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Olfactory and gustatory system
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Olfaction and sense of taste are closely interconnected ,,chemical senses”
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Olfaction

* Ability to sense chemical compounds dispersed in the air

* |Influenced evolution of neocortex
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Olfaction
* Ability to sense chemical compounds dispersed in the air
* Influenced evolution of neocortex
* Place identification

 Food identification
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Olfaction
Ability to sense chemical compounds dispersed in the air
Influenced evolution of neocortex
Place identification
Food identification

Humans are microolfactoric organisms

— Loss of analytic capabilities led to a relative enhancement
of psychological component
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Olfaction

Humans can distinguish about 80 chemicals
and 144-10000 odors

Better sensitivity to liposoluble molecules

Olfaction degenerates with age

Percent correct

10 0 50 w0 70

o 30
Age (years)

http://www.slideshare.net/drpsdeb/presentations
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Ethanol Ethy] acetate Benzaldehyde  4-Hydroxyoctanoic
alealolic etterveal batter almiond acid lactone
2 i .06 mhd 0.3 mM coconiil
0.05 mM

.

Pentadecalactone  Dimethvlsulfide Ewﬁrbdmat 16-€1-
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7nM 5 nM mﬂms moldy
0.1 M
Geosmin E-lonone 2-Tsobutyl-3-
eartlny Ncnnd!nal violet methoxvpyrazine
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10 Senses - motor system

10 basic categories of odors

v’ fragnant

v' woody/resinous

v’ fruit (other than citrus)

v’ putrid
v’ chemical

v minty/peppermint
v sweet
v popcorn
v’ burning
v lemon

Categorical dimensions of human odor descriptor space revealed by non-negative matrix factorization.

Castro JB, Ramanathan A, Chennubhotla CS.
PLoS One. 2013 Sep 18;8(9):e73289. doi: 10.1371/journal.pone.0073289. eCollection 2013.
PMID:24058466
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https://www.ncbi.nlm.nih.gov/pubmed/24058466
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10 largest-valued descriptors for each of the 10 basis vectors obtained from non-negative matrix factorization.

W1 W2 W3 W4 W3 Wo W7 W8 W9 W10
FRAGRANT WOODY, RESINOUS  FRUITY. OTHER SICKENING CHEMICAL MINTY, SWEET POPCORN SICKENING LEMON
THAN CITRUS PEPPERMINT
FLORAL MUSTY, EARTHY, SWEET PUTRID, FOUL, ETHERISH, COQL, VANILLA BURNT, SMOKY GARLIC, ONION FRUITY. CITRUS
MOLDY DECAYED ANAESTHETIC COOQLING
PERFUMERY CEDARWOOD FRAGRANT RANCID MEDICINAL AROMATIC FRAGRANT PEANUT HEAVY FRAGRANT
BUTTER
SWEET HERBAL. GREEN, AROMATIC SWEATY DISINFECTANT, ANISE AROMATIC NUTTY BURNT. SMOKY ORANGE
CUT GRASS CARBOLIC (LICORICE) (WALNUT ETC)
ROSE FRAGRANT LIGHT SOUR. VINEGAR  SHARP. PUNGENT. FRAGRANT CHOCOLATE OILY, FATTY SULFIDIC LIGHT
ACID
AROMATIC AROMATIC PINEAPPLE SHAFRP, GASOLINE, MEDICINAL MALTY AT MOND SHAFRP, SWEET
PUNGENT, ACID  SOLVENT PUNGENT, ACID
LIGHT LIGHT CHERRY (BERRY) FECAL (LIKE PAINT SPICY ATMOND HEAVY HOUSEHOLD COOQL, COOLING
MANURE) GAS
COLOGNE HEAVY STRAWBERRY SOURMILK CLEANINGFLUID SWEET CARAMEL  WARM PUTRID, FOUL,  AROMATIC
DECAYED
HERBAL, GREEN, SPICY PERFUMERY MUSTY, EARTHY, ALCOHOLIC EUCALIPTUS  LIGHT MUSTY, SEWER HERBAL, GREEN,
CUT GRASS MOLDY EARTHY. CUT GRASS
MOLDY
VIOLETS BURNT, SMOKY BANANA HEAVY TURPENTINE CAMPHOR WARM WOODY. BURNT RUBBER SHARP PUNGENT.
(PINE OIL) RESINOUS ACID

Senses - motor system

Categorical dimensions of human odor descriptor space revealed by non-negative matrix factorization.

Castro JB, Ramanathan A, Chennubhotla CS.

PLoS One. 2013 Sep 18;8(9):e73289. doi: 10.1371/journal.pone.0073289. eCollection 2013.

PMID:24058466
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https://www.ncbi.nlm.nih.gov/pubmed/24058466
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Olfaction

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

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

0123456

Stimulation of
olfactory soma
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Time (5)
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Olfaction

)

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

= =
m e
O =



Sense of taste

Ability to sense chemical compounds dissolved in saliva

e Close connection with olfaction

 Food identification

* Connection to the reward system

15 Senses - motor system
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Sense of taste

Ability to sense chemical compounds dissolved in saliva

e Close connection with olfaction

 Food identification

* Connection to the reward system

v'Umami

v'Hot
» Nociceptors and the

16 Senses - motor system

>Taste-mGluR4 receptor —

L - glutamate

rmoreceptors

= =
m e
O =



17 Senses - motor system

Gustatory system

)

http://www.slideshare.net/drpsdeb/presentations
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18 Senses - motor system

Gustatory system

Gustatory
cortex

Thalamic
nucleus
{ventral
—Pons posterior
medial
nucleus)

Solitary nucleus
in medulla oblongata

Facial
nerve (VII)

Vvagus
Glosso- nenm.x)
pharyngeal
nerve (IX)

http://www.slideshare.net/drpsdeb/presentations
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Auditory and vestibular system



Auditory system

Ve

cﬂfﬁﬁﬂ

* Transduction of sound waves to the receptor Tfm“"*’klﬁ
and the action potential (f ) q
i [
[ ".;
* Transmission to CNS H‘w

* Signal processing

— Sound decoding

— Interpretation

Dristance —

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

* Produced by vibration of solid object in the
alr or water

* Sound characteristics
— Frequency — pitch
— Amplitude — intensity
— Timbre — given by representation of harmonic
frequencies of the oscillation

