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. 32. Neurons, Glia, and Nervous Systems

32.1 Neurons and Glia Are Unique Cells of Nervous Systems
32.2 Neurons Generate and Transmit Electric Signals
32.3 Neurons Communicate with Other Cells

32.4 Neurons and Glia Form Information- Processing Circuits

copyright @ 2023 EKAOXEIX NANAZHZH 2



32.1 Neurons and Glia Are Unique Cells of Nervous Systems

Nervous systems have two types of cells:

e Neurons, or nerve cells, generate and conduct electric signals.

e Glia (2 types):

Macroglia modulate neuron activity and provide support.

Microglia are small phagocytic cells derived from blood stem cells.

Microglia are activated by foreign matter or damage to nerve tissue, and are the first and

major immune defense mechanism in the nervous system.
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32.1 Neurons and Glia Are Unique Cells of Nervous Systems

Vertebrates have a central nervous system (CNS), including the brain and spinal cord—
the sites of information processing and storage.

Peripheral nervous system (PNS) provides communication between the central division
and all of the rest of the bodly.

Neuron structure

e Cell body—contains the nucleus and organelles.

e Dendrites—bring information to the cell body.

e Axon—carries information away from the cell body.

e Axon terminals—at the tip of the axon.
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Ewkova 32.1Evag AVILTPoowneuTikog Neupwvag

Mpoouvantiké KuTTapo MetaouvanTiké KUTTapo
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O 6£v6pirec-" "Toxuttapiké || OimAnpogopiec mou cuMAé- || O agovac ayei Ta 1 o1 afOVlKéc ano--“'

Aaupavouv cwua nepdap- | yovral and toug Sevdpiteg, Suvapika evépyeiag Mi€gi ouvarnro-
nAnpo@opieq | Pavel Tovmuph-| EVOWHATWVOVTAL Mo TOV HaKPIA and To KuT- VTal pE éva KUT-
and GAAOUG || va Kal TATIEPIO- || EKPUTIKO KWVO, O OTI0IOG - TapIKo owpa. || Tapo otoyo.
VEUPWVEC. coTEPQ napdyet Suvapika evépysiag. | R
Se— opyavidia. | et

Ewova 32.1 'Evog Avtimpooconevtikoc Nevpdvog To dudypappo  ovomaplioTd To TUTIKG YOPUKTNPLOTIKA TOV
TEPLGGOTEP®V VELPOVOV. H HOope1| avTdV TV YOpaKITNPIGTIK®OV, GUUTEPIAAUPBOVOUEVOV TOV UNKOVS TOL Gfova,
TLUKVOTNTOG KO TPOTVTTMV OUKAAIMO™NG TV dEVOPLTAV, TOIKIAAOLY GNUOAVTIKA GE SLIAPOPOVS TOTTOVG VEVPDOV®V.
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Ewkova 32.2 Ou Nevpwveg Exouv MoAAEg ko Mowkideg MopdEg

| Ot mukvoi devdpiteg GUANEYOUV
nmAnpogopieg amé moAha alha kuttapa |

» Neuron form reflects function NN AR BLEAR el ;f e
J 1
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. . . ' iélax)\aéi(’.ovral os -4
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N7 ' SR,
» Some neurons communicate over very short AevépirecT
distances; others communicate over extremely &\ .{Kutmpn«’) S
\ A ‘ o(‘bpa \;-| (45 .
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Mapeykepahida X\ , " ; ,(
(kUtTapo Purkinje) 2\ / L o \/
‘ 617vsupd;vec pe}\lyo- ) 7Mrslecr)i§/£u§d)vsc o
TEPOUC SEVOPITEC KOIVWVOUV O HEYAAEC
ene€epyalovral Aryo- QMOCTACEIG HECW .
S 5 A i , - GA 5 -
Ewova 32.2 Ov Nevpoveg ‘Exovv Tloiréc ko Iowkideg Mop@éc e —— i aﬁoywv s
Ot LOPPOLOYIKEG SLOPOPES TOV VELPOV®V, TPOEPYOUEVOV 0o e Sawes LT R _—
S1GQopo.  PEPT TOL  VELPIKOD GLGTAUATOC TOV  ONAACTIKOV, Aevépitne e ———————————
csxan@czvrou us’ TIG EOKEC %»swovpym?g npf)oapuoysg ’roug. 210 Kuttaps 6@pa ] peove — =
TopomTave  oyfua  omekoviloviar 600 TOUTOL VELPOV®OV  TOV _ — )
qnavrcowat G‘EO,V a\fepwnwo syKafpako (éva Kmr,apo Purlflnje Kol | Bl At
€vo, TUPUIOTKO KVTTOPO) KOl £vag ooONnTIKOE VELPOVAS TOL o (Mupapdixé KUTTapo)
apEPANGTPOEB0VE YITMOVE TOV AVOPOTIVOL LOTIOV.
Ap@iBAnoTpoeldrig
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32.1 Neurons and Glia Are Unique Cells of Nervous Systems

