102 nm

10°nm

10°nm

10°nm

750 nm
350 nm

10°nm

inm

10? nm

VISUAL PATHWAYS

Radio

Cosmic
rays




VISUAL SYSTEM

O Perception of

> shape
» motion
> CO[OF - i Right visual flelg
Left"
4 Two pathways
» retina - cortex
J visual perception —

» retina - brainstem, diencephalon ‘
. eye movements .
. circadian photoentrainment 5=
. accommodation e
. pupillary reflexes




Light passes through the cornea,
aqueous humor, lens, and vitreous body
to form an image on the retina.

() Morizontal dissection of right eye



Macula lutea + fovea centralis
= areas of the highest visual acuity

Human retina

Fundus oculi




RETINA

10 layers: mainly separated by cell bodies (nuclear layers)
and axons (plexiform layers)

Pigment
epithelium (PE)

Inner and outer
segment layer

Outer limiting
membrane

Outer nuclear
layer (ONL)

Outer plexiform
layer (OPL)

Inner nuclear
layer (INL)

Path of light into refina
Direction of neural outflow

Inner plexiform
layer (IPL)

Ganglion cell
layer (GCL)

Nerve fiber
layer

Inner limiting
membrane




O 5 main cell types:
= photoreceptors

g b]p(.)lar cells = Amacrine cell = Bipolar cell = Rod
= horizontal cells mm Ganglion cell ™ Horizontal cell = Cone

= amacrine cells
= ganglion cells

O Photoreceptors:
= rods and cones
= jnvolved in
transduction
converting the
light signal into a
nerve impulse




O neurons with serial (vertical)
connection
= the main visual pathway
= photoreceptors — bipolar cells
— ganglion cells

Multipolarni neurony
(stratum ganglionare

® ) n. optici)

Ojl

Bipolarni neurony
(stratum ganglionare
retinae)

O neurons with parallel (horizontal)
connection
= modulation of the visual information e
by ret.lna (primarni smyslove bb.)
= horizontal cells
= amacrine cells

=



{a) Structure of rods and cones



O Cones (7 million)  Rods (100 million)

= cluster at fovea = outside the fovea
(macula lutea) = sensitive to shape and
= detect color in bright light movement
= photopic vision = scotopic vision
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CONES v

pigment

epithelium
: , ol
O 3 different types with e
. cones ~——__
three different ’
a outer
photopigments: plexiform _
layer o,
blue, green and red W5
cells
. . bipolar =
QO Each type is maximally — cos —
sensitive to the wavelength  *5i™———1
that COrreSpOndS tO inner ///“"/L
e Lo plexiform ~
the specific color range iy 3
(spectral sensitivity) i
nerve fiber e

layer




GANGLION CELLS

d P cells (80%)
= ganglion cells that monitor cones
= smaller, more numerous
= axons end on parvocellular laminae of LGN
» provide information about fine detail and color

M cells (10%)
= ganglion cells that monitor rods
= relatively large
= axons end on magnocellular laminae of LGN
= provide information about a general form of an object,
motion, and shadows in dim light

d non-P non-M cells (10%)
= projection to subcortical nuclei, koniocellular cells of LGN



PRIMARY VISUAL PATHWAY

O The primary visual pathway connects the retina with
lateral geniculate nucleus and primary visual cortex
(retinogeniculostriate pathway)

d It is responsible for detection of shape, movement

and color

15t neuron (photoreceptors)

4

2" neuron (bipolar cells)

\ 4

3" neuron (ganglion cells)

Optic chiasm

Primary
visual
cortex

%
Opticltract

s | GN

Optic
radiation



(b)

(analysis of
motion and
spatial relations)

form and
color)
(c) Retinal Thalamus Primary Visual er
ganglion cells LGN visual cortex association visual association
(area 17) cortex (area 18) cortex

_ﬁ ‘
- S

oo [




LATERAL GENICULATE NUCLEUS (LGN)

