
Please do not open exam until told to do so.
Relax.

Instructions:
1) When exam begins, write your name at the top of every page.
2) Be sure that there are 8 different pages, including the cover page.

While you wait for the exam to begin:

Andrea!s only timepiece is a clock that!s Þxed to the wall. One day she forgets to wind it 
and it stops.
She travels across town to have dinner with a friend whose own clock is always correct. 
When she returns home, she makes a simple calculation and sets her own clock accu-
rately.
How does she manage this without knowing the travel time between her house and her 
friend!s?

Before she leaves the house, Andrea winds her own clock and sets it to an arbitary time. 
Then she notes the correct time at her friend!s house both when she arrives and when she 
leaves. When she returns home she consults her own clock to see how much time the 
whole trip has taken, subtracts the period she spent at her friend!s house, and divides the 
result by two to learn the travel time in each direction. By adding this interval to the time 
she noted as she left her friend!s house, she can infer the current time and set her own 
clock.
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1)   Parts

a]  In which lobe of the cerebrum is the striate cortex found?

! occipital  [3 points]

b]  The cell bodies of the sensory neurons are found in what structure?

! dorsal root ganglia  [3 points]

c]  Neurons carrying proprioceptive information in the spinal cord Þrst synapse in a 
structure of the brainstem called what?

! dorsal column nuclei of the medulla [3 points]

d]  Which lobe contains the somato-sensory cortex?

! parietal [3 points]

e]  What separates the primary motor cortex from the primary somato-sensory cortex?

! central sulcus [3 points] 

f]   The thalamus and hypothalamus combined are called what?

! diencephalon [3 points]

g]  Terry Schiavo was a coma patient.  She would respond as people entered the room 
and would laugh and giggle when tickled.  However, physicians later found that she was 
blind (no V1 cortex present) and in a permanent vegetative state (almost no cortex at all).  
How is it possible that she could respond to her environment this way?
In other words, what process is happening and what structures are intact?

! These are all reflex responses that require only that the brainstem and spinal
! cord be intact.  Nearly of her cortex had atrophied.  While her retinas 
! functioned well, her V1 was completely gone.  
! She only needed the connection to the colliculus and from 
! the lateral geniculate nucleus to control her eyes.
! Tickling invokes a simple reflex response.

! [7 points]
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2)  The spinal cord
  In the Þgure below, ÒCÓ stands for cervical vertebrae; while ÒLÓ stands for lumbar.
  The grey areas represent lesions (damage).

For the questions below, match each set of symptoms with the lesion above.  The list of 
symptoms are not complete (there may be other symptoms not described).

a] Loss of touch, vibration, and proprioception for all four limbs.  ___B____
[5 points]

b] Loss of touch, proprioception & nociception in the left leg.  ___E____
[5 points]

c] Loss of reßex response in both arms, partial loss of nociception in both legs. ___C____
[5 points]

d] Loss of proprioception in both legs ___F___.
[5 points]

e] Thermal anaesthesia and analgesia of left limbs, paresis (loss of control and relfex) of
 right limbs. __A____
[5 points]

Note: b, c, f are symmetrical (L-R are not considerations; only a separates sensation 
from control.  This is really just a logic problem.
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3) ! ! Somatosensory Systems
a]  What is the receptor that is part of a reßex that inhibits stimulation of the muscle on the 
same side of limb as the receptor?
! Golgi tendon organ [2 points]

b]  Name the paracrine compound is the catabolic product of extracellular enzymes and 
signals cell lysis.
! Prostaglandin [2 points]

c]  Name a drug that inhibits the enzymes described in b.
! Any NSAID: aspirin, for example [2 points]

d]  Name a small Þeld mechano-receptor that is slowly adapting.
! Merkelʼs Disks [2 points]

e]  Facial proprioception synapses on which nucleus of the thalamus?
! Ventral Posterior Medial Nucleus [2 points]

f]  What is the difference between phantom limb pain and referred pain?  Be brief.
[6 points]
! Phantom limb pain results from a ʻrewiringʼ of cortical afferents to the
! somato-sensory cortex.  When afferent neurons from the limb atrophy,
! neighbouring neurons connect to the cortical neurons.  More accurately, 
! once the limb afferents are gone, the lateral inhibition that they exhibited
! is gone.
! Referred pain is when enteric neurons synapse onto ascending fibres from
! somatic dermatomes.  The pain is reported, but the location is only referential.
! There is no corresponding somato-sensory cortex to the internal organs, so
! pain from these organs is ʻreferredʼ.

g] Why would the person with phantom limb pain that we described in class sense the 
missing arm more than their cheek? Be brief.
[3 points]
There are more cortical cells that are mapped to the arm responding to the stimulus, 
in other words, there may be an amplification of the ʻcheekʼ signal.
Also, the ʻcheekʼ afferent neurons may be carrying a benign stimulus, but exciting 
nociceptive cortical neurons.

h]  Why does a given stimulus of the proprioceptive afferent have a different affect on the 
interneuron than the projecting nociceptive neuron in the dorsal horn? Be brief. [6 points]
! The proprioceptive afferents invoke two responses: 
! ! relief of pain and discomfort.
! But the two post-synaptic neurons have the same receptors.
" The two post-synaptic neurons have different receptor densities.