All neurons process and communicate information through changes in electric potential across
their membranes.

Small changes in membrane electric potential generate large, rapidly reversed changes in
membrane potential called action potentials (APs).

Axon terminals come extremely close to the membrane of the target cell, forming a synapse.
When the AP reaches the axon terminals, the synapse transfers the information from the
presynaptic cell to the postsynaptic cell.

Electrical synapses allow the action potential to pass directly between two neurons.

In vertebrates, most synapses are chemical:

e An AP arriving at the terminal causes it to release neurotransmitter chemicals which diffuse to

receptors on the postsynaptic cell.

» Binding of the neurotransmitter to the postsynaptic cell may excite or inhibit it.

» Neurons integrate information by summing excitatory and inhibitory inputs.

copyright @ 2023 EKAOXEIX NANAZHZH



Y VvV

YV V VYV V

>

32.1 Neurons and Glia Are Unique Cells of Nervous Systems

Glial cells outnumber neurons in the human brain.

In brain and spinal cord, glia called oligodendrocytes wrap around neuron axons, forming concentric layers of
insulating cell membrane.

Glia called Schwann cells wrap the axons of other nerves.

Oligodendrocytes and Schwann cells produce myelin that covers axons.

Some diseases affect myelin and impair conduction of action potentials.

Multiple sclerosis is an autoimmune disease; antibodies to proteins in myelin in the brain and spinal cord are
produced.

Glia called astrocytes contribute to the blood—brain barrier, which protects the brain from toxic substances in the
blood.

Astrocytes have several other functions:

» Take up neurotransmitter from the synapse and thus control communication between pre- and postsynaptic cells.

e Store glycogen that can supply neuron with fuel.

e Release neurotransmitters that can alte the activities of neurons.

e Aid in repair and regeneration of neurons.

e Make contact with both blood vessels and neurons and can signal changes in the composition of the blood.

Projections of one astrocyte may make contact with more than 100,000 synapses. Tripartite synapse: The idea that a

synapse includes the pre- and postsynaptic neurons as well as connections from astrocytes.



Ewkova 32.3 Ta Mowaka Kottapa Movwvouv touc AEoveg

Ewova 32.3 Ta I'howokd Kottapa Movovouv
Tovg Afoveg

(A) To xotrapo Schwann wapdyovv oTiPadeg
noeAivng, n  omoia amotelel éva  TOMO
KUTTOPIKNG HEUPPEVNG OV TOPEXEL NAEKTPIKN
uoévoon otov Gfova. Xt OCTHUHOTA HETOAED
TV KuTtdpwv Schwann, etovg kouPfovc Tov
Ranvier, o a&ovoac eivon ekteBeyévoc. Ta
SUVOUIKA €VEPYEDG GyovTol KOTO HNKOG TOL
dEova «mmdmvtacy amd koppo oe Koupo, Onwg
neprypdoetar ot Baown  ‘Evvowa 32.2. (B)
‘Evoc  eppbderoc dEovoc, Omwg @oivetalr o€
EYKAPO10, TOUT GTO NAEKTPOVIKO HKPOGKOTLO.

(A) KOttrapa Schwann

KUttapa Schwann
napayouv HUeAivn

NMoA\amhéc
ot adec puehivnc
HOVWVOouV Tov
_afova.

(B) Eykapoia topr evog
gppLelov adova

Mitoxévdpia




32.2 Neurons Generate and Transmit Electric Signals

» Sodium-potassium pumps in all animal cells create gradients of Na+ and K+ across the cell membrane.

» The inside of the cell is usually negative relative to the outside because “leak channels” allow some ions
(K+) to diffuse out.

» Membrane potential: Electrical charge difference across a cell membrane.

