Extraction of Brain Networks from Empirical Data

‘ Neural Systems are Complex Networks

& N \ ' y & X \ Syab) Networks across scales: Networks across modes

\N § ; ; * micro (neurons, synapses) = structural (anatomical couplings)
2 - * macro (regions, projections)

= functional (dynamic interactions)
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Networks Everywhere
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1. The brainis the body’s most complex
organ.

a. There are a hundred billion neurons in the human brain, all of which are in use.

b. Each neuron communicates with many other neurons to form circuits and share
information.

c. Proper nervous system function involves coordinated action of neurons in many
brain regions.

d. The nervous system influences and is influenced by all other body systems (e.g.,
cardiovascular, endocrine, gastrointestinal and immune systems).

e. Humans have a complex nervous system that evolved from a simpler one.

f. This complex organ can malfunction in many ways, leading to disorders that have  an
enormous social and economic impact.



2. Neurons communicate using both
electrical and chemical signals.

a. Sensory stimuli are converted into electrical signals.
b. Action potentials are electrical signals carried along neurons.
C. Synapses are chemical or electrical junctions that allow electrical signals to pass

from neurons to other cells.

d. Electrical signals in muscles cause contraction and movement.

e. Changes in the amount of activity at a synapse can enhance or reduce its
function.

f. Communication between neurons is strengthened or weakened by an

individual’s activities, such as exercise, stress, and drug use.

g. All perceptions, thoughts, and behaviors result from combinations of
signals among neurons.
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That’s ~10'3 computing elements

* There are 10-100 billion neurons in the brain
capable or propagating signals

* Each with up to 10,000 synapses



* When the person is cognitively at rest but quietly awake & alert, the brain exhibits a dynamic
activation pattern

 Changes in the stimuli result in highly specific brain activation patterns

Such patterns are effects of dynamic perturbations of a complex continually active network



Outcomes of brain trauma & disease include significant & long-lasting neurological
deficits. These insults result in . Their extend & location for

the nature & severity of cognitive dysfunction & the potential for recovery.

Healthy individuals exhibit significant variation in cognitive performance.

Draw in

Brain & body are dynamically coupled through continual cycles of action & perception.

By causing bodily movement, brain networks can structure their own inputs
& modulate their internal dynamics.



Directs metabolism; Contains DNA; Controls protein manufacturing

Cell nucleus

_ . Myelin sheath
. Dendrites
Axon
B -,-,’3'%"' b ’.,_ o - e ' R
L e g Neurah?‘
Gt Puj%\‘ ,
) Cell

nerves; Made up of protein &
fatty substances; Allows
electrical impulses to transmit

quickly & efficiently | |
A

Axon terminals

body Myelin: insulating layer around \

N










Excitatory & inhibitory influences add together within the dendrites and

combine to determine the net depolarization of the neuron.

If net depolarization is strong enough, the neuron emits an action potential.

Action potentials produce transmitter release at synapses, influencing target neurons

A) Action potential
| 30 c =

\

Threshold

Voltage (mV)

Time (ms)



ELECTRICAL SIGNAL within a Neuron

| Electricity can flow within a neuron due to properties
of the CELL MEMBRANE

- SEMI-PERMEABLE ( selectively permeable) Some

things can go through but other things are trapped
either on the inside or outside.

- PUMPS spend energy to force things to go into or

out of a neuron

| CHANNELS are proteins with holes in them. They
sit in the cell membrane and serve as gates to let
certain things flow into or out of the cell.
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Electrical signals - cont
| = |

| lon PUMPS keep an UNEVEN distribution of electrical
charges inside and outside the neuron cell.

| IONS - atoms that carry units of (+) or (-) electrical
charge.

. SODIUM (Na+) is a + charged ion that has a
difficult time getting through the membrane.

Chloride (Cl-) is a - charged ion that also has a
hard time getting through the membrane.

POTASSIUM (K+) is a + charged ion that easily
travels inside and outside the neuron’s membrane.




RESTING POTENTIAL

. When a neuron is not being stimulated and is
not sending out signals.

. The inside of the cell is electrically negative
relative to the outside which is positive.

. The inside of the neuron is 70mV less than
the outside. ( -70mV)

" There is more sodium outside and more
potassium inside the neuron.

The cell is said to be POLARIZED
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Ion pumps and 10n channels maintain the
resting potential of a neuron

« Every cell has a voltage (difference in
electrical charge) across its plasma membrane
called a membrane potential.

 Messages are transmitted as changes in
membrane potential.

* The resting potential is the membrane
potential of a neuron not sending signals.
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(a) Three phases of an action potential

1. Depolarization. A sudden increase in the permeability
of the membrane to Na+ causes Na+ ions to rush into the
cell. The permeability of Na+ is > that of K+ and the
membrane potential swings toward the equilibrium
potential for Na+ (+60 mV). The membrane potential goes
from -70 mV to 30 mV.

2. Repolarization. Within 1 msec Na+ permeability
decreases rapidly & K+ permeability increases. This causes
a net outflow of positive charge as K+ moves down its
electrochemical gradient; the membrane potential
becomes negative again returning to -70 mV.

3. After-Hyperpolarization. The potassium permeability
remains high for 5-15 msec. This causes the membrane to
overshoot the resting membrane potential and
hyperpolarize as the increase in K+ permeability causes the
membrane potential to approach the equilibrium potential
of K+ (-94 mV).



