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Auvauika Evepyeiag (Action Potentials)




Aieyépoipol loToi

* OI VEUPWVEG KaI O1 NUEG gival DIEYEPTIMOI
(excitable) 1oToi

* AM\GCel TO duVaNIKG PeEUBPavNg Toug Kal

ﬂapqvov'[q| r])\EKTleG O'r] MaTO Upward deflection = Decrease in potential
Downward deflection = Increase in potential
* NeUupwveG =2 TTANPOPOPIES +20
« MUgc > ouoTraon (contraction) s ¥4
é —10 F
 AAA\ayEG 0TO OUVAMIKO MEMBPAVNG g 20t
 MoAwon (Polarization) g ol
« Otav umrapxel dlagopd duvapikou (+ 1 -) dia o -50 P e
uECOU TNG PENBPAVNG 5 % '_/M.'“’\piwﬂesﬁng —
« EkmoAwon (Depolarization) S 80 | Depolarization
* Megiwon Tou TTAGTOUG TOU duvauikou (T1.X. -70 mV 0L

- -50 mV)
« EtmravamroAwon (Repolarization)
« EmoTpo@ny 010 duVAUIKO NPEMIag
* YtrepmmoAwon (Hyperpolarization)

* Au¢non Tou TTAATOUG TOU dUVAMIKOU (TT.X. -70 mV
- -90 mV)

Time (msec)
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Aieyépoipol loToi

* O1 aAAayég evepyoTTOIOUVTAl ATTO
* AANayEG OTO TOTTIKO NAEKTPIKO TTEDIO

* AANnAetTidpaon xnuikou ayyeAiopdpou (chemical messenger) pe

uttodoxéa oTnv emmpavela (surface receptor)
« Epé€Biopa (stimulus), 1.X. AX0G, QWG, KATT.

« Aurtoyevr) (Spontaneous) aAAayr} Adyw gyyevwy (inherent)
dlappowv 16vTwV (ion leaks)

* O1 aAAayég TTpoKaAoUvTal ATTO HETAKIVIOEIS IOVTWYV
« Aiaulol diappori¢ (Leak channels)
* AVOIKTOi OUVEXWG
« EAegyxopuevol Aiaulol (Gated channels)

« MTtropouv av avoi¢ouv 1 va KAgioouv pue aAAayry otn diaudpewon
(conformation change)

« Eidn
+  TaoeoeAeyxouevol (Voltage gated)
*  Xnuik& EAeyxopevol (Chemically gated)
*  Mnxavik& EAeyxouevol (Mechanically gated)
*  O¢gppika EAcyxouevol (Thermally gated)

* MeTaKIVAOEIG IOVTWYV > HAEKTPIKA ZApaTa
« Babuidwrta Auvapikd (Graded Potentials)
« Auvauika Evepyeiag (Action Potentials)
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Upward deflection = Decrease in potential
Downward deflection = Increase in potential

- Repolarization

- l Hyperpolarization
—/Hﬁ Resting potential
- Depolarization

Time (msec)



BaOuidwTtd Auvapika (Graded Potentials)

* TOKEG aAAaYEG OTO OUVAMIKO TNG MEMBPAVNG
» [leplopiopéva o€ Pia PIKPN TTEPIOXN, TNV Evepyo
[Nepioxn (Active Area) N o e
« To uttéAoITTo KUTTOPO TTAPANEVEI OE DUVANIKO change
npepiac (Inactive Area) o /\
* [lpokaAouvTal YETA ATTO OUYKEKPIPMEVEC EVEPYEIEC potential) _AA_ S AN
(T1.X. OTNn ouvayn)
« EAgyxouevol diaulol (cuvhBwce Na+) avoiyouv

Resting
potential

Time

Brooks/Cole - Thomson Learning

* To TTAGTOG KaI N dIAPKEIA Eival avaAoya Tou |_| H

gpedioparog (stimulus) TTou Ta TTPOKAAECE P | I

* 2NPavTiKA d1aPopPa atrd Ta DUVAIKKA EVEPYEING Stimuli applied




BaOuidwTtd Auvapika (Graded Potentials)

» AladidovTal (propagate) o€ TTaApPATTANCIES . et craces
TEPIOXES R N
. . membrane potential
* Merakivnon 16vtwyv (Movement of ions) = §S§:§8.222ﬂ< B (
p 8 l’J ” a (C u rre nt) | Entire membrane at resting potential |

