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1
This is the raphe nucleus.  It plays a role in the modulation of pain.  What's the functional significance of its midline location?  Does this say anything about the emergence of the cerebral cortex compared with that of more medial neural systems?  The Raphe nucleus receives input from the central gray.  If this connection were interrupted, the central gray would not be able to recruit the raphespinal system to control pain under intense stimulation of C-fibers.

2
This is the lateral tegmental nucleus.  Activation of the sympathetic system generally increases smooth muscle tone, increasing heart rate and digestion.  If this structure influences preganglionic sympathetic neurons (as a review, where are these neurons?), they would have an effect on increases in heart rate, sweating, piloerection... classic “fight or flight” responses.  Can you see why people who study anxiety and panic attacks might be interested in this structure?

3
This is the mesencephalic nucleus if V.   These cells are unusual because they are ganglion cell bodies that are inside the brainstem (usually ganglion cell bodies are outside the CNS, for example in the dorsal roots).  Their peripheral processes innervate the tooth bed and jaw, and their central axons project down to the trigeminal motor nucleus and also to the reticular formation and the main sensory trigeminal nucleus.  They receive input from pressure sensors in the tooth bed, as well as stretch receptors in the jaw muscles.  Damage to them would eliminate jaw extension in response to tooth pressure as well as eliminating stretch reflexes of your jaw.  Your teeth would not last long without these reflexes!  Since these cells send signals to the main sensory nucleus, the activity should reach consciousness.

4
This is the medial lemniscus.  The name of this bundle should be enough to tell you whether it is first or second order, whether it's decussated or not, and whether it is ascending or not (lemniscus: 2nd order, decussated, ascending sensory axons).  These fibers decussated above the gracile and cuneate nuclei after the main sensory nucleus of V.  These fibers have a somatotopic organization.  These axons ultimately project to the ventrobasal nucleus of the thalamus.  They represent all parts of the body.  (As a review exercise, which parts came from which nuclei?)  Damage to these axons would have no effect on the perception of pain and temperature.

5
This is the medial nucleus of the trapezoid body (MNTB).  The main difference between the auditory system and the primary visual or somatic sensory systems is that the auditory system has many different subcortical nuclei, while the others only have a couple.  Answering the test question is a good exercise for you!  (This particular nucleus receives most of its input from the ipsilateral cochlear nucleus, and sends inhibitory signals to the contralateral LSO.)  Large, glycinergic axosomatic endings on postsynaptic targets would be extremely effective in inhibiting the postsynaptic cell.  Large endings are rare in the brain.

6
This is the trapezoid body.  During your sheep brain dissection, you may have seen this (it looks like a ridge underneath the pons).  These axons arise in the cochlear nucleus and they end in various subcortical auditory structures and finally in the inferior colliculus.  A lesion here that extended into the corticospinal tract would cause deafness as well as a loss of powerful, precise movements.  Trapezoid body axons cross in order to allow binaural temporal and intensity discriminations for spatial analysis of auditory sources.  This is analogous to binocular vision because the comparison between the signals from the two ears is critical to distinguish location, just as the difference between the two eyes is important to judge depth.

7
This is the superior olive.  Cells here are related to binaural hearing by computing the interaural time difference (ITD) and interaural intensity difference (IID), which are the main cues to spatial location.  The lateral superior olive (LSO) receives excitatory input from the ipsilateral (and some from the contralateral) cochlear nucleus as well as inhibitory input from the contralateral MNTB.  The medial superior olive (MSO) receives input from both cochlear nuclei, and has cells that are tuned to frequency and to particular ITDs.  These structures compute difference in the information from the two ears.  There is a tonotopic organization in the LSO.  The inferior olive sends climbing fibers to the cerebellum.

8
This is the dorsal nucleus of the lateral lemniscus (DNLL).  The lateral lemniscus contains 2nd order sensory axons from the contralateral cochlear nucleus (which have decussated), and more rostrally it also contains axons from the superior olive (which are 3rd order axons from both ears), and yet more rostrally axons from the dorsal nucleus of the lateral lemniscus (4th order?  5Th?  Confused yet?).  Inhibitory neurons here have been shown to shape binaural responses in the inferior colliculus.  After reaching the inferior colliculus, the information is sent to the medial geniculate nucleus (MGN) and on to auditory cortex.

9
This is the inferior colliculus.  Both ears are represented within it, as information has traveled from the superior olive and dorsal cochlear nuclei as well as from the contralateral cochlear nucleus.  The inhibitory sidebands present in such a tuning curve possibly arise in the DNLL, which is sending inhibitory GABAergic signals here.  The cell's discharge rate would be lowered if you presented a sound in the inhibitory subregion.  If you stimulated just the excitatory subregion, the cell's response would increase.  If these cells are binaural, which ear is most powerful in activating them?  (Hint: how is the rest of your brain organized?)  Inhibition is never simply a lack of afferent input; there is always an active physiological/pharmacological process involved, for example