ACTION POTENTIAL

A stimulation ( sight, sound, touch ..etc)
opens the ion channels so that sodium starts
to get pumped into the cell.

| This changes the internal charge and when it
rises from -70mV to -55mV it reaches a
THRESHOLD and it triggers a nerve IMPULSE
or ACTION POTENTIAL. The cell is now firing!

| The firing is an “ALL OR NONE” response - it
either fires or doesn’t fire - there are no
levels of intensity.

| The cell is said to be DEPOLARIZED.




REPOLARIZATION
| After cell fires it will reach a peak at +40 to +30mV

| THEN sodium channels shut down and potassium

channels open as + charged ions are pushed out of the
cell.

This brings the internal charge back down toward -70mV

HOWEVER - so much potassium flows out of the cell that
it’s internal charge drop BELOW the resting potential
of -70mV and goes down to -80mV.
o



REFRACTORY PERIOD

. When the internal charge of a neuron drops
below -70mV the neuron CANNOT FIRE. This
refractory period lasts about .001 seconds.

| Eventually the ion pumps bring the internal
charge back up to -70mV and the cell is once

again at rest and ready for an action
potential to occur.

. Action Potentials always begin at the cell
body of the neuron and travel down the AXON




Presynaptic cell

Generate intrinsic activity (at any given site in the
neuron through voltage-dependent membrane
properties and internal second-messenger
mechanisms).

Receive synaptic inputs (mostly in dendrites, to
some extent in cell bodies, and in some cases in

axon hillocks, initial axon segments, and axon
terminals).

Integrate signals by combining synaptic responses
with intrinsic membrane activity (in dendrites,
cell bodies, axon hillocks, and initial axon
segments).

Encode output patterns in graded potentials

or action potentials (at any given site in the
NEUron).

Distribute synaptic outputs (from axon terminals
and, in some cases, from cell bodies and
dendrites).
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ruvaweig oto KNZ (Mapadeiypara)
» AZodevrpiTikry (Axodendritic): AZovag > AgvTpitng
«  Afoowpartikry (Axosomatic): Agovag = 2wua
«  Agoagovikr] (Axoaxonic): Aovag > Afovag
» AcgvrpodevTtpiTikn (Dendrodendritic): Agvtpitng = AgvTpiTng

Zuvaelg: MKpooKOTILKEC OOUEC
TIOU ETITPETIOUV OE £Va VEUPWVA
va LETAOWOEL EVOL NAEKTPLKO

N XNULKO orpa o€ evav allo
VEUPpWVO

Newviozciance Expleang the Bupin, 31d E4. Besr. Connaer, and Paradizo Copyright ® 2007 Lippincott Williams & Wiking
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Neupagovag —e, Ta cuvartika kopPia AEN emtikolvwvouv
QVOATOMLKA PE TO METACUVOTTTLKO KUTTOPO
YriapxeL Eva SLAoTNUO: N GUVAITTLKA OXLOMA

Mpoouvantiko
TEAIKO
KouBio

ZUVQITTIKN
oxXwoun

7 MeTaouvamntiko
doevdpiTnNg



Neupatovag: otoxeia Stafifaonc veupwvwyv
Ekteivovtal 0To cwuo o€ anootaon LEyaAUTEPN Ao 1m
MNeploootepol oAU Aemtol (blapetpo petacv 0,2, 20um)

A Kopupaiol devdpiteg

ATtoOnkeVEeL TIC YeVeTIKEC MANpodopieg

AvagTaTy (Bpiokovtal ta yovidla) & yivetal n cuvBeon
veupdgova TWV MTPWTEIVWV
\ Kuttapiké owua
Alelykepg’“q’] /—_\v
: .
Segpgﬁg\m\\> Muprivag
' Baoikoi
' devdpiteq
i
|

Neupa&ovag
(apxikd TUAMA)



Avvapka Evepyeloc — HAEKTPLKA oApaTo TIou SLATPEXOUV TOV VELPWVAL

e MMpokaAovvtal oo motkila GuoLkA yeyovata Tou ePLBAAAOVTOC TO OO0l EPXOVTOL OF
emtapn e To cwpa pac (pnxovikn emadn, oocpoyova, Gwc, WOTLKA KUMpOTO)

* @eoelc uTtodoYXNC (X BEVTPLTEG, KUTTAPLKO CWHA) TIPOoC TN {Wvn EKKIVNoNG 6Tov EKPUTLKO
KWVOo

* Movodpopa KATd HNKOC TOU VEUPAEOVA EWC TLC TIPOOUVATTIKEC BEoelc ameAevBepwonc ota
TEALKA KOUBla

* JUVTOUEC TIOPOSIKEC VEUPLKEC WOELC TOU TUTIOU OAOV 1] OUOEV
e EUpoc: 100 millivolt (mV)

e AnuioupyolvTol 0ToV EKPUTLKO KWVO KoL SLATPEXOUV TOV VEUPWVA, XWPLE artotuyia
nopopopdwon, He ToXUTNTEC LETAEL [1m/s,100m/s]

e HAeKTPLKO peL O LOVTA TTOU SlaxEovTal



Baoelc tnc 2uyxpovnc 2uvOeTiknC MNMpooeyyLlong tou Eykedpaiou

e Auvapkn NMoAwaon
e E¢eldlkevpevnc ocuvdeong



Avvopkn MoAwon

KaBe veupwvacg €XeL TO TTOPAKATW:

* L0 GUOKEUN UTtOSOXNG: TO WA &
TOUC OEVTPLTEG

* LLOL GUOKEUN EKMTOMTTAG: TOV
vVELpAEova, KoL

* ULOL CUCKEUN yla SLtavoun: TG TEALKEC
aTtOANEELC TNC VEUPLKNG Lvag

E¢elbilkevon Zuvdeong

A&ev UTTOPXEL KUTTAPOTIAOLGLOLTIKI CUVEXELQL
LETOEL TWV VEUPWVLKWVY KUTTAPWV

H cuvarmtikn oxtopn otn cuvaydn xwpilel to
TIPOCUVOTTTLKO TEALKO KOouBio amo to
LETOLOUVATTTLKO KUTTOPO

Ta veuplka kUTTAPO HEV EMKOWVWVOUV
HETAEL TouC adlakpitwg, oute oxnuortil{ouv
Tuyaia diktua

KaBe KUTTOPO ETLKOWVWVEL LLE OPLOUEVOUC
HETOLGUVATTLKOUG KUTTAPLKOUC OTOXOUCG,
aAAQ OXL pE dAAouc & mavta o€
e€elOKEVUEVEC BEOELC CUVATTTIKAC EMOPNC



H mAnpodopla mou peTadepeTaL LE EVa SUVAULKO eVEPYELAG KaBopileTal OXL
arto TOV TUTIO TOU CAMATOC, AAAQ arto TNV 080 Tou gykedAAOU oTnV omola
00€VELTO ONua



Taélvounon vEUpwWVWYV PE Paon Tt AsLtoupyla Touc

1. AloOntkoi (R mpoocaywyoi) veupwveg PeETAPEPOUV OTO VEUPLKO cUoTNHA TTANPOdOpLEC yLa
TNV avtiAnyn Kal Tov KLvNTLKO CUVTOVIOUO

2. Kwvntikol petad£pouv eVIOAEC O€ UG KOl ALOEVEC

3. Awapeoot:

* JuykpoTtoUV tn cadwc oAU-aplOuotepn opada, armoteAOUUEVN atO OA TAL KUTTAPO TOU
VEUPLKOU CUOTAMOTOC Ta oroia S€v €ival KvnTKA i atcOnTika.

* ‘Exouv peyalo veupaova kol petadpepouv nAnpodopiec o€ LEYAAEC OITOOTACELG, OTTO HLaL
TEPLOXN TOU €yKEDAAOU O€ pLor AAAN

* Tormukoli SLapeool: €xouv BpaxL veupadéova kal emetéepyalovtal TANpodopiec o TOMIKA
Sdiktua.



Cerebellum lies behind the pons; is connected Basal gangla \ o~
to the brain stem by several major fiber tracts /)i \\_

(peduncles)

7. Cerebral

* Modulates the force & range of movement hemisphere

* Isinvolved in the learning of motor skills

|

|
Medulla oblongata responsible for vital / | it
autonomic functions, e.g., digestion, breathing, X Y

control of heart rate. 6. Diencephalon —
ingdbra
5. Midbrain -/
Pons conveys information about movement Brain stem! 3. Pons ——/ /
from the cerebral hemisphere to the 3 Medulls —/
cerebellum oblongata ; ca
/

4. Cerebellum -

Y'.‘ ar
1. Spinal cord nou

Lumbat

' Sacral

Figure 1-2A The central nervous system can be divided into seven main parts.



Spinal cord:
* Receives & processes sensory
information from the skin, joints, and

Basalgangla, - o=

/Y\ N ‘

muscles of the limbs & trunk 7. Cerebral P
. hemisphere o
* Controls movement of the limbs & 4
trunk

* Subdivided: cervical, thoracic, lumbar, &
sacral regions

* Continues rostrally as the brain stem 6. Diencephalon

5. Midbrain £ /

~

Brain stem | 3. Pons ——— / /

2. Medulla ——/
oblongata

4. Cerebellum il

1. Spinal cord

umoat

»acral

Figure 1-2A The central nervous system can be divided into seven main parts.



Precentral gyrus

Central (Primary motor

sulcus cortex) Postcentral gyrus
(Primary somatosensory
cortex)

Dorsolateral
prefrontal cortex

Parietal lobe

o ‘;‘ A'-,{' .
rrg:tal 4 f Primary visual
0 / g g / cortex
Orbitofrontal - _ N
cortex ‘-N h\
Lateral surface

Occipital lobe

Primary
auditory
cortex

Temporal lobe



Vesicle

containing
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transmitters
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Action potentia,\ }

Receptor sites on
receiving neuron
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Sending
&£ neuron

Action
potential

Axon
Terminal

Neurotransmitter

known as a synapse.

Receiving neuron

s

] {‘ )

),
2. When an action potential
reaches an axon terminal,
it stimulates the release of
neurotransmitter molecules
from sacs called vesicles.
These molecules cross the
synaptic gap and bind to
receptor sites on the
receiving neuron. The

neurotransmitter molecules
either excite or inhibit a new

action potential in the
receiving neuron.

Reuptake
3. The sending neuron
normally reabsorbs excess
neurotransmitter molecules,
a process called reuptake.




