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Introduction to neurophysiology
Cellular base of nervous system

Synapse
Somatosenstivity and pain
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Contact

Kamil Duri$
Department of Pathological Physiology (A18)

kduris@med.muni.cz
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Why and how to STUDY neuroscience

Philosophy : Mind behind Mind

THEORIES
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What is nervous system good for?

5 Introduction to neuroscience - The regulatory role of nervous system

= =
m e
O =



6

The role of nervous system

Unicellular organism

* One cell has to do everything-
lower effectivity

 Total dependence on
environment

* High level of stress

 Short life time

Introduction to neuroscience - The regulatory role of nervous system

Multicellular organism

* Functional specialization of
particular cells — higher
effectivity

* |nner environment —
homeostasis

e Lower level of stress

* Longer life time
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The role of nervous system

e Essentials for survival of multicellular organism

» Maintaining homeostasis

- . . Integration
— The composition of inner environment
— The integrity of organ/ bodily barriers

Input Output

» Coordination of bodily functions

— To receive signals from outer and inner environment REG U LATlON

— To process this information
— To respond in a coordinate manner to these stimuli
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The role of nervous system

 Regulation
— Nervous
— Humoral
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The role of nervous system

* Regulation
— Nervous
— Humoral

http://biology.about.com/od/anatomy/p/Hypothalamus.htm

Central nervous system controls both
types of regulations
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The role of nervous system

Humoral regulations Nervous regylations

[ ] .
Hormone * Neurtransmitters

* Non-specific channel of conduction
(blood stream) * Specific channel of conduction

* Target site defined by specific

receptor * Target site defined by

infrastructure

10 Introduction to neuroscience - The regulatory role of nervous system

=

=

m
O =



The role of nervous system

Humoral regulations Nervous regylations

[ ] .
Hormone * Neurtransmitters

* Non-specific channel of conduction
(blood stream) * Specific channel of conduction

e Target site defined by specific

receptor * Target site defined by

infrastructure

e Low energetical demands
8 * High energetical demands

e Slow
* Fast

* Long duration
5  Short duration
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The role of nervous system

/ Integration \

Input Output

REGULATION
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The role of nervous system

ANTICIPATION

Potential input Potential output

> Integration

Input Output

REGULATION
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The role of nervous system

ANTICIPATION

Cortex —— Potential input

> Integration

Sensor Input Output

REGULATION
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Potential output — Cortex

Effector
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Evolutionary approach

* Evolutionary old structures have not been replaced by new

ones during evolution, but the old has been kept and the new
added
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Evolutionary approach

* Evolutionary old structures have not been replaced by new
ones during evolution, but the old has been kept and the new

added

* Evolutionary younger structures were associated with new
functions or with the improvement in existing functions
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Evolutionary approach

* Evolutionary old structures have not been replaced by new

ones during evolution, but the old has been kept and the new
added

* Evolutionary younger structures were associated with new
functions or with the improvement in existing functions

* Itisimportant to ask what is any particular function good for
and how it has been improved in course of evolution

17 Introduction to neuroscience - The regulatory role of nervous system
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Evolutionary approach
Evolution is not revolution

18 Introduction to neuroscience - The regulatory role of nervous system
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Evolution of the nervous system

Input ——> Integration —— > Output

A. Myoepithelium:

contractile epithelial cells
responding to stimulation and
interconnected by electrical

N\ synapses (gap junctions)

Gerald Schneider. 9.14 Brain Structure and Its Origins, Spring 2014. (Massachusetts Institute of Technology:
MIT OpenCourseWare), http://ocw.mit.edu (Accessed). License:Creative Commons BY-NC-SA

Four basic types of tissue

v Epithelial
v' Connective
v' Muscular

v" Nervous

19 Hierarchy and evolution of nervous system
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Evolution of the nervous system

Input ——> Integration —— > Output

A. Myoepithelium:

contractile epithelial cells
responding to stimulation and
interconnected by electrical
synapses (gap junctions)

A P B. Protomyocytes separate
G / from sensory epithelium,

all connected by electrical
synapses

D. Neurons appear, separate
from both neurosensory cells
and contractile cells.

Chemical synapses appear.

{0700 00! 1 g}
s o3~ C. Protoneurons appear,

sensory and connected to
separate contractile cells

Gerald Schneider. 9.14 Brain Structure and Its Origins, Spring 2014. (Massachusetts Institute of Technology:
MIT OpenCourseWare), http://ocw.mit.edu (Accessed). License:Creative Commons BY-NC-SA

20 Hierarchy and evolution of nervous system
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Evolution of the nervous system

1 primary sensory neurons Input

' Integration

= |

motor neurons
(the “final common path™)
Output

Gerald Schneider. 9.14 Brain Structure and Its Origins, Spring 2014. (Massachusetts Institute of Technology:
MIT OpenCourseWare), http://ocw.mit.edu (Accessed). License:Creative Commons BY-NC-SA