> Resting potential is the steady state membrane potential of a neuron—

e Due to a balance between the tendency of K+ ions to diffuse down their concentration gradient and the

electrical potential that holds them back.

Voltage (electric potential difference): Force that causes charged particles to move between two points.

In solutions and across cell membranes, electric current is carried by ions.

Major ions in neurons: sodium (Na+), potassium (K+), calcium (Ca2+), chloride (CI-).

Membrane potentials are measured with electrodes.

The resting potential of an axon is =60 to —70 millivolts (mV).

VvV V V V V VY

The inside of the cell is negative at rest. A stimulus that changes the permeability of the membrane

allows ions to move quickly across.
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Ewkova 32.4 Kataypadn tou MepupBpavikol Auvopikou

Eva nAextpodio xcrraoxeuaouévo‘ ...Ka1 ouvdéetatl
anod pia yudhivn mnéra (e ? HE VO EVIOUT
aipnper Kar avoiytr akpn) g
yepiler pe Sidhupa mou ayel _

| NAEKTPIKO PopTio... EviayutAc

Y |-

+ Avo nhextpodia, éva | BB H Slagopa " (5 ] kAR COER
Ity / OTO ECWTEPIKO TOU Taong ‘ V‘<€‘T°' oW
' VEUPWVA Kal TO GAAO | EVIOXUETAL.... 1 08ovn v /|
H V1 07O £§WTEPIKO TNG N < | unohoyioty | ‘.‘-
EoWTepIKa ToU VEup@va B Il
HepPpavng, aviyvetouv To Suvapixké npepiag evog pn
™ Siapopa Taonc.

Sieyeppévou veupwva givat n
otaBepn Suapopd Twv -60mV
avapeoa oTo eEWTEPIKO Kal TO
EOWTEPIKO TOU.

Ewova 32.4 Kotaypoen tov Mepfpovikod Avvopitkod Eva nAektpodio KataokevAleTol amd Lo, YOOAIVY TITETO LE
TOAD  ayunpn akpmn, N omoia mePLEYEL Eva OldAvpa oV dyel nAektpikd @optia. H dtapopd g tdong Katd UnKog e
KUTTOPIKNG HepPpdvng umopel va kotaypaeel v torobetnBodv 600 NAEKTPOSIN, £VOL GTO EGMTEPIKO TOV VELPAOVO, KOl TO
GAAO 6TO0 EEMTEPIKO TNG KLTTUPIKNG TOL HEUPPEVTG.
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32.2 Neurons Generate and Transmit Electric Signals

An action potential is a sudden, rapid reversal in the voltage across a portion of the cell membrane.
For 1 or 2 milliseconds, positively charged ions flow into the cell, making the inside of the cell more
positive than the outside.

lon transporters and channels generate membrane potentials.

The sodium—potassium pump moves Na+ to the outside and K+ to the inside; requires energy;
establishes concentration gradients.

lon channels in the membrane allow ions to pass through, but are selective—there are different
channels for each type of ion.

lons can move in either direction; net movement depends on concentration gradient and voltage
difference. These two motive forces are called an electrochemical gradient.

Potassium channels are open in the resting membrane and K+ ions diffuse out of the cell.

This leaves behind unbalanced negative charges inside the cell.

K+ ions diffuse back into the cell because of the negative electrical potential.
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32.2 Neurons Generate and Transmit Electric Signals

» Some ion channels are “gated.”

e Voltage-gated channels respond to change in voltage across membrane.

e Chemically-gated channels depend on specific molecules that bind or alter the channel

protein.

e Mechanically-gated channels respond to force applied to membrane.

» Opening and closing of gated channels alter membrane potential.

» If Na channels open suddenly, Na+ diffuses in and the inside of the cell becomes less
negative.

» When the inside of a neuron becomes less negative (or more positive) in comparison to
its resting condition, its cell membrane is depolarized.