Nwtiaio¢ MugAo¢

Katwtepo TUAUO TOU KEVTPLKOU VEUPLKOU
OUCTAMOTOC

Agxetal & enetepyaletal mAnpodopiec amno to
dEpUa, TIC apOPwWOELC & TOUC UG TWV AKPWV
& Tou KopuoU

EAEYXEL TLC KLVAOELC TWV AKPpWV & TOU KOPUOU

JuvexLleTaL TPOC TA AVW WC EYKEDOALKO
OTEAEXOC, TO oTolo petadEpel mAnpodoplec:
VWTLAlo HUEAO < “eyKkEPaAo



EvkedaAika npuodaipla

* OAowo

1. Baowkd yayyAia

JUUMETEXOUV OTN pLOULON TNC EKTEAEONC TNG
Klvnhong

2. Innokaumno

e TTAEVPEC amoBrikevong TNG LVANG

3. Apuydalin

2UVTOVI(EL UTOVOUEG & EVOOKPLVLKEG

QTIOKPLOELC 0€ CUVOUAOUO LE CUVALCONUATIKEC
KOTOLOTAOELC




EvkedpaAlko oTéEAEXOC

Metadépel mAnpodopiec:

VWTLOO HUENO <—— eyKEDOAO

MepLEXEL TOUC TIUPAVEC TWV EYKEDAALKWY VEUP

riou 8éyovtal mAnpodopiec amd to Séppa & puc

NG KEPAANC

EAEYXOUV TLC KLVNTLKEC EVTOAEC TTPOG TOUG LUG
TOU TIPOCWTIOU, TOU aUXEVA Kal TwV odBaApwy
AN\ol e€eldilkevpevol yla mAnpodopiec amo TG
eLOLKEC aLoONROELG, yLa TN akon, TNV LooppoTtia,
Kol Tn yevon

PuBpuilel emineda eypriyopong Kot cuveidnong
HLECW TOU SLayuTou SIKTUWTOU oXNUATLOOU




rEpupa

MetadEpel mAnpodopieC OXETIKA UE TNV
Kivnon armo ta eykedaAlkd nuiodaipla mpo
Vv napeykedaAida

MNpeounkng MueAog
NephapPavel kévtpa tou puBuilouv
(WTIKEC AUTOVOUEC AeLToupyleg (my

néPn, avarmvon, EAeyXoc Tou
KopSlakoU puBuov)

Méooc Eykedalog

EA€yxeL TTOAAEG LOONTLKEG KOL KLVNTLKEG AELTOUPY LS

(Ttx 0dpOAAULKWV KIVACEWV)
& TOU CUVTOVIOHOU TWV OTITIKWY & OLKOUOTIKWV
QVTOVOKAQOTIKWY




Kpotadikoc Ao og

e Akon

* TMAeupeg g pabnong, tng
LVAUNC & Twv cuvalodnpatwyv

Iviakac Ao o¢
 Opoaon

Metwmaioc Ao o¢
e [poypoppATIONOC TNEG LEAAOVTLKAG Spaonc
* ‘EAeyxo TNC Kivnong

NapeykepaAida
e Tpormomnoleil tn SUvaun & evpoc TNS Kivnong
e ExkpaOnon kwntikwv de€lotntwy




A MovoérnoAo KutTapo

Neupwvag aonovduAou

B AinoAo kutTapo

— Aevdpiteq
— Kuttapikd copa
— Neupatovag
AinoAo xuTTapo
TOU QuUPIBANCTPOEIBOUG

I Weudopovonolo kitrapo



 Neurons can be classified by their structure, connections, and neurotransmitters
e Structural classification is based on shape and size of the cell body, its dendrites,
axon length, and the nature of connections it makes



Neurons can be classified by their structure,
connections & neurotransmitters
Structural classification based on shape &
size of the cell body, its dendrites, axon
length, the nature of connections it makes



A MovonoAo KUTTapo

T Bevaptmg
NeupdEovag
A. Ta povonoda xvttapa £xovv pia anopuada, Sa@ope-
TIKG TUNUATA TG OToLUg AELTOVPYOLV MG EMLPAVELES UTO-
doxnc N aroAnéeic arcdevdépwons. Ta povonola Kitta-
P Elval LAPAKTNPIGTIKG TOV VEUPIKOVD CUCTIUATOS TOV
ACTOVIVAQV.

¥ | — KutTtapix6 owpo

Neupiwvag aonovduiou




B AinoAo xkurTapo

MoAAa &imoAa kuTTapa Tou apdLBAnotpoeldoug
& tou oodppntikoV emOnAiov ival atcOntikol

— Aevdpiteg
B. Ta dinoia xbttapa £yovv 800 anopuades, mov Eival
ek e1d1KeVpPEVEC AEITOVPYIKA: O SEVOPITNG HETAPEPEL TIAN-
pOQYOpPiES TPOG TO KLTTApPO Kal o vevpatovas daPiBaler
TANPOPOPiEG O GAla KUTTAPL.

— Kuttapiké caua

— NeupaEovag

AinoAo kUTTapo
OU aUPIBANOCTPOEIBOUG



Yriokatnyopia SUToOAwWV KUTTAPWV

NEUPWVEC TTOU pETAPEPOUV OLLOONTLKEC
nAnpodopieg oTOV VWTLALO LUEAD

H anmoduada anooyiletal o SUo KAAdouc:

* MepLdpepeLaka, mpoc 1o SEpUA 1 TOUC UG
* Kevtplko, mpog Tov vwTLaio HUEAD

Ta ooBnTkA KUTTOPA TTOU HETAPEPOUV OTO VWTLOLO HUEAD
nANPodopLleC OXETLKA LE TOV TOVO, TNV TtiEan, TNV adn,
aTtoTEAOUV ELOLKEC TTEPLTTWOELG OUTOAWV KUTTAPWV



YTepTEPOUV O€E aPLOUO OTO VEUPLKO A TpeIg TUNOL MOAUTIOAWY KUTTAPwY O TILO GUXVOG TUTIOG VEUPWVWY
ocUOTNUA TWV OTIOVOUAWTWV évaq vsupd&ovaq & oMot Sevrpitec

Agxovtol \ A
?»:s/’ (}’{“ \ 4 f

150, 000

/—v-Aevbp(TSQ eNAdEC -'f(\, 4 J’,,l,
I ' .