21 Hierarchy and evolution of nervous system
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Compartmentalization

e Cellular specialization leads to compartmentalization on several levels

— Tissue level
— Organ level
— Organ system level

 There are barriers in between compartments

* Properties/content may vary among different compartments

22 Intracranial compartment, Cellular base of nervous system
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Compartmentalization

* Cellular specialization leads to compartmentalizat:i

— Tissue level

e There are |

ong different compartments

23 Intracranial compartment, Cellular base of nervous system
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Tentorium cerebelli

Intracranial compartment

Tentorial notch Falx cerebri

v, Very specific region”

Falx cerebelli e

v’ Brain
v’ Cerebrospinal fluid —

Infundibulum

v’ Blood (intravasculary)

Diaphragma sellag
Drake: Gray's Anatonry for Students, 2nd Edition.
Copyright € 2009 by Churchill Livingstone, an imprint of Elsevies Ine, Al rights resersd.

http://edutoolanatomy.wikispaces.com

v’ Barriers

 Meningeal Shin

Periostre

Bone

 Hematoliquor

A R LT

S Superficial layer
Deep layer

Arachnoid

Dura mater

 Hematoencephalic

Superior sagittal

sinus e ~ -
Subdural space —— 7y . :'a Tate; I
. —— Arachnoid villi
Subarachnoid f, —— Blood vessel
space :

Intracranial compartment, Cellular base of nervous system
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Hematoencephalic barrier

* Highly organised structure
— Endothelial cells (low permeability thanks to zonlua occludens)
— Basal membrane

— Astro cytes Smooth muscle cells Endothelium  astrocytes

— Pericytes

https://upload.wikimedia.org/wikipedia/commons/1/12/Blood_vessels_brain_english.jpg

25 Intracranial compartment, Cellular base of nervous system
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Circumventricular organs

e Rich vascularisation
 Modified hematoencephalic barrier
* Sensors

e Secretion

26 Intracranial compartment, Cellular base of nervous system

The circumventricular organs

Subcommissural

Circulating
levels of Ang Il

Temperature

control centers,
involved in fever
induction

[Aron Circulating
postrema | toXins, initiates

vomiting reflex

Meurchormonal control of
autonomic system @
i

http://www.neuros.org/index.php?option=com_photos&view=photos&oid=hafizbilal

MUNI
MED



Cerebrospinal fluid

* Content
v High levels of Mg* and Na*
v" Low levels of K* and Ca2*

v" Almost no cells (max 5/ml)

* Function
v’ Protection
v" Microenvironment of neurons and glia
— Metabolic function
— Immunologic function
— Transport function and so on

27 Intracranial compartment, Cellular base of nervous system
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Cerebrospinal fluid
* Clear fluidproduced by active secretion

* Liquor space
» lined by ependymal cells
» 150-250 ml

* Production
v Plexus choroideus (PCh) -70%
v Cell metabolism
v’ Cappilary filtration
» 450-750 ml/day

e Resorbtion
v" Archnoid granulations (AG)

28 Intracranial compartment, Cellular base of nervous system
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Intracranial compartment

* Brain
* Cerebrospinal fluid
* Blood (intravasculary)

* Intracranial pressure (ICP)

e Critical determinant of cerebral perfusion

* Cerebral perfusion pressure (CPP)
pressure gradient driving blood
flow intracranialy

29 Intracranial compartment, Cellular base of nervous system

Infundibulum

Dr; % %, £ on.
Copyright @ 2009 by Churchill Livingstone, sn imprint of Elsevier, Ine, All rights reserved.
http://edutoolanatomy.wikispaces.com

1" ch = MAP — I(‘:P 1"

Cerebral perfusion pressure Intracranial pressure

Mean arterial pressure
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Cellular base of nervous system
Synapse
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Cellular base of nervous system

Neuronal cells

— Reception, integration and propagation of information
— Unique, irreplaceable

Neuroglial cells
— Support for neuronal cells
— Easily replacable

The total amount of neuronal cells - 100 billions (10%)

Neruon/glia ratio
— 1/10- 50 (Principles of Neural Science, 4th ed., 2012)
— 1/2 —10 (Principles of Neural Science, 5th ed., 2012)
— 1/1 (Nolte’s Human Brain, 7th ed., 2015)

Intracranial compartment, Cellular base of nervous system
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Neuroglial cells

Peripheral nervous system

Central nervous system
* Astrocytes

— Hematoencephalic b.
— Homeostasis maintaining
— Metabolism of neurotransmitters

— Important during brain
development

* Oligodendrocytes
— Myelin sheat
* Microglia
— Immune funtion
* Ependymal cells
— Choroid plexus
— (hemato-liguor barrier)
— Ventricular lining
(liguro-encephalic barrier)

32 Intracranial compartment, Cellular base of nervous system

Satelite cells
— Support functions in PNS

Schwan cells
— Myelin sheat
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The inside of the cell

v

v’ Synthesis

v Transport

v

33 Intracranial compartment, Cellular base of nervous system

Neuron
(o]
[

Fig. 8-2

http://www.slideshare.net/drpsdeb/presentations
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The membrane

v’ Signal reception

v’ Signal integration

v' AP generatin

v AP propagation

v" Signal transmission
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Background Activity

Roug
endopla ic

> reticulu

\ N ; Smooth
e i endoplasmic' 7

reticulum " S

Dendritic spines

Lysosome

_ Microtubules

Cytoplasm

Myelin sheath

Golgi apparatus

Membrane

https://upload.wikimedia.org/wikipedia/commons/e/ed/Neuron_Cell_Body.png

Intracranial compartment, Cellular base of nervous system
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Background Activity

Py
’;/-—..._ Dendrite

N\ Cytoplasm s !

