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Olfaction: sense of smell 

      10-100 million receptors for smell 

          olfactory receptors are 1st order neurons  -  bipolar neurons with knob-like dendrite 

           site of olfactory transduction are olfactory hairs  -  cilia projecting from dendrites 

             respond to chemical stimulation by producing generator potential 

       supporting cells are columnar epithelium 

           physical support, nourishment, electrical insulation, help detoxify chemicals 

          basal stem cells are at base of supporting cells and divide continuously 

           receptor cells live only about a month and are replaced 

         olfactory (Bowman’s) glands in CT produce mucus for moisture 

             dissolves chemicals 

         genetic evidence suggests many primary odors up to 10,000

          low threshold and adapts rapidly 

         olfactory nerves to olfactory bulbs to olfactory tract 

Gustation:  sense of taste 

       Chemical sense chemicals must be in solution 

       Taste buds – 10,000 on tongue, pharynx, larynx, soft palate 

         Oval structure with 3 types of epithelial cells 

1. supporting cells – 

2. gustatory receptor cell – about 50 per taste bud 

single long gustatory hair projects from receptor cell through taste pore to surface

3. basal cell – near CT layer produce supporting cells which develop into gustatory cells 

              receptor cells synapse with dendrites of 1st order neurons to start gustatory path 

            found on papillae which increase surface area 

              circumvallate

              fungiform

              filiform 

             gustatory hair is site of transduction 

                4 primary tastes – bitter, sweet, salty, sour

            lowest threshold for bitter    poisons often bitter 

VISION  

Accessory structures – eyelids, eyelashes, lacrimal apparatus, extrinsic eye muscles 

   Eyelids – palpebrae 

    Lateral and medial commissures 

     Lacrimal caruncle 

 Eyelashes and eyebrows 

      Protection          sebaceous glands at base of eyelashes     infection of gland called sty 

Lacrimal apparatus 

      Produces lacrimal fluid or tears    6-12 excretory ducts 

        Then lacrimal canals to lacrimal sac to nasolacrimal ducts to nasal cavity 

Extrinsic eye muscles 

     Superior, inferior, lateral and medial rectus 

     Superior and inferior oblique 

Eyeball

   3 tunics 

       fibrous -   cornea and sclera 

      vascular tunic – or uvea  choroid posterior portion 

            nutrients to retina 

            choroid becomes ciliary body which extends from ora serrata – jagged anterior margin of retina 

          ciliary body consists of ciliary processes and ciliary muscles 

                suspensory ligaments 

         iris – colored portion of eyeball 

              regulates amount of light       autonomic reflexes do it 

    retina – posterior ¾ of retina 

          optic disc – site where opti nerve exits 

          pigment epithelium – sheet of melanin containing epithelial cells 

         neural portion – multilayered 

1. photoreceptor layer 

2. bipolar layer 

3. ganglion cell layer 

            horizontal and amacrine cells 

            photoreceptors – rods and cones 

                  rods – low light – dim light 

                  cones – 

                     macula lutea – exact center of posterior retina 

                      central fovea – small depression in macula lutea – only cones 

                            high acuity color vision 

          blind spot – optic disc

          lens – proteins of crystallins           held by suspensory ligaments attached to ciliary processes 

       interior    anterior and posterior cavities 

            anterior cavity has anterior chamber and posterior chamber 

       Physiology of vision 

         Photoreceptors and photopigments 

           Outer segments – distal end of receptor next to epithelium 

               Pigments are integral membrane proteins in membranes of outer segments 

                     Membranes stacked like pancakes 

                Renewed very rapidly  and old discs phagocytized by pigment epithelium 

           Inner segments have nucleus and mitochondria and Golgi complex 

               Other end has synaptic vesicles to bipolar cells 

          Acuity – in central fovea where few cones go to few bipolar  cells to few ganglion cells 

Hearing and equilibrium 

      External ear or auricle or pinna      produces cerumen or ear wax from epidermis 

            Ear drum – or tympanic membrane 

      Middle ear – 

            Auditory ossicles – malleus or hammer,    incus or anvil    and stapes or stirrup 

              Stapes  fits into oval window            round window is below oval window 

               Have stapedius muscle  - smallest of skeletal muscles 

           Auditory tube or Eustachian tube 

                 Connects to nasopharynx 

     Inner ear 

          Called labyrinth – has complicated series of canals 

              Bony labyrinth in temporal bone is series of cavities divided into 3 areas

                  Semicircular canals

                  Vestibule

                   Cochlea 

                 Lined with periosteum and contains perilymph – like CSF

              Surrounds  membraneous labyrinth – series of sacs and tubes inside the bony labyrinth

              Membranous labyrinth lined by epithelium and contains endolymph 

             Vestibule – oval portion of bony labyrinth 

                  Membranous labyrinth in vestibule consists of 2 sacs called utricle and saccule 

                         Connected by small duct 

                  From vestibule are 3 semicircular canals – each at right angles to other 2 

                      Each has a swollen enlargement called ampulla 

             Cochlea – bony spiral around a bony core called modiolus 

                 3 channels – shaped like Y    stem of Y is bony shelf

                   wings are membranous labyrinth 

                          1 channel is scala vestibuli   ends at oval window 

                           2nd channel is scala tympani ends in round window 

                 scala vestibuli and scala tympani contain perilymph  

               3rd channel is cochlear duct or scala media

                vestibular membrane separates cochlear duct from scala vestibuli 

                basilar membrane separates cochlear duct from scala tympani 

           spiral organ of Corti is coiled sheet of epithelium with supporting and 16,000 hair cells 

                  inner hair cells – single row 

                  outer hair cells – 3 rows

                 apical tip of each is a hair bundle with stereocilia extending into endolymph of cochlear duct 

                        stereocilia are microvilli 

                 at basal ends hair cells synapse with 1st order sensory neurons 

                 over and in contact with hair cells is tectorial membrane 

SOUND 

        Frequency is pitch 

         Greater intensity is louder 

         Greater frequency is higher pitch 

         Loudness damages hair cells 

Equilibrium 

     2 kinds – static and dynamic 

         static – maintains position of body mainly head relative to gravity 

         dynamic – maintains body position mainly head in response to sudden movements like 

            rotation, acceleration, deceleration 

     vestibular apparatus 

          walls of utricle and saccule contain small thickened region called macula 

               receptors for static equilibrium 

              consist of hair cells – sensory receptors

                              supporting cells – 

                  hair cells have hair bundles – 70 or more stereocilia – microvilli 

                      plus a kinocilium  - a cilium 

                  supporting cells secrete a thick gelatenous glycoprotein layer called otolithic membrane 

                          resting on hair cells 

                   layer of dense calcium carbonate crystals called otoliths extends over surface of otolithic 

                         membrane 

       semicircular canals 

            dynamic equilibrium – 

             in ampulla is small elevation called crista   contains group of hair cells and supporting cells

                covered by mass of gelatinous material called cupula

                 head movement causes endolymph to move causing hair bindles to move causing receptor 

                    potentials 

