -‘L\ -
e CTBOJ1 MO3TA — BpoxaeHHble $popMbl B 5\\
noBeAeHUsA, MHCTUHKTbI, SMOLUN; NOACHUYHbIN ;§
e MO3XXEYOK — aBTOMaTnyeckme aBuKeHUs; =£r /,(’:\‘
ROOPANHALMA; KPeCTUOBbLI —— | "% KONuMKOBbIIA
e [IEPEAHUN MO3I — mbiwneHne, NamaATb, AT
OCO3HaHHOe, «BbiCLlee» noseaeHue. PE®JTEKCbI cnnHHOro moa3ra:

v’ CYXOXUNbHO-MbILWEYHble (KOIeHHbIN, TOKTEBOMN);

v’ KOMKHble (3aLWMTHbIN crnbaTeNibHbIi «Mpu oXKore»);

v’ onopHble (BbINpAMAEHWE CTOMbI NPU KacaHUK);

v JOKOMOTOpPHbIe (NepeKkpecTHo-ABuraTenbHble «xoabba»);
v’ BucLUepanbHble (MoyeuncnyckaHue, gedekaumsa)




CTBOJ1 MO3rA

Cut edge of ——
ascending Optic tract
fractsto « g c

Cut edges of tracts
leading to cerebelium

Medulla RED
oblongata .-~"~

(d) Lateral view
of brain stem

/' Hypo-
.M. thalamus

Mpoaonrosartbliii MO3r U MOCT BbINOJIHAIOT PAA YXU3HEHHO
BaXXHbiIX (BUTaNbHbIX) PYHKUMH; 34€Cb HAXOAATCA:

* AbIXaTeNbHbIN LEHTp (3anyck BAOXOB M BblAOXOB);

* cocyaoaBuraTenbHbln LeHTp (paboTta cepaua, TOHYC cocyaoB);

* LEeHTpbI, obecneymBatoLLme BPOXKAEHHOE NULLLEBOE NoBeAeHUe (LLeHTP BKYyCa,
COCaHuA, TNOTAaHUA, CTIOHOOTAENEHUA, PBOTbI U Ap.);

* [1aBHbIN LEeHTP 60ApPCTBOBAHMS.




Mo03)KeUOK: ebinonHseT ¢pyHKUMNIO ABUraTe/IbHOro 06yueHHs U
ABUraTenbHOM NaMATHU («aBTOMaTU3aLMA ABMXEHU>»):

APeEBHAA YaCTb ["-IEIJBI:] — IBUXXeHus, obecrneynsatoLLme noaaepXXaHue
paBHOBECUA + ABUXEHUA INas;

CTapas YacTb [BHYTpeHHSs obnacTb nonywapuin] — aeuxeHus, obecneunsa-
oLMe nepemMeLleHre B NpocTpaHcTee (JTOKOMOLMIO);

HOBas YacTb [Hapy»Has obnacTb nonywapuim] — aBToMaTU3aUmMs NPous-
BOJSIbHbIX ABMXXEHUI B T.4Y. TOHKUX ABMXKEHMI Nanbues (MUCbMO, Urpa Ha My3.
WHCTPYMEHTaxX U T.M.).

Kpome Mo3eukKa,
aBTOMaTU3auMIo
NBUMXeHn obecneuynBaroT
6azasnibHble raHr MM
(ckonneHnsa ceporo

BeLlecTBa B rnybuHe
fonblmx nonyLwapun).

CNWHHOM MO3r




NMOOKOPKOBBIE CTPYKTYPbl MO3rA

/L—Ienosex

Taaamyc

BAeanstit map ’;&;

Ba3anbHble raHrmum

Kpblca\

baeanwnit map

Yepuas cyOcTannus

Ckopayma,
XBOCT. AAPO

XBOCT. AAPO

Cxopayma

MunsaasnHa

[Tpuaexarnue sapa

\_

'Mnnokamn

Hippocampal Anatomy

Alveus Fimbria

Temporal hom
Choroidal
fissure

issu

CA2/CA3

Collateral

Frontiers in Neuroinformatics | November 2007 | Volume 1 | mﬁv




KOPA INOJIOBHOI'O MO3TA

Sectional view

Cerebral cortex is the brain's
thin outer “bark” layer.

The brain is made up
of two hemispheres,
left and right.

Glawberman/Photo
Regearchers.

Bumps in the brain’s

folded surface are

called gyri, and cracks

are called sulci.
Lobes define broad
divisions of the
cerebral cortex.

"
¢""‘ *
/ t"‘ ¢"

Your right hand, if made into a
fist, represents the positions of
the lobes of the left hemisphere
of your brain.