* To pevpa Kiveital Kupiwg peoa ammo Ta ECF kai Hiogeing mranapm il
ICF (xaunAn avtiotaon) kal axedov KaBoAou

am6 MV pepBpavn (Wi avrioTaon) <r e (

are responsible for

» EkKmToAwvel TTApATTANCIEC TTEPIOXES
¢ TO Bae “ I6wTé 6 UVG “ I Ké IJ aTaé |’6£Ta| Inactive area Active area depolarized Inactive area

at resting potential  (a graded potential) at resting potential

Local current flow occurs between the
active and adjacent inactive areas

Inactive  Previously Original Previously Inactive
area inactive area active area inactive area area
being depolarized being depolarized

<=l Spread of depolarization )



BaOuidwTtd Auvapika (Graded Potentials)

Portion of Initial site of
excitable cell potential change

 Ta BaOUIOWTA dUVAMUIKG POivouv O MIKPN

E== - ==
« Xavertal QopTio (

—70 —65 —60 —55 —60 —65 —70

* To TTAATOC peIwvETAI OO0 ATTOUAKPUVOVTAI OTTO

- Thomson Leaming|

TNV apXIKN TTEPIOXT) < -g
o EE,G([)GVIICOVTGI TE)\EI(DQ “éo'q o€ “gp”(('] mm Tow fram il site flow from mital site

* Numbers refer to the local potential in mV
at various points along the membrane.

 Ta BaBuIdWTA SUVAMIKA €ival OCNUAVTIKA

* MeraouvatTika Auvapika (Postsynaptic — Sem—
potentials) S active
« Auvapikd Ymrodoxéwv (Receptor potentials) el o
, ’ , . V relativ
» Auvapikd Tehikrg MAdkag (End-plate potentials) s
. pO ential - .
* Bnpatodortikd Auvauika (Pacemaker potentials) orsioceal 10 40
» Auvapikd XapnAou Kuparog (Slow-wave sond 0 ]
potentials) , . :

-«—Few mm— -—Few mm-—
~——— Distance ——»



Auvauika Evepyeiag (Action Potentials)

. Msya)\ag (~100 mV) aAAayég oTo dUVAMIKO MEMBPAVNG

N€yovTal kal aixuEG (spikes)
To évauopua ptropei va ival BaBuidwTd duvauika

AvTiOeTa pE T BABUIdWTA dUVAMIKA, Ta QUVAUIKA EVEPYEIAC
dladidovTal

MeTadidouv TTANpoOPopiES

* AAAayég kKatd Tnv didpkela evog AE

2TadIAKA EKTTOAWGN PEXPI TO KATW@AI duvauikou (threshold
potential) (-50 to -55 mV)

* Av dev @Tdoel 01O KATW@AI dev Ba dnuioupynBei AE
Tayeia ekToAwon (+30 mV)

* To PéEpOG TTavw atrd Ta 0 mV ovopadletal UTTEPUYPWON
(overshoot)

Tayxeia eTTavattoAwaon TTou KataAnyel o utteptroAwon (-80
mV)

Etrava@opd a1o duvapiko npepiag (-70 mV)

* H di1dpkela gival oTadepn yia KABE TUTTO KUTTAPOU

[1.x. Neupwveg =2 1 msec

Membrane potential (mV)

N
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T T T T T T T T T T

oseyd Butlied

Na* equilibrium
potential

Threshold potential

Resting potential

K* equilibrium
potential

Time (msec)



Auvauika Evepyeiag (Action Potentials)

Voltage-gated Na* channels

 Ta AE mrpoépyovTtal atrd aAAayEG oTnV
mTepatoTnTa (permeability) dia@dépwyv 16VTWY

 TaogoeAeyxouevol (Voltage-gated) diauAol
(channels)
» [MpwrteEivec TTou aAAGlouv diaudppwon availoya
ME TO QUVAUIKO
 EmTpétTouv o€ 16VTa va TTEPACOUV JECA ATTO TN
HeBpavn
* TaoegoeAeyyxouevol diaulol Na*

« [1UAecg (gates) evepyotroinong (aGpeon) Kai
atrevepyoTroinong (kabuoTepnuévn)

» TaoegoeAheyyxouevol diaulol K*
* [TUAN evepyoTtroinong (kaBuoTepnuévn)

ICF
Closed but capable of opening

Voltage-gated K* channels

ECF

Closed



Auvauika Evepyeiag (Action Potentials)

Time

0 msec

1 msec

1.5 msec

2 msec

3 msec

Event

Kardotaon Hpepiag (Resting state)
OAol o1 diauAol gival kAgioToi - POAvel TO BaBPIdWTO
QUVAMIKO - ApxiCel N EKTTOAWON

