Neurobiology

Introduction to neurosciences for
Cognitive MAs.
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Anatomical and Functional Neuroanatomy

Tutorial: www.neuropat.dote.hu




The Nervous System
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Részei

« Agy: agytorzs. Kisagy és agykéreg
 gerincveld
 Periférias idegek

e autondom
e szomatikus
e enteradlis
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Agykereg: 4 lebeny

JUUN  * Frontdlis (homlok)
N . Tempordlis
(halanték)

e Parietalis (fali)

 Occipitdlis
(nyakszirti)



Agy

frontalis lebeny - motor activity, tervezés &
mozgas, beszélt nyelv, atfektiv tényezok

temporalis lebeny — hallas, nyelv, (Wernicke' s
area)

parietalis 1 - szomatosensation, tér érzékelés

occipitalis I - l1atas



Agy és agykéreg

Zentral fissure

Motor corex
 Somatosensory corex
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Frontal pole

Agykéreg- cortex
szurke

fehér
ey rnatter

Wihibe maties



Broadmann areak




Funkcionalis specializacio

e Motoros

 Szenzoros
— Szomatoszenzoros
— Hallo
— Lato

e Asszociacios



Motoros kéreg — homlokl.

Frontal cortex

Prefrontal
cortex

Orbital
frontal cortex




Szomatoszenzoros kereg- fali l.

Trunk Hip
Knee
ist A | Leg
Foot
Thumb /) (o
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Swallowing
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Hallokéreg- halanték I.

Parietal lobe

Parieto-
occipital
sulcus

Auditory
Cortex

Temporal lobe Pre-occipital Occipital lobe



Latékéreg- nyakszirti | .




Asszociacios kereg
* Nem szenzoros,

Primary area e Nem motoros

- Primary sensory areas
" Association areas

 Magasabb
funkciok, pld
beszéd.
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Brain Segmentation and 3D

reconstruction




Neuron-idegsejt
Neuronalis hal6zatok

Jan Purkinje

Purkinje cell — first viewed in 1837



Cajal és Golgi — 1906 Nobel Dij

iy
Santiago Ramon y Cajal S e y
"Plgean cerabellum, A, Purkinje cetl, B, granule cell Camillo GOIgi

ModiFied fFrom a photograph taken from the original
{14X15.5 cm). Drawn an sheetSpaper. P.Y. 1899, 5A,

y Cajal institute - C5IC - Madrid, Spain.
— —




A neuron

ca 102 neuron/agy
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Neurons, Membranes, and Electrical
Potentials

Bipolar Unipolar Multipolar Pyrimidal
(Interneuron) (Sensory Neuron) (Motoneuron) Cell



Neuronal Membrane




ransmembrane Transport

Repolarization

lon Channel

Linked Receptor B Trase Yoltage-gated
+

lon Channel

+ +

a) communication among neurons

® neural systems:

* action potential
* synaptic signaling
b) receptor — brain communication
® heart muscle
® signaling and regulatory processes




lon Concentration Gradients




Channel Permeation - Nernst

Consider a cell containing a high concentration of KCI
External [KCI] is low
Consider the cell membrane to be permeable to K+ only.

K* K* K*

K* K* K*

initial condition  after some diffusion equilibrium

V. is known as the: Nernst potential
reversal potential

zero current potential
equilibrium potential




Channel Permeation: Ohm's Law

Current (flow) is equal to voltage (driving force)
times conductance (1/resistance)

1=(V-V,) G
Current (l) is measured in amps (pA, nA, pA)

Voltage (V) is measured in volts (mV)
Conductance (G) is measured in Siemens (pS, nS)



The resting potential

Origin:  diffusion potential
Na-K pump

Nernst and Goldman equations

The membrane as capacitor:

V=1I+*R
T=R-+C

Concentration (mmoll

Equilibrium
H0) potential
lon intracellular | extracellular [mV})
Ma’ 15.0 1500 +G0
K’ 150.0 55 20
cr 9.0 1250 =70
Resting membranepotential = -70 mV
RT i}{t Kt
Ex = n +]- = 61,5log [ +] , 37°C-on
FZx  |K} [Xi]

_RT e ( P+ [Ki] + P+ [Nai] + Per-[Cly] )
F Py+[K}] + Png+ [Nat] + P [Cl]



typical concentrations for K*
B o e ol sl et inSHE: d‘m "m
+ outside: 20 mM

= N eliulay

+ MNernst equation
E,., = RT/zF * In ([ion] /[ion])

+ R: gas constant=8.315 J/(K*mol)
_Concentraiion ftacient T: temperature [K]

voliage Gasent Equilibrium F: faraday constant=96.485 C/mol
+ z: valence of ion

at 20° C
+ Ein = 58.2 * log (fion],/Jion])
E,=-76 mV (inside negativ)

at body temperature (37° C)
+ Eq = 61.5 " log (fion],fion,)
o \ E.=-80.01 mV




Properties of electrotonic potentials

Graded response determined by the strength of the
stimulus
Depolarizing or hyperpolarizing direction

Time course determined by the membrane time
constant
T=Re(C

Response in elongated cells determined by the
membrane length constant
A=rm/ri

No refractory periods

Passive, linear membrane behaviour, voltage
dependent Na channels do not open



Membrane potential, V,, (mV)

The action potential

The time course of action potential and the Hodgkin-cycle:
associated g,,, and g,

1. electrotonic foot region /\
(propagation)

[hl]?ﬂnlanznuun Increase in Sodwm
ol Membrane Permeability
2. fast changes of g,
(Hodgkin-cycle)
3. slow changes of g, Net entry of Na-
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Repolarization

Ensured by the acfivation of K+ channels and the
consequent K+ efflux
— Voltage-gated K™ channels are NOT ESSENTIAL for the
repolarization to occur — but they are rather handy, as they
ensure much faster repolarisation, without which high
frequency firing would not be possible

Not the Na*/K* pump is responsible for repolarization

— pump is responsible for long-term maintenance of the
electrochemical gradients



Membrane potential (mV)

(mlute refractory po@ @ativ& refractory pa@
| |
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Action potential
Repolarization
(K™ leaves)
|

After-
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(Na* enters)
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Stimulus Resting membrane potential

Time (ms)
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the peak of the action potential is
determined by

— the sodium equilibrium potential

— the time course of sodium channel
inactivation

e The peak of AP approaches the sodium
Nernst-potential (~ +60 mV)



lon Flow in 5 Phases of the Action Potential
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AP propagates without decrement

 Because the AP in one region causes
depolarization that triggers an AP in an
adjacent region or node

* Factors affecting conduction velocity
e o Sjze
e ¢ Myelination



Myelin

 Myelin is a fatty, waxy substance coating the
axon of some neurons.

* Functions:
— Speeds neurotransmission
— Insulates neurons from each other
— Makes neurotransmission more efficient

hN

b
Nerve {
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How Impulses Travel Down

the Neuron
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Cell body end of axon

1. Meuron stimulation causes a briel

change in electrical charge, If strong

enough, this produces depalarization

and an action potential.

Direction of neural impulse: toward axon terminals

2. This depaolarization produces another action
potential a little farther along the axon, Gates in

this neighboring area now open, and more

positively charged atoms rush in, while the positively
charged atoms in the previous section of axon exit.

+

4+

3. As the action potential continues
speedily down the axon, the first
section has now completely recharged.,




Summation of EPSPs and IPSPs

Dendrite

Excitatory
MESSALES CAUSE ~ YN
depolarization

Electrical charge in millivolts (insid
of cell compared to outside of cell)
I




Synaptic Transmission and Brain
Neurochemistry