* Pure tone
Distance —»
* Complex sound o
21 Senses - motor system R/'ll E I[\]I I



Sound

e Pure tone

— Determined by frequency

e Complex sound
— Sum of pure tones
» Harmonic (musical)

* periodic
» Disharmonic (noise)
* aperiodic

22 Senses - motor system

Pure Tone (sine wave)

AN
VA'A

Complex Waveform (Sum of Pure Tones)
Amplitude

P P Pn
VY

Time

Moise

http://www.earmaster.com/music-theory-
online/ch03/chapter-3-2.html

http://www.acoustics.salford.ac.uk/acoustics_info/sound_synthesis/

Dristance —

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

HUMAN
20-20,000Hz

ELEPHANT
5-12,000Hz

DOG
50-45,000Hz
CAT
45-65,000Hz
MOUSE
1,000-100,000Hz
BAT
2,000-120,000Hz

BELUGA WHALE
1,000-120,000Hz

DOLPHIN
75-150,000Hz

0

10

100 1,000 10,000 100,000

http://www.slideshare.net/drpsdeb/presentations
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The intensity and volume of sound

* Intensity of sound iy P
— Amplitude @\{;/, ) ~ N\

> Whisper — 20 dB J%& 3
» Speaking - 65 dB
» Jet engine — 100 dB P+

/;_‘1."': - 9
» Pain treshold — 120 dB @}; [\ [\
\

0 - X

|:
e Volume :
— Subjectively perceived intensity S‘*\_/ - 4 \\
- ,_,/’J j—-__.--

=
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External ear

v Transmission of acoustic signal from environment to the tympanic membrane

25 Senses - motor system

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

v" Transmission of acoustic signal from the tympanic membrane to the oval window
and perilymph/basilar membrane

Malleus Incus — Stapes

26 Senses - motor system
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Middle ear

e Asignificant difference in acoustic impedance

between air and perilymph

e Signal amplification

— Tympanic membrane area/oval window area

— Ossicles

* Protective function
— m.stapedius and tensor tympani
— Eustachian tube

27 Senses - motor system

Malleus } ;-

Manubrium

of Malleus Stapedial

Stapes Footplate

Oval Window
: _ (Small Area)
Tympanic

Membrane Q
(Large Area) / I\
. 11 Smaller Area
“ﬁ// /] ;:E:’F’:rri‘: Same Force
/T | HIGHER
PRESSURE

Force applied to a larger
area is concentrated
onto a smaller area

http://slideplayer.com/slide/3433153/
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Inner ear

v Transduction of perilymph/basilar membrane vibrations to receptor and action potential

Cross section of cochlea

28 Senses - motor system
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Tonotopic arrangement

* Proximal part

A
— high frequency
Lo
frequency
e Distal part esoncy
— low frequency
High

Round window

a)) e

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

* Basal part
— Narrow and tight
High frquencies

e Apical part
— Wide and loose
Low frequencies

30 Senses - motor system

Hair cells

byl l ||Il IIi |
|"I}|'I|'|||III |

ww, BrainConnection. com
P Slembill Lesning Comparalion

N mﬂfum e I

High frequency Basilar membrane

Base: narrow and tight

Basilar
membrane

Decoding high frequency Decoding low frequency Frequency producing
with maximum wave with maximum wave maximum amplitude in
A amplifude af the base B omeplitude of the apex C thebasilar membrane
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https://www.semanticscholar.org/paper/Mass-and-Stiffness-Impact-on-the-Middle-Ear-and-the-Kim-
Koo/16a2a6b5ffd1c963efd906ceal09277bfbf0d7e3/figure/3



Organ of Corti

Helicotrema

> Inner hair cells
» aprox. 3 500 Oval window Scalo

> Outer hair cells I
> aprox- 12 OOO Tympanum

vestibuli

Scala
media

tympani

> Tectorial membrane

Round window

http://www.slideshare.net/drpsdeb/presentations
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Inner hair cells

» Sensory function

http://www.slideshare.net/drpsdeb/presentations
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Outer hair cells o)

)
* Modulation of the signal ")§

v' Amplification of required frequencies ) e, = =
I ﬂ) :q Y 120 —
 The number increases towards apex )
H N complex 1 —
(low frequencies) ) s ==
Stereocilia %
& Electromotile
Response
N4
=

A\

Nucleus

Afferent  membrane  har cells of Corti

axons The Outer Hair Cell

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

* Nucleus spiralis cochleae
* Nucleus cochlearis ventralis

— Information about intensity

— Time delay — the sound direction
* Nucleus cochlearis dorsalis

— Information about frequency

e Olivary nuclei
— Analysis of direction
— Modulation (increase) of the outer hair cells sensitivity

e Colliculi inferiores
— Integration of information from the lower structures
— Centre of acoustic reflexes

* N. corporis geniculati medialis
— Thalamus

* Auditory cortex

34 Senses - motor system

Caudal
midbrain

Pons-
midbrain
junction

Mid-pons

Cochlear nuclei
Daorsal

Pasteroventral
Anteroventral

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

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

endolymph supe_ri_clr
semicircular canal bany
perilymph labyrinth
: i suUperior
h-:ur1_2|:|_ntal £ cemicircular duct memt!r'annus
semicircular labyrinth

* Associated with auditory system o \

10 vestibule
horizontal — \ / cochlea
. . . . i ] F
— Anatomic localization duct / _ /

. posteriglr ———
— Hair Ce”S semicircuV
canal
: ampullae ?
posterior i
1 semicircular
* |nformation about . round
w i nd oy
.. oval windosw cochlear duct
» Position

=1997 Encyclopaedia Britannica, Inc.