> If gated K+ channels open and K+ efflux increases over the normal leak rate, the
membrane potential becomes even more negative, and the cell membrane is

hyperpolarized.
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Ewkdva 32.7 O MepBpavec Mnopouv va EkmoAwBouv | va YriepmoAwOouv

Avvapiko npepiag

EkmoAwon

Avoiyouv ol Taceo-eheyxopevol diavlot Na*

YnepnoAwon

Avoiyouv ot xnueto-eheyxduevot Siavhot K*

&grem 4 K\l‘l‘tdpocl)) Na ) ®) ) o @) O o @ (- ) O
<) @ ° ®
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Q
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/ Q
Eowtepixé Tou Kurrapoca K* o ® O O O Q@ O

i Avoiyouv o1 diaulot Staguyric K*

S f i
=
= " .‘ Avoiyouv ot Taceo-eheyxopevol Siavhot Na* ¥ Avoiyouv ol xnpeto-gheyxopevol Siavhot K :
=%
A
‘§_ EknoAwon
S 30 :
E Auvvapiké npepiac /
Vs & /1
£ / /| Ynepnohwon
o) { " 4
£ -90 /|
g & . _ Xpévog A ~
é O1 Siauhot Sraguyric K* 'H auénuévn Sianepatétnta oto H auénpévn Sianeparétnra oto K*

Snuioupyolv To Suvapiko
_npeyiac.

TIPOKOAEL UTTEPMOAWOT TNG
_ HepPpavng.

Na* npokahei ekméAwon ¢
HepBpavnc.

Ewova 32.7 Ov Mepfpaves Mmopovy vo. EkTorm0o0v 1] va YrepmormBoOv To duvopikd npepiog mapdyetor kopimg amd  StodAoLS
dpuyng K*, pe puepn ovpfoin tov dtaviov daguyns Nat (dev amekoviCovior €d00). H petaotpoen and 1o duvoukd mpepiog oe €va,
My6TEPO OPVMTIKO SvVOIKS TG HeUPpdvne, 1 omoia mpokaAeiton amd v awénuévn dwamepatdtnta oto Nat, koAeiton ekmdéimon. H
VIEPTOAMOT TG HeUPpavne cvpPaivel 0tav To duVOKO TG HEUPPBavNG yiveton o apvnTikO, KOOGS ovEAvETOL 1 SOMEPATOTNTU TG
pepPpavng oto K*. copyright @ 2023 EKAOZEIS MAMAZHSH 14
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32.2 Neurons Generate and Transmit Electric Signals

Graded membrane potentials are changes from resting potential proportional to the stimulus
magnitude.

Graded potentials are a means of integrating input—the membrane can respond proportionally to
depolarization or hyperpolarization.

The changes in membrane potential are summed.

Action potentials are sudden, transient, large changes in membrane potential, generated by the action
of voltage-gated Na+ and K+ channels.

At resting potential, the channels are closed. Slight depolarization causes them to open. That graded
potential can spread by local current flow to the axon hillock.

Voltage-gated Na+ channels are concentrated in the hillock.

Na channels open and Na+ rushes into the axon. The influx of positive ions causes more
depolarization—a positive feedback effect.

When the membrane is depolarized about 5 to 10 mV above resting potential, a threshold is reached:

e A large number of sodium channels open and an action potential is generated.

>

The axon returns to resting potential as voltage-gated Na+ channels close and voltage-gated K+ channels

open. 15



Ewkdva 32.8 H NMopeia nmouv AkoAouBst Eva Auvapiko Evépyelag

EvioxuTic =
—

E&wtepikd Tou ¢

ek Xpovoc—

N o N

Eowtepika tou afova " To AE avanapiotatal we
O CRNLIGTION TRy GANCVECY D
T Suvapiké e pepPpavng og

E€wtepika Tou aova OX£0N HE TOV XpOVvo.

L/
y

Ewkova 32.8 H Iopeio mov AkorovOei éva Avvapiko Evépyerog

To dSuvapika evépyelog TpokalovvTol amd Tayeiec HeTaPoAEG 6TOVG TaTEO-EAEYYOIEVOVG dtovAovg Nat ko K.
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Ewkova 32.8 H NMopeia mou AkoAouBei éva Auva ko Evépyelag (Zuvexela)
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32.2 Neurons Generate and Transmit Electric Signals

» Voltage-gated Na+ channels cannot open during the refractory period.

» The channels have two gates:

e Activation gate—closed at rest but opens quickly at threshold.

e Inactivation gate—open at rest and closes at threshold; reopens 1-2 milliseconds later than the activation

gate closes.

» Voltage-gated K+ channels contribute to the refractory period by remaining open.

» Efflux of K+ ions makes the membrane potential less negative than the resting potential for a brief
period.

» After-hyperpolarization or undershoot: The dip in membrane potential after an action potential.