Myelin sheath

https://upload.wikimedia.org/wikipedia/commons/e/ed/Neuron_Cell_Body.png

Intracranial compartment, Cellular base of nervous system
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Intracranial comp

Background Activity

Fast axonal transport

- bidirectional

- ATP dependant

- associated with microtubules:
dynein and kinesin

Fast axonal transport
Golgi derived vesicles
lysosmes, mitochondria
structural elements of
endoplasmic reticulum

Cell body

AXON

Slow axonal transport

- unidirectional,

- ATP independant

- conducted by sliding, polimerizing
and protein interacting

Slow axonal transport
microfilaments, microtubules
neurofilaments

cytosolic protein complexes

Nerve End

S
Oo -O

Fas’r axonal transport s===
o oD o

——
anterograde

e e

—

S

L

—~.» Slow axonal TmnsPar'T S

b

anterograde

o~/
o 0%

i,

o z_[_:ﬂs‘r axonal fransport

- ——l—
retrograde

http://www.oapublishinglondon.com/images/article/pdf/1397255957.pdf

Dyne,'n
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Membrane potential

* Due to differences in the concentrations of ions on opposite sides of a
cellular membrane

ﬂ' Outside

— 3Na* 2K+ Na* K+

|
&
ll
7
—
+
e
S
- §

-
~~-----'
- -,
- L

I
1
)
-
-~

I
I
.
I
I
o
®
+
~
- -
S

Na+
ATP Na+ K+ ADP
— Na+-K+ K+-Na+
K+ a=\"pump “leak” channels

http://www.slideshare.net/drpsdeb/presentations
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Resting membrane potntial of&a

* Highly instable state of membrane
e Why? — Speed!

* High energetical demands
v/ Oxygen - 20% of total body consumption

v’ Glucose — 25% of total body consumption

38 Intracranial compartment, Cellular base of nervous system
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Action potential

e Quick voltage change on the membrane
e Spreads along the axon
* All or nothing principle

Intracranial compartment, Cellular base of nervous system

Rising
phase

-40 -

Membrane poterttial (mV)
[n*]
T

-6 -

Falling
phase

Threshold
|

Resting
potential

\
-80 -| Resting

1

potential

I
0

uopewojul jJo moyj [euchIag
B

Owutward
current

Inward
current

B
http://www.slideshare.net/drpsdeb/presentations

After-hyperpolarization
T

1 2
Time (msec)

Configuration of action potential

Na* influx

3

K* efflux
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Action potential spreading

. Plasma
40+ Action membrane
potential
Ouershmt - - + + + + + +
20
=
E
= 0+4f----- e B e
=
&
& -20-] Rising Falling
@
= phase phase Action
<] * tential
= Resting
80 Threshold potential = = 3 + = = = -
=Y L | Na*
‘ -~ ___|___ N _________ |
-80 -| Resting
potential After-hyperpolarization K+
T T T T
A 0 1 2 3 l
Time (msec) Action
K+ potential
+ + + * - - * +
Configuration of action potential
- K* efflux K+
53
O [
* Local currents
g8
z = )
£3 * Anterograde
B
Intracranial compartment, Cellular base of nervous system http://www slideshare.net/drpsdeb/presentations
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Saltatory conduction w\ poplasm  Noce o Fanver

AT S AT I s
. m Y an a
* Myelin sheat T ¥ e ¥
. D C e e N
* Nodes of ranvier W, w - "
e __. o . e .. -~
1 2 3

* Economy
e Speed of conduction

http://www.slideshare.net/drpsdeb/presentations

* Speed of conduction also dependent of nerve fibre N "re" %l
diameter A=
— the electrical resistance is inversly proportional to area of cross- .
section Ao
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Classification of nerve fibers

* In humans mostly
myelinated

e All fibers are
myelinated in CNS

* Non-myelinated are
evolutionary old ones

42 Intracranial compartment, Cellular base of nervous system

19 Ason
te skin

1° Axaon
to muscle

Diarmatar (urmi}
Spesed{mizec)

Sansory
receplors

12-20
T0-170
Proprioceptors of
skeletal muscle

AR

Group i

B-12
30-70

Mechanoreceptors
of skin

Ad

Group Hi

b

¥

b

1-8
5-30

Pain,
temperature

Group IV

0.2-1.5
0.5-2

Temp, paimn,
itch

http://neuroscience.uth.tmc.edu/s2/chapter04.html
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Neuronal classification