Neupwvo'uv o — Kopugaiog : [3¥ ”’%ﬁ' _)‘ , il
OKEAETIKEG MUTKEG -~ Sevdpimg a\"’ (I SELAN Ok
i_vg(; o \ — Kuttapixé oopa '

KutTapixd

cOua
Tpwywv{ko

2,000 smadec oto .
e m \ CWHOL

KUTTOPLKO CWLAL

8,000 emadEg
oToUC OEVTPLTEG

onNMavTIKO POAO OTOV
OUVTOVIONO TWV
KIVAOEWV.

- KMW‘ HWWWTO. Kimrops Purkinie
>pinal cord Tou| vwTialou pueAou TOU [MTNOKAUTOoU ms nq;?qunmgoq

cerebellum




Baowa Ztowxeia evoc Movtélou Neupwva

Eloodo (urtodoxnc)
OAokAnpwon (ekkivnong)
Aywyn (petadoonc)

A

‘E€0d0 (ekKkpLonc)

KaBe otolyelo mopayel Eva XapaKTnPLOTLKO CAUAL.
Ta ntpwta 3 mapayouv NAEKTPLKO CAMA, EVW TO
Ao €060U OVTUTPOOWTIEVETOL ATTO TNV
arneAevOEpwWON evog xnHkoL StafiBaoth otn
OUVOTTTLKA OXLOUN.

H mAnpodopia petaoynuatiletal katd tn petafaon
NG Ao To £va oTolxeio oto AAAo & yivetal Lo
ouvOeTn KABWC TTEPVA ATIO TOV EVAV VEUPWVO OTOV

AAAOV.

gﬂmv#mmﬁ
giodbou

Zfua
ExKivnong

(Buvapkd
EVEDYELOG)

ZMpa

— gEobou
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e To Suvapko svepyeLac dnuLloupyeital amno 10 Kopuen Xpévoc
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— AUVO KO NPEMIaC
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Otav ep£OLopa MTPOKAAECEL pLaL APXLKA
HeTaBOoAnR oto Suvapiko tTne pepBpavne & to 40
duvauko ¢Baoel oto eninedo nupo&émon%

* Avoiyouv ot iavAol Na+ E

* To No+ eLoEpXETAL OTO KUTTAPO UE §
LNXAVLIOUO arARC Stéxuonc E 0-

* A\Oyw TG aBpolonc Betikwv poptiwv oTo ﬁ
E0WTEPLKO TOU KUTTAPOU (avTLoTpodn TNG -9
TOALKOTNTOC TNC LEMBPAVNC): ;

’ ’ ’ =
Betikornoinon Tou E0WTEPLKOU TOU KUTTAPGR)

Xpovocg
2 ms

____________________

XOPOKTNPLOTLKO YLOL TO
eldo¢ Tou KuTTApPOU

AOYW TNC HETATOTILONG TOU SduvapLkoU TNG fgig- Ouboc
HLEUBpAvVNC 0 BETIKOTEPEC TILEC TTPOKAAELTAL: (kaTweghl) Hoeila
* Awavolén twv StaAwv K+ & -70 ﬂ -----------
, , ‘T“ncrl-r.uFL-'J:p}"LLEc;
* LETAKILVNON TOU GUCOWPEUHEVOU K+ s EKTIOAIOELG

. N .

0TO EEWTEPLKO TNG LEUBpavng /[£
. , ., -100-
ILE CUVETIELO TNV ENAVOO0 TOU SUVAULKOU TNC
HEUBPAVNG OTNV OPXLKN KOoTAoTOoN

— Auva KO npepiac
=— AUVOULKDO EVEPYELUC



AlauAoL

* Neupwveg pe 6LadopeTIKOUC HLAUAOUC LOVTWYV UTTOPOUV VAL KwSLKOTIOLN ooV TNV oL
Katnyopio cuvamntikol SuVOULKOU o€ SLadOopPETLKOU TUTTOUC EKTTOAWONC, KOL CUVETIWC,
UITopoUV va KwdiKomolouv & va dyouv SLtodpopeTLKA oota

e AnuioupyouvTtol amo eEELOIKEVUEVEC TIPWTELVEC TNC KUTTOPLKAC LEMBPAVNG

* MMpoadibouv og Evav veupwva TIoKIALa oudwv, LBLOTATWV OLEyEPOLUOTNTAC & TUTTIWV
EKTIOAWONC

e Ayouv Lovta
e Avayvwpilouv & eMIAEYOUV CUYKEKPLUEVO LOVTOL
* Avoiyouv & KAEiVOUV QITOKPLVOUEVOL OE ELOLKA NAEKTPLKA, LNXOLVLKA ] XNULKA Crpota

* E¢aodaAifouv taxeia pon pevpatog, otnv onoia opeilovtal ot LeTaBOAEC Tou SuvapLkou
™G HeUBpavNG



Electrical activity in neurons is sustained & propagated via ionic currents through neuron
membranes
Types of ions

