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Chemical senses-smell

Ll eays food, odderes s chemical stimulusd s Gk o= 2% $Y chemical senses o= 3ke 52
chemical stimulusdtransduction

Smell
-least understood of all senses
-poorly developed in humans
da ge8a (i OY) 21 cortical regiond! St pathwayd! s animald) s ols¥l smelld)
Copai g lgalada B Al el aga 8 51 skt SISy bl sl Lo less developea oYL smelld) s

quality of lifed! degs & survivald! dege (e a8l sl
Important of smell
-enjoyment& selection of food
-flavours are combination of taste and smell (smell contribution about 80%)
80%0 Ay pdll (o (L) I Gy 353 5 alll o aainy pala 23 5 JSY) (e (S5 ad Ly
-giving warning of harmful substance and place

o) haal) @l lam g dag Hl jaad pash alll dulay da ke Jlall B ja Wt Da jlad 8 g3 (3 e e aga plil) Lua
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Olfactory membrane

Located on the superior part of nostril

The olfactory epithlum consist tree kind of cell
1-olfactory receptor

2-supporting cells/ sustentacular cells

3-basal cell

volite » 5S35 » 3¥ &35 sl gsuperior part of nostrildb 2 s> s o2 5 olfactory celldu (il semlld) dsles
flow turbid to of odder to Jex turbid 5! s ) nosed! S 5 48S 5 structured! s caly JlaS
transduction _x»=: sl facilitated odder to attach to olfactory membrane
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Olfactory receptors
-The receptor cells for smell sensation are the olfactory cell
-they are actually bipolar nerve cell derived from the CNS

axon k=i s mucousd! el = 5 s olfactory rod =% bipolar cell ce 3 ke 4 receptor celld) Lua
olfactory nerve b s aanty

-there are about 100M of these cell in the olfactory epithelium
-the mucosal end of the olfactory cell from knob

-from knob 4 to 25 olfactory hairs (olfactory cilia), project into the mucosa that coats the
inner surface of the nasal cavity

-these projecting olfactory cilia form a dense mat in the mucus

to 4 L ciliadl s gl sia g knobd) (ala s knob W slee: mucosa layer JV olali tlolfactory rod J)
25 olfactory cilia from each knob

-these cilia react to odours in the air and stimulate the olfactory cells

stimulation to olfactory _w=a: sl olfactory celld) &« odoursd! a= Jeliiiy ) .» ciliad) (e
receptor

opithelium

olfactory

Mucus —
\ayer

Supporting cells/ sustentacular cells

-The receptor cells in the olfactory epithelium are interspersed among sustentacular cell or
supporting cell

epithelium g 3 ke 22 5 olfactory receptord! culss (no s> 9
Function:

1-They provide physical support, nourishment and electrical insulation for olfactory receptor

electrical skex: (S5 nourishment Ju 52532 solfactory receptord physical supportd) sha
insulation

2-they help detoxify chemical that come in contact with the olfactory epithelium

4 pdall clanall s 5 ) detoxify to toxic substance bz
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Basal cell
-basal cells are stem cell located between the bases of the supporting cells

-thy continually undergo cell division to produce new olfactory receptor, which live for only
a month or so before being replaced

-the olfactory renewal process is carefully regulated- a bone morphgenic protein (BMP)
exerts an inhibitory effect

precursor s stem cell o= 3 ke 4 5 base of supporting cell and olfactory cell Jb 2 9> s« &
JSa Ly 8 anbll aia 6l degeneration ~¢! = olfactory receptor J Jull s olfactory receptord!
renewal of olfactory receptor by basal cell jrad i

regeneration and production of new s¢l = L degeneration sl sy ) neurond) cle) Lua
sloughing and replacement with new «¢!! Ju=sfunction of olfactory receptor J! 4a:i L« neuron
smell sensed! 4ulee JaS3 s neuron

Regeneration of olfactory receptor control by growth factor called bone morphgenic protein
(BMP) which make inhibit effect on renewal process

Bowman's gland

Spaced among the olfactory cells in the olfactory membrane are many small Bowman's gland
that secret mucous onto the surface of the olfactory membrane

Mucous is carried to the surface of the epithelium by ducts

The section can moistens the surface of the olfactory epithelium and dissolve odourants so
that transduction can occur

ductd! Gk oe dly J production of mucous Lxa: il age ala Bowman's glandd)!
epitheliumd!

