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The role of nervous system

ANTICIPATION

Cortex —— Potential input Potential output —— Cortex
> Integration
Sensor Input Output Effector

REGULATION
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Receptors/sensors

for the duration of a stimulus.

* 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 —>

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

==
m e
O =

4  Somatosensitivity, viscerosensititvity, proprioception and pain |

=



5

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

* Energy convertor stimulus Stimulus

— Signal reception
— Signal transformation

/ N\echr?\o cep‘°“s
v Thet oreﬁﬁp’“ﬁs

* Receptor potentia
— Generator potentia

e Action potential

 Adequate stimulus

sensory
neuron

 Non adequate stimulus

http://www.slideshare
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Action potentials
in sensory neuron
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Receptors/sensors .‘““\“s
Energy convertor 0‘ 5"\
— Signal reception .\b“‘es
— Signal transformatis ‘x . {\\le
29 o
Receptor po\ B da\'\w - “\me(e-
— Generator pt N\O' a{\o(\ -
Action potentiz \‘003\\1
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Somatosensitivity, viscerosensititvity, proprioception and pain |

Action potentials
‘ ' in sensory neuron

for the duration of a stimulus.
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Receptors/sensors a\ws
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Energy convertor
— Signal reception
— Signal transformatis
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Receptor po\ Ba":\
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for the duration of a stimulus.
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Receptors/sensors a\ws
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Energy convertor
— Signal reception
— Signal transformatis

\C
Receptor po\ Ba":\

— Generator pt

Action potentic

Adequate stimul
Non adequate sti

for the duration of a stimulus.

‘:\0‘\ {Ction potentials
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Intensity coding

Amplitude of receptor
potential is transtucted
into the frequency of AP
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Stimulus Stimulus

Receptor
potential

Axon of
sensory

neuron Action potentials

in sensory neuron

for the duration of a stimulus.
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Intensity coding

* |nthe other words: an
increased intensity is
associated with
increase in frequency
of AP

* A high-intensity
stimulus may also
activate more
receptors
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A Action Potentials of Summing Channel

No Stimulus, SR < 10 PPS

—

Medium Intense Positive-going Stimulus

1.

High Intensity Positive-going Stimulus

Time )
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Intensity coding

30 - .

Mo
=
l
»

e Relation between receptor and
action potential is logarithmic

Amplitude of receptor potential

=

T fid 1.2 1.3 1.4

—h
=

Action potential frequency
o
]

Stimulus intensity Stimulus intensity
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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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Sensation Cell Receptor Stimuli
body Type
9 N
, . P Innocuous
TOUCh 4 fechano (Mouslthreshold) mechanical
\J forces
TRPA1 -
Noxious
_)‘C TRPV1 stimuli
Pain Polymodal TRPV2  (strong mechanical
A forces, H*, K¥,
\J MS Endogenous &
(High threshold) Exogenous Chemicals,
AS'CS Noxious Heat & Cold )
3 TRPV
Temp. - Warm <+ 3
Z2TRPV4 Moderate
temperature
changes
—>., ( Warming & Cooling )
C
Temp. < Cold TRPM8
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\\\\“361
Qualitative information \ e

A SOMATOSENSORY

Elbow
Forearm
Hand
Fingers
Thumb

Eye
Nose

* Labeled line coding X

Upper

Lowe
— lips gl /
- Teeth -

Jaw

Wi

\’/I}
(.
_|ips 1 L’WJ\)KéJ{ﬁ%
M -

Arm Head

Neck

* Receptive field ==l Gﬁ %R

* Nerve stimulation
mimics receptor
stimulation
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Receptive fields

e Various size and overaly

* Small receptive field —
high resolution :

e Spatial resolving power

[
| l} I ‘.}
> <=1 - = *“-Q \,,‘ 1T ]
. Ny __:O:__ Y A [I { | J {
increased by lateral W= s \ || .
N 2/ SLSA | |
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Mean threshold (rmm)
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Lateral inhibition

Ay Stimulus A, Stimulus
i Receplors
Skin— /\
Receptors

HH HHHH HH

MNeurons in
relay nucleus * ? ﬁﬁg;traar:gcuus

HH HHH HHH HH

B, Stimulus B,

Meurons in
relay nucleus

Frequency

Fregquency

Relay neurons

Spatial distribution
of excitation

Stimulus

Receplors

AN

Relay neurons

A —

Spatial distribution
of excitation and inhibition
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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