Parietal lobe
(knuckles)

Frontal lobe
(fingers). -

Occipital
obe

B Kope 60abWNX nonyLuapmA» Bbl,a.eﬁmOT

» ®pOoHTaNbHyto
» MapueTtanbHyto (T eHHyro)
> Bucounyto AOMO

» 3aTblI/IOYHYIO

D.U. Silverthorn, Human Physiology, 2010




DYHKLUUU PA3INUYHDbIX 30H KOPbI:
1.3aTblnoYHan AoNA — 3puTeNbHasA Kopa.
2.BucoyHasa gona — cnyxosas Kopa.
3.MepenHAs yacTb TeEMEHHOM aonn — bonesas,
KOXHaA U MbllLeYyHasa YyBCTBUTE/IbHOCTb.
4.BHyTpUn 60KoBOM 60pO3abl (OcTpoBKOBaAA

[ons) — BectubynapHaa YyBCTBUTENbHOCTb U
BKYC.
5.3aaHsq YacTb I0O6HOM 40NN — ABUraTeIbHaA Kopa.

3anyck
nosefeHusa &

6. 3a/1HAS YaCTb TEMEHHOM U BUCOYHOM A0Nel — accouMaTUBHAA TeMEeHHaa Kopa: obbeanHaeT
MOTOKM CUTHAJIOB OT Pa3HbIX CEHCOPHbIX CUCTEM, PeYEBble LEHTPbI, LLEHTPbl MblLL/IEHUA
(0bpa3Horo 1 abcTpaKTHO-10rNYECKOro).

7. MepenHasa YyacTb NO6HOM 4011 — accOUMaTUBHAA IO6HAA KOopa: C yYETOM CEHCOPHbIX
CUTHaNOB, CUTHA/IOB OT LLEEHTPOB NOTPEBHOCTEN, NAMATU U MbILLIEHMA NPUHUMAET PELLEHUA O
3amnycKke noBefeHYecKMX Nporpamm («LeHTp BOAN U MHULMATUBBIR).



CXEMA B3AMMOLOEUCTBUA OBJIACTEN KOPbl MO3rA

KOPA: HYGCTBMT. 3PMTENEHARA BECTMBY-
TENA KOPA NAPH. KOPA

h..._

BKYCOBAR

\ e

YYBCT-Th e
TENA: VPL e
anpa

VI, IX, X

- —— 3
! BEPXHUE &
§ XONMWKMA §
Smsamsmar v amamn nd

CTPECC
Y-Tk TENA:

AOPAV H.,
Cn. MO3M

rMyYeOE

MATHO I
‘cho_
OBWrAT.

LIEEHTP

CMMIL. 1
MAPA-
CMMIN.
CHCT. 28

o Lyb6biHuHy Bsayecnasy Anbbepmosuyy, MI'Y




OBNACTU LUHC C HAUBO/1bLLIUM 3HAHEHUEM ANA BHA

NTMMBUYECKAA CUCTEMA MO3TA: KOPA MO3rA:

y4acTBYeT B perynaumm BHyTREeHHUX obecneumBaeT KOHTPONb HUKENEKALLMUX U
opraHos (4epe3 MT), amouyui, aApesHux otaenos UHC; ocywecrtenaer
MHCTUKTOB, NaMATU, 0OOHAHMUA, CHa, perynauuio CeHCOPUKMU, CNOXKHbIX Gopm
6oppcTeoBaHUA, 0Oy4eHuUa u ap. noseaeHuA.

Kopa roAcinore moira

Frontal lobe (motor and

executive functions) Parietal lobe
= (tactile functions)

Occipital lobe
(visual functions)

NosAcHan
W3BUNWHA
®poHTaNbHaA — KOMaHAHbI KOHTPONb MbilIL, NNAHUMPOBaAHKE,
nep:ggzmm NPUHATUE pPeLLeHUA, KOHLLEeHTPaUMA BHUMAHUA;
Tanamyc NapueTtanbHaa — CEHCOPUKA KOXKM U MblLULL, PaCNO3HaBaHUE peyn,
R 0co3HaHue Gopm popMUpOBaHUE MbICNEA, SMOLNIA;
( BucouHana — CNyxoBble CUTHaAbl, CNYXOBaA U 3pUTENbHAA NaMATb;
WL 3arTbino4HaA — 3puTeIbHOE BOCNPUATUE, 3aNOMUHaHKe 06pa30s..
MamunnapHole  IHTOpUHANbHAA
Tena Kopa

(Kpyr Maneua)



CPABHUTE/IbHAA NOKATU3ALUUA OCHOBHbIX OTAE/1I0OB MO3rA
YE/NIOBEKA U KPbICbl

Hypothalamus
Pineal Gland

Olfactory Bulb

Pituitary Gland

Genetic Science Learning Center. Learn.Genetics, 2013



®YHKUUN OCHOBHbIX OTAE/NOB MO3TrA
OBJIACTb MO3rA ®YHKLUU

(1) CTBOA (Brainstem)

MpoaonroBaTbI MO3r KOHTPO/Ib }KU3HEHHO BarKHbIX PYHKLNI: AbIXaHWE,
(Medulla oblongata) cepaue, nuueBapeHune.