! The inhibitory interneuron has a higher number of receptors, so it is 
! responsive to weak stimuli, while the nociceptive projection neuron is less
! sensitive with fewer receptors and requires a stronger stimulus 
! to invoke a response.
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4) ! ! Chemoception

a]  What are the channels that are responsible for salt sensation called?
[3 points]
! Amiloride sensitive sodium channels

b]  What other taste uses this same channel?
[2 points]
! Sour

c]  What speciÞcally is the tastebud cell detecting in [b]?  (what extracellular change)
[3 points]
! pH
! Protons passing through channels and inhibition of K channels

d]  What gustatory reception involves glutamate receptors?
[2 points]
! Umami

e]  What lobe is involved in olfaction that does not pass through the thalamus?
[2 points]
! Temporal

f]  When olfaction does pass through the thalamus, where does it synapse before that?
[3 points]
! Olfactory Tubercle

g]  Why does verapamil (a channel blocker) affect all forms of taste?  
In other words, what must it affect?
[3 points]
! Calcium channels.  This is the common factor for all taste sensation.

h] What two ions are common to olfaction, photoception, and nociception
[2 points]
! Sodium and calcium

i]  Olfaction and vision share components of a common subcellular pathway   
Pertussis toxin will block the pathway in both systems, yet in one it leads to depolarization 
while in the other it leads to hyperpolarization.
Why would this be so?  
! Both are mediated by G-proteins that affect cyclic nucleotides.
! In vision, the activation of transducin (Gvis) results in PDE activation that 
! reduces the concentration of cGMP.
! In olfaction, activation of Golf results in activation Adenylate cyclase that
! increases cAMP concentration.

! Pertussis toxin inhibits the alpha subunit of G-proteins, inversely affecting
! the two systems.
[5 points]
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5)   The Retina!! ! THINK before you start, please.
a]  Draw a retinal circuit that includes all the cells for two receptive Þelds. [16 points]
They have receptors in common:
The Þeld on the left is for the two ganglion cells:  
green ON centre/red OFF surround and green OFF centre/red ON surround
The Þeld on the right is for the two ganglion cells:  
blue ON centre/yellow OFF surround and blue OFF centre/yellow ON surround

The left receptive Þeld centre is illuminated with green light, while the right is lit with blue.
Assume that there is darkness in the surround of both receptive Þelds.  
Then there are the two following following changes: 
From dark to an orange light (~600 nm) that illuminates the surround of the left Þeld.

b] What happens to the Þring rate of the green ON centre/red OFF surround cell *? 
[3 points]
! it decreases the firing rate
(less glutamate, less GABA, more glutamate, more inhibition)

From dark to a blue light (~480 nm) that illuminates the surrounds of both Þelds.  

c]  What happens to the Þring rate of the green ON centre/red OFF surround cell*?
[3 points]
! it increases the firing rate
(more glutamate, more GABA, less glutamate, less inhibition)

d]  What happens to the Þring rate of the blue ON centre/yellow OFF surround cell *?
[3 points]
! there is no change
(one receptor releases more glutamate, the other releases less glutamate, see Þg. at end)
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6)  ! ! Vision
a]  What are the ganglion cells that carry colour information called?
[4 points]
! parvo and nonMnonP retinal ganglion cells

b]  Where in the V1 do these cells synapse (the speciÞc layer)?
[2 points]
! they donʼt.  They synapse in the lateral geniculate nucleus (3, 4, 5, 6 & Kʼs).

c]  What neurotransmitter do horizontal cells release?
[2 points]
! GABA

d]  Name one target in the midbrain of the optic tract.
[2 points]
! superior colliculus or pretectum

e]  Name a receptor found on the OFF centre bipolar cells.
[2 points]
! AMPA or Kainate glutamate receptor

f]  What is the difference between complex cells that detect motion in one direction and 
those that detect motion in two directions?
[2 points]
! Those that detect motion in one direction employ lateral inhibitory collaterals.

g]  What is the associative cortex region responsible for motion detection?  
Which general vision pathway it part of?
[2 points]
! MT, dorsal (where) pathway

7) ! ! Auditory Systems
a]  What structure is responsible for creating the high concentration of potassium that will 
depolarize the hair cells?
[2 points]
! stria vascularis

b]  There are two distinct ßuids in the inner ear.  What are these called?
[2 points]
! endolymph and perilymph

c]  Where do the afferents of the cochlea Þrst synapse in the central nervous system?
[2 points]
! the ventral and dorsal cochlear nuclei

d]  What brainstem structure utilizes coincidence detection in the auditory system?
Where is it?
[3 points]
! the medial superior olive of the mid-pons
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(thanks to md)
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