With positive charge: sodium (Na*), potassium (K*), calcium (Ca %)

With negative charge: chloride (Cl)
The concentrations of these ions are different on the inside vs outside of a cell, which
creates electrochemical gradients --- the major forces of neural activity
Intracellular medium: high concentration of K* & negatively charged molecules
Extracellular medium: high concentration of Na* and CI-
Cell membrane has large protein molecules, forming channels through which ions can flow
according to their electrochemical gradients
At rest: the flow of Na+ and Ca2+ is not significant but the flow of K+ and Cl- is
However this does not eliminate the concentration asymmetry for two reasons

e Passive redistribution: the impermeable anions A- attract more K+ into the cell (opposite

attract) and repel more Cl- out of the cell, thereby creating concentration gradients
* Active transport: ions are pumped in and out of the cell via ionic pumps



H npoodeon tou duaBiBaoctn ota
HopLa Tou umtodoyxea

SNULoUpPYEL GUVATTTIKO SUVAULKO
OTO LETAOUVOTTTIKO KUTTOPO.

To SuVALKO ival SLEyEPTLKO N
OLVOLOTAATLKO

* AleyepTtikog veupodLaBipactnig

MpokaAel ekmoAwon, apa GEPVEL TO
SuVauLKO TNC HEMBpAVNC TTLO KOVTA
otnv oud0O Tou SUVAULKOU EVEPYELQC

e  AvaotaAtikoc veupodiofBiBaotnic
NPOKAAEL UTtEPTIOA WG Apa
QTTOULOLKPUVEL TN MEUBPAVN TOU
KUTTAPOU oo TNV oudo Tou
duvaukoU evepyeiag

Auvvo ko pepppavne (mv)

50 A
40

Kopugr Xpodvocg

Oubocg

-50 -
55
-70 -

-90

(koTaphl)

EpéBlopa

-100 -

YMoKaTEIPALEG
EKTIOALITELD

— AUVOHLKO npepiacg
— AUVOUIKO EVEPYELOC

OL Baokec LdLOTNTEC TNC NAEKTPLVAC peTtadoonc
ONUATWYV ELvVOL OLOLEC O€ OAQ TOL VEUPLKA KUTTOPOL
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Ion pumps and 10n channels maintain the
resting potential of a neuron

« Every cell has a voltage (difference in
electrical charge) across its plasma membrane
called a membrane potential.

 Messages are transmitted as changes in
membrane potential.

* The resting potential is the membrane
potential of a neuron not sending signals.
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(a) Three phases of an action potential

1. Depolarization. A sudden increase in the permeability
of the membrane to Na+ causes Na+ ions to rush into the
cell. The permeability of Na+ is > that of K+ and the
membrane potential swings toward the equilibrium
potential for Na+ (+60 mV). The membrane potential goes
from -70 mV to 30 mV.

2. Repolarization. Within 1 msec Na+ permeability
decreases rapidly & K+ permeability increases. This causes
a net outflow of positive charge as K+ moves down its
electrochemical gradient; the membrane potential
becomes negative again returning to -70 mV.

3. After-Hyperpolarization. The potassium permeability
remains high for 5-15 msec. This causes the membrane to
overshoot the resting membrane potential and
hyperpolarize as the increase in K+ permeability causes the
membrane potential to approach the equilibrium potential
of K+ (-94 mV).
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Ma tnv emttuxn €KAvon vevpodlaBiaoti
Artouteital n EkKAvon SUVAULKOU EVEPYELOC OO

TO TIPOCUVOITTLKO KUTTOPO

* To SuVOULKO EVEPYELOC TIPOKAAEL TNV
gvepyonoinon StavAwv aocBeotiov

* AU&non evOoKUTTAPLOG CUYKEVTPWONG
aoBeotiou

* To HEyeO0OC TOU ELGEPXOUEVOU PEVUOTOC
aofeotiov emnpedlel TNV noooTNTA
vevpodLaBiBaoctn mov Oa ekAUOEL, kal Kot
ETIEKTOLON TO HEYEDOC TOU HETAOUVATTTLKOU
SuvapLkou

Neg UPOG]Q i—~,| FJO':” "IQ I

ZUVarTTTa
KUOTIDIO

TeOEOEAEY YOUEVOI e
dlauiol Ca+* w m
l
Wy
MeTaouvanrikn
TTUKVOINTQ

NpoCuUVaTTITIKOC
HETQPOpEQg
Siapigactni

YTroboyek

O veupobLaBLBaotnc eivol anoOnKeVUEVOC € KUOTLOLA £LTE KOVTA OTNV HLEUBPAVN TOU TEPUATLKOU TOU
aéova eite MPOoOEUEVA TIAVW OTO KUTTAPOOKEAETO
Y UYKEKPLUEVEC TIPWTEIVEC oxNUaTL{OUV TTOPOUC CUYXWVELONG TwV dUO pepBpavwy dnA. Tou KuoTtLdiou

KOLL TOU KUTTAPOU, WOTE Va YIVEL N Evwon Toug &

n ameAevOEpwan tou vevpodLaPifaotn oto e€wkutTapLo epfaiiov




AuVOLKO nPERLOG TNG HEUBPAvVNG: Aladopad nAekTtplkoU poptiou (65mV) katd HAKOC
KUTTOPLKAC LEUBPAVNG