MocTt (Pons) PUTm AbIXaHWA, CBA3b C MO3XKEYKOM

2) CPE,D,HVIﬁ MO3I' OpUEeHTMPOBOYHAA PeaKLNsa, MeXKBMAOBbIE
Midbrain) B3aMMOAENCTBUA, ABUXKEHNS /1a3, BOCNPUATHE
6011, LEeHTp cHa

53) MO3XEYOK KoopauHauma, OBUMKEeHUA
Cerebellum)

(4) NTPOMEXYTOYHbIN MO3T (Diencephalon)

Tanamyc NHTerpaTuBHbIN LLEHTP CEHCOPHOW U
MOTOPHOM MHPOPMaLLMKN, SMOLLUIA

fMnotanamyc [omeocTas, peryaauma npakTUYeckn Beex
$dopmM NoBeAeHNA, SMOLMI

f'Mnodus, asnndus Cekpeunda ropMOHOB M MEIaTOHMHA

(5) KOPA MOS3TrA (Cortex)

Kopa (Bce 4 ponn) BocnpuAaTmne, aHanus, NpUHATUE peLleHuns,
KOHTPO/Ib QYHKLM

BasanbHble raHmum [ABuKeHne

fMnnokamn Oby4yeHne n NamaATb

MuHAaAnHa IMOLUN N NaMATb




MaTonorun HepBHOW CUCTEMbI Ha KapTe MO3ra KpbiCbl

Down’s syndrome
|Learning and memory|

] Ataxla

Epilepsy N Cerebral cortex 78\

Cerebellum

VTA PAG LC
SNc Spmal
cord
- (

DRG

g[ Parkinson’s disease | | Drug addiction ] Pain and analgesna

rEmerging roles for G protein-gated
iInwardly rectifying potassium (GIRK)
channels in health and disease

Christian Liischer**s and Paul A. Slesinger! VOLUME 11 | MAY 2010 | 301



MOAYNUPYIOLMUE HENLPOXUMUYECKUE CUCTEMDbI

1. HopaapeHepruueckas

Hypothalamus

Locus coeruleus

(a) ® Norepinephrine

2. CepoToHUHepruveckan

3. JlodamuHepruveckan

(b) ® Serotonin

nigra

(c) ®*Dopamine

4. AueTunxonuHepruyeckan

Pontine

nuclei
(d) ® Acetyicholine




YYACTUE MOAY/IUPYIOLLIUX HEMPOXUMUYECKUX CUCTEM B PEFYNALUN BHA

HenpomopaynartopHasn
cuctema (meguarop)

HopappeHepruueckas
(HopapapeHanuH)

CepoToHMHepruyeckas
(cepoToHuUH)

DodamuHeprmnueckasn

(Dodamun)

AueTUnxonuHepruyecKasn
(aueTnnxonuH)

Jlokanunsauuma

UHHepBUpyemble

nepukapuoHos CTPYKTYpPbl MO3ra

CvHee nNATHO cTBONA
mora

PadHble Agpa cTBONA
Mo3ra

1. YepHasn
cybcTaHums cp.
MO3ra;

2. BeHTpanbHaA
MNOKPbILWKA CP. MO3ra

MocrT,
CpeaHuni Mo3r

Kopa, Tanamyc,
rmnotanamyc, cpeaHumn
MO3I, MOCT, 0OOH. N1YKOB.,
MO3YEYOK, CMUH. MO3T

1. HMCXOAALL,. NYTU B
CMUH. MO3T

2. BOCXOA4. nyTn no BCEM
oTaenam, rurnorKamnm

Kopa

Kopa, iumbuny. cuctema

MMnnokamn, Tanamyc,
Kopa

Moaynupyiot
dYyHKUUM

Bo3byxaeHne, BHUMaHME,
coH — 60apcTBOB., 0OY4YEHME,
namsTb, 60/1b, TPEBOXKHOCTb,
HacTpoeHue

bonb, noKomouua

CoH-604pcTBOB.,
HaCTPOeHMe, TPEBOXKHOCTb,
3MOLMOHANbHOCTD,
arpeccus, genpeccus

MOTOPHbIN KOHTPO/b

LleHTpbl yA0BONLCTBUA,
aaAnKLmMA, 3aBUCUMOCTH

Bo3byxaeHue, coH —
604pcTBOB., 06Yy4YeHuUe,
NamsTb, CEHCOpHas UHOOPM.
n3 Tanamyca



CPABHUTE/IbHAA TONOrPA®UA JOPAMUHOBOWU U CEPOTOHUHOBOM
MEAUATOPHbIX CUCTEM HE/IOBEKA U KPbICbI

http://pubs.niaaa.nih.gov/publications/arh313/196-214.htm




https://www.youtube.com/watch?v=zXLeJFu57Wg



BOMPOCHI:
1. 3SsonOUMA HEPBHOW CUCTEMDI;
2. OHTOreHes HepBHOM CUCTEMDI.