(A)

O LGN is composed of 6 layers

d Layers 1 and 2 contain cata
larger neurons -

Magno-
cellular

4 Layers 3 - 6 contain
smaller neurons

Parvocellular Magnocellular
ganglion cell ganglion cell



Retinal output LGN

Eye Gmglionoelltype‘ Layer LGN cell type




O Ipsilateral input enters
layers 2,3 and 5

Left LGN
O Contralateral input enters | 36
layers 1, 4 and 6 e 3

Left
nasal
\ retina
Right  Right

temporal nasal
retina retina

Left
temporal
retina



Retina

O LGN contains the topographic
representation of what the retina Ll il
“sees”. This retinotopic map ' FaPrY
is sent to the cortex.

O LGN modulates and regulates
the flow of visual information
to the primary visual cortex

O cortex can control efficiency of
thalamic input




GENICULOSTRIATE PATHWAY

optic radiation (geniculocalcarine fibres) runs
under the temporal lobe to the occipital lobe




OO0 OO

O

RETINOTOPIC REPRESENTATION

Nasal and tempgral visual fields Visual field of left eye Visual field of right eye
Reversed to opposite halves of retinal 0 Q
representative fields (hemiretinas)

ll!l

Nasal

Inverted and reversed s \_J S\ ) lfer"?g‘?‘?r?e'&aa"
Nasal visual fields project to A A

temporal hemiretinas and their axons ~ #
do not cross at the optic chiasm I
Temporal visual fields project to _ seee | y =
nasal hemiretinas and their axons | =

cross at the optic chiasm

'The

jrec

irna” tralal era

|visual fields Id ft 1r Primary visual o 2 .

i - ased on Mahle W, Frotscher )
area (= striate Color Afles snd Texthook of Muman
cortex) ‘;';:’s.um;;f: ;':-vrym Thieme

Light
waves






RETINOTOPY

Striate cortex
(layer IVC)

Binocular
visual field

Left visual Right visual

field : field
s el
(a)
v < a ! Fixation point
Striate cortex 4 4 .
Left Right
visual visual
field

d Most of the visual field is shared
by the two eyes (binocular field)

O Representation of different parts "
of the visual field is disproportionate i
in size i

Temporal
retina

“ NilSdl
retina

Optic chiasm

Left optic
tract

Right optic
tract



VISUAL CORTEX

(A) Medial view of
functional areas |




PRIMARY VISUAL CORTEX (V1 )

Postcentral gyrus

O Most LGN axons terminate in V1, rreenone

O All V1 neurons respond to visual
stimuli exclusively

O Ablating V1 results in blindness

in the contralesional hemifield E(\/os
(homonymous hemianopsia) R

Precental gyrus

O Electrical stimulation of V1 elicits
visual sensations Sl £,

Area 20

Area 37



VISUAL ASSOCIATION CORTEX

Motion
Dorsal Stream processing stream
» spatial orientation
» binocular fusion/depth perception v
» the location, the movement I <

and the movement direction
and velocity of objects in space

Object recognition

i t
Ventral Stream brocessina stream
» recognize objects and colors D /
> read text A Jrorieal] 1

» learn and remember visual objects< ». & >\ 'y |

(e.g., words and their meanings) /&~ 74w o | X&)
- ,\ V4 Nlnferotemporal PM} -

" —— cortex 7
What >



VISUAL PATHWAYS TO SUBCORTICAL
STRUCTURES

O to the suprachiasmatic nucleus of hypothalamus
O to the pretectum of the midbrain
O to the superior colliculus

