Module 13 General and Special
Senses

Dr. Lisa Brinn

FIU
Department of Biological Sciences
Ibrinn@fiu.edu

skl



Introduction

® Sensation
® Sensory information arriving at the CNS

® Perception
® (Conscious awareness of a sensation

1. General senses

® Jemperature, pain, touch, pressure, vibration, and
proprioception

® Sensations arrive at the primary sensory cortex

2. Special senses

® Smell, taste, balance, hearing, vision
® Sensations provided by specialized receptor ¢




Receptors and Receptive
Flelds

Receptive Receptive
field 1 field 2




Sensory Coding

® The identity of the active neuron indicates:

® | ocation of the stimulus} Provides information about the

e Nature of the stimulus strength, duration, variation, and
movement of the stimulus

e (Classification of Receptors
® TJonic receptors
e Always active
® Phasic receptors

® Provide information on the intensity and rate of change of
a stimulus

e Combine both
® \ery complicated - proprioceptors




Central Processing And
Adaptation
e Adaptation

® Peripheral (sensory) adaptation

® Phasic receptors - Fast-adapting receptors
® TJonic receptors — slow-adapting receptors

® Central adaptation




General Senses

e Simple classification
1. Exteroceptors

2. Proprioceptors
3. Interoceptors

e (lassification according to nature of stimulus

1. Nociceptors

2. Thermoreceptors

3. Mechanoreceptors
4. Chemoreceptors




Nociceptors

® Three types:

® Receptors sensitive to extreme temperatures

® Receptors sensitive to mechanical damage
® Receptors sensitive to chemicals

Hair Merkel cells and Tactile Free nerve
tactile discs corpuscle ending

El Free nerve endings

Sensory
nerves




Referred Pain




Thermoreceptors

ocation
Dermis of skin
Skeletal muscles
Liver
Hypothalamus

e 6 o o [

® Free-nerve endings

® Cold and warm receptors

® No structural differences

® Cold 3X more numerous than warm

® Conducted along the same pathways that carry pain
- sensations
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Mechanoreceptors

® Sensitive to stimuli that stretch, compress, twist, or distort
their plasmalemma.

® Three classes of mechanoreceptors:
1. Tactile receptors
® Provide sensations of touch, pressure, and vibration

2. Baroreceptors

® Detect pressure changes in walls of blood vessels and in
portions of digestive, reproductive, and urinary tracts

3. Proprioceptors
® Monitor positions of joints and muscles
e Most complex of the general sensory receptors




Tactile Receptors in th
KIn

Merkel cells

I3 Merkel cells and tactile discs

Merkel cells and  Tactile Free nerve -
Free nerve endings tactile discs corpuscle  ending B Free nerve endings

of root hair plexus

Tactile
corpuscle Epidermis

Ruffini corpuscle
Lamellated corpuscle

Root hair plexus

- Dermis
—— Dendritic process

-~ Accessory cells
(specialized fibrocytes)

- Concentric layers (lamellae)
of collagen fibers
separated by fluid

Lamellated corpuscle LM x 12 Tactile corpuscle LM x 550

Collagen  Sensol
—c layers ms« ry
~ of collagen fibers

- separated by fluid

B Ruffini corpuscle [ Tactile corpuscle; the capsule
) b y in the micrograph is
A Lamellated corpuscle indicated by a dashed line.
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Baroreceptors

— Baroreceptors of Carotid
Sinus and Aortic Sinus

Provide information on blood
pressure to cardiovascular and
respiratory control centers

— Baroreceptors of Lung

Provide information on lung
stretching to respiratory rhythmicity
centers for control of respiratory rate

— Baroreceptors of Digestive Tract

Provide information on volume of
tract segments, trigger reflex
movement of materials along tract

— Baroreceptors of Colon

Provide information on volume of
fecal material in colon, trigger
defecation reflex

— Baroreceptors of Bladder Wall

Provide information on volume of
urinary bladder, trigger urinary reflex
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Chemoreceptors

e Specialized neurons that can detect small changes
In concentration of specific chemicals or
compounds