OPrAHU3Mbl BE3 HEPBHOWU CUCTEMbI

1. PACTEHWUA

uraHtckas ceksonsa, CLUA, 115 m

JlonroBe4yHasa cocHa,
CLUA, Hesapa, 5100 net

2. MPOCTEULLUE

1 JOALAPCTED QMIOUAETOVIBE XNBOTHGE WAN IPOCTENE
3. NAPA3UTHI

otvetin.ru

Conutep — HepBHas cuctema CUrbHO peayLupoBaHa




IBONHOUMUOHHAAR AUHAMUKA

HepBHasa cnctema BO3HMKNA TOSTIbKO B LAPCTBE XXUBOTHbIX

0.2 — First Homo zapiens Brain cells, nervous systems, and
= 1.5 — First Homo erectfus muscles first evolved in animals.
S|4 ~— First Hominids

M “\ ]
Z |es — Extinction of the s
2 dinosaurs o
Monera Protista ::?8“:‘; Fungi Animalia
- - S f H = I
_ First brains {bactaria) (single '\ills) {fungi) (animals)
X Muscles
— First simipla nenwous \ and neurons
Systems
Multicells
Comrpon ancestor /’f,;:“lh
of animals (nuclei and organelles)
CeHcopHbIU dddeKTopHbIN
3,370 First single-celled 6nok 6nok
organisms
CeHcopHbIN dddeKTopHbIN
4,500 The Earth forms 6ok 6nok




aBonoumua HEPBHOU CUCTEMbI

Hepsnas cetb: AmdysHasn,
MO3ra HeT

. | CermenTupoBannaa HC:
OGuaaTepasbHAA CHMMETPHA

¥Y3r0Bag HC: ranravm — T'oroBHOU M

IPUMHUTUBHBINA MO3T

CIIMHHOM MO3T

WY

Common ancestar
of animals

§

=

aJ N

"

Frog

Buccal Cerebral Parietal
ganglion ganglion ganglion

Abdominal
ganglion
Mentral

Complaxity of movament [

>

(a) Nerve net of jellyfish

(b) The flatworm nervous system has a
primitive brain.

Primitive brain

Nerve cords

(c) The earthworm nervous system has a
simple brain and ganglia along a nerve cord.

Esophagus - > a2 a

Primitive —
brain /

Mouth —

Subpharyngeal
ganglion

Ventral nerve cord
with ganglia

YCAOKHEHHME OPTAHHA WM HEPBHOUM CHCTEMBI




aBonouma HEPBHOU CUCTEMbI

NO3BOHO4YHbBIX
" ,
Musnoru XpsiweBble Kocrucreie Amdpubun Penrraum ITTnre: Maexo-

OUTAIOIIIE

MUKCUHBI pbIObI pBIGHI
5

\

Bonbwon
Mo3r

t
Koneunoctu

I
BBIXOA HA CVYIITY i

OcoBeHHOCTU CTPOEHUSA HEPBHOW CUCTEMbI NO3BOHOMHBbIX:

OO0mmit
IIPEAOK

» bunarepanbHas CUMMETPUS;

» CerMeHTupoBaHHOE CTPOeHUE CIMUHHOIO MO3ra;

» 3awumrta LIHC kocTHbIMU 0Opa3zoBaHuaMu;

= [TporpeccuBHbIN POCT NEpeaHero Mosra nNpu pasBUTUM KOHEYHOCTEN;

» [lepekpecT HepBHbIX NyTen (Npas. nonyLwlapue — nesas CTopoHa u HaobopoT);
» PacnonoxeHue HepBHOW cucTeMbl No3agu cepaua un XKKT.



OCHOBHBbIE 3TAlNbl PASBUTUA MO3IA NO3BOHO4YHbIX

M Moar npuMUTUBHIA B Mosxewox [ 3puren. nons
g M
O3KEHOK HEPA3BUT
. P y OGoHsT. ponst . Mepenxue otaensl
Munora  [NaBHbIiA oTAEN - 3aAHUIA
MNosiBneHue mo3xeuka
D‘—z% MosiBNEHMe NPOMEXYTO4HOro oTAena
PLibbl [NaBHble oTAEenNbl - BUAOCNEUUPUYHBI / \

YBenuyeHue nepeaHero Mosra
£
-~~~ 3avaTtku 4eTBepOXonmus

[(naBHbIN oTAEN - CPeAHUA + NPOMEXYT.