Optic nerve w
Optic chiasm\ o ' ;
Lateral
geniculate
vz

nucleus\.\_
Optic \ -
radlatlcN ‘

Optic tract

Hypothalamus:
regulation of
circadian
rhythms

Pretectum:
reflex control
of pupil to light

4 Superior colliculus:
—24 orienting movements

&/l ~
Striate cortex 4 [\ of head and eyes




AUDITORY PATHWAY

1st order neuron

= bipolar neuron of the spiral ganglion

= dendrites make synapses with hair cells
= axons form the cochlear part of CN VI

outer hair cell tectorial membrane

Vestibular Tectorial

- ; cells of
mcmbranc/ PP it T

Auditory Hensen

Scala

— Cestibuli cells of reticular
/> ) ' Claudius lamina
L) 3
%' (; 7,\
\ % - AN hair cell
window \ Spiral — & D
ganglion AEEE
Round R
. , Scala ———=—x=
window Cochlea tympani
Inner

Outer

hair cells basilar
membrane Deiters

hair cells :
Basilar

membrane



2"d order neuron
= ventral cochlear nucleus — trapezoid body — lateral lemniscus
= dorsal cochlear nucleus — lateral lemniscus

34 order neuron
= nucleus of inferior colliculus . Y

— brachium c.i. Y < ‘,
oy |
(temporal L. ¥ ———
4th order neuron e _,gq--f:ﬂ% =
\ & . ”
= medial geniculate nucleuss== - —”"“’> o Cocne Loty
— radiatio acustica A\ Sene,
i Medial N
(internal capsule) e T =\
cgl’i’fm . ~ \ : HIgH-frequency
(mesencephalon) & / 4 sounds
M?;ffgxfaﬁm 7 ‘, ' | i 4@& Cochlear branch

Motor output
to spinai cord
through the
tectospinal tracts



Right
Auditory
Cortex

Left
Auditory
Cortex

Medial
Geniculate
Body

[l

Medial
Geniculate
Body

i 1

i

Integration of
spectral and
spatial analysis

Inferior Inferior
Colliculus Colliculus

N

[}

Lateral
Lemniscus

P 4

Superior Ccrmp_lex

Oli Spatial

CGII'::E :rgx (directional)
P Analysis

3

I 1 * |

I'|.
‘Il'l
""'I
Lateral \
Lemniscus Y

1

)

Superior
Olivary
Complex

1

Tege) [5s2)

Dorsal Dorsal Complex
Cochlear Cochlear spectral
Nucleus ) Nucleus analysis

N 'y
B
i,
"-.\ \I\

Wentral
Cochlear
Mucleus

Ventral
Cochlear
MNucleus

Right Ear



PRIMARY AUDITORY CORTEX

gyrus temporalis superior (gyri temporales transversi of Heschl)
- area 41 + 42

Secondary auddory
cortex




Two functionally significant features:

O tonotopical organization

O bilateral projection

Alferent Auditory Pathways

Braghlym of
interior
colliculuy

Infarioe
coliculve

NSO s

Lateca)
ennisch

Wodulla

“ ' Dovsal cochloar nucleus
Inlerioe coredeilar poduntio
: 2/ Vontral cochlear nucieus
@ N2 Cochiear division of
! W
- veslidulocothiear nerve
Dorsal acoustic | ¢ 7 LS\
stia 4
Raticutar fowsation \ y AL
Trapezoid body Lo Ouler
MArmadiale SCouIlic sirla




DESCENDING PATHWAYS

O feedback system processing ascending information
O enhance signals
O supress noise - sordlcomod
O mainly functions of the s
superior olivary complex
d focus on a particular speaker and
inhibit other voices

|
| The principal central connecions

| of hearing.
| Inferior colliculus \ Sublentiform part
| Sold colowred ines show the of intemal capsule
| ascenang pathways to the Lateral !
| primary auditory cortex. lemniscus
| Descanding connections are Su
[ represented by broken lines. eoinnd
[t SR olivary ¢ Dorsal cochlear nucleus
nucleus
Ventral cochlear nucleu
Decussat ng W,
fibers forming
trapezoid body a \
r



VESTIBULAR PATHWAYS

d changes in the motion of the head (kinetic) and
in the position of the head with respect to gravity (static)

3 afferent sources: the eyes, general proprioceptive
receptors throughout the body, and the vestibular
receptors in the inner ear

O to maintain equilibrium, to direct the gaze of the eyes,
and to preserve a constant plane of vision



VESTIBULAR APPARATUS

d Labyrinth of static apparatus

= macula utriculi - orientation in horizontal position
= macula sacculi - orientation in vertical position

O Labyrinth of kinetic apparatus
= cristae ampullares of semicircular ducts




O Hair cells in the maculae of the saccule and the utricle
respond to linear acceleration (gravity).