KavdAt Natpiou

TAZEOEAEI'’XOMENOZX ATAYAOX NATPIOY

(va® EE0nuTtaud vyed @

e \f\"{“\x roaeedad i
[ \' Kutraowen |\
; ’ /. ueupoavn, |
«\ Bl joceooed )|

A
A

J‘ EASO0KUTTaQuO 1o | /E Teeia 6 P

7\ - , 74\ Sk 5, 4

( ljl'Iv)u] gvegyomounons' Q’Q duvorsn (moq.gaE‘q oTO
: . 0710 duvauxo duvopuzd

IToAn axevegyomoinong 0vdov ovdov

() Khewotog zaou (B) Avouwxtog (y) Khiewotdg zaw pun
EVEQYOTOLNOLUOS (eveQyog) EVEQYOTTOWTLUOG, (0rvBe-
HTUHOG)
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Ewkova 32.9 (A) Ta Auvapka Evépyelag Tagidsvouv Kata Mikog twv A§ovwv

(A)

HAekTpIKO ' Karaypagr Twv petafoldv oto
epébiopa Inueio Inueio Suvapiké T pepBpavng o Suo
A B onueia Tou afova.

[ |
‘% J
1] Inueio A L]

Evioyutig —] v

» Action potentials can
travel over long
distances with no loss of
signal.

» An action potential is an
all or-none event—
positive feedback to
voltage-gated Na+
chammelstensUressfpai = (B e S T e

1101010101000 N (S S S S S e

maximum action S s g i e S e S g e i L L1
) E€wtepika Tou a€ova Xpovog >
pOtent|a . Inueio A InueioB

» An action potential is
self regenerating

because it spreads to Ewoéva 32.9 Ta Avvapikd Evépyewag Ta&idevovy Katd Mnikog Tov
adjacent membrane A&ovov

regions. (A) Aev vdpyel omOAELD TG EVTOGTC TOV GNUATOS KAOMDG TO SLUVOULKO
evépyetog Ta&loedel katd puKog vog acoval.
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Ewkdova 32.9 (B) Ta Auvapika Evépyetag Tagbevouv Katd Mnkog twv A{ovwv

(B)

n O1 Taceo-eAeyxopevol Siavhot Na* avoi- Eva exmoAwTikO pevpa e€a- "
YOUV W¢ QMOKPIOTN O NAEKTPIKA Orjua- NMAWVETAL OE TTAPAKEIMEVEC
~ Ta kat dnuouvpyouv duvapika svépysiac, TIEPIOXEC TNE HEUPpavNC.

V4 o
“ mﬂﬁ‘ -mrq!?,wﬂﬁp umdmwlmﬂﬁi Jm'“mﬂﬂﬁ[ L[“Lmummrm.jﬁ] i} {yi ,rL.'

L U
R

| .'\‘1 ll.m 21[@1 1@1 ]_{’Im\ﬂlm_gm LL"MN' @[nmmrrmlwqﬂmm um”'

K-l'

Inueio A l Inueio B

Ewkova 32.9 Ta Avvopikd Evépyerag Tagrogvovv Katd Mikog tmv AZovov
(B) Otav og po meproyn e pepPpavng mopodoTeiton Eva SUVOUIKO EVEPYELNG, TO LOVTIKO PEVLO PEEL TPOG TIC TOPOUKEIEVES
TEPLOYES TNG LEUPPAVIC KOl TIC EKTOADVEL.
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Ewkova 32.9 (I) Ta Auvapika Evépyetag Tagbevouv Katd Mnkog twv Afovwv

, l " To Suvapiko evépysiac Ta§Ide0El KaTA PAKOC )
" O16iauhot Na* mou evtomi-| [ O1taceo-eheyxdpevol Siauvhot | B tou afova kat evepyonoisi T S1avoi€n nepio-
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. v | & g | \ |
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Ewkova 32.9 Ta Avvopkd Evépyerag Tagogvovv Katd Mnkog tmv AEovav

(I') To xopo ekmOA®ONG EEAMAMVETOL KoL TPOKOAEL TN O1dvolEn eplocoTeEp®V dtAwv Na*, pe amotélecua m onuovpyia