To OUVANIKO QTAVEI OTO KATWOAI

Avoiyouv ol TTUAEG evepyoTToinong Twv diauAwv Na*
O1 TTUAeG evepyoTToinong Twv diauAwv K* apyifouv va
avoiyouv aAAd TTOAU apyd

MEyioTo duvauiko

KAgivouv ol TTUAEG aTtTevepyoTToinong Twv diauAwyv Na*
O1 TTUAeG evepyoTToinoNng Twv dlaUAwy K* €xouv Twpa
QVOIEl

KaraoTtaon utrepmroAwaong
O1 TTUAeC evepyoTToinong Twv dlaUAwv K* KAgivouv

Kardotaon Hpepiag (Resting state)

H avtAia Na*-K* etravagépel To Ouvapiko

O1 diauAol Na* gival Twpa KAEIoTOi aAAG €TOIUOI va
¢avavoigouv

Potential

-70mV

-50 mV

30 mV

-80 mV

-70 mV

Membrane potential (mV)

+30
+20
+10

-10
-20
-30
-40
-50

-70
-80 |

Membrane potential (mV)

+60
+50
+40 -
+30
+20
+10

=10
—20
=30
—40
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—60
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-80
=90
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Threshold potential

Resting potential

Time (msec)
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Auvauika Evepyeiag (Action Potentials)

 AOURA TWV VEUPWVWV

« Mepioxn Eic6dou \4 7®aﬂ
» Aevdpiteg (Dendrites) (MExp! kal 400 000) kar Zwua (Cell Body) ;‘H S bosty

* AlaBETouv UTTOdOXEIC XNMIKWY onuatwy (chemical signals)
* [lepioxn) OAokARpwong

*  AgvOpiTEG KAl ZWHA
» [leproxni Aywync (Conduction zone)

@ Trigger Zone
Axon hillock

« Atovag (Axon), ovopadleTal Kal “veupwvikn iva” (nerve fiber) @ contuemazone
*  Ek@uTikOg Kwvog (Axon hillock) péxpr AtroAugn (Axon terminal) <1 | tomore than 1 mong
mm to >1m @) 1nput Zone: ﬁiﬁ&?ﬁiﬁ?ﬁ?& signals from other ‘
o n£p|oxr'] Egééou (Output Zone) @) Trigger Zone:  Part where action potentils are initiated
« AméAuén (Axon terminal) €z o s, oo vt o
. EiooBoc @ ssiie (o oot ( k B
« 20vayn (Synapse) N v e
« BaBuidwrta Auvapika (Graded Potentials) Sensory \ -\7
« AnuioupyouvTal 0TOUG OEVOPITEG AV ATTOTEAEOUA XNMIKWV neuron Sgnais ar comveyed. )

OnNUATWYV
« Mrtropouv va gvepyoTtroirjoouv AE
» TepuaTikad aicONTAPIWY VEUPWVWY (Sensory nerve endings)

- —————— == N

/<pike-initiation

zone: sensory nerve ending

10



Auvauika Evepyeiag (Action Potentials)

« Ailadoon AE (AP Propagation)
* Ta AE ¢ekivouv atré Tov Ek@uTIKO Kwvo (Axon hillock)

* AlaBETEI TTEPIOOOTEPOUC TAOEOEAEYXOUEVOUC dlaUAOUG =
XOUNAOTEPO KATWPAI dUVAMIKOU

* Ortav 10 AE evepyotroinBei 1o1e diaTpExel OAO TOV Agova
« 2uvexnc aywyn (Contiguous conduction)
* AAuatwdng aywyn (Saltatory conduction)

Dendrites

Cell body

« 2uvexng aywyn (Contiguous conduction)
* Pon 16vtwyv 2 ekTTOAWOoN TTAPATTANCIWY TTEPIOXWYV OTO
KOTW@AI duvauIKou
» KaBwg 10 AE &ekiva aTn TTapaTTAncia TTEPIOXH, TO APXIKO B
AE teAOIOVEL

 To idlo AE dev petadidetal atrAd dnuioupyouvTal
Kalvoupyla o€ d1adoXIKEC BEoeIC (OTTWC Eva “kKUNA” OTO
yN1TEd0)

11



Auvauika Evepyeiag (Action Potentials)

« AApatwdng aywyn (Saltatory conduction)

« Kartroiol veupwveg gival KaAupuévol hue pueAivn (myelin)

* [loAucToIBadikr) hePBPAVN HUEAiVNG, HUEAWVODEC EAuTpOo (myelin sheath)
o Aev UTTAPXEI METAKIVNON 1IOVTWYV PNECA OTTO QUTH TN MEUBPAvVN
* A6 OAiyodevTpikd (Oligodendrocytes) (KNZ) kar Schwann kuttapa
(MNZ)