Basis for

classification

3. Number of processes

Ona process axits the Unipolar neuron
cell body (dorsal root ganglion
celly

Two processas axit the Bipolar neuron (ratinal
cell body bipolar cell)

Many processas exit the Multipodar neuron
cell body (spinal motor neuron)

43 Intracranial compartment, Cellular base of nervous system

Functional

implication

Small area for recaiving

synaptic input: highly
specialized function

Small area for receiving

synaptic input: highly
specialized function

Large area for receiving
synaptic input; determines
the pattemn of incoming axons
that can interact with the cell

Unipolar 0 y
Bipolar
B o S
O
Multipolar
O

http://www.slideshare.net/CsillaEgri/presentations
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Neuronal classification

Basis for

classification

Functional
implication

2. Dendritic pattern Pyramidal cell
Pyramid-shaped spread  Pyramidal cell Large area for recaiving
of dendrites (hippocampal pyramidal synaptic input; determines

NeLron) the pattern of incoming axons
that can interact with the cell O

(l.e., pyramid-shaped)

Spine
Radial-shaped spread Stellate cell Large area for receiving Stellate call %

of dendrites (cortical stellate csll) synaptic input; determines %

paltern of incoming axons
that can interact with the cell

(i.e., star-shaped)

44 |ntracranial compartment, Cellular base of nervous system
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Neuronal classification

Basis for Functional
classification Hamazphih, s implication

1. Axonal projection

Goas to a distant brain Projection neuron or Affects different brain areas Dorsal roat ganglion call
area Principal neuron or
Golgi type I cell (cortical AN ,..-'
mator neuran) T \Y S
2
Stays in a local brain Intrinsic neuron or Aftects only nearby neurons Ratinal bipolar call
area Internauron or

Golgi type 11 cell (cortical
inhibitory neuron) M

45 Intracranial compartment, Cellular base of nervous system

http://www.slideshare.net/CsillaEgri/presentations
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Synapse

e Communication between

uoREwWLIOU| JO MOy JeuoRdeIg

neurons
 Electrical
e Chemical

Fig. 8-2

http://www.slideshare.net/CsillaEgri/presentations
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Electrical synapse

* Evolutionary old
* Less frequent than ch.
e Ubiquitous

47 Synapse and integration of information at the synaptic level

Presynaptic
neuran

Postsynaptic
meuran

Electrical
synapse

Connexin pmteln—m Connexon

||1.rI|||I|".||||I-|||I| i .Id ||=I": ¢|E|‘t
TR TR R TE iy

h I }ﬁ'ﬂ“"
] AT et

Presynaptic
neuran

~ Gap

Postsynaptic neuron

http://www.slideshare.net/CsillaEgri/presentations
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Electrical synapse

* Evolutionary old
* Less frequent than ch.
e Ubiquitous

* @Gap junctions
e Bidirectional tranmission
* Fast

e Strength of signal may
decrease

48 Synapse and integration of information at the synaptic level

Postsynaptic
FELron

Presynaptic
e Fan

Electrical
synapse

Connexin :hrcutem—m COnnBXOn

Presynaptic
neuran

Gap
] junction
il |'|||'|.I|.'I'| THI cleft
[ E TN I
| ]2 4 Am
L

Postsynaptic neuran

http://www.slideshare.net/CsillaEgri/presentations
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Chemical synapse

Presynaptic
neuron

Postsynaptic
neuron

* Evolutionary young
* Majority type of s.

Presynaptic neurcn

@ Synaptic knob

o A
&= @ Synaptic vesicle
o .
) = & )/ Synaptic cleft
Postsynaptic neuron . |
eyl
MNeurstransmitter A |
lens @ & B Pastsynaptic membrans

49 Synapse and integration of information at the synaptic level hito/fwww.slideshare.netCsilaEgri/presentations
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Chemical synapse

* Evolutionary young
* Majority type of s.

e Unidirectional
* Synaptic cleft
* Neurotransmitter

e Constant signal
strength

50 Synapse and integration of information at the synaptic level

Presynaptic neurcn

i $@

=
ol

O

Presynaptic
neuron

Synaptic knob

Synaptic vesicle

& ) Synaptic cleft

Postsynaptic neuron

Meurstransmitter &
lons @&

Postsynaptic
neuron

) e L |
HGates

http://www.slideshare.net/CsillaEgri/presentations
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Neurotrasnsmiter

http://www.slideshare.net/CsillaEgri/presentations

* Present in presinaptic neuron

51 Synapse and integration of information at the synaptic level
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Neurotrasnsmiter

1 2) (3

http://www.slideshare.net/CsillaEgri/presentations

* Present in presinaptic neuron

* Releasd into the synaptic cleft due to depolarization of presynaptic
neuron (Ca%* dependent mechanism)

Synapse and integration of information at the synaptic level
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Neurotrasnsmiter

1 2) (3

http://www.slideshare.net/CsillaEgri/presentations

* Present in presinaptic neuron

* Releasd into the synaptic cleft due to depolarization of presynaptic
neuron (Ca%* dependent mechanism)

e Specific receptor has to be present in postsynaptical membrane

53 Synapse and integration of information at the synaptic level
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Neuromuscular junction