Amdbunouun
MNosiBNeHne HeokopTekca, JHuedanusauums
| %7 CTPUapHOIA CUCTEMb, YETBEPOXONIMMUS. KopTukanusauus
. Pa3BuUTue Mo3xeyka S
Pentunum Y e

Peaykumsa HeokopTekca
[Nporpecc cTpuapHoi cucTeMb! g
. > COBEpLLUEHCTBOBaAHUE MOIKEUKA \

MTuuybl




Caenorhabditis elegans, 1000 / 300 knetok

KoHHekToMm C. elegans




HaHuno pepuo: bonee 1 MNH. HEMPOHOB

Mbiwb: okono 70 MAH. HEMPOHOB
Kowka: okono 1 mnpa. HEMPOHOB
Y/o o6eabaHbIl: 7-10 MNpa. HeApOHOB

Yenosek: okono 100 mnpa. HeMpoHOB

(85-90 mnpa.)

AnekTpuyeckne n XuMmmyeckue
NPUHLMNBLI paboThl HEPBHbLIX
CMUCTEM BECbMa MOXOXM.

DTO NO3BOMSET, B YUCNE NPOYEro,
npeaBapuTenbHO UCMbITLIBATh
NneKkapcTBa Ha XUBOTHBIX. ..

Kak xxe n3yyatb HacTonbKo
CrNoXHble CUCTEMbI?

HemHoro cnacaet cutyaumio
ODOWHOCTEL NPUHUMNOB paboTkl
MO3ra — Ha MONeKynsipHOM,

KNneTo4yHOM U CeTeBOM YPOBHAX.

Cnon:

250 MnpA., HO B
kope 0. n/w -
AW 5 MNpa.
(BonbLu-B0
OCTanbHbIX B

MO3KEYKE).

Y yenoeeka B
MO3KEYKe
okono 50%
HENPOHOB



9BOAIOLIVA HEPBHOM CUCTEMBI ITO3BOHOUHBIX

Cerebrum Cerebellum Cerebrum Cerebellum Carabrum Cerabellum

Lemurs Tarsiers New World Old World Gibbons Orangutans Gorillas Chimpanzees Humans
and lorises monkeys monkeys

Common ancestor
of primates




PASMEPbI MO3IrA rommHua

C yBeAnmgaeHHEM Pa3sMeEPOB MO3Ta

(B} YCAOKHAIOTCA OPYAHUA TPYAQ

=
1

=
|

=
|

2
|

Cospem. ueroBeK Heanaepraaer

=
|

=
I

Commoin
ancasior

Erain sz [in cubic cantimatars)

=
I

=
|

=

\ lspHTeAbHor}'I 1 OCTPOBKOBOM
|

oy s "'f.-- . =
5P é{% ® @ @
> r:__.* -:m: < = hﬂ; y

' f 'L oy 3

(0OOOHATEABHOM) KOPEI

B

A. africanus — acmpanonumex agppurarcxutyy
H. habilis — venosex ymenviiiy
H. erectus — wenosex npamoxoosuyutly
H. neanderthalensis — nearndepmadney,
H. sapoens — uenosex pasymmetil.



Macaque
monkey

3cm

COITOCTABAEHUE PASMEPA
MO3T'A MAEKOITUTAROIITMX

Human



KOQ®PPUUMEHT SHUEPANTUIALIUA

(a) Brain Weight (g)
l"'( iy
’(..x
Squrrel Sheep Chimpanzee Dobhln
B 30 100 400 1,400 1,600 5,000

(b) Brain Weight as a Percentage of Body Weight

m . @ R’“(‘ . ‘é

Brain weoght (@) 7,500 i 400 1,400
Body weight (Q) 5,000,000 40 ooo 900 3. 300 173,0(!) 42,000 60,000
Percentage: 0.15% 0.25% 0.67% 0.91% 0.92% 0.95% 2.33%

(c) Encephalization Quotient

-

]

0.81 : 31 i
E‘Q m m — Macca MO3Ta B rpaMMax,
[] 12A12/3° — Macca TeAa B IPAMMAX.

(I'. Auepucon, 1973 r.)



KOQO®OUUMUEHT QHUEDPAITUIALIUA

The modemn human brain has
Elaphant

the largest size relative to )
body weight. Homo sapians
_ Dolphin
L

- Gorilla
Avstralopithecus — B, Chimpanzee

Baboon —@ ..
Wolf ’J

Deviation from the trend line indicates
either larger (above) or smaller (below)
brain size than average, relative to

body weight.