® |n general

® Respond only to water-soluble and lipid soluble
substances dissolved in surrounding fluid




Chemoreceptors

Chemoreceptive
neurons Blood vessel

Carotid boy ‘ LM x 1500

Chemoreceptors in and
near Respiratory Centers
of Medulla Oblongata

Sensitive to changes in pH
and Pco, in cerebrospinal
fluid

Chemoreceptors
of Carotid Bodies

Sensitive to changes in pH,
Pco,; and P, in blood

Chemoreceptors
of Aortic Bodies

Sensitive to changes in
PH, Pco,, and P, in blood
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Trigger reflexive
adjustments in
depth and rate of
respiration

Via cranial
nerve IX

Via cranial Trigger reflexive
nerve X  adjustments in
respiratory and
cardiovascular

activity



Olfactory Receptors

Olfactory Pathway

Olfactory Olfactory Olfactory = Olfactory = Central Regenerative basal cell; To

epithelium = nerve bulb tract nervous divides to replace worn-  Olfactory olfactory
fibers (N 1) system out olfactory receptor cells gland bulb

1
bl Olfactory

nerve fibers

Cribri;cl:;tn; ‘“J ’ l" ‘

Lamina — 0
propria >

Developing
olfactory
receptor cell

Olfactory

receptor cell
Olfactory —

epithelium A
~——— Supporting cell
Cribriform PP 9

plate Mucous layer

Knob

-
Superior Olfactory =27 Olfactory cilia;
nasal epithelium

=
itheli \ s et s '/’ surfaces contain
concha . N . ® ¢ receptor proteins

Substance being smelled
E] The distribution of the olfactory receptors on
the left side of the nasal septum is shown by I A detailed view of the olfactory epithelium.
the shading.
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Water receptors
(pharynx)  Umami

Nucleus of
transitional cell

Nucleus of
gustatory cell

Nucleus of

E] Gustatory receptors are basal cell

found in taste buds that
form pockets in the

epithelium of the fungiform
and circumvallate papillae.

Taste bud LM x 650

Transitional cell

Gustatory cell
Basal cell
Filiform papillae
3 Papillae on the surface 3 Histology of a taste bud showing receptor
of the tongue. cells and supporting cells. The diagrammatic

view shows details of the taste pore not
visible in the light micrograph.
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Gustatory Pathways

=1 _—
———

| "'A \\ 2% \

7B Thalamic
4 nucleus

~—— Gustatory

/Y
L cortex

lemniscus

Facial nerve ' Nucleus
(NVI) solitarius

Glossopharyngeal —

nerve (N IX) Vagus nerve

(N'X)
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Equilibrium and Hearing

] 1)
External Ear | Middle Ear . Inner Ear

1 Y

1 ]

Elastic SN Auditory ossicles |
cartilages s 2 P

Oval Y Semicircular canals
window g

Petrous part of
temporal bone

Facial nerve (N VII)
- L
= '\.%_
- : . >

Vestibulocochlear
nerve (NVIII) TR

Bony labyrinth
of inner ear

Tympanic
cavity

Auditory tube

nasopharynx

Round Vestibule
window

External acoustic g Tympanic
meatus ' membrane
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/—‘ Incus

Malleus

Middle Ear

Points of
attachment
to tympanic
membrane

Temporal bone
(petrous part)

nnnnnnnnnnnnnnnnnnnnnnn

Malleus

Incus
Stabilizing

ligament

Base of stapes

. at oval window
Chorda tympani

nerve (cut), a
branch of N VII

External acoustic —

Tensor tympani
muscle

meatus 4
Tympanic cavity v Round window
(middle ear) \‘ Auditory tube
Tympanic membrane — 2 — S £ Stapedius
(tympanum) ¥ : : etoetep, 0. 5% muscle

] Structures within the middle ear cavity
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Structural Relationships of
Inner Ear

can be divided into |

I |
Cochlear duct Vestibular complex
(hearing) (equilibrium)
includes
- |
/ v
Semicircular Utricle and saccule
ducts (gravity and