Axon terminal of —
L Action potential
Myelin sheath —— propagation
in motor neuron
Terminal button
Voltage-gated Vesicle of i ~ Voltage-gated
Na* channel  acetylcholine N Ca?* channel

Action potential
propagation
in muscle fiber

Plasma membrane
of muscle fiber

https://classconnection.s3.amazonaws.com/754/flashcards/2034754/png/ch_7_pic_41349381290275.png
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FICURE 4.2 Major
Categories of Neurotransmit-
ters, Neuromodulators, and
Neurcohormones

NEUROTRANSMITTERS

Acetylcholine
(ACh)

Catecholamines
- Dopamine

= Norepinephrine
= Epinephrine

Monoamines

- a

SR A o

. g;ﬂ:&:rﬁ
e Bt ) -y

ATP andits

byproducts

- Endorphins

- Substance P

« Cholecystokinin
Neuropeptides » Insulin

- Vasopressin

= Oxytocin

= More than 40 others

= Witric oxide
= Carbon monoxide?

https://classconnection.s3.amazonaws.com/108/flashcards/956108/jpg/bookpic421333407057201.jpg
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THE STRUCTURES OF NEUROTRANSMITTERS

STRUCTURE KEY:

@ Carbon atom © Hydrogen atom (@) Oxygen atom (W) Nitrogen atom (®) Rest of molecule
NORADRENALINE

DOPAMINE SEROTONIN
Concentration neurotransmitter Pleasure neurotransmitter Mood neurotransmitter
0 g Q

ADRENALINE

Fight or flight neurotransmitter

Produced in stressful or exciting situations. Affects attention & responding actions in the Feelings of pleasure, and also addiction, Contributes to well-being & happiness; helps
Increases heart rate & blood flow, leading to brain, & involved in fight or flight response. movement, and motivation. People repeat sleep cycle & digestive system regulation.
a physical boost & heightened awareness. Contracts blood vessels, increasing blood flow. behaviours that lead to dopamine release. Affected by exercise & light exposure.

GABA ACETYLCHOLINE GLUTAMATE ENDORPHINS
Calming neurotransmitter Learning neurotransmitter Memory neurotransmitter Euphoria neurotransmitters
y o A

. © © | :

0000 0000 00BGO 0OOO

r 0
QP00 0000 000G

Calms firing nerves in CNS. High levels Invalved in thought, learning, & memaory.
improve focus; low levels cause anxiety. Also

Most common brain neurotransmitter.
Activates muscle action in the body. Also
contributes to motor control & vision.

Released during exercise, excitement, & sex,
Involved in learning & memary, regulates producing well-being & euphoria, reducing
associated with attention and awakening. development & creation of nerve contacts. pain. Biologically active section shown.

© COMPOUND INTEREST 2015 - WWW.COMPOUNDCHEM.COM | Twitter: @compoundchem | Facebook: www.facebook.com/compoundchem @@@@

This graphic is shared under a Creative Commans Attribution-NonCormmercial-NoDerivatives licence.
http://www.compoundchem.com/2015/07/30/neurotransmitters/
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THE STRUCTURES OF NEUROTRANSMITTERS

STRUCTURE KEY: @ Carbon atom © Hydrogen atom @ Oxygen atom @ Nitrogen atom ® Rest of molecule

ADRENALINE NORADRENALINE DOPAMINE
Fight or flight neurotransmitter Concentration neurotransmitter Pleasure neurriy

Produced in stressful or exciting situations. ntributes to well-being & happiness; helps
Increases heart rate & blood flow, leading to gep cycle & digestive system regulation.
a physical boost & heightened awareness. ffected by exercise & light exposure.

GABA ENDORPHINS
Calming neurotransmitter ohoria neurotransmitters

0006 0600

Calms firing nerves in CNS. High levels Invalved in thought learning, & memaory. Most common brain neurotransmitter. Released during exercise, excitement, & sex,
improve focus; low levels cause anxiety. Also Activates muscle action in the body. Also Invelved in learning & memaory, regulates producing well-being & euphoria, reducing
contributes to motor control & vision. associated with attention and awakening. development & creation of nerve contacts. pain. Biologically active section shown.