Q Hair cells in the cristae ampullares in the semicircular
ducts respond to angular acceleration (rotation of the head).

vestibular system
utricle

macula
crista

gaccule

E" i i N"'-, enlargement
j | of macula
& oLocon!&

ampulia

enlargement T —
of crista T il

- : - otolithic
' F\ ~T membrane
/‘ h h h L stereocilia

Einocilium /6 U 0 ,{j‘\\‘

L -
=T & Typel
_|_:.-IF:I'-..' s THPE I _._._'_,.-"" . - L . !II
X - . - - .

hair call
; hair call
nerve Tibre supporting

nerve fibre basemeant membranse caells
£ 997 Encyelopasdia Britsnnics, Ino

hair y
bundlgs =

hair cells



VESTIBULAR PATHWAY

O 15t order neuron -
vestibular ganglion
(utriculoampullar nerve,
saccular nerve,
posterior ampullar nerve)

d 2" order neuron -
vestibular nuclei
(superior, inferior,
medial, lateral)

4
INFERIOR
VESTIBULAR NUCLEUS \

mlt_ARNuLIB



® 2::'09;' . Cerebellum
¥ 7 opic D
Pumln]e system
oS Juxtarestiform body
Superior vestibular
nucleus .
Olulith vrgans
®) (NS a7 ] .Lﬁ.
Lateral vestibular (‘ 3"“"";:"“3;
——— ~Q ©
= e 1 [( \ B~ -
" Scarpa’s
\ ' ganglon
Inferior vestibular !
fucleus Commissural Cranial
Medial vestibular fibers nerve
nucleus Vi

Spinal cord




Consciousness of
balance

Oculomotor
control

Motion
control

VS tr.CS
e = | “ Reflex control of
formation " Spinal £ -
Splnrdal ipsilateral
Cardiovascular reaction SPIT muscles

and vomiting reflex



Connections with the cerebellum

O vestibular portion of the CN VIII - inferior cerebellar
peduncles - ipsilateral vestibulocerebellum

O vestibular nuclei - inferior cerebellar peduncles -
vestibulocerebellum

-—  maintenance of balance



Connections with the spinal cord

to motoneurons that innervate axial and proximal limb muscles

O lateral vestibulospinal tract
= from lateral vestibular nucleus
" uncrossed
» terminating at all levels of the spinal cord
= excitatory influences for extensors

1 medial vestibulospinal tract
= from medial vestibular nucleus
= uncrossed
= descends in the MLF
= terminates mainly at cervical levels
= coordination of head position and eye movements



Connections with the brain stem

0 ascending portion of MLF
>  CN I, IV, VI
» Darkschewitsch and Cajal nuclei
» coordination of eye movements in response
to head movements

kmd\
\
medial recius \




Connection with the thalamus (cortex)

,\ /Precentral gyrus
“Area 3a. B
Postcentral gyrus Central sulcus
s -Ar.
A ea 2v & ,
‘ " /lnlmpanetal
sl y sulcus