» [epiogiceic (Nodes) Ranvier
* [leplox€g PETACU TNG HEMPBPAVNG MUENIVNG
* MeTtakivnon 16viwv - Anpioupyia AE

* Pelpara péoa atrd tov dgova dnuioupyou AE oTnv €TOUEVN

TTEPICPIEN - _
« Ta AE “rndouv” ammd mepio@iEn o€ TepioPIEn 1t 1
* [1Anpo@opicg petadidovral 50x ypnyopotepa ":_ .
*  AlyOTEPN EVEPYEIQ OTIC AVTAIEG TTOU CUVTNPOUV TIG CUYKEVTPWOEIG IOVTWYV 4:
»  Karaotpo®r) TNG MUEAivng TTPOKAAEi coBapd TTpoBARuaTa — , -

* [l.x. MoAAatTAn ZkAQpivon(multiple sclerosis)




Auvauika Evepyeiag (Action Potentials)

© Brooks/Cole - Thomson Learning

* MNMepiodog AvepeBioTéTnTag (Refractory Period) Prevous aciive New sctve srea T AT |
. i area returned toat peak of action is spreading; will soon reach
« Ta AE dev diadidovtal TTpo¢ Ta TTioW restngporentisbolen et .
r Vo
* Tomkd peupara dev eTavadnuioupyouv AE o€ yia TepIoxr) OTTou JOAIG o ( N )
. , A
TEAEIWOE Eva AE +++++t—————— bl e e e
; . . P .oz TV U @0 T+ +++F———————————
« T[lp€trel va TEPAOEl KATTOIOC XPOVOS TTPOTOU £va deuTepo AE va BT U
WTTOPEl va ¢ekivijoel = Nepiodog AvepeBioTotntacg (Refractory 1
PerIOd) | Backward . “Forward” current flow excites new inactivelarea
, e . . “Backward” curren
* [lepiodog ATTOAUTNG AvepeBioToTnTag (Absolute refractory period) flow does not re-excite .
reviously active area Irection o ropagation o
« Kartd tnv didpkeia evog AE because this area s el
in its refractory period
» Agv ytTropouv va ¢ekiviijoouv kaBoAou AE Absolute ~ Relative
. . refr;actory refr_actory
» [lepiodoc 2xeTikNC AvepeBioTotTnTacg (Relative refractory period) period  period
« O1 mrepioodTepol diaulol Na+ ival aTTeEVEPYOTTOINUEVOI _
« O1mepioooTepOl diauAol K+ dev £xouv akoua KAEioel 2 wao action potential g 5
«  MeTd atré éva AE > AcUtepo AE uTropei va evepyoTroindei e S 1™ 222
UTTEPUETPO HEYGAQ GRHOTO g or Na+ permeabilit 3
« H mepiodog avepeBioTdTNTAG TTEPIOPICEI TN MEYIOTN ouxvoTnTa AE g 1500 Eg;
9"'25 KHZ 2 K+ permeability % “EUSE’
~70 28
75
1 1 1 1 1 1 1 1 1

1 2 3 4 5 6 7 8
Time (msec)

© Brooks/Cole - Thomson Leaming
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Auvauika Evepyeiag (Action Potentials)

« XapaKTNPIOTIKG TwV AE
* [lwg peTaBAAAeTal TO TTAATOC TOUG;
» [lavToTte 10 id10! = OAa-A-TiTTOTA
« Agv PelwveETAl KATA TNV dIAPKEIa TS d1adooNnGg
* [lwg cexwpilouv Ta duvatoTEPa epeBiouaTa;
» [eploodtepa AE - 1Zuxvotnta

[MeploodTepol veupwveg oTéEAvouv AE tautdxpova

« TikaBopilel TNV TaxuTnTa Twv AE;

MueAivwan (Myelination)

AiGuetpog veupwva (1 d1dueTpog = | AvtioTaon oTa TOTTIKA
peupara -2 1 Taxutnra)

MeydaAol puehivwdeig agoveg (Large myelinated fibers) :
120 m/sec (432 km/hr) = eTTeiyouceg TTANPOPOPIES

Mikpoi pun-pueAivindeic acoves (Small unmyelinated fiber) :
0.7 m/sec (2.5 km/hr) = apyég dladikaagieg

Xwpic puehivn o aEovac Ba émpeTte va €xel V50 popéc
MeEyaAUuTepn OIAUETPO!

—-65 mV

Time

If injected current does
not depolarize the
membrane to threshold,
no action potentials will
be generated.

If injected current
depolarizes the mem-
brane beyond threshold,
action potentials will be
generated.