AnuLoupyeitol amo TNV AvVicn KOTavop Loviwy vatpiov, Kadiov & yAwpiov kaBwc &
OPYOVLKWV OVLIOVTWV EKATEPWOEV TNC HEUPBPAVNC & AOYW TNC EMIAEKTIKNG HLATTEPATOTNTOC
NG LEMPBPAVNC OTTO TO KAALO & YOLHNARC SLtamepatToTNTAC OO TO VATPLO

EowTteplko mepLBAaAAoV TNG LEUPPAVNC QPVNTLKO OE OXECH LE TO EEWTEPLKO

AvVLON KOTOVOUN LOVTWV HECW MLOC ELOIKAC LEUBPAVIKNAC TIPWTEVNG: HETADEPEL VATPLO EEW &
KAALO HECQ OTO KUTTOPO

YnepnoAwon: avénon dSuvapLkou EkmoAwon: peiwon duvaputkou
* Awotepo rbavn n yéveon onpatoc StafLfaoty © AUEAVEL TNV LKOWVOTNTO TOU KUTTAPOU va
* AvooTtaAtikni SnULOUVPYNOEL SUVOULKO EVEPYELAC

e ALEYEPTIKN



TuToL 2NUATWY

Auvvapika EvepyeLog

Metadidopeva tumov 0Aov  OUSEV
Mavtote idta TN ya to idto KuTTapo

AnuioupyouvTtol amo pLo oTyLoior eLopon
vortpiov dla LEoOU TaogosvaloBnTwy
SLtaUAwv vatpiov

Zwvn eKKivnonc N onueio evapénc tng
wWOoNG O0ToV EKPUTLKO KWVO

MepLKOL VEUPWVEC EXOUV ULAL ETILITAEOV
(wvn €KKlvnong otouc devtpiteg (0mou n
oud0Oc¢ yia To SUVAULKO EVEPYELAC Elvarl
XaUNAO)

Toruka

* To otoweio EL0GS0OL apayeL
StafaOpopéva Tomika ocnpota

e 2TOUC 0lLoBNTLKOUC VEUPWVEC:
H pon pevpatoc apyilel amo tnv empavela

UTtOSOXNC, OTIOU OPLOLEVO TIPWTEIVIKA popLa
glvan evaiodnta o aloOntika epediopata

Mo val LeTad0Bel EMLTUYWC OTO UTTOAOLTTO
VEUPLKO CUOTNUC, TO GO TIPEMEL VOl
evIoXUOEei, va avayevvnOei



(Tivaxac 2-1 Trouysia TOV TOTIKOV CTHATEOV (QUVANLKE DTO00Y EX KOL CUVATTIKG OLVOHIKE) KAI TOV HETASISONEvHY

oNudtov (Suvapika svEPYELNS)

Evpoc Aidpkeia AOpoion dpdan Tpénoc
ToV orjuarog uerédoonc
Tonucd onuaza ' . AtaBad '
Awvayxd vrodogéa  Mixpd Muxp wpabpopévn  Yreprotwon adn Tk
(0,1-10 mV) (5-100 ms) 1| exmdAoon
Zovantikg Suvapiké  Mikpo Muxp?) g Araabuopévn Ynepndroon Madntikn
(0,1-10 mV) peyain 1| exnéroon
(5 ms-20 min)
Metabidoucva opara ' .
A & Meydho Mikpn Olov Exnoloon E ;
VVapIKG EVEPYELRG (70_71"-le V) (1-10 ms) 4 oudéy VEPYNTIK




MopLa uTtoSOXEWV yLla AVAOTAATLKN Kol SLEyEPTIKA XNULKN veupodlapifaon Pplokovtol o€
Sdladpopa onueila Tou VELpwWVA

* AVOOTOATIKEC OTO KUTTOPLKO CWHL

e AleyepTtikeg cuvalelc otoucg devtpiteg

Ol avaotaAtikol VEVPWVEC arteAsuBepwvouv dlaBLBaotr) mou umepmOAWVEL TO SUVAULKO
LEUBPAVNC TOU LETACUVATITIKOU KUTTAPOU KOl EMOEVWCE LELWVEL TNV TILBOVOTNTA EKTTOAWONG



MeTabLOOUEVA ONUATA TWV VEUPWVWV: OUVOULKA EVEPYELOC

e AnuioupyouvTal amo pLa oTypLoia etopon vatpiov dla peécouv tacosvaicOntwy dtavAwv
vatpiou

e Otav n kuttapkn HepPpavn ekmoAwvetal, n aAloyn oto SUVALKO TNC avolyeL Toug SLavAoug

QUTOUC, ETILTPETIOVTAC OTO VATPLO VA UELWOEL TN SLtapopd CUYKEVTPWONCE TOU AVAUECO OTO
eEWTEPLKO TEPLBAAAOV TOU KUTTAPOU KOLL OTO ECWTEPLKO TOU.

* To apXLKO TUNMO TOU VEUPAEOVA EXEL
* MeyaAUTtepn MUKvOTNTA TaLosogvalocOntwyv dtavAwv vatpiou
e XapnAotepo oudo yla TNV oPAywyr VOC SUVALLKOU EVEPYELOG



2Nuota

* AVaOTAATLKA 1 OLEPYETLKA

e AvaoTtaAtikol veupwvec ameleuvBepwvouv StafLBaotn mou
UTTEPTIOAWVEL TO SUVALLKO MEUBPAVNC TOU LETACUVOTTTLKOU KUTTAPOU
KOlL EMOUEVWCE ELWVEL TNV TILOOVOTNTA EKTIOAWGONC



OL BaOLKEC LOLOTNTEC TNC NAEKTPLKNG LETAOOONC ONUATWY E(vall OPOLEC O€ OAQL TA VEUPLKA KUTTOPA.