—
w
—
=
0
=
L]
=

=

—
=
L=
E
| =
L
| =
a5

1 1 1 1 i
10 100 1,000 10,000 100,000
Body waight {in kilograms)

KOQPPULUMEHT LEPEBPONMU3ALIMA: m x m/M

YeAOBEK — 32

m — Macca MO3ra B IpaMMax,
cAoHBI — 10
M — macca TeAaa B rpaMMax.
TOMHHHABI — 7,35
KHTOOOpasHble — 6,25

HacekoMmosaaubie — 0,06

AnnomeTpuyeckan 3asucumoctb (CHenn): m = aMP



BEC MO3T'A (I

1 — aBcTpaAuniITsy
2 — AaHTAYIAHE,;

3 — dopaHmyss;

4 — HEMIIHI;

5 — pycckue;

0 — KOpPEIIH;

"/ — SAIIOHIIBI.

https:/ /www.sciencedaily.com/releases/2015/04/150428082201.htm



N.C. Typreues
2012 1.

AJM. Menaeaees
1650 r.

B.M. Aesun
1340 r.



Brain of a white-collarworker

Ecme maxue a100u, k komopeim
npocno xouenica nodoumu u
NOUHIEDECOBabLA, CA0NCHO U be3
M03206 Hcumb?

Daura Panesckan

The Lancet
Volume 370, Issue 9583, (July 2007)
DOI: 10.1016/50140-6736(07)61127-1

ELSEVIER



®OPMUPOBAHUE HEPBHOW TPYBKU -
nepBan CTagua pPasBUTUA HEPBHOW CUCTEMbI

Anterior

Yenosek
Neural tube
Ectoderm
Mesoderm
3 week
18 days 20 days 21 days 23 days
(A) Day9 _ (B) Day 10 (C) Day11
R Ymo uHdyuupyem npouecc???

Mbiwb i “J



OCHOBHbIE MOP®OIEHbIl (3mOpuoHanbHblie MHAYKTOPDI)

B PA3BUTUU HEPBHOWU CUCTEMbI

1. BMP — Bone Morphogenetic Protein

2. SHH - Sonic hedgehog

3. Homeobox-containing man Hox reus

AOpP30-BEHTPAABHO

|

Kayao-poctpaabsaO


http://www.google.ru/url?sa=i&rct=j&q=bone+morphogenetic+protein+structure&source=images&cd=&cad=rja&docid=U195D5UO5XRbKM&tbnid=ntcOlVxhIl3vfM:&ved=0CAUQjRw&url=http://en.wikipedia.org/wiki/Bone_morphogenetic_protein_2&ei=SBc2Ud72BMTJ4ATn44H4Aw&bvm=bv.43148975,d.bGE&psig=AFQjCNHWCYL8RRRBrcAiuefXZ7duJ_bdzw&ust=1362585272018301
http://www.google.ru/url?sa=i&rct=j&q=bone+morphogenetic+protein+structure&source=images&cd=&cad=rja&docid=U195D5UO5XRbKM&tbnid=ntcOlVxhIl3vfM:&ved=0CAUQjRw&url=http://en.wikipedia.org/wiki/Bone_morphogenetic_protein_2&ei=SBc2Ud72BMTJ4ATn44H4Aw&bvm=bv.43148975,d.bGE&psig=AFQjCNHWCYL8RRRBrcAiuefXZ7duJ_bdzw&ust=1362585272018301
http://www.google.ru/url?sa=i&rct=j&q=sonic+hedgehog&source=images&cd=&cad=rja&docid=PHEBj-zf05sDuM&tbnid=XXnBT1HO8EQ8vM:&ved=0CAUQjRw&url=http://en.wikipedia.org/wiki/Sonic_hedgehog&ei=1xk2Uaz9Ha6L4gTXjoBY&bvm=bv.43148975,d.bGE&psig=AFQjCNEkwSzF-C_6QWWkqSadzFAM2BUPmg&ust=1362586446194620
http://www.google.ru/url?sa=i&rct=j&q=sonic+hedgehog&source=images&cd=&cad=rja&docid=PHEBj-zf05sDuM&tbnid=XXnBT1HO8EQ8vM:&ved=0CAUQjRw&url=http://en.wikipedia.org/wiki/Sonic_hedgehog&ei=1xk2Uaz9Ha6L4gTXjoBY&bvm=bv.43148975,d.bGE&psig=AFQjCNEkwSzF-C_6QWWkqSadzFAM2BUPmg&ust=1362586446194620
http://www.google.ru/url?sa=i&rct=j&q=homeobox-containing+genes&source=images&cd=&cad=rja&docid=Ubhrd2vrZ6U3gM&tbnid=QFIDH81bd3f4YM:&ved=0CAUQjRw&url=http://www.cusabio.com/ELISA_Kit-76471/&ei=rxs2UeKTGIim4ASt44DIAQ&bvm=bv.43148975,d.bGE&psig=AFQjCNFUhnWNCi2sOqYRe7Ei-1OpGZ11hA&ust=1362586892256185
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MOP®ONOM4YECKUE HAPYLLEHUA NPU OTCYTCTBUUA HOIMTUHA U XOPOAUHA