. (rotation) linear acceleration)



Semicircular Canals and
Ducts

Semicircular
canal

KEY

[""1 Membranous
labyrinth

["""1 Bony labyrinth

.
\

Anterior

Semicircular Lateral
ducts

Posterior Cristae within ampullae

Maculae
Endolymphatic sac

—Cochlea

Utricle

Saccule

Vestibular duct

Perilymph 2
/ Cochlear duct

Bony labyrinth —-

Tympanic Organ of
E] Anterior view of the bony duct Corti

Endolymph
Membranous \\ \ labyrinth cut away to show the
labyrinth semicircular canals and the
enclosed semicircular ducts of

] Cross section of a semicircular canal b L
shows the orientation of the bony

labyrinth, perilymph, membranous

labyrinth, and endolymph.
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Function of Semicircular Ducts

r . > ; " 4= Vestibular branch (N VIII)
Semicircular ducts \ /s

Anterior

Posterior

Endolymphatic sac
Lateral

Endolymphatic duct
Maculae

Saccule

E] Anterior view of the
maculae and semicircular
ducts of the right side. Displacement In

this direction
stimulates hair cell

Displacement in
this direction
inhibits hair cell

Ampulla Kinocilium
filled with | i Stereocilia
endolymph (!

Hair cells

Crista

Sensory nerve
3 A section through the ampulla of a semicircular duct.

Direction of

Direction of
duct rotation

duct rotation

,

Direction of relative
endolymph movement

\alZ nerve
Supporting ) ; ending
cell
Semicircular duct% ] Structure of a typical hair cell showing details revealed
Cupula by electron microscopy. Bending the stereocilia toward
At rest the kinocilium depolarizes the cell and stimulates the
B Endolymph movement along the length of the duct

sensory neuron. Displacement in the opposite
moves the cupula and stimulates the hair cells. direction inhibits the sensory neuron.
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Function of Semicircular
Ducts

Anterior semicircular
duct for “yes”

Lateral
semicircular
duct for “no”

Posterior semicircular
duct for “tilting head”

E] Location and orientation of ) A superior view showing
the membranous labyrinth the planes of sensitivity for
within the petrous parts of the semicircular ducts

the temporal bones
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Macula of Vestibule

Statoconia

Gelatinous
material

Statoconia

Otolith

Hair cells

] A scanning electron micrograph

Nerve fibers showing the crystalline structure
of otoliths
E] Detailed structure of a
sensory macula
n Head in Neutral Position E Head Tilted Posteriorly .
s Gravity

Gravity

[l v
Oy

Otolith moves
v “downhill,”
Receptor distorting hair
output cell processes
increases

g Diagrammatic view of changes in otolith position during tilting of the head
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Cochlea and Organ of Corti

Round window

Stapes at
oval window

Cochlear duct —
Vestibular duct —

Tympanic duct —

Apical turn

Vestibular
membrane

Cochlear Vestibular
Tectorial membrane . branch branch

ki T
.":'u Basilar membrane Vestibulocochlear -
3 nerve (N VIII) Semicircular
Spiral ——- Middle turn ESRnIE
ganglion £ E] Structure of the
Pl Vestibular duct (scala cochlea in partial KEY
[ vestibuli—contains perilymph) section mm=) From oval window
to tip of spiral

Modiolus o f Corti
rgan of Corti = From tip of spiral
to round window

Cochlear duct (scala
media—contains endolymph)

b Basal turn
/ L 2

AN o » £~ % M Tympanic duct (scala

b ' " g y Ly tympani—contains perilymph)
To round —=— « ™ / \

window L&/ D

From —
oval * & |
e ¢\

window @

2
Temporal bone (petrous part)

Vestibulocochlear Cochlear branch

nerve (N VIiI)

] Structure of the cochlea within the temporal
bone showing the turns of the vestibular duct,
cochlear duct, and tympanic duct
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Sound Detection