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

> Acceleration

v Linear

he balance
dification

Maintenance of t

v' Angular Muscle tone mo

he balance” of the sight

. ft
Maintenant® * 1 reflexes (VOR)

Vestibuloocu

=
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Information about position
and linear acceleration

utricle

macula
saccule

(=

* Macula
— CaCO;crystals

. enlargement
e Utriculus l _of macula
— Horizontal macula e
otolithic
° SaCCUIUS fmembrune
. Backward Deceleration _ _ h } stereocilia
— Vertical macula ' Kinocilium 0
Typel —. Ry o 1 :EFEEEH
hair cell [ ] & " # w
— -7— e St

nerve fibre basement membrane cells

http://www.slideshare.net/CsillaEgri/presentations
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Mechanism of reception

» Flexion towards stereocilia
— Mechanically activated K* channels are opened —depolarization

»Flexion away from stereocilia
— The channels are clsed - hyperpolariztion

Hyperpolarization

_______________ h..
Receptor potential Depolarization
*************** oo LU L NNt [ 4 [ L0y L T
Merve impulses Resting Increased Decreased
discharge impulse impulse
frequency frequency
Excitation Inhibition

38 Senses - motor system
http://www.slideshare.net/CsillaEgri/presentations
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Information about angular

acceleration

 Ampulla

* Semicircular canals
— Upper
— Horizontal
— Posterior

39 Senses - motor system

vegtibular system 4

crista

enlargemant
af crista

Cupula displacemant

cupuls

r
hiai F

Bundl @5
Inartial flow !
of endolymph

nerve fbre

Rotation of semicircular
canal (angular acceleration)

-

£ 997 Encyclopssdis Brit snnios, Ino

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



Vestibular nuclei

v’ Integration of vestibular,
visual and
somatosensoric
information

v’ Projections
e Cerebellum

* Oculomotoric nuclei

* Nucleus of n. Accessorius —
the muscles of the neck

e Spinal nuclei

* Thalamus - cortex

40 Senses - motor system

Vestibular area in
cerebral cortex

Ventral posterior
nucleus in thalamus

Vestibular branch of Oculomotor nerve

vestibulocochlear (II1) nucleus
(VII) nerve - : __ -
Vestibular ) ' Trochlear nerve
ganglion \ Sl | g A T J (IV) motor nucleus
. \ n : r- ”-/?/ : . % ; = ; 25 H i
i, » > : Abducens nerve

(V) motor nucleus

Cerebellum

Accessory nerve (XI) nucleus
Vestibulospinal tract

Spinal cord -’% ’

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

= =
m e



_— )
=) LLl]

—_ =

Vision



Light

v’ Electromagnetic radiation with wavelengths in range of 400 — 700 nm

<— Increasing Frequency (V)
102 1072 10 10'® 10'6 10" 10" 10" 108 10° 10* 107 10 v (Hz)
| | | | | I I | | | | | I

Y rays X rays uv IR Microwave |FM AM Long radio waves
Radio waves

I
| | | | | | | | | | |
' 1" 102 10 10°% 1076 107 1072 10° 10° 10* 10° 108 A (m)

P R Increasing Wavelength (L) —

1 Visible spectrum !

400 500 600 700
Increasing Wavelength (A) in nm —

42 Senses - motor system https://upload.wikimedia.org/wikipedia/commons/f/f1/EM_spectrum.svg

= =
m e



43 Senses - motor system

Color mixing

RGB

Additive ©
Color mixing light

Rep GreeN BLUE

CMYK

Subtractive s o
Color mixing 1nk

CvyaN MAGENTA YELLOW

£

http://www.indiana.edu/~jkmedia/classes/images/colormodes.jpg
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Photoreceptive organ

v'Light detection

v Image formation
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Light detection

Efognitive
* Circadian activity PR S Mood
nervous system ' ’
— Both prokaryotes and eukaryotes \ ;m.nus, g’lct;fgirw
— Day/night cycle is the most influential and Sleep .
the most stable biorhythm ~ ' 3 g Memory
7
LIGHT
L N~ s E{!‘m}ﬁlﬁm-

-
-

H]Ipuﬂmla?nus ll ~

Brain Hormones

II.I' ] stem
\ y \
r ‘ Cell cycle
EI%LL%E[:IEM Peripheral clocks

https://www.pointsdevue.com/article/good-blue-and-chronobiology-light-and-non-visual-functions

MU
M E

N1
D
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Light detection

Cognitive
performances

e Circadian activity i Mood
nervous system I ’
— Both prokaryotes and eukaryotes \ Tl.ms’ g’lclﬁgirw
— Day/night cycle is the most influential and Sleep Gonx
the most stable biorhythm - g Vemory
7
LIGHT —
. . . . neal gland -
— Oscillation with a period of aprox. 24 hours O =A== Molaoni
even without signals from environment I ~
.'} : ""'-..__h.
— Environmental signals synchronize circadian H,EN s \ pamanes
activit
Y . ‘ Cell cycle
EI%LL%GI-_:IEM Peripheral clocks
* Seasonal aCtIVIty https://www.pointsdevue.com/article/good-blue-and-chronobiology-light-and-non-visual-functions

N1
D

Il
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Circadian activity

Noon
12:00

High alertness
10:00

Highest testosterone secretion
09:00

Bowel movement likely08:30

Best coordination
14:30

Fastest reaction time
15:30

Melatonin secretion stops

Greatest cardiovascular efficiency
07:30,

and muscle strength

Sharpest rise 17:00

in blood pressure06:45)°

18:00

18:30Highest blood pressure
19:00 Highest body temperature
Lowest body temperature 04:30

1:00 Melatonin secretion starts

02:00 .
Deepest sleep 2:30
00:00 Bowel movements suppressed

Midnight

https://upload.wikimedia.org/wikipedia/commons/thumb/3/30/Biological_clock_human.svg/2000px-Biological_clock_human.svg.png
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Biological clock

 Cellular level

— Group of proteins rhythmically expressed creating
interconnected feedback loops (about 24hours)
* Peripheral Clock protein expression
e Tissue level
— Peripheral oscillators
— Adrenal gland, lung, liver, pancreas, skin
— Influenced by neurohumoral factors and also by light

* Central pacemaker

— Hypothalamus (nucleus suprachiasmaticus)
* Central clock protein expression

* Information about illumination from retina (specialized ganglion
cells) — synchronization of central pacemaker

» Pineal gland - melatonin
» Autonomnic nervous system — adreanl gland - cortisol

48 Senses - motor system

Fineal gland
300
“-...__\l‘gﬂﬂ | Plasma
melatonin
100+ (pmolil)
37.
” Core
37.04 body
36.5-\/- temp
("C)
Aﬂﬂ-
200 Plasma
100 cortisol
1 (nmolll)
..--"""-.——.
0 24
Adrenal Time l:h}
gland