Jee) L3 A1 as solvent mediadaiia s nasal cavityd! culs i lisasy 63 dage mucosad) Lua
dalee yuai g olfactory receptordh shi » SAs! mucosadh s sx » ¥ odourantu<l! inhalation
transductiond)
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Mechanism of excitation of olfactory receptor

The portion of olfactory cell that response to the olfactory chemical stimulant is the olfactory
cilia

The odorant substance, on coming in contact with the olfactory membrane surface

First, it is diffuse into the mucous that covers the cilia then it bind with receptor protein in
the membrane of cilia

Each receptor protein is along molecular, transmembrane protein about seven time folding
inward and outward

The inside of the folding protein is coupled to G-protein also called Golf
G-protein is tree substance: alpha, beta, gamma

On excitation receptor protein, an alpha subunit breaks away from G-protein and
immediately activate adenylyl cyclase

Adenylyl cyclase is attachment to inside of the ciliary membrane near to receptor cell body
and when excitation is converts the intracellular ATP to cCAMP

And finally, cCAMP activate membrane protein, gated Na ion channel, that open this gate and
allow Na to inter the cytoplasm of receptor cell

The Na increase electrical potential in the positive direction(depolarization) thus exciting the
olfactory neuron and transmitted action potential into the CNS by away of the olfactory
nerve

The membrane potential at resting membrane potential is -55mV when become depolarize
decrease negativity from -55 to -30mV

MECHANISM OF EXCITATION OF OLFACTORY CELLS.

Odourant + receptor protein

Activation of G protein

__ Activation of adenylate
on the cilia are odorant- T cyclase

binding proteins i3
\ ‘ : ATP — cAMP

il Na influx = receptor potential ‘L

binding of odorant to protein IR | Doporzaon (S0mV 3 AP Opening of Na* channels
induces a G-protein (G | RMP -55mV i

transduced formation of cAMP Uy

which opens fon channgls, | @, o Na* Iiﬂux

P Cyoplasmic side dEPUIﬂFIZﬂT' an

Figure §3-4

SCIENTIFIC TEAM - (alall 5 4l




I'o be smell
There are several factor affect to degree of the stimulation:
1-substance must be violate so that it can be sniffed into the nostrils

2-substance musket be at least slightly water soluble to penetrate mucosa to reach the
olfactory cell

3-subctance must at least slightly lipid soluble to interact with the membrane
-olfactory substance adapt very slowly

-olfactory sensation itself adapt rather rapidly

-must involve central mechanism

ad Jlary (g aay Lgadily Ay )l adlat Lo J5) ey (ala 5 adaptation a¢lwas olfactory receptord) Lua
Lo

OsSe oala JS5 el o sSs sensationdl adaptd) o« sensation and receptordu s adaptd) Lua
control on central nervous system

e Bge (4 585 (Saa s dag ) adily Lo i gl) 5 je ae (819 a3l (230 sl Jle gyl D (s 50 23 s
L pail Jlatly (g 5 (5 908 gy S day ) 48 2 e i

Olfactory pathway

Axons of olfactory neuron pass through perforations in the cribriform plate tp enter olfactory
bulb in the cranial cavity

Short axon from the olfactory cells terminate in multiple globular structure within the
olfactory bulb called glomeruli

Each bulb has several thousand such glomeruli, each of which is the terminus for about
25.000axons from olfactory cells

Each glomerulus also is the terminus for dendrites from about 25 large mitral cells and
about 60 smaller tufted cells, the cell bodies of which lie in the olfactory bulb superior to the
glomeruli

These dendrites receive synapse from the olfactory cell neuron

The mitral and tufted cells send axons through the olfactory tract to transmit olfactory signals
to higher level in the central nervous system

Some research has suggested that different glomeruli respond to different odours
Olfactory nerve fiber leadinf from olfactory bulb are called cranial nerve 1 or olfactory tract