* H roAuntdokotnta Twv dlacuvdécewv H kwntomoinon opKeTwv Opadwy VEUPWVWV N
ETUTPETIEL OE OXETLKWG OMOLA VEUPLKA KUTTOPA OLKKETUL)V 06wV yLa TN LETAO0CN OUOLWV
va LeETadLOoUV HoVaOLKEC TTANPOPOPLEC. nAnpodoplwv

* ZUYKEKPLUEVEG TIAEUPEG TNG ene&egvapiuq AUEAVEL TNV 0§LOTILOTIO TWV AELTOUPYLWV HEOA
MANPOdOPLWV TEPLOPLLOVTAL OE ELOLKEG OTO KEVTPLKO VEUPLKO cuoTnua

TLEPLOXEC TOU EYKEPAAOU
1Y oL TAnpodoplec yia kaBepia
armo TI¢ aoBnoelc vdplotavtal emetepyaoia

O€ XWPLOTEC TTEPLOXEC H TTOAUTTAOKOTNTA TWV CUVOECEWV UETAEU

TWV TTOAAWV oTOoLXELWV Kal oL N
AUO TUTIOL XAPTWV: EVAV YLa AUOONTIKEG TLOAUTTAOKOTNTA TWV ETILUEPOUG OTOLXELWV
MANPOPOPLEG & EVAV YLA KIVNTLKEG EVIOAEG elval ekelvn n omola kaBLotd ekt TNV
Aev gival yvwoth o€ BaBog n dtacuvdeon Toug. enefepyacio moAUTAoKwvY TANpodopLWV



B. To ofjpa EKKiVI|OTG LETATPENEL TO CTUE E1C6050UL OE
Suvapikd evépyetag mov Ba petadobovv Katd UnKog Tov
vevpatova. ALvauiKO EVEPYELAG ONUIOUPYELTAL HOVO
Otav 1o duvapiko vrnodoy éa (oToug aicntikoig vevpw-
VEC) | TO CUVANTLKO SUVEHLKO (GTOVG KIVNTIKODG VELP®-
veg) eival HeyalUTEPO Um0 £VaV OPICUEVO 0VI0 JIEYEPOTS.
Ortav to onpua g106dov vrepPaivel avtov Tov ovdo, xabe
TEPaITEP® ALENGCT 61O EVPOS TOL CTUNTOS E1GOd0L aLEd-
VEL TI Uy VOTHTA PLE TNV OMOLA ONULOLPYOUVTUL TA SUVANL-
K EVEPYEWLS Kl O%1 TO VPO Tous. Etot, n owaPabpi-
CUEVT] QUGT TOV CTUATOV E10000V HETAQPalETUL GE EVaV
kodika duvapikav evépyerlag otn [ovn exxivnone. H
didprera Tou onpatog elcodov kabopilel tov ap1Buod tomv
OUVARIK®OV EVEPYELG.



A Auvapiké unodoyéa B OAoKAnpwHEVN I Auvauiko A Zfpa eEddouy

(A ouvarTiko) EVEPYELQ EVEPYELQQ ﬁﬁcﬁm
Eﬂ —
_n -
Biopa Euopoc — 20 .
(daraon)  Faraone - 40l Il Duﬁ:&g&v&gﬁ-uu
Oy cef 1\ - e
—golL R
Aicipeen A. Otav 10 duvapikd evépystag @BAveL oTn GUVARTIKT

Ortav 1o ofpa 166d0v vepPaivel avtov Tov ovdod, kabe : . , , © Srapr-
nepatTEP® aVENON GTO ELPOG TOL CNUATOG ELGOF0L QVEG- G.‘JIO).‘I]E_,I], TO0 KLTTUpO (IJIS?LEUBSpmva gVay YNULIKO ﬁ

VEL TN ovyvoTHTA PE TNV OOl dNuIovpyodVTUL Ta duVvapL- B(IO“L'ﬁ oV lElTOUpYEi () o) f".l(l EE_,()SOU. (0] G'UVOMKOG

KG evépyelag kat Oyt To gvpog Tovs. Etot, n draPabpt- . ’ ’ ’ ’ Svov
opévn UGN TOV CNUATOV LGOS0V pETAPPALETAL OE EVaV aptﬁu 0(._', woy SUVGHI;K(DV EVEDY(?H!Q ava [.IOWIS{I xP ;
k®dika Suvapikdv gvépyelag otn {dvn ekkivnone. H KQBOPIQEI ENOKPLPOC TNV TOCOTNTA VSUPOSIaBlﬂaGm

d1dpicera Tov CNPATOG €160d0vL kaBopilel Tov apBusd TV tov Oa amelevd apmﬁ el and 1o Kf)‘l.'T(IpO.
OLVAULK®OV EVEPYELAC.
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KUplot Tumtol NeupoyAotakwv Kuttapwv

A OMyodevdpokuttapo R — I AGTPOKUTIGPO
1
vOPOKUTTApPO MNepwveupwvikd
?n):y)&%em?guomc OALYOSEVSPOKUTTAPO
KoupBot Ranvier Tpixoeid¢q ayyelo

Modioxog
OAyodevSpo- Neupagovag U NeupaEovag |
KUETapo Neuvpwvag /
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