Spiral
ganglion

Vestibular duct

Vestibular membrane
Cochlear duct

Tectorial membrane
Basilar membrane
Tympanic duct
Organ of Corti

Cochlear branch

EJ Three-dimensional section showing the
of NVII

detail of the cochlear chambers, tectorial
membrane, and organ of Corti

Cochlear duct (scala media)

Vestibular membrane

Tectorial membrane

Outer
hair cell

Tympanic duct Basilar Hair cells  Spiral ganglion

Basilar membrane Inner hair cell Nerve fibers (scala tympani) membrane of organ cells of
of Corti cochlear nerve

B Diagrammatic and histological sections through the

receptor hair cell complex of the organ of Corti Organ of Corti LM x 125

©2015 Pearson Education, Inc.



Auditory Sensation
Pathways

Projection fibers then deliver the
information to specific locations within

o ' the auditory cortex of the temporal lobe.
—————————
Stimulation of hair cells at a specific V
location along the basilar membrane High- —_=w/mmmg.— | ow-frequency
activates sensory neurons. o / g ; frequency || | sounds
To ipsilateral sounds J

auditory
cortex 3 6

Ascending acoustic information goes
to the medial geniculate nucleus.

Cochlea

Low-frequency
sounds

High-frequency
sounds

The inferior colliculi direct a variety of
unconscious motor responses to sounds.

To reticular formation and
motor nuclei of cranial nerves

)

Sensory neurons carry the sound

information in the cochlear branch

of the vestibulocochlear nerve

(N VIIl) to the cochlear nuclei. )
Vestibulocochlear

nerve (N VIII)

Superior olivary nucleus

. Information ascends from the cochlear
nuclei to the inferior colliculi of the midbrain.

Cochlear nucleus

KEY

<— First-order neuron

<— Second-order neuron

<— Third-order neuron Motor output to spinal cord
through the tectospinal tracts

<« Fourth-order neuron
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The Eye

Fibrous Vascular Neural Ora serrata

tunic tunic tunic
(sclera) (choroid) (retina)

P Fornix

Posterior cavity
(Vitreous chamber filled
with the vitreous body)

Palpebral conjunctiva

Ocular conjunctiva

\

Anterior chamber
(filled with aqueous
humor)

Lens
Bl The three layers, or ] Pupil
tunics, of the eye of
: Y Central retinal / Cornea
artery and vein Iris
Optic nerve Posterior chamber
(filled with aqueous
Optic disc h
/ e umor)
Fovea

Corneal limbus
Retina Suspensory
ligaments

Choroid

Sclera

3 Major anatomical landmarks and features
in a diagrammatic view of the left eye
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Retinal Organization

PIGMENT
EPITHELIUM

Horizontal cell Cone Rod

Choroid —

_ Pigmented -
7 layer of retina

granules

OUTER SEGMENT
Visual pigments in
Rods and — membrane discs

Discs
Connecting

{”lllmemlmnm,. i

cones stalks
_ ‘ INNER SEGMENT "8 wmitochondria
Amacrine cell \: Location of major : GOl
! 7 N organelles and ~ app:rgtlus
Bipolar cells - T e

such as photopigment Nuclei

synthesis and

= = ATP production
S Ganglion cells-
Synapses with
X bipolar cells
Bipolar cell
[ Diagrammatic view of the fine LIGHT

H :'Ilstc:lzglfal ortgta n structure of rods and cones, based
ocated closest to on data from electron microscopy.
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rom— Anterior chamber
i
cavity Posterior chamber /

Ciliary process

Suspensory
ligaments

Pigmented
epithelium
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Circulation of Aqueous
Humor

Ciliary body

: Body of iris
/f ///ﬁ \ \\ Conjunctiva

z///////

Sclera

Choroid

Retina

AN



Action of Pupillary Muscles

Pupillary
dilator muscles
(radial)

Constrictors
contract

Pupillary
constrictor
muscles
(sphincter)

Dilators contract

K3 The action of pupillary muscles
and changes in pupillary diameter
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