A.J. Hesse, G.E. Duffield adapted from Hastings, M. BMJ 1998:317:1704-1707

http://slideplayer.com/slide/7013288/
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Central pacemaker synchronization

Wahl S, Engelhardt M, Schaupp P, Lappe C, Ivanov IV. The inner clock-Blue
light sets the human rhythm. J Biophotonics. 2019; e201900102.

retinal ganglion cell RGC

amacrine cells

Suprachiasmatic Nucleus (SCN)

Paraventricular Nucleus (PVN) —

Superior Cervical Ganglia

FIGURE 2 Signal transduction of circadian information. A
melanopsin induced signal from the ipRGCs is transmitted via the

bipolar cell optic nerve

Intrinsically photosensitive

o .
retinal ganglion cells ipRGC (1% of ganglion cells)

retino-hypothalamic tract (blue) to the hypothalamic pacemaker /s

FIGURE 1 Cross sectional view of the retinal system. Light

. neurons in the suprachiasmatic nucleus (green), the human “master
traverses the system from the left, cones and rods transmit visual P (g ).

information via the bipolar cells, amacrine cells, and ganglion cells to clock™. The circadian information is transmitted further downstream via

the optic nerve. The sparse subset of intrinsic photosensitive retinal the paraventricular nucleus (yellow), intermediolateral cell column in I\ll U I\I I
49 Senses - | ganglion cells can induce signals themselves, due to their possession of the vertebral gray matter, superior cervical ganglion (brown) to the
a separate photopigment, melanopsin pineal gland (purple), which is responsible for melatonin secretion I\/| E D




Image formation

» Shape
» Color
» Localization
» Movement

A ANMATOMY Comeal
epithelium
[}
Anterior chamber 1 Pupil Comea
| | !
and aqueous humor ". I ‘r,f Iris
Posterior | _/ // Limbus
hamibar. o . !
Giliary chambe ‘..‘\ I,-"Icanal of Schlemm
muscle—__ || Ry _Conjunctiva

Ciliary
body

Zonal
tibers

Vitreous humor

. . Madial Lataral
» Image interpretation - CNS rectus _ rectus
muscle Cho rc::nu:lmH muscle
Optic disc Fletina\ 4
Flattened Accommodated (blind spot)
Lens Sclera™ Fovea
Optic nerve ____

Larger
Pupil

50 Senses - motor system

Smaller
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Fixation

POt Light

Image formation

51 Senses - motor system

(&) Rod (B) Cone
r
r
-
-
- Pigment
/f’ ~epithelium
-
- Outer )
P segment
Retina .
€ Inj/" glﬁ;olar !_Duler
-~ segment
,/
.
Fowvea :
Foveola
\\
. Inmer | Inner
S segment segment
Optic M
BVE ~
Pigment Optic nene o
epithefiom  disc S
Y
N
A
) .
S c i -
~ ) . .
. LAl Synaptic Synaptic
et terminal terminal
Retina

Table 26-1 Differences Between Rods and Cones and Their Neural Systems

Rods
High sensitivity to light, specialized for night vision
More photopigment, capture more light
High amplification, single photon detection
Low temporal resolution: slow response, long integration time
More sensitive to scattered light
Rod system
Low acuity: not present in central fovea, highly convergent retinal
pathways
Achromatic: one type of rod pigment

Cones
Lower sensitivity, specialized for day vision
Less photopigment
Lower amplification
High temporal resolution: fast response, short integration time
Most sensitive to direct axial rays
Cone system
High acuity: concentrated in fovea, dispersed retinal pathways

Chromatic: three types of cones, each with a distinct pigment
that is most sensitive to a different part of the visible light
spectrum

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

white paper in:

Visual function g

52 Senses - motor system

o N B EZ8EREZ

Receptor density (mm ™ x 107)

B0 B 40 20 a 20 40 60 B0
Temporal Eceentricity (degrees) MNasal

Luminance {log cd /m )
—h -4 -2 0 2 4 B 8
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Photopigment of rods
Rhodopsin

* Opsin * Retinal
— G —protein — Retinol aldehyde (vit. A)

11-cis retinal
H,C CH; H CH; H

All-trans retinal
H.«C CH; H CHy H CH; /,D

53 Senses - motor system
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Photopigments of cones

¢ 3 types.of cones - 3 types of Blue pog Green Red
photopigment 100 cln97 " con ’cqne
— Blue(420nm) .-
— Green (530nm)
— Red (560nm)

~
)
|

e Colorisinterpreted by

Light absorption
(percent of maximum)
a0
o
|

25
ratio of cone stimulation [
0 m ~ T
— Orange (580nm) 400 500 600 700
* Blue: 0% Wavelength (nanometers)
* Green:42% Violet Blue Green RG] m
* Red:99% CopyHaht © 2011 by Saumaers, an mprnt of Elever, Inc. Al ighs reserved.

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

Drark Light
Fad
oiiter
R':":g:__ segment

Photoreceptors continuously release =
neurotransmitter (glutamate) in darkness “

cGMP

l-l'l'l-'l'}[-[ i1

In response to the light, the membrane
hyperpolarizes and release less
neurotransmitter

EEmrm e

N

Hod
Iier
segment

http://www.slideshare.net/drpsdeb/presentations
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Adaptation to the light/darkness

e Optic adaptation - et

Rod

oRiber

— Constriction of pupils

 Photoreceptor adaptation
— Ca?*inhibits guanylate cyclase
— cGMP gated Na* channels...
— Darkness

* Higher Ca?*levels - cGMP decreased > membrane
more hyperpolarized - ,,higher sensitivity to light”

— Light
* Lower Ca?*levels - cGMP increased -> membrane ) Rod
more depolraized - ,lower senzitivity to light“ inner

E-EE_EI"IEL"II

http://www.slidesare.net/drpsdeb/presentations
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Retina

