SENSES PART II:  HEARING, EQUILIBRIUM, CUTANEOUS SENSATIONS, TASTE and SMELL.
Marieb pp. 501-506; 526-542

WORK IN GROUPS OF 3...

Objectives:

‑ Describe the structure and function of the ear.

- Describe the gross anatomy of the ear and relate structure to function.

· Explain the difference between the conduction deafness and the neural deafness. 

· Demonstrate the Rinne test and Weber’s test and explain their significance

· Explain how the source of a sound is localized.

- Explain how gravity, linear acceleration and rotation are transduced.

- Determine the two-point threshold in different area of the skin and explain the physiological significance of the differences obtained.

- Demonstrate sensory adaptation and explain its significance

- List the four primary taste modalities and describe their distribution on the tongue.

- Describe the gross anatomy of the nose and relate structure to function.
I. EARING
(Marieb pp. 526-539)

- equipment -

- ear model

- figure 1, 2, 3.

- Tuning fork

EXERCISE A.

Look at the plastic model and the diagrams describing the human ear. Be familiar with the gross anatomy of the ear:

Plastic model: 

Sounds are conducted through the outer ear (auricle, helix, lobule and the external auditory canal) to the tympanic membrane (eardrum) causing it to vibrate. This vibration is transmitted to the three ossicles of the middle ear: the hammer (malleus), the anvil (incus) and the stirrup (staples). These three bones vibrate in turn causing the footplate of the staples to be pushed against the oval window (a flexible membrane separating the middle ear and the inner ear). Vibration of the oval window produces compression waves in the fluid-filled cavity (cochlea) of the inner ear.

Figure 1: 

The cochlea is a bony tube coiled around a bony pillar called the modiolus. The cochlea is filled with a liquid the perilymph. Running inside the cochlea (along its length) is a membraneous tube called the cochlear duct. This duct is filled with endolymph and contains the spiral organ of Corti (the receptor organ for hearing). 

Figure 2: 

If you look at the cross section of the cochlea, you can therefore see three separate chambers (actually, they are three tubes that run along the length of the cochlea): 

The top chamber is the scala vestibuli and the bottom chamber is the scala tympani. These two chambers communicate with each other at the apex of the cochlea and contain the perilymph. The scala vestibuli is continuous with the vestibule (see next exercise on equilibrium) and abut the oval window. The scala tympani abuts the round window. The cochlear duct is closed at its apex. The middle chamber is the cochlear duct, which is also called scala media and contains the endolymph. 

Figure 2&3: 

The cochlear duct is made of:

· a roof: the vestibular membrane
· an exterior wall: the stria vascularis, It is well vascularised and secrete the endolymph.

· A floor made of the spiral lamina (bony) and the flexible fibrous basilar membrane that support the organ of corti. The structure of the basilar membrane changes along the length of the cochlea: narrow and thick toward the oval window and thin and wide toward the apex of the cochlea.

The organ of corti made of 

· outer hair cells embedded into supporting cells, 

· the tectorial membrane and 

· the cochlear nerve. 

The outer hair cells contain stereocilia (“hairs”) whose tips are embedded into the tectorial membrane.

Perception of sound: 

When the oval window vibrates, the perilymph vibrates too and these vibrations are carried in the scala vestibuli and tympani. This causes the basilar membrane to vibrate and deform the stereocilia of the hair cells. Bending the stereocilia will depolarise or hyperpolarize the hair cells and will transduce the sound to the cochlear nerve fibers.

Note: The round window acts like a pressure valve. When the round window pushes the perilymph inside the scala vestibuli, the membrane of the round window bulges outward into the middle ear cavity.

EXERCISE B.
There are two main types of deafness:  nerve deafness caused by impairment of the cochlea or auditory nerve; and conduction deafness, caused by impairment of the mechanical apparatus which transmits sound from the air to the cochlea.  These can be distinguished by using a tuning fork in Rinne's test and Weber's test.
Rinne's Test.

1. Produce vibration in a tuning fork by striking it.

2. Apply the handle of the vibrating tuning fork against the mastoid process of the temporal bone (the bony prominence behind the ear), with the fork pointed down and behind the ear. Vibrations will be conducted through the bone to the cochlea.  

3. When the tone almost dies away, move the forks (by the handle) quickly to the outer ear.  The note will then be carried by air conduction.  If the note can still be heard, then air conduction is more sensitive than bone conduction and there is no damage to the middle ear, a normal condition.  

4. Now reverse the procedure: Produce vibration in a tuning fork by striking it. Listen by air conduction until the note is just inaudible, then quickly place the end of the fork on the mastoid process.  If the note can still be heard by bone conduction after it is inaudible by air conduction, then the ear is more sensitive to bone conduction.  This suggests conductive hearing loss.