/) ‘ ‘ \ x \‘
Ventral posterolateral nucleus

and posterior nuclear group

Lateral vestibular nucleus

Inferior vestibular nucleus

conscious perception of movement and gravity



OLFACTORY PATHWAY

Lateral wall of nasal cavity Nasal septum

Olfactory region



2"d order neuron - mitral cells -
olfactory tract




3" order neuron - olfactory tubercle

4th order neuron - dorsomedial nucleus of thalamus

orbitofrontalni

kortex
thalamus
trigonum
bulbus olfactorium olfactorium /\
P 3
AN — % 3e
< ), ) J
) > 3 ) e
e - ° =l
1. b <8 stria k S
( medullaris
IIl. thalami
S W - V.
lamina cribrosa .
. ¢ ¢ ¢ 9 ncl. medialis V.
dorsalis thalami

Orbitofrontal cortex (perception of olfactory information)



Fibers to contralateral olfactory bulb

N\

Fibers from contralateral olfactory bulb

Septal area and nuclei

Subcallosal (parolfactory) area —

Medial olfactory stria

Dlfactory trigone and olfactory tubercle

Olfactory tract
Enlarged on Anterior olfactory nucleus -
plate 113B Olfactory bulb
|
2 - e T
v \,.' .
B ﬂ_ @eaa"f‘"“}
Olfactory
mucosa  Qlfactory cells

Olfactory nerves (1)
Cribriform plate (of ethmoid bone)

Lateral olfactory stria%

Lateral olfactory tract nucleus
Anterior perforated substance

A Amygdaloid body (phantom)

Anterior commissure

Piriform lobe
Uncus
S — J-
-5 : > '
R .\-. e
wx
’f"’“‘" >

Hippocampal fimbria
Dentate gurus
Parahippocampal gyrus



GUSTATORY PATHWAY

Taste buds

lllllllll

d receptor cells
(replaced about every 9-10 days
by differentiating basal cells)
O supportive columnar cells
O basal cells



Yagus (X) via... Glossophargngeal (IX) via...

Internal branch of
superior laryngeal nerve

Lingual branches (taste
plus general sensation)

Trigeminal (¥)
[(mandibular ¥3) via...
Lingual nerve
Facial (¥Hl) (intermediate
nerve) via...
Chorda tympani and
lingual nerve (taste)
Trigeminal nerve (V) ——
Glossopharyngeal nerve (IX) 2~
Vagus nerve (X) //A

Pacial nerve (VI) ——



15t order neuron -

= CN VIl -geniculate ganglion
» via lingual nerve and chorda tympani
> via greater petrosal nerve : b

= CN IX - inferior ganglion of CN |

= CN X - inferior ganglion ¢

Intermediate (VII)
e / »
‘ y/  Glossopharyngeal (IX)
B /
AN o Geniculate ganglion
-
)

Inferior ganglia

z 3': —— Palate

_Tongue

|/3 2/3




2"d order neuron - rostral part of
the solitary nucleus
3" order neuron - ventral

posteromedial nucleus of

Facial
nerve (VIl)

Glosso-

pharyngeal
nerve (IX)

Thalamic
nucleus
{(ventral
Pons posterior
medial
nucleus)

Solitary nucleus
in medulia oblongata




Primary gustatory cortex

O a. 43 in the postcentral gyrus
d insula .

Frontoparietal
operculum

Lateral sulcus ——

Insular =
Cortex




(b) Gustatory system

I (31] l
Cortex ‘ o

Gustatory ‘_7L[2 Olfactory | |Somatosens| |Orbitofrontal
| cortex cortex - cortex cortex

Endopiriform
nucleus

Hippocampus

Limbic
system
) 4
Lateral Nucleus |
Hypothalamus| |accumbens [T% *| AMygdala |
Thalamus |
LTS
S
Brainstem = I
w
NST T PbN  #» BNST Reticular
nucleus
A

A Ascending
Descending
Reciprocal

Taste cells Tongue motor
neurons

Periphery



lllustrations were copied and lecture was prepared from:

Noback CH.R. et al: The Human Nervous System:
Structure and Function. Humana Press, Totowa, New
Jersey, Sixth ed.

Neuroscience Online, the Open-Access Neuroscience
Electronic Textbook
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