* Photoreceptors

* |nterneurons
— Horizontal cells
 Horizontal interconnection

— Bipolar cells
e Vertical interconnection

— Amacrine cells

 Both horizontal and vertical interconnection

* Ganglion cells
— AP generation

— Transmission of AP to the brain

57 Senses - motor system
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Retina

Fovea

— Low convergence
* Small receptive field

* High resolution
— Lower sensitivity to light

Periphery of retina

— High degree of convergence

* Large receptive field
* Low resolution

— High sensitivity to light

58 Senses - motor system

B PERIPHERY OF

A CENTER OF THE
RETINA (FOVEA) THE RETINA
ey e

P> <Y

Cone Cone
Rod._
"~ Photo-""
receplors
“ [The receptive field of ganglion

N Receptive fields =~

of ganglion cells cells at the retina periphery is

much larger than that at the
fovea.
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Receptive field

Surround"
mpﬁvnﬂf ;HI field
rece receptive
fiald iNuminated
iluminated Al
o5 e
& > ( ‘?\

. Photoreceptor Photoreceptor
| hyperpolarized hyperpolarized
- Horizontal cell
hyperpolarized
e, I.| IIlI
Bipolar cell
depolarized ml;ﬂﬁ:ll'!“ d
' Direct path indirect path
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Receptive field

cantral part af peripharal
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Receptive field

On center OMF conter
i % & \
y
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' : /;' | |. \ i
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Receptive field
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Receptive field

 Magnocellular system
— Large receptive field
— Rods and cones
— M ganglion cells (10%)
— High speed of velocity
— Brightness/low contrast sensitivity
— Minimal sensitivity to color

63 Senses - motor system
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Receptive field

 Magnocellular system

e Parvocellular system

64 Senses - motor system

A M cells

On-centes

Large receptive field
Rods and cones

M ganglion cells (10%)
High speed of velocity
Brightness/low contrast sensitivity On-center Offcentes
Minimal sensitivity to color _

Small receptive field

Cones and rods

P ganglion cells (80%)

Low speed of velocity

Low sensitivity in low contrast
Good sensitivity to color
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Receptive field

 Magnocellular system

Large receptive field

Rods and cones

M ganglion cells (10%)

High speed of velocity
Brightness/low contrast sensitivity
Minimal sensitivity to color

* Parvocellular system

Small receptive field

Cones and rods

P ganglion cells (80%)

Low speed of velocity

Low sensitivity in low contrast
Good sensitivity to color
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Optic nerve and optic tract

Fixation point

. 4 lJJ!lIlII!Il|JI;'_':_".‘-IIlllllllllllll <§

° Optlcnerve |k\||l||||||||||Y|||||||||I||||J£L § ;
. Monocular Binocular Monocular
—_ S|gna| from one eye segment segment segment

— Signal from ,whole” visual field

* Optic tract
— Signal from both eyes

— Signal from half of visual field

Optic
chiasm
Left Right
hemisphere hemisphere

Copyright & 2008, 2004, 1998, 1993, 1988, 1983 by Mosby, Inc., an affiliate of Elsavier Inc.

66 Senses - motor syster- http://www_slideshare.net/CsillaEgri/presentations

https://www.aafp.org/afp/2013/0901/p319.pdf

= =
m e
O =



Visual pathways

* Nucleus corporis geniculati lateralis
— Thalamus
— Majority of projections
— Via optic radiation to neocortex

* Hypothalamus

— Regulation circadian activity

* Pretectum

— Pupillary reflex

* Colliculi superiores

— Reflex movement of eyes and head

67 Senses - motor system
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Primary visual cortex

Retinotopic organization

Fixation point

AN J
'S N
Monocular Binocular Monocular
segment segment segment

Optic
chiasm

Left Right
hemisphere hemisphere _
68 SenSeS - mOtor SyStem Copyright & 2008, 2004, 1998, 1993, 1988, 1983 by Moeby, Inc., an affiliate of Elsevier Inc. camm Cmrm
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Nystagmus

* Involuntary rhythmic eye movement

* Physiological
— Postrotatinal
— Optokinetic

* Pathologic
v’ Peripheral

* Vestibular system pathologies

v' Central

* CNS damage (cerebellum, midbrain...)

69 Senses - motor system

Classifying nystagmus
The various types of jerk and pendular nystagmus are illustrated below.

JERK NYSTAGMUS
Convergence-refraction
nystagmus refers to the
irrequtar jerking of the
eyes back into the orbit
during upward gaze. it
can indicate midbrain
tegmental damage.

Dowmbeat nystagmus
refers to the imeguilar
downward jerking of the
eyes during downward
gaze. It can signal lower
medullary damage.

Vestibular nystagmus, the
horizontal or rotary move-
ment of the eyes, sug-
gests vestibular disease
or cochbear dysfunction.

PENDULAR NYSTAGMUS
Horizontal, or pendinar,
nystagmus refers 1o os-
cillations of equal velocity

around a center paint, It ¢ i 1 v"r

can indicate congenital
loss of visual acuity or
multiple sclerosis.

Vertical, or seesaw;, nys-
tagmus is the rapid, see-
saw movement of the
eyes: One eye appears o
rise while the other ap-
pears to fall. i suggests
an optic chiasm lesion.

http://dxline.info/img/new_ail/nystagmus.jpg
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Sense

Saccadic eye movements

https://en.wikipedia.org/wiki/Saccade#/media/File:Szakkad.jpg
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Saccadic eye movements

Assistance in controlling Reflexive

Intentional saccades during
exploration exploration
movement
Supplementary Posterior
eye fields parietal corex

Frontal
eye figlds

Caudate
nucleus

Superior
colhculus

https://en.wikipedia.org/wiki/Saccade#/media/File:Szakkad.jpg

Substantia nigra
pars reticulata Mesencephalic
and pontine reticular
formations

https://s-media-cache-ak0.pinimg.com/564x/51/f7/26/51f7267e7c8a59caa90f904cd4f965eb.jpg
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Senses - motor system

Pupillary reflex

O

Pretectal . » Action potentials
nucleus i from right eye reach
both right and left
Deulamotor pretectal nuclei,

merves (1) \ / fn
Ciliary A ,/ é" |
gaﬂglla f‘_;::r/‘ '-..___ @
e

| f The pretectal
\ nuclei stimulate
./ D W" - / both sides of the
(@) Lightis shined on (¥, < e Eddinger-Westphal