@ © COMPOUND INTEREST 2015 - WWW.COMPOUNDCHEM.COM | Twitter: @compoundchem | Facebook: www.facebook.com/compoundchem @@@@
This graphic is shared under a Creative Commans Attribution-NonCormmercial-NoDerivatives licence. = Nl S
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Excitatory/inhibtory postsynaptic potencial

A
P
< _65mV
¥ X
Resting Neuron
B Initial segment
of axon
Excitatory \\ X \\4\
. r ——
: 45 my -
7\
influx
Excited Neuron Spread of
action potential
C CF influx
Inhibitory \\ P’y
3 i —p-
v 70 mV e
# N
K+
efflux

Inhibited Neuron

http://www.slideshare.net/drpsdeb/presentations
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Signhal summation

Temporal summation
(several impulses from
one neuron over time)

1w an
Timsa [ milliseconds)
RECORDER

Excitatory Postsynaptic Potential

* Temporal

7 Action potential | ‘
. travels along axon

* Spatial e \ *

RECORDER

Inhibitory Postsynaptic Potential

Spatial summation (impulses from
several neurons at the same time)

https://www.slideshare.net/drgabe/biological-psychology-synapses?from_action=save
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Signal summation

Axon

hillock Summation of

o membrane potentials
2 at the axon hillock
E EPSPs
i Threshold of activation — IPSPs
o
o
S T
.
©_70
L
=
Q
E —
http:

Time
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Synaptic convergence

Average number of
synapses in one
neuronal cell in
primates

v" Primary visual cortex
(areal?)

—aprox. 4 000

v’ Primary motor cortex
(aread)

—aprox. 60 000
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Source Source
#1

Source Source
#2 #3

Convergence from Convergence from
single source B multiple sources

Figure 46-12

"Convergence” of multiple input fibers onto a single neuron.
A, Multiple input fibers from a single source. B, Input fibers from
multiple separate sources.
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Synaptic divergence

Divergence in same tract Divergence in multiple tracts

A B
Figure 46-11

‘Divergence” in neurcnal pathways. A, Divergence within a
pathway to cause “amplification” of the signal. B, Divergence into
multiple tracts to transmit the signal to separate areas.
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Networking

A Feed-forward inhibition

Afferent neurons

innervating Extansor
etensor muscles mMoTor Neuron
+
— —i
+
Inhibitory

Afferent neurons internaunon
Innervating

flexcor m JSC.l!-,'S

- - |
o - LA
I T
i | i\ -
F ;
v

Flexor motor neuron

B Feedback inhibition

Afferant neuror

iInnervatmg Extensor

extensor muscies mMOotor Neuron
+ T — +
—‘ | O ey ,;_':!

BEaaa |
T |
Inkbitor

IntérneL
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Input
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Neurotransmission

* |Information transmission
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VS.

Neuromodulation

Regulation of NS activity
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Neurotransmission

* |Information transmission

* Specific
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VS.

Neuromodulation

Regulation of NS activity

Diffuse (volume
transmission)
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Neurotransmission

* |Information transmission

* Specific

* Receptors —ion channels
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VS.

Neuromodulation

Regulation of NS activity

Diffuse (volume
transmission)

Receptors — G-proteins
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Neurotransmission

Information transmission

Specific

Receptors —ion channels

Short duration

— membrane potential
changes
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Neuromodulation

Regulation of NS activity

Diffuse (volume
transmission)

Receptors — G-proteins

Longer duration

- changes in synaptic
properties
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Acetylcholine

* Nucleus basalis (Meynerti)
abd other nuclei

* Nicotin receptors
* Muscarin receptors

* Sleep/wake regulation
* Cognitive functions

* Behavior

* Emotions
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Neocortex  Corpus callosum

Cingulate gyrus

2 Dorsclateral pontine
tegmental constellation
of cholinergic neurons

Basal ganglia

1 Basal forebrain |.
constellation of g
cholinargic neurens —g™,
including basal
nucleus of Meynert
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Ihypothalamus
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Noradrenalin

* Locus coeruleus

* Nuclei raphe caudalis

* Vigilance

* Responsiveness to
unexpected stimuli

* Memory
* Learning
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Dopamin

Nigrostriatal system
— Movement
— Sensory stimuli

Ventrotegmentno-mesolimbic-
frontal system

— Reward
— Cognitive function
— Emotional behavior

Tubero-infundibular system

— Hypotalamic-pituatory
regulation

D1 receptors — excitatory
D2 receptors - inhibitory

Synapse and integration of information at the synaptic level

Prez
frontal
ycontex

infundibulan
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Serotonin

Nuclei raphe rostralis
* Nuclei raphe caudalis

* Anxiety/relaxation

* Impulsive behavior
e Sleep
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Neuromodulatory systems

‘ PFEMGEJ Nunmrtax‘ l Sl:flntumj Hippn-nnmpu4
X Y T % TIY
'
Raphe
Nucleus
v

Threat assessment @

Ol 5-HT
Attention affart b e ACHh

Novelly and saliency [ gINE
Reward prediction and wanting m A DA

leffrey L. Krichmar, Adaptive Behavior 2008; 16; 385
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on-140119031056-phpapp02/95/neuromodulation-in-
cognition-5-638.jpg?cb=1419657931

73 Synapse and integration of information at the synaptic level

= =
m e
O =



Neuromodulatory systems

Norepinephrine

Attention ]
Concentration

+Certainty -Doubt
+[etermination -Obsession
+Learning Memory -Disability

Balanced
| Mood

Endurance
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The role of nervous system

ANTICIPATION

Cortex —— Potential input

> Integration

Sensor Input Output

REGULATION
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Receptors/sensors

for the duration of a stimulus.

e Energy convertor stimulus Stimulus

— Signal reception l
— Signal transformation

Receptor

* Receptor potential
— Generator potential

e Action potential )

Receptor
potential

i1

sensory & &
neuron Action potentials
in sensory neuron Time —>
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Receptor/generator and action potential

Action
Receptor potential potential

- S
LR ++++++++++|++++++++++

Node of
Ranvier
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Receptors/sensors

for the duration of a stimulus.