€VOC VEOL OLVAUIKOV EVEPYELNG GE TTapaKeipevo onueio g peuppdvne. Hoapdiinia, ot dioviot Na* eivon amevepyomompévol

ot {Ovn TupoddTNoNS TOV dVVOKOD eVvEPYELNG, v ol diaviol K* eEakolovBovv va eivar avotytoi, kabiotdvtog avtd 1o
TUNUO TOL AEoVA avikovo va dnovpynoet £va duvakd evépyeloc. o Tov Adyo avtd, 10 OLVAUIKO EVEPYELNG OEV UTOPEL VO
uetakvn0el mpog v avtibetn KatevBouvon, oAAd Kivelton TPog To EUTPOC, OVOYEVVAOVTAC GLUVEYMGS TOV EAVTO TOV. 71



Ewkova 32.10 Ta Auvapika Evépyelag Ayovtan «Kota AApota»

Kottapa Schwann
nov oxnuatifouv  p
N HuEAivn

» Action potentials travel faster in
myelinated than in nonmyelinated
axons.

» The nodes of Ranvier are regularly

spaced gaps in the myelin along an

axon.
> Action potentials are generated at g osiauroi Na* avoiyouv e aro- | B H HETaS0on Tou pevia- | B ... pépver t pepBpdun ot
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32.3 Neurons Communicate with Other Cells

Neurons communicate with other neurons or target cells at synapses.

Electrical synapse: Action potential spreads directly to the postsynaptic cell.

Chemical synapse: Neurotransmitters from a presynaptic cell induce changes in membrane potential of a postsynaptic cell.
Neuromuscular junctions are chemical synapses between motor neurons and skeletal muscle cells.

The neurotransmitter is acetylcholine (ACh).

ACh diffuses across the synaptic cleft to the motor end plate on the muscle cell.

An action potential causes release of the neurotransmitter ACh when voltage-gated Ca2+ channels open and Ca2+ enters the
axon terminal.

Vesicles release ACh into the synaptic cleft by exocytosis.

Hundreds of proteins are involved at the synapse. Some are targets for toxins. Botulinum and tetanus toxins from Clostridium
bacteria act on proteins needed for docking of vesicles to the presynaptic membrane, resulting in diseases that are often fatal.
ACh diffuses across the synaptic cleft and binds to receptors on the motor end plate.

The receptors are chemically gated ion channels that allow Na+ and K+ to flow through.

The increase in Na+ depolarizes the membrane.

Synapses between motor neurons and muscle cells are excitatory. ACh always causes depolarization.

Other synapses can be inhibitory if the postsynaptic response is hyperpolarization.

A neuron has many synapses and may receive different chemical messages.
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Ewkova 32.11 H Zuvantikn AwaBifaon twv Xnpuikwv Zuvapewv ZeKvael pe tnv Adien evog Auvapikov

EvépyeLag
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Ewkova 32.11 H Zuvantikn AwaBifaon twv Xnpuikwv Zuvapewv ZeKvael pe tnv Adien evog Auvapikov

EvépyeLag

Ewkova 32.11 H Zvvontiki Awfipacn tov Xnuikov Zovayeov ZEckivdel pe v AQiEn €vog Avvo koo
Evépyerag H vevpopwikn ocovaym etvar por tomikn ynuiky obvoym. Ta yeyovoto mov meptypdeovtal 0
etvar mopo ol Kot yio GALoVG vevpodtaPiactéc oe dAheg cuvayels. TOGo ot ynuelo-ereyyouevol 6Go Kot ot
Ta.6€0-eAeyYOUEVOL VTTOd0YEIS ACh amavTdvTol 6TV TEAIKN KIVITIKN TAGKO TOV WOIKOV KLTTAP®OV. AVTOl 01
VTOO0YEIC, OV Kol OTOTEAOVV UN EKAEKTIKOVG O1OAOVE KATIOVIOV, Eival meplocoTepo dwumepatol oe Nat
napd o K* (évBeto). H mpdcdeon e ACh oe Evav ynueto-eheyyOevo vmodoyen TpokKaiet T d1avolén tov
TOPOL OVTOV TOV O1OOAOV, Kol 1) EXaKOAOVON avénomn g danepatdtTde oe Na*t éxel o¢ anotélespa v
EKTTOAMGN TNG METACLVATTIKNC LEUPPavnG. To ekmOAMTIKO KO EEQMAMVETOL TEPOL OO TNV TEMKT KIVNTIKT
TAGKO, EVEPYOTOIOVTOG LE TOV TPOMO ALTO TOGEO-EAEYYOUEVOVS O1avAoLg Nat ot pepPpavn tov poikov
KUTTAP®OV, 1 om0l  EKTOAMVETAL, Kol  moupodoteitar  €va  ovvopukod  evépyewoc. To  évlouo
axeTvloyolveotepdon (AChE) dwoond tqv ACh ot odvayn, pe amotéleocua t0 KAEIGIUO TOV YNUELO-
ereyyouevov otvAwov. Ta mpoidovia avtig e didomaong (0&kd GANG Kot YOAIVI) amoppPOPOVTIL OO TNV