4 L -, nucleus even
right eye only. though the light was

erceved only in
@ The right and left sides th right eye. q
L o af the Eddinger-WWestphal
- L\(:‘I_T nuclei generate action

patentials through the

right and left aculomotor
nerves, causing both pupils
to constrict.

http://www.ubooks.pub/Books/B0/E27R7642/MAIN/images/1509_Pupillary_Reflex_Pathways.jpg
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Introduction

e Skeletal muscle contraction is initiated by
lower motor neuron

* Lower motor neuron is a part of local
reflex circuits

75 Senses - motor system

Primary motor cortex

m/fnhum-07-00085-g001.jpg

in.org/files/Articles/42416/fnhum-07-00085-HTML/image

http://www.frontiers



Introduction

e Skeletal muscle contraction is initiated by
lower motor neuron

* Lower motor neuron is a part of local
reflex circuits

* The information from several sources is
integrated in the lower motor neuron

— Higher levels of CNS

»Upper motor neuron, tectum, n.
ruber, brain stem

— Proprioception

76 Senses - motor system

Ia afferent

Primary motor cortex

N\ —

Spinal cord

http://www.frontiersin.org/files/Articles/42416/fnhum-07-00085-HTML/image_m/fnhum-07-00085-g001.jpg
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Introduction

Skeletal muscle contraction is initiate~
lower motor neuron

Lower mote

— Proprioce

in.org/files/Articles/42416/fnhum-07-00085-HTML/image_m/fnhum-07-00085-g001.jpg

http://www.frontiers
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Lower motor neuron

* o motoneuron

— Innervation of contractile
elements

— Extrafusal fibers
— Muscle contraction

° Y motoneuron

— Innervation of muscle
spindles

— Intrafusal fibers

— Alignment of muscle
spindles

— Gamma loop

* B motoneuron
— Both extrafusal and intrafusal fiberrs

78 Senses - motor system
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Lower motor neuron
Topography

79 Senses - motor system

Dorsolateral
motor nucleus
(to limb muscle)

Motor nuclei

Short propriospinal Long propriospinal
interneurons nterngurons

Ventromedial
motor nucleus
(to axial muscle)
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Motor unit

e Atypical muscle is innervated by about 100
motoneurons which are localized in motor
nucleus

e Each motoneuron innervate from 100 to 1000
muscle fibers and one muscle fiber is innervated
by a single motoneuron

80 Senses - motor system
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81

Motor unit

A typical muscle is innervated by about 100
motoneurons which are localized in motor
nucleus

Each motoneuron innervate from 100 to 1000
muscle fibers and one muscle fiber is innervated
by a single motoneuron

The ensemble of muscle fibers innervated by a
single neuron and corresponding motoneuron
constitutes the motor unit

Senses - motor system

Aponeurosis
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Types of muscle fibers

Fast fibers Slow fibers
» Performance » Endurance
» Fast fatigue-resistant — normal performance > Fatigue resistant

» Fast fatigable — high performance

(B} (€

200 1000 1500
Time {ms)
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Types of muscle fibers

Fast fibers Slow fibers
> Performance > S \
» Fast fatigue-resistant — normal performance \N ‘\be‘
» Fast fatigable — high performance "35‘1 5\0 m“s(;\e
‘:\0 (o) “‘ O“
¢ ae
) ‘\6 e . deve“
50 ‘ ) \S e
e\ c\e of\ fatigable
e cOME e s et
“\‘ 3 c“\a = 100 Fast fatigue-resistant
= ma
l
rmmjl m E 0 o T
Slo //—\m
0 . < _Jwtw \L
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The recruitment of motor neurons

m. gastrocnemius in a cat

| Fast
fatigable

~ fatigue-

0 —F Slow
0 25 20 =] 100

Percent of motor neurcn poocl recruited

http://www.slideshare.net/drpsdeb/presentations
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85 Senses - motor system

Neuromuscular junction

Setting the stage

The events at the neuromuscular
junction {(NMJ) set the stage for
E-C coupling by providing
excitation. Released acetylcholine
binds to receptor proteins on the
sarcolemma and triggers an action
potential in a muscle fiber,

Axon terminal of
rrolar meuran 51 MK

(1) The action potential (AF)
propagates along the
sarcalomma and down thoe
T tubiiles.

@Gll:ﬂuﬂ ions are oleased.
Transmission of the AP along the

= | Tiubules of the triads couses the
voltage-sensitive lubule proteins 1o
change shape. This shape change
opans the Co release channels in
the terminal cistems ol the
sarcoplasmic reticulum (SR),
aliowing Ca®* 1o flow into the
eytosel.

@
I v
-
Tropon Tropomyosin
9 blocking active sites
i - ——— Myosin

@Gnl:luﬂ binds to
troponin and removes
the blocking action of

i
s ® 2
- oy
. . . Active sites exposad and
B ks ready for myosin binding

yosin. Whan Ca™
binds, troponin changes
shape, exposing binding
sites for myosin (active
sitea) on the thin filaments.

@Gon!mcuqn begins:
Myosin binding 1o actin
forms cross bridges and
coniraction (cross bridge
eycling) begins. At this
point, E-C coupling is over.

The aftermath

When the muscle AP ceases, the voltage-sensitive tubule proteins return
to their original shape, closing the Ca?* release channels of the SR. Ca?-
levels in the sarcoplasm fall as Ca?* is continually pumped back into the
SR by active transport. Without Ca®*, the blocking action of tropomyosin
is restored, myosin-actin interaction is inhibited, and relaxation occurs.
Each time an AP arrives at the neuromuscular junction, the sequence of
E-C coupling is repeated.

http://classes.midlandstech.edu/carterp/Courses/bio210/chap09/210_figure_09_11_labeled.jpg
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Neuromuscular junction

Axon terminal of
somatic motor neuron

:

| POF
N |

Actiol

T-tubule

v+ttt 4

L - ~ — Troponin
=T — Tropomyosin M line

Myosin head

https://s3.amazonaws.com/classconnection/803/flashcards/9818803/png/initiation-151586429D6310D1C56.png
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Muscle fibers