HOPMA HOKAYT no Horrun HOKAYT no Horrun+XopauH

From Bachiller et al., 2000



MOP®ONOIM4YECKUE HAPYLLEHUA NPU OTCYTCTBUMU SHH - Sonic hedgehog

(A) Wild-type (B) Shh™/Shh

Mesencephalon
Mesencephalon

Diencephalon

Telencephalon

" ——— Optic vesicle

© Diencephalon Figure 12.28

Brain defects in embryos lacking sonic hedgehog. (A) A wild-type mouse and (B) a
12.5-day embryo lacking sonic hedgehog. The expression of the otx-2 gene is seen in red
to highlight certain regions. In the mutant, no midline forms, and there is a single,
continuous optic vesicle in the ventral region. The nose will form above it. (C)
Drawing showing the location of the prechordal plate in the 12-day mouse embryo.
(Photographs courtesy of P. A. Beachy and C. Chiang.)
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NOP30BEHTPAIIbHAA CNELMANU3ALUA HEPBHOWU TPYBKHU
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QKCMNMPECCUA MOP®OIreHoOB NP ®OPMUPOBAHUA
MEAUATOPHbIX CUCTEM MOHOAMUHOB

Diencephalon

| o Isthmus
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Telencephalon

r4

Inductive Neuronal populations
influences

- Dopamine Cranial
E= Shh (substantia nigra) | motor 5
== Fgf8 @ sertonin neurons:
= Wntl (raphe nuclei) m & @
. Fgf4 @ nNoradrenaline
BEE BMPs (locus coernuleus)

*During gastrulation



®OPMUPOBAHUE OCHOBHbIX OTAENOB MO3IrA B OHTOINEHE3E
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®OPMUPOBAHUE OCHOBHbIX OTAENOB MO3IrA B OHTONEHE3E

Adult derivatives
‘E(ﬁ)lfac'toryldb&s--‘Smell

3 5 Hippocampus — Memory storage

Primary Secondary Cerebrum = m&%‘;ﬂ“y)

vesicles vesicles St

) S Retina - Vision
Cavity f Epithalamus - Pineal gland
Telencephalon- ; alamus — Relay center for optic

and auditory neurons

Hypothalamus — Temperature, sleep,
and breathing

Midbrain —s Mesencephalon regulation

— Midbrain — Fiber tracts between

M hal anterior and posterior
etencephalon —U atetior anq Loek

Hindbrain ,. and tectum
MYClencephaIOn ' .. -[ Cerebellum _Co Ol‘dinaﬁon of

Forebrain Diencephalon

complex muscular
movements

Pons - Fiber tracts between
cerebrum and

cerebellum
(mammals only)




®OPMUPOBAHUE OCHOBHbIX OTAENOB MO3IrA B OHTOINEHE3E

Embryonic brain regions

Brain structures in child and adult

A\

Telencephalon

Forebrain <

Diencephalon

Midbrain

Mesencephalon

Metencephalon

Hindbrain <

Myelencephalon

Mesencephalon
Metencephalon

Telencephalon

Embryo at 1 month

© 2011 Pearson Education, Inc.

Embryo at 5 weeks

Midbrain .
Hindbrain Diencephalon Myelencephalon
-
Spinal
Forebrain cord

Cerebrum (includes cerebral cortex, white
matter, basal nuclei)

Diencephalon (thalamus, hypothalamus,
epithalamus)

Midbrain (part of brainstem)
Pons (part of brainstem), cerebellum

Medulla oblongata (part of brainstem)

Cerebrum Diencephalon

Cerebellum
Spinal cord

Child




TABLE 7-1 5tages of Brain Development
|

1. Cell birth i(neurogenesis; gliogenesis)

2. Cell migration

3. Cell differentiation

4, Cell maturation (dendrite and axon growth)
b. Synaptogenesis (formation of synapses)

6. Cell death and synaptic pruning
1. Myelogenesis (formation of myelin)

9 months




®OPMUPOBAHUE KOPbl MO3rA YENNOBEKA
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Dyslexia and Development: Neurobiological Aspects of Extraordinary Brains, 1993