5. Repeat the Rinne s’ with a plug of cotton in the ear. What do you notice?

	

	

	

	

	

	


Weber's Test.

1. Put the base of vibrating tuning fork on the forehead (on the midsaggital line) and note whether both ears hear the sound equally.  

Note: In conduction deafness, the sound will seem loudest in the affected ear (because the room noise is excluded), whereas in sensory deafness, the sound will be loudest in the normal ear.

2. Block one ear with a plug of cotton wool, and repeat the Weber test.  What do you notice?

	

	

	

	

	

	


EXERCISE C.
People have stereoscopic vision but also stereoscopic hearing: having two ears help localizing the source of sound.

The ability to localize the source of a sound depends on the difference in loudness and on the difference in the time of arrival of the sound at the two ears. 

1. The subject closes his eyes and is asked to locate the source of a sound (a pair of forceps clicking, or a tuning fork vibrating).  

2. The noise is made repetitively about a foot from the subject head and the subject is asked to describe the location of the noise (try various locations front, back, side).

3. Repeat this procedure with one ear plugged.  

What characteristics of the sound do your subject use to locate its source? What do you notice when you plug one of his/her ear?

	

	

	

	

	

	


II. Equilibrium
(Marieb pp. 528-529; 535-539)

- equipment -

- ear model

- figure 4

- Swivel chair

EXERCISE D.

Plastic model: 

Locate the vestibule and the semicircular canals. They contain the receptors involved in euilibrium. The vestibule, together with the semicircular canals and the cochlea form the bony labyrinth.

Figure 4:

The vestibule:

· central egg-shaped cavity of the bony labyrinth.

· filled with perilymph

· contains two membranous sacs (the smaller saccule and the utricle) that are filled with endolymph and are connected by a small duct

· the saccule is continuous with the cochlear duct

· the utricle is continuous with the ducts extending into the semicircular canals

· the saccule and utricle contains the maculae that are sensory receptors for static equilibrium. They respond to the pull of gravity and changes of head position.

The semicircular canals:

· there are three of them (anterior, posterior and lateral) that are oriented in one of the three planes of space

· they are filled with perilymph

· they each contain a membranous duct connecting to the vestibule and filled with endolymph

· each duct has an ampulla at one end. This is a swelling where the crista ampullaris, equilibrium receptors responding to dynamic equilibrium are located. These receptors respond to rotational (angular) movement of the head.

EXERCISE E.

One of the functions of the semicircular canal mechanism is to aid visual fixation on moving targets.  If the canals are stimulated under experimental conditions, reflex responses result in movement of the eyes called nystagmus.  Characteristic of this particular type of nystagmus are the slow and fast components of the motion.  That is, the eyes move very slowly in one direction as though to maintain fixation on a moving target, then very rapidly swing back in the other direction.  These reflexes may be elicited by angular acceleration of the subject with the head positioned so that appropriate canals are stimulated.  Then, if angular deceleration suddenly occurs, the fluid in the semicircular canals moves in relation to the canals.  The flow of fluid through the ampullae stimulates the crista ampullaris and causes the sensation of turning in the opposite direction.  Nystagmus accompanies this sensation.

   1. Seat the subject in a Baranay chair or in an office swivel chair which has had the casters removed.  Several members of the group should stand close around to catch the subject in case he/she topples from the chair.

2. The subject is seated with the feet off the floor and with the head bent forward at an angle of 30 degrees (chin almost touching the chest).  He is then rapidly rotated (a rate of one revolution per second) for 10 to 20 complete revolutions, then quickly stopped.  Observe the motion of the eyes.  Record the direction of the chair rotation, and the direction of the fast component of the eye movements.

	

	

	


3. Repeat the rotation (using a different subjects) with the head flexed to the right shoulder at an angle of about 90 degrees.  Record the observations as before. 

	

	

	


4. Repeat the rotation using a different subjects) with the head flexed to the left shoulder at an angle of about 90 degrees.  Record the observations as before. 

	

	

	


5. Repeat the rotation using a different subjects) with the head bend backward at an angle of about 60 degrees.  Record the observations as before. 

	

	

	


6. Please note: for the following part care must be exercised by all members of the laboratory group to insure that the subject does not fall.

Select another subject and repeat two of the above rotations.  This time immediately upon cessation of each rotation, have the subject attempt to rise and walk.  Describe the subject's stance and gait.  Request the subject to describe the sensations which he experiences as he attempts to walk after the rotation has been discontinued.  Record the subjective sensations.  Sufficient members of the group should be standing close to the subject during this portion of the experiment, because it is likely that he will require assistance.