@ Myosin heads
hydrolyze ATF and
become reanented
and enargized

0 Myosin heads
bind to actin,
forming
crossbridges

Contraction cycle confinues if
ATP is available and Ca®™ level in
the sarcoplasm is high

o As myosin heads
bind ATP, the
crossbndges detach
from actin

Myosin heads rotate
toward center of the
sarcomere (power
siroke)

http://www.sivabio.50webs.com/mus019.jpg
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Types of muscle contraction

* |sotonic contraction
» Constant tension
> Concentric x excentric

contraction
Stimulating Stimulating
electrodes electrodes
s)
Kymaograph __Muscle

ol S

onic force
ransducer +

To electronic
recorder

ISOTONIC SYSTEM ISOMETRIC SYSTEM

88 SenseS - motor SyStem http://www.slideshare.net/drpsdeb/presentations

* |sometric contraction
» Constant length

Isometric contraction

Muscle contracts
but does not shorten

A

No movement

Concentric contraction

Movementl 2 I

/N

(b)

Eccentric contraction

https://i0.wp.com/colebradburn.com/wp-content/uploads/2013/02/contractions.jpg
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Proprioception

* Information about the position of body parts in
relation to each other

(The sum of information about lengths of particular muscles)

* |nformation about movement

(The force and speed of muscle contraction)

* Reflex regulation of muscle activity

* Muscle spindles

— Lie in parallel with extrafusal muscle fibers

Golgi tendon organ

— Arranged in series with extrafusal muscles

89 Senses - motor system

Muscle
spindle

Extrafusal
muscle fiber

Golgi
tendon
organ

Tendon
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Reaction of muscle spindles and the Golgi tendon
organs to muscle fiber stretch/contraction

(B) MUSCLE PASSIVELY STRETCHED
(11] @

MUSCLE ACTIVELY CONTRACTED

Muscle contracted

share.net/drpsdeb/presentations
.net/drpsdeb/presentations

:; Afferent Afferent iz
2 activity activity =
2 Shorten Shorten E
g t { H
< Muscle Muscle 3

e ngh £

Stretch (passive) Contraction (active)
Muscle spindles reaction Golgi tendon organ reaction
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Hierarchic organization of motor system

91 Senses - motor system
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Hierarchic organization of motor system
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Reflex

Reflex movement
— Stereotype (predictable)

— Involuntary

* Proprioceptive
* Exteroceptive

* Monosynaptic
* Polysynaptic

* Monosegmental
* Polysegmental

93 Senses - motor system

The afferent and efferent Sensory cell body

fibers often pass in the same
nerve.

white matter

Integration
cener

/ N
__ Association
| , :'ﬁeuron-/

Motor neurg

Sensory neuran

Stimulus #

Response —

oinal cord (CNgG) Matter

T BEMUAMIMACLIANIMNGS

Motor cell body
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Proprioceptive reflexes

DRG cell

 Myotatic reflex

— Monosynaptic

la fiber— |
— Monosegmental N

— Muscle spindle

» Homonymous muscle - activation

» Antagonist muscle - inhibition Muscle spindle

Rectus femoris

. @ \
v" Phasic response (la) «

— Protection against overstretch of extrafusal e Semitendinosus
fibrers

v' Tonic response (la a ll)

— Maintains muscle tone

=
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Afferent path: Action

""" potential travels through ————,

" Receptor: Muscle _ sensory neuron.
spindle stretches
and fires. b

- Stimulus: //.l -

Tapto tendon .
 stretches 1w
nuscie. P

..hr v

The patellar tendon (knee jerk) reflex
illustrates a monosynaptic stretch

center:

Sensory ne

synapses in
oinal cord

" Efferent path 2: Interneuron
e nhibiting somatic motor neuron

reflex and reciprocal inhibition of [ Efferent path 1:
the antagonistic muscle. g Somatic motor
) [Eﬂmtur 1=mnm1mpu]
muscle A
[ Response: Quadriceps LA~ o /
contracts, swinging lower | o
By e Effectc E:Hlm:h'lng]
muscle
I‘n. : Response: Hamstring
: i | |stays relaxed, allowing
. b extension of leg
\ % (reciprocal inhibition).

Copyright © 2007 Pearson Education, Inc., publishing as Benjamin Cummings,
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(A} Muscle spindle

)

Increase spindle
afferent discharge

Muscle spindle

Homonymous
muscle
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Proprioceptive reflexes

* Inverse myotatic reflex

— Monosegmental
— Disynaptic/polysynaptic
— Golgi tendon organ

» Homonymous muscle — inhibition
» Antagonist muscle— activation

v’ Protection against muscle damage

caused by extensive force

97 Senses - motor system

DRG cell

la fiber—

Muscle spindle
Rectus femoris

[

http://www.slideshare.net/CsillaEgri/presentations
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Golgi tendon reflex protects the muscle from excessively heavy loads by causing the muscle to relax and drop the load.

Muscle —, 2 —Inhibiting 0/' |

interneuron \ Neuron from Golgi

tendon organ fires.

. o

Motor neuron
Golgi tendon [ is inhibited.
organ
=] f Muscle relaxes.
{d) Muscle contraction stretches Golgi
tendon organ. (e) If excessive
load is placed on Load is dropped.
muscle, Golgi tendon
reflex causes relaxation,
thereby protecting muscle.
Copyright © 2007 Pearson Education, Inc., publishing as Benjamin Cummings. Flg 13-6b
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Exteroceptive reflexes

« Polysynaptic == Dorsat Sensation

relayed to

Arrival of stimulus . Activation of a N
and activation of ) /  sensory neuron the brain by
receptor / f,f
[ /
 Polysegmental
/ <
i / " REFLEX
e Receptor ARC
Stimulus ke
T i
, Etfector—i \ "" / V::;:ﬂ' STEP 3: KEY
-‘-‘{_'.:-i -.\-_\ ! J t!# V. Information —— ;Slz_nso:'ytn:;:ron
L il in stimulate
m [ ) Gfcxmam e
TP Sa { g / » % in CNS = Excitatory
Response . o’ Activationof a interneuron
hy effector motor neuron — M on
(s )
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Exteroceptive reflexes

* Polysynaptic

« Polysegmental

100 Senses - motor system

http://www.easynotecards.com/uploads/920/77/1c7a7974_150bb922c9b__8000_00004383.png