25> <1l cribriform plated! axond! u=ls =5 » action potentiald chemical sensed! W s Lo a2y Lua
olfactory J) e <58 La g cribriform plate o« @k 20 filamentd axond) geaié base of skulldu
glomeruli ~exeus different type of cell g« synapse Je= 5 bulb
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25,000axon from olfactory celld—=_s:glomeruli JS thousand of glomeruli s bulbds
da s¢80 S 4adlaal) Lid L glomeruli response to different oderunced)

axon and dendrite to other cell(mitral and tuft cell)ais iasa (e 3 ke glomeruli J) Lua
25 large mitral cell and 60 smaller tuft cell J terminal dendrite W glomerulids

synapse between dendrite of mitral and tufted cell with axon of olfactory cell neuron_s<=s

CNSU! olfactory tract or cranial nerve 1J) 4w axon &% mitral and tuft celld) Lua

The olfactory tract enter the brain at anterior junction between mesencephalon and cerebrum

There, the tract divides into two pathways, one passing medially olfactory area (primitive
olfactory system) of the brain stem, and the other passing laterally onto the lateral olfactory
area

The medial olfactory area represent a very old olfactory system, whereas the lateral olfactory
area is the input to 1-a less old olfactory system and 2-a newer system

anterior junction between &k o brain J' Jasi s mitral and tuft cello< U= axond)
mesencephalon and cerebrum

medial and lateral olfactory aread g Jsu tractd) o &

Wlvery old olfactory systemd 255 primitive olfactory system i medial olfactory aread!
a less old olfactory system and a newer systemd (2 5% lateral olfactory aread)

The medial olfactory area send to septal nuclei which input to hypothalamus and primitive
portion of limbic system (very old olfactory area)

The important of these area is :more primitive response to olfaction such as salivation, liking
lip and other feeding response caused by smell food and primitive emotion drive to smell
these basic olfactory reflex

It is called primitive because present in all animal not just human
The lateral olfactory system in put to

1-less old olfactory system: in put to prepyriform cortex, pyriform cortex and amygdala and
from these area signal pathway into all portion of limbic system especially hippocampus
which is less primitive portion

And it is important to learning to like or dislike certain food depend once experience with
them like aversion food to food that have caused nausea and vomiting

2-the newer system: pass through the thalamus then to the orbitofrontal
The important is conscious perception and analysis of ordour (ordour discrimination)
LI Ay e dag ) ) gl aad ey
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Note: Less old olfactory system and vary old olfactory system both send to limbic system but
in very old olfactory system send to primitive part of olfactory system and less old olfactory
system to hippocampus

olfactory nerve is Hypothalamus Medial olfactory area

the first cranial nerve Prefrontal

cortex
Olfactory
medial (old) tract

and lateral (new)

Mitral
olfactory area itral

cell

Olfactory
l bulb

Orbito- Olfactory
frontal nerve
cortex

a
Lateral

olfactory
area

Brain stemm Hippocampus Temporal
cortex

Olfactory pathway

Olfactory receptor cell — Olfactory nerve

Olfactory bulb

Olfactory Tract

Medial Olfactory area Lateral Olfactory area

= /
Prepyriform cortex Thalamus
Septal Nuclei Pyriform Cortex
Amygdala l
Hypothalamus
Limbic system Limbic system Orbitofrontal
(primitive parts) (hippocampus) Cortex

(Very Old (Less Old Olfactory (Newer System)
Olfactory System) System)

Abnormality of olfactory sensation
1-Anosmia:Total loss of smell sensation
Two type:

a. Temporary anosmia caused by Obstruction of nose —common cold, nasal sinus and allergic
condition

Uiy sS laanal g ol by (6 ) e A8 90 ()5S0 Ll

b. Permanent anosmia caused by olfactory tract lesion ,meningitis and neurodegenerative
disorder

meningitis or st (Ses CNSJL ) damage of olfactory neuron asuis adls JS& aud) slaa 7 5 55 (s
Parkinsond) Jis neurodegenerative disorder

2-Hyposmia : Reduce ability to recognize and to detect any order
The most common disorder of smell
3-Hyperosmia= olfactory hyperesthesia: Increase and exaggerated olfactory sensation

Caused by Brain injury, epilepsy and neurotic condition
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