18 Somatosensitivity, viscerosensititvity, proprioception and pain |

(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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Receptors

e General

— Superficial — somatosensors
— Deep — viscerosensors

— Muscles, tendons, joints —
proprioceptors

e Special

— Part of sensory organs
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Receptors ceptors

re
v N\ec“a“()ecep"o“s

r
/ Thermgr ceptor™

* General
— Superficial — somatosensors
— Deep — viscerosensors

— Muscles, tendons, joints —
proprioceptors

e Special
— Part of sensory organs
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* Simple
 Complex
* General

— Superficial — somatosensors
— Deep — viscerosensors

— Muscles, tendons, joints —
proprioceptors

e Special
— Part of sensory organs
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- Stimulus___ |
‘;It::— Free nerve 7\ (Jm
Sal endings M ’ r
Nerve endmg e (?/
ﬁ ; Svnapse
___Unmyelinated .. |
axon v _ Sensory
b Myellnated o
¢ axon
Cell bod )
y K3 Cell body
Cell body H} .
0.5-2.0 e \
/ o m/sec
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(a) Simple receptors (b) Complex neural receptors (c) Most special senses receptors are cells
are neurons with have nerve endings enclosed that release neurotransmitter onto sensory
free nerve endings. In connective tissue capsules. neurons, Initiating an action potential,

http://www.slideshare.net/CsillaEgri/presentations I\II U I\I I



Somato/viscero/ proprio

P
-
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i ~__Stimulus
* Somatosensitivity |
. T Free nerve s\
— Pain a endings l,(/?’»/:
— Temperature Nerve ending "
— Touch ~ Unmyelinated
axon
. ey \ N Myelinated
* \iscerosensitivity \ . axon
— Pain /}‘\f@ Cell body I3 Cell bodv
/0.5-2.0 12-30
. . / /
* Proprioception [ e misee
— Position }\

AN
(a) Simple receptors (b) Complex neural receptors

are neurons with have nerve endings enclosed
froe nerve endings. In connective tissue capsules.

— Movement
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Somato/viscero/ proprio

N :
e ~__-Stimulus
* Somatosensitivity _— :
' "‘;:,?f;' Free nerve ’ _,
— Touch ~Unmyelinated
axon

 Viscerosensitivit

M Cell body

— Pain
/ 0.5-2.0 12-30
. . / / >
* Proprioception ,/ msec misec
— Position }\¥
O AD
— Movement A 2

Myelinated
axon

B
£ Cell bodv

(a) ﬂmpi' receptors (b) Complex neural receptors

are neurons with have nerve endings enclosed
free nerve endings. In connective tissue capsules.
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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
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| Stimulus
75~ Free nerve 7
: endings l/’ P
Nerve ending -\~
___ Unmyelinated
axon
\ " Myelinated
\ . axon
\
Kg Cell body y
/ I3 Cell bodv
/0.5-2.0 12.30
m/sec m/sec

|

AN
(a) Simple receptors (b) Complex neural receptors

are neurons with have nerve endings enclosed
froe nerve endings. In connective tissue capsules.
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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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(a) Shnpio receptors (b) Complex neural receptors
are neurons with have nerve endings enclosed
froe nerve endings. In connective tissue capsules.
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Evolutionary point of view
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N __ Stimulus

L . ‘,~~‘ } /
% ‘T;:‘: - Free nerve WA
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endings A/X "]

Nerve ending" 4

~ Unmyelinated
axon

/- Cell body

S 0.5-2.0 12-30
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A

(a) Simple receptors (b) Complex neural receptors
are neurons with have nerve endings enclosed
free nerve endings. In connective tissue capsules.
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Evolutionary point of view

* The signals indicating pote
damage are the mos*-

* The structure of the receptor, nerve
fibers and pathways reflects the
evolution
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~__Stimulus
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[7=~ Free nerve AN
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(a) Simpiﬁ receptors (b) Complex neural receptors
are neurons with have nerve endings enclosed
free nerve endings. In connective tissue capsules.
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Free nerve endindgs

* Non-specialized nerve
endings

* Polymodal
— Nociception
— Termoreception
— Mechanoreception

e A delta fibres
e (Cfibres
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(a) Simpio receptors (b) Complex neural receptors
are neurons with have nerve endings enclosed

froe nerve endings. In connective tissue capsules.
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Axons
from skin