	

	

	

	

	

	


III. CUTANEOUS SENSATIONS
(Marieb pp. 426-429; 535-539)

- equipment -

- adjustable calipers

- Cold and warm water bath (10oC, room temperature 22oC, 45oC)

EXERCISE F.

The density of touch receptors in some part of the body is greater than in some other parts. This explains why the areas of the sensory cortex that correspond to different regions of the body are of different sizes. The density of touch receptors in measured by the two-point threshold test. 

1. The subject close her/his eyes

2. The two points of the callipers are simultaneously placed on the subject’s skin with equal pressure. 

3. The subject is asked if he/she is feeling one or two separate point of contact. 

4. If two points of contact are felt, the points of the callipers will be brought up closer and the procedure will be repeated until only one point of contact is felt. The two-point threshold is the minimum distance at which two points of contact can still be felt.

5. Find the two-point threshold for the following locations: 

	location
	Two-point threshold (mm)

	Back of hand
	

	Palm of hand
	

	Fingertip
	

	Back of the neck
	

	Arm
	

	Back (only if you want to)
	

	Lips (only if you want to)
	

	Thigh (only if you want to)
	

	Leg (only if you want to)
	

	Tummy (only if you want to)
	


EXERCISE G.

Many of our sensory receptors respond to changes in the environment and then cease responding even though the stimulus is still on. For example, after a while, we stop noticing odour, noise, the feeling of our clothes on our skin.

When one hand is placed in warm water and the other in cold water the strength of the stimulus gradually diminishes until receptors have adapted to their stimulus. If both hands are now placed in water that has an in-between temperature, the hand that was placed in cold water will feel warm and the hand that was placed in warm water will feel cold. The sensation of temperature is therefore relative and not absolute. The reference point of the receptors changes as they adapt to their environment.

1. Place the right hand of your subject into the 10oC water and the left hand into the 45oC water.  

2. Leave them there for three minutes then put both hands into water at room temperature (22 oC).

3. Record your subject’s sensations

	

	

	

	

	

	


IV. TASTE
The feeling of taste is due to:

· four types of receptors located on the taste buds of the tongue that respond to only four basic stimuli: sweet, sour, bitter and salty;

· information derived from olfactory receptors;

· information derived from touch receptors. 

A given taste bud can respond to the 4 basic stimuli, however, it will respond better to one or two of these stimuli. Different regions of the tongue will respond differently to these four stimuli. 

EXERCISE H.

- equipment -

- paper towel

- Q-tips

- 5% cane sugar

- Saturated quinine sulphate

- 1% acetic acid

- 1% NaCl

1. Pull your subject tongue out

2. Dry the tongue with a paper towel

3. With a Q‑tip, apply small amounts of the solutions to the tip, back and sides of the tongue and note where your subject feels the sensations are strongest

4. Ask the subject to rinse her/his mouth

5. Repeat 1-4 with quinine, acetic acid and NaCl.

6. Draw the diagram of the tongue and record the location where each solution was tested. Use the symbols sw for sweet, sl for salty, sr for sour and b  for bitter.

	


V. SMELL

- equipment -

- figure 5

- Containers of coffee, tobacco, strong smelling spices, mint, perfume etc…

- Cocktail made by your TAs

EXERCISE I.

Figure 5: 

The organ of smell is located in the roof of the nasal cavity. The olfactory epithelium (pseudostratified epithelium) covers the superior nasal conchae. The olfactory receptors are bipolar neurons that are surrounded and supported by columnar cells. Short basal cells are also found at the base of the epithelium. 

Molecules are trapped by the olfactory hairs (fine cytoplasmic extensions at the apex of the neurons). The stimulus is then transduced and causes a depolarisation of the bipolar neurons. The axons of the olfactory receptors constitute the olfactory nerve (cranial nerve I). These axons project superiorly into olfactory bulb by passing through the opening of the cribriform plate of the ethmoid bone.

EXERCISE J.

1. Have your subject close one nostril at a time with the fingers and keep eyes shut. One at a time, pass containers of coffee, tobacco, and spices and ask her to identify the smells. Can she do it?

	Odours
	Identification by subject

	
	

	
	

	
	

	
	

	
	


2. Exercise for all the members of the team:

Sniff (DO NOT DRINK!) the “cocktail” made by the TAs. List all the ingredients you identified? 

	1
	

	2
	

	3
	

	4
	

	5
	

	6
	

	7
	

	8
	

	9
	

	10
	


Bring this list to your TAs. A price will be given to the better noses