The action potential
firing rate increases
as the depolarizing
current increases.

Meuroscience: Exploring the Brain, 2rd Ed, Bear, Connors, and Paradizo Copyright @ 2007 Lippincott Williams & wiilkins
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Avayévvnon Neupwvwyv

* O1 veupwveg Tou NMNZ ptTopouv va avayevvnoouv
(regenerate)
* To TrePIPePIKO PEPOG DIAAUETAI
 Ta kutTaApa Schwann
e padeuouv TA UTTOAEIiYPaTa

* OnuIOUPYOUV £va CwAAvVA PE OPPOVEC TTOU TTPOWBOUV TNV
avay&vvnon Tou Veupwva

* O veupwvag JEYaAwVEl HECO OTO CWARva

* O1 veupwveg Tou KNZ AEN avayevviovTai

* Ta OAlyodevTpITIKA KUTTAPO EKKPIVOUV OPHOVEC TTOU
geutTodifouv TNV avayEvvnan TwV VEUPWVWY

« Avaykaio yia dilatipnon TnNG oTabepoTNTAC EVOC TOOO
TTOAUTTAOKOU OUOTHMATOG (1ID1aiTEPA KATA TNV DIAPKEID
Tg¢ €M BpUGKI‘]g GVdTl’TUér]g OAAG Kal Gpv(’)TﬁpG) Zebra fish axon induced to regenerate

http://www.nbb.cornell.edu/neurobio/Fetcho/regeneration.htm

* ‘Epeuva o€ BEpata avayévvnong TwWV VEUPWVWYV TOU
KN

15



Avayévvnon Neupwvwyv

CHRISTOPHER & DANA Ask us Resources in Fundraise with = Get the Reeve
REEVE FOUNDATION anything your area Team Reeve newsletter Q
Living with Get Get
Paralysis Support Involved Research Events

Spinal cord research

Page contents

Related pages

* Qur clinical trials network

Spinal cord research = Our approach to research

* Qurimpact

There are no definitive treatments yet for spinal cord injury. However, ongoing research to test new
* Research Consortium on

scl

therapies is progressing rapidly. Drugs to limit injury progression, decompression surgery, nerve cell

transplantation and nerve regeneration, as well as nerve rejuvenation therapies, are being examined )
* History of SCI research

as potential ways to minimize the effects of spinal cord injury.
» Stem cell research

The biology of the injured spinal cord is enormously complex but clinical trials are underway with e Qur rehabilitation network

more coming; hope for restoring function after paralysis continues to rise, and for good reason.

Still, paralysis from disease, stroke or trauma is considered one of the toughest of medical problems. Get support

In fact, just over a generation ago, any damage to the brain and spinal cord that severely limited Ask us anything

motor and/or sensory function was thought to be untreatable.

Get a peer mentor

Reeve Summit 2021: Where Care, Cure and Community Connect | Virtual Conference | April 27-29, 2021
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Avayévvnon Neupwvwyv

nature \
CONMMUNICATIONS

ARTICLE Published: 15 January 2021

OPEN

Transneuronal delivery of hyper-interleukin-6
enables functional recovery after severe spinal
cord injury in mice

Marco Leibinger', Charlotte Zeitler', Philipp Gobrecht!, Anastasia Andreadaki', Ginter Gisselmann' &
Dietmar Fischer® '™

Spinal cord injury (SCI) often causes severe and permanent disabilities due to the regen-
erative failure of severed axons. Here we report significant locomotor recovery of both
hindlimbs after a complete spinal cord crush. This is achieved by the unilateral transduction
of cortical motoneurons with an AAV expressing hyper-IL-6 (hIL-6), a potent designer
cytokine stimulating JAK/STAT3 signaling and axon regeneration. We find collaterals of
these AAV-transduced motoneurons projecting to serotonergic neurons in both sides of the
raphe nuclei. Hence, the transduction of cortical neurons facilitates the axonal transport and
release of hlL-6 at innervated neurons in the brain stem. Therefore, this transneuronal
delivery of hIL-6 promotes the regeneration of corticospinal and raphespinal fibers after
injury, with the latter being essential for hiL-6-induced functional recovery. Thus, trans-
neuronal delivery enables regenerative stimulation of neurons in the deep brain stem that are
otherwise challenging to access, yet highly relevant for functional recovery after SCI.



ETrépevn AlaAedn ...

AIGAeENn 5
MovTtéAo Hodgkin-Huxley (Hodgkin-Huxley Model)

2Nueiwan: YAIKO atro
Purves, NEUROSCIENCE 3 Ed (Ch. 2&3)

oTnVv 1I0TO0€EAIdQ
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