TPOGLVOTTIKY UEUPPAVN KOt ¥PNCUYLOTOI0VVTOL Y10, TV €K VEOL cVvBeoT meptocdTepng ACh.
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Ewkdva 32.12 O Metaocuvantiko¢ Nevpwvag ABpoilet tic MAnpodopisg

Neurons have many dendrites that
can form synapses with axons of
other neurons.

The mix of excitatory and inhibitory
activity determines whether the
graded membrane potential is more
positive or more negative than
resting.

Summation of excitatory and
inhibitory postsynaptic potentials is
how the nervous system integrates
information.

Each neuron receives 1,000 or more
synaptic inputs, but has only one
output: an action potential in a
single axon.

For most neurons, summation takes
place in the axon hillock, which is
not insulated by glia and has many
voltage-gated Na+ channels.
Postsynaptic potentials from
synapses anywhere on the dendrites
or the cell body spread to the axon
hillock by local current flow.
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32.3 Neurons Communicate with Other Cells

» The main neurotransmitters in the brain are amino acids:

e Glutamate—excitatory

e Glycine—inhibitory

e y-aminobutyric acid (GABA)—inhibitory

Other neurotransmitters in the brain:

e Monoamines: such as dopamine, norepinephrine, and serotonin
e Peptides: endorphins and enkephalins— modulate pain

e Peptide: substance P—transmits pain sensations

e Nitric oxide—intercellular messenger

Each neurotransmitter has multiple receptor types. For example, ACh has two and can have different
effects in different tissues:

e Nicotinic receptors are mainly excitatory.

e Muscarinic receptors tend to be inhibitory.
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32.3 Neurons Communicate with Other Cells

Neurotransmitters must be cleared from the synaptic cleft after release in order to stop their action:
1. Breakdown by enzymes

e ACh is destroyed by acetylcholinesterase (AChE).

e If AChE is inhibited, ACh stays in the synaptic cleft and causes spastic muscle paralysis and death.
Some nerve gases and insecticides inhibit AChE.

2. Neurotransmitters can simply diffuse away from the cleft, or be taken up by active transport by
glial cell membranes.

e The antidepressant drug Prozac slows reuptake of the neurotransmitter serotonin, thus enhancing
serotonin’s activity at the synapse.

Many drugs affect synaptic interactions.

Agonists mimic or potentiate the effect of a neurotransmitter.

Antagonists block the actions of a neurotransmitter.

e Example: Morphine is an agonist at the endorphin receptor and blocks pain.
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32.4 Neurons and Glia Form Information-Processing Circuits

» Neurons are organized into neural networks.

» Afferent neurons carry sensory information to the nervous
system.

e Information comes from sensory cells that convert stimuli into

action potentials.

> Efferent neurons carry commands to effectors such as muscles
and glands.

» Interneurons integrate and store information and communicate
between afferent and efferent neurons.

» More complex animals must process and integrate larger
amounts of information.

» Neurons are organized into clusters called ganglia.

» In bilaterally symmetrical animals, the ganglia are often paired.

» Ganglia may be enlarged and fused at the anterior end to form

a brain.
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Ewkova 32.14 Eva Nevpwviko Aiktuo otov Nwtiaio MugAd EAEyxeL To AviavakAaoTiko Tou Tvaypatog

tou Novatou

> In vertebrates, most cells of the
nervous system are in the central
nervous system (CNS; brain and spinal
cord).

Sensory and effector neurons and
their supporting cells are the
peripheral nervous system.

Reflexes are autonomic—do not
require conscious information
processing.

e Example: The knee-jerk reflex is a
spinal reflex involving just a few
neurons that connect in the spinal
cord.

In the nervous system, gray matter is
rich in neural cell bodies; white
matter contains myelinated axons.
Afferent (sensory) axons in a spinal
nerve enter the spinal cord through
the dorsal root; efferent (motor)
axons leave through the ventral root.
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