* Energy convertor Stimulus ) Stimulus
— Signal reception l

— Signal transformation

Receptor

* Receptor potential

Receptor

— Generator potential potential
e Action potential
* Adequate stimulus oy | N HH ‘ ‘ ‘
. neuron Action potential LRI
* Non adequate stimulus in sensory neuron S
s
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Receptors/sensors

for the duration of a stimulus.

* Energy convertor Stimulus Stimulus
— Signal reception

— Signal transformatijor

\v N\ec\\;“o ceptors
\v Thet o\‘ec(ﬁ)"""S

Receptor
potential

 Adequate stimulus

sensory
neuron

Action potentials
in sensory neuron

 Non adequate stimulus
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Receptors/sensors

Energy convertor
— Signal reception
— Signal transformatis

\C
Receptor po Ba":\

— Generator pt

Action potentic

Adequate stimult
Non adequate sti
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Intensity coding

for the duration of a stimulus.

Stimulus Stimulus

l

Receptor

Amplitude of receptor
potential is transtucted
into the frequency of AP

Receptor
potential

Axon of
sensory
neuron

Action potentials
in sensory neuron Time ——»
[
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Qualitative information

* The law of specific nerve
energies:

The nature of perception is
defined by the pathway over
which the sensory
information is carried

* Labeled line coding define
the information about
quality
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\N\‘a’a .
Qualitative information \ yne'®

A SOMATOSENSORY
Arm  Head

Elbow
Forearm

* Labeled line coding

* Receptive field

e Nerve stimulation
mimics receptor
stimulation

,f/—- T
Intra-abdominal J
-&— Lateral
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Receptive fields

e Various size and overaly

* Small receptive field —
high resolution L

{F
1
II::.'JI II"Ill Skin suface

* Spatial resolving power *ﬂ —\ (A
. "‘"-q___ W= - ___Fr‘: |
increased by lateral s\ | |
. o] ege = - e \‘-.‘ _.l_l
inhibition JZ: = S B
=~ newons—/ VT

Mean threshold (rmm)
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Receptor adaptation

The decline of receptor
responses in spite of
stimulus presence

e Tonic receptors — slow
adaptation — presence of
stimulus, position

* Phasic receptors — rapid
adaptation — change of stimulus

Receptor

Axon of
sensory
neuron
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(a) Tonic receptors are slowly (b) Phasic receptors rapidly adapt to a
adapting receptors that respond constant stimulus and turn off.
for the duration of a stimulus.

Stimulus Stimulus

l

Receptor
potential

] |

Action potentials

in sensory neuron Time —» Time ——
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Stimulus
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e Complex Nerve ending "+ cell &
o Synapse
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* General axon \ . Sensory
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P X Myelinated u areren
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— Deep — viscerosensors Cell bod -
P o Y I3 Cell body \
— Muscles, tendons, joints — Cell body )
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e Special ~--\\
A
— Pa rt Of SENso ry O rga ns (a) Hmphr receplors (b) Complex neural receptors {c) Most special senses receptors are cells
are neurons with have nerve endings enclosed that release neurctransmitter onto sensory
iree nerve endings. In connective tissue capsules. neurons, initlating an action potential,
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Evolutionary point of view

* The signals indicating potential
damage are the most important and
the corresponding systems evolved
early

— Pain
— Temperature

* The touch signals have adaptive value
and evolved later
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Evolutionary point of view
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ane newrons with have nerve endings enclosed
free nerve endings. In connective tssue capsules.
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Evolutionary point of view

* The structure of the receptor, nerve
fibers and pathways reflects the
evolution
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are neurons with have nerve endings enclosed
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Axons
from skin

Axons
from
muscles

Diameter
(um)

Speed
(m/sec)

Sensory
receptors

Nerve fibres

Aot

Group |

13-20

80-120

Propricceptors
of skeletal muscle
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Viscerosensitivity

* An information from visceral and cardiovascular system

Linked to the autonomic nervous system

UN
ED
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Proprioception

* Information from
— Muscles
— Tendons
— Joints

* Important for
— Precise coordination of movements
— Overload protection
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Somatosensory pathways

* Three systems

e (Archispinothalamic)
— Interconnection of adjacent segments (tr. Spinospinalis)

* Paleospinothalamic
— tr. Spinoreticularis, tr. Spinotectalis...