OCHOBHBbBIE 3TAlNbl @POPMUPOBAHUA MO3rA YENOBEKA
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MRI scans of human brain development




OCHOBHbIE 3TAlNbl POPMUPOBAHUA MO3rA HENOBEKA v 'PbI3YHOB

Myelination
% Gliogenesis
% Synaptogenesis
: "
= Apoptosis .
Neurogenesis/Migration
(gestational weeks) BIRTH (years post birth)

8 16 24 32 4 8 12 16 20 24

-t

4 8 12 16 : 4 8 12 16 20 24
(gestational days) BIRTH (days post birth)
Meurogenesis/Migration
E Apoptosis
é Synaptogenesis
Gliogenesis

Myelination

CN. Zanghi, V. Jeviovic-Todorovic f Neurotoxicology and Teratology xoo (2017 ) xoo0 -
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POXOEHUE U MUIPALIMA HEAPOHOB
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Temporal development of the neocortex
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NOCTHATAINbHbLIA OCHOMEHE3 MO3rA NPbI3YHOB

HEVPOHBI

I'ANA

Hippocampus

Hippocampus

Cerebellum

Cerebellum

Rest of
Brain

Whaole
Brain

Postnatal Day 10 20 30

40 50

CM. Zanghi, V. Jevtovic-Todorovic / Neurotoxicology and Teratology xoo (2017 ) oo —xxx
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Immunity

Single-Cell RNA Sequencing of Microglia throughout
the Mouse Lifespan and in the Injured Brain Reveals
Complex Cell-State Changes

Highlights
Microglia diversity throughout the mouse lifespan ghllg

¢ Mouse microgliaare heterogenous cells that are most diverse

N Esd Dissociate FACS Single cell RNA seq Analysis in the dEfEIﬂplng brain

) pamso } e é‘v,_

Frae e = () — - OgEL*] - S ¢ Unique microglia transcriptional states can be localized to
Y\ P ' L4 . many brain regions
S A wiury o 4°C isolation L 38

¢ Small subsets of varied inflammatory microglia found in the

,ﬁf\'\ ¥ | P % aged brain
-

2 , e Diverse activated microglia subpopulations found in mouse
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Hammond et al, 2019, Immunity 50, 263-271 MuKpornma KpanHe HeOAHOPOAHA: B Pa3Hble CTaANM OHTOreHesa

January 15, 2019 @ 2018 Elsevier Inc.
hitps//doi.org/10.101 6/ immuni. 2018.11.004 MOXHO pPa3nynTb A0 9 Pa3HbIX KNaCTepoB KNETOK, Pa3/IMYHbIX
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AHAAM3 B3AUMOAEVICTBUA MEJXAY OTAEAAMU KOPBI B OHTOT'EHE3E

Children Adults
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Neurotrophic
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Neurotrophin signaling

NGF, BDNF, NT-3
NGF BNI;I')-L\,’ISF NT_3 B-amyloid, prion protein
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Survival-Apoptosis
Proliferation
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Axonal Growth/Dendritic Arborization
Synapse formation
Retrograde Signaling
Cross-talk with other receptors
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Physiol. Res. 64: 925-934, 2015

Cell Survival Apoptosis




HOPAOPEHEPITMYECKAA CACTEMA MO3TA
(KaK npyumMmep HeMPOXUMUYECKOro cospeBaHuUs)

BMP, SHH, FGF8 — ocHOBHble Mop¢oreHbl pOpMUPOBaAHUA CUCTEMbI;

Mashl — Phox2a — Phox2b — HopaapeHepruieckuu gpeHoTun
(skcnpeccua TIN)
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NMOTEHUWAI KNETOK MO3IrA
Lifespan of neurons is uncoupled from

organismal lifespan

Lorenzo Magrassi™', Ketty Leto”*, and Ferdinando Rossi™*
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NMOTEHUWAIN KINETOK MO3rA

ARTICLE

NATURE | VOL 568 | 18 APRIL 2019

https://doi.org/10.1038/541586-019-1099-1

Restoration of brain circulation and
cellular functions hours post-mortem

Zvonimir Vrselja'>!®, Stefano G. Daniele’>?'8 John Silbereis'?, Francesca Talpo'™*, Yury M. Morozov'?, André M. M. Sousa'?,
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Prefrontal neocortax
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Adult neurogenesis
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Development/Plasticity/Repair

Mitochondria Modify Exercise-Induced Development of
Stem Cell-Derived Neurons in the Adult Brain

Kathrin Steib,! Iris Schiffner,'2 Ravi Jagasia,'? Birgit Ebert,! and D. Chichung Lie'2

1. Neurosci., May 7, 2014 - 34(19):6624 — 6633
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