To motor neurons in other segments of the spinal cord
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Hierarchic organization of motor system
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Fixed action pattern and rhythmic movement

Fixed action pattern (e.g. Swallowing)
— Neuronal networks for complex motor activity

Central pattern generator (e.g. Walking, breathing)
— Neuronal networks generating rhythmic activity

— ,,Spontaneously repeated fixed action patterns”
— No need of feedback

Localization
— Walking — brain stem, lower thoracic and upper lumbar spinal cord
— Breathing — brain stem
— Swallowing - medulla oblongata/brain stem

Variously expressed voluntary control
— Walking (full control)
— Breathing (partial control)
— Swallowing (limited control)

102 Senses - motor system
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Fixed action pattern and rhythmic movement

Fast walk

Trot

Gallop

N 1 M

Extension
A Slow walk
left leg I
right leg
midbrain
stimulation
amplitude
CPG timer
gait velocity phase
command steps/s duration SSheaiy
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Fig. 1. Neural control of locomotion. A) Increments in
the intensity of stimulation of the MLR in the high
decerebrate cat increased the cadence (step cycles/sec)
of locomotion. Adapted from Shik et al. 1966.[22] B)
Schematic of the velocity command hypothesis: a
command signal specifying increasing body velocity
descends from deep brain nuclei via the MLR to the
spinal cord and drives the timing element of the spinal
locomotor CPG to generate cycles of increasing cadence.
Extensor phase durations change more than flexor
phase durations. The command signal also drives the
pattern formation layer to generate cyclical activation of
flexor and extensor motoneurons. Loading of the
activated muscles (e.g. supporting the moving body
mass) is resisted by the muscles' intrinsic spring-like
properties. This is equivalent to displacement feedback.
Force and displacement sensed bymuscle

spindle and Golgi tendon organ afferents reflexly
activate motoneurons. A key role of these afferents is to
adjust the timing of phase transitions, presumably by
influencing or overriding the CPG timer. Adapted from
Prochazka & Ellaway 2012.[23]
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Fixed action pattern and rhythmic movement

drive (MLR)

Whelan PJ. Shining light into the black box of spinal
locomotor networks. Philosophical Transactions of the
Royal Society of London B: Biological Sciences.
2010;365:2383-2395.
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Figure 1. Schematic of model by Rybak & McCrea. The
populations of interneurons are indicated by spheres, while
the motoneurons are represented by diamonds. This three-
layer model consists of a thythm-generating layer of extensor
(RG-E) and flexor (RG-F) intemeurons. Both populatons
have recurrent excitatory connections (see also figure 2).
These interneurons in turmn receive mutually inhibitory
input (Inrg cells). The drive projects to a pattern formation
layer (PF), which acts through murtually inhibitory connec-
tions (Inpf cells) to sculpt the patern, which is then
output to the extensor and flexor motoneurons. The final
output of the motoneurons is modulated by a final layer of
[a inhibitory interneurons (Ia-E, Ia-F) and Renshaw cells
(R-E, R-F). Arrows indicate excitatory drive, while the
filled circles indicate inhibitory drive. Reproduced with
permission.
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Planning

Voluntary motor activity
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Voluntary motor activity

* Result of cooperation of upper
and lower motor neuron

* Basal ganglia

— Motor gating — initiation of wanted
and inhibition of unwanted
movements

e Cerebellum

— Movement coordination
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Pyramidal tract

* Upper motor neuron

— Primary motor cortex

* Lower motor neuron

— Anterior horn of spinal cord

* Tractus corticospinalis lateralis
— 90% of fibers

* Tractus corticospinalis anterior
— 10% of fibers
— Cervical and upper thoracic segments

 Tractus corticobulbaris
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Primary motor area of cerebral cortex
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Primary motor cortex
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Motor cortex

* Primary motor cortex (area 4)
— Somatotopic organization
— Control of lower motor neuron

* Premotor cortex (area 6 laterally)
— Preparation of strategy of movement

* Sensor motor transformation

* Movement patterns selection

* Supplementary motor cortex
(area 6 medially)
— Involved in planning of complex movements
* Movement of both limbs
e Complex motion sequences

— Activated also by complex movement
rehearsal
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Basal ganglia

* Corpus striatum
— Nucleus caudatus
— Putamen
* Globus pallidus
(Pallidum)
— Externum
— Internum
* Nucleus subthalamicus
.

Substantia nigra
— Pars compacta

— Pars reticulata

e Thalamic motor nuclei
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(E)

Cerebrum
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Direct and indirect pathway differences

(B} Indirect and direct pathways
Indirect

. Pty Association cortex Motor cortex

e Direct pathway

» Motor cortex

activation

©  (transient) )  (transient) O transient)

* Indirect pathway

> Motor cortex
inhibition
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Dopaminergic projections
(B} Indirect and direct pathways

. . Indirect
* Dopaminergic pathway

projections are crucial
for the function of
corpus striatum

* S. nigra pars compacta

* Direct pathway
activation

» D1 receptors

* Indirect pathway
inhibition
» D2 receptors

http://www.slideshare.net/drpsdeb/presentations
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Basal ganglia e N

Cerebrum of thalamus

 Beside motor loop there are other loops e L W
associated with other thalamic nuclei

Caudate
nucleus

e ,Gating” of the other sort of information

* Association loop Putamen
* Limbic loop

* Basal ganglia play an important role in GClobus Ja ¥l
. . . . . . 3i.l||.i.l'.1l.l.:-, =18l ..'! ANuc
information processing in general and this is Emf;.m | e

. . . anel miernal
crucial for thinking process segments

* Connections of corpus striatum are plastic what .

allows learning and this was very important e s
during evolution e

Substantia nigra
pars reticulata
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Cerebellum

e Coordination

* Cerebellum plays an important role
not only in the coordination of
movement, but also in the
"coordination" of thoughts

- Vestibulocerebellum

- Spinocerebellum
- Cerebrocerebelum
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Regulation of
muscle tone,
coordination of
skilled voluntary
movement

Planning and
initiation of
voluntary activity

Maintenance of
balance, control
of eye movements

http://www.slideshare.net/HarshshaH103/cerebellum-its-function-and-releveance-in-psychiatry

Mmu
ME

o=