* Neospinothalamic
— tr. Spinothalamicus

e Dorsal column system
— tr. Spinobulbaris
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Somatosensory pathways

* Three systems

e (Archispinothalamic)
— Interconnection of adjacer

* Paleospinr
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Somatosensory pathways

e Paleospinothalamic
— Low resolution — dull, diffuse pain (,,slow pain®)

* Neospinothalamic
— High resolution — sharp, localized pain (,,fast pain®), temperature
— Low resolution — touch

e Dorsal column system
— High resolution — fine touch
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Somatosensory pathways

e Paleospinothalamic
— Low resolution — dull, diffuse pain (,,slow pain®)

* Neospinothalamic
— High resolution — sharp, localized pain (,fast pain“), temperature
— Low resolution — touch

e Dorsal column system
— High resolution — fine touch

MU N
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Paleospinothalamic system

Tr. Spinoreticularis, spinotectalis...
Evolved before neocortex
The primary connection to the subcortical structures

Basic defensive reactions and reflexes - vegetative response,
reflex locomotion - opto-acoustic reflexes etc.

Secondarily connected to cortex (after its evolution; tr. Spino-
reticulo-thalamicus), but this system has a small resolutions —
dull diffuse pain

This tract is not designed for ,such a powerful processor as
neocortex”

Approximately half of the fibers cross the midline
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Neospinothalamic system

* Tr.Spinothalamicus

* Younger structure primarily connected to neocortex

« High capacity/resolution”

e Detail information about pain stimuli (sharp, localized pain)
* Information about temperature

* Crude touch sensation

* The fibers cross midline at the level of entry segment
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Dorsal column system

* Tr.Spinobulbaris

* The youngest system

* High capacity

* Tactile sensation

* Vibration

* Fine motor control

* Better object recognition

* Adaptive value

* The fibers cross midline at the level of medulla oblongata
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Dermatoms

Trigeminal
" Terve
2 branches

* Somatotopic organization
somatosensitve nerves

Cervical | Thoracic | Lumbar

T2 T6 T10
T4 | T8 \T12)L1[S1 82

= Thoracic

= Lumbar

A S1

Copyright © 2008, 2004, 1998, 1993, 1988, 1983 by Moshy, Inc., 3n sffiists of Elsavier Inc

= Sagral
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Trigeminal system

Opthalmic

 Spinal TS

— Pain, temperature

* Main sensory TS

— Touch, proprioception

http://www.slideshare.net/drpsdeb/presentations
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Somatosensory pathways

itch/tickle & crude touch

Paleospinothalamic

Table T
The Sensory Modalities Represented by the Somatosensory Systems
. . Sub-Sub Somatosensory Pathway Somatosensory Pathway
Modality Sub Modality Modality (Body) {Face)

sharp cutting pain Neospinothalamic
Pain dull burning pain Paleospinothalamic

deep ar_:hlng pain Archlsp_lnothalam_lc Spinal Trigeminal
Temperature warm,/hot Palepspinothalamic
p cool/cold Neospinothalamic

touch
pressure
flutter
vibration
muscle length
Position: Static Forces muscle tension
joint pressure
[Proprioception| muscle length
Movement: Dynamic muscle tension
Forces joint pressure
joint angle

DImEs discriminative touch

Tr. spinobulbaris

Main Sensory Trigeminal
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Thalamus and neocortex

Lateral dorsal
Anlerior 5

e Almost all the afferent
information gated in the
thalamus

e Olfaction is an exception

e Bilateral connections
between neocortex and
thalamus

http://www.slideshare.net/drpsdeb/presentations I\ll
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Neocortex

* Somatotopic
organization

e Cortical
maghnification

Skin irapidhy
adapiing receptors|

Deep tissua foresaure
ard joint position
Slan foompies Louchl

Skin Islowly ard rapicly
adapiing receptars|

Deep tissisa [ruscls
sireich receanions]

|"i:-=m
Tand 3

| 5l cortex CDI‘tE}K
|

From thalamus

Tix bisal ganglia, bran
2am, and soine cord

Ta thalamus

Receptor
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Pain

Distressing feeling associated with real or
potential tissue damage

Sensor x psychological component PAIN ASSESSMENT TOOL
Physiological pain (nociceptor activation) 0 1 2 3 4 5 6 7 8 910
-0 1T 151

Worst Pain

Pathological pain (not mediated by nociceptors)| x,pun  mila Moderate  Severe  Very Severe orst Pa

Acute (up to émonths) — , activiting” O o 0

Chronic (more than 6 months) — , devating®”

https://www.cheatography.com/uploads/davidpol_1460561912_Pain_Scale__Arvin61r58.png
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Descendent pathways

modulating pain

* Somatosemcoric cortex
 Hypotalamus
* Periaquaeductal gray

* Nuclei raphe
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Pain modulation on the spinal level

Gate control theory of pain

= AB
@ .| fiber
- "--._:
Inhlbltnry Projection
interneuron @ neuron

T ‘ ‘c fiber

https://en.wikipedia.o

"‘u[}«ﬁ;q
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Referred pain

Heart

Esophagus

Stomach

Liver and
gallbladder

Pylorus

Umbilicus

Skin in
which pain
IS perceived

Appendix and
small intestine

Right kidney
Left kidney

Intestine:
site of
injury

Colon

Ureter

Anterolateral
column axon
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Phantom limb pain
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