Axons
from
muscles

Diameter
(um)

Speed
(m/sec)

Sensory
receptors

Nerve fibres

AB

Aa

13-20

80-120

Proprioceptors
of skeletal muscle
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6-12

35-75

Mechanoreceptors
of skin

Ad

5-30

Pain,
temperature

0.2-1.5
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Temperature,
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Nociceptors

* Free nerve endings responding to high-intensiti stimuli

e Stimulus
— Mechanical
v’ High pressure
v’ Sharp object
— Thermal
v Above aprox. 45°C
v’ Low treshold — variable
— Chemical
v pH
v’ Mediators of inflammation and so on
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Thermoreceptors

* Free nerve endings receptive to thermal stimuli

* TRP (transient receptor potential) channels
* Polymodal receptor (chemoreception, thermoreception)

* Present also in many cells (including neurons, keratinocytes, mechanoreceptros)
0 10 20 30 40 50 60

i’" L ————

horseradlsh ‘ }#’I ‘
A

garlic w i

TRPA1 TRPM8 TRPV4 TRPV3 TRPV1 TRPV2

® Ankyrin binding repeat
B TRP box
& PDZ binding
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Thermoreceptors

* Perceived temperature is determined by relative activity of

cold and warm receptors

Freezing Cold Cool Indiffer- Warm Hot Burning
cold e

w—
(@]
J

Impulses per second

¥ yreceptors

hot

7% Warmth

| |
| |
'
H Heat-pain
1
| |

1 1 I 1 I i 1 || 1 1
5 10 15 20 25 30 35 40 45 50 55 60
Temperature (°C)

Hall: Guyton and Hall Textbook of Medical Physiology, 12th Edition
Copyright © 2011 by Saunders, an imprint of Elsevier, Inc. All rights reserved.
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Thermoreceptors

 Mostly phasic response

B Dynamic temperature

Cold
fiber
L
= | :
b |
S | |
© | [
o | |
< l Warm
: fiber
|
|
!
| i
I |
I |
| |
s | |
= | |
©
(]
Q
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The receptors of the skin

« Simple versus complex

epidermis

v T
4“{ .’ f"?

(427
N
free

nerve endings
(pain, heat, cold)

-

Meissner
corpuscles

; (slow vibration, texture)

-

e ]f
N s
\\Y y

Merkel

)
disks
ine Pacini
(sustaln touch, Pacinian
pressyrg ) (rapid vibration)

Krause
end bulbs R
(rapid.yibration)
> Ruffini
g’ endings
root hair plexus pressu re)

(movement of
hairs)
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The receptors of the skin
N N T

<
MR

Meissner’'s Merkel Pacinian Ruffini
corpuscle cells corpuscle endings

B Location

recsoive | ) m m m
M

C Intensity and time course

Neural
spike train !!!!! |

Stimulus / |
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The receptors

of the skin

Receptor Type Sensation Signals Adaptation
Meissner Encapsulated . ) ) - L )
corpuscle & layered Touch: Flutter & Movement Frequency/Velocity & Direction Rapid
et Encapsul_ated Touch: Vibration Frequency: 100-300 Hz Rapid
corpuscle & layered
R Encapsulated Touch: Skin Stretch Direction & Force Slow
corpuscle collagen
Hair follicle Unencapsulated Touch: Movement D"-e':t'[_m & Rapid
Welocity
Merkel SPEC'E_'I'EEd Touch, Pressure, Form Location & Magnitude Slow
complex epithelial cell
UEE “EWE Unencapsulated Pain, Touch, or Temperature Tissue dan_‘uager, Contact, or . [_:'EPE'_"dS Dr_'_.
Ending Temperature change information carried

http://neuroscience.uth.tmc.edu/s2/chapter02.html
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MUN I
ME D

/2. Receptors, receptor potential vs. action potential,
receptive field

v' Receptor definition (energy converter) * Definition
v' Receptor potential vs. Action potential * Examples of large and small receptive fields,
* RP —analogue (amplitude), AP — digital association with resolution
(frequency) * Lateral inhibition
e RP — various ionic mechansims, AP - Na-K based * Receptor adaptation (tonic and phasic response)
v Basic attributes of stimulus v" Various classifications of receptors
* Modality, localization, intensity, duration * Brief overview of the skin receptors
* The law of specific nerve energies (labeled line
coding)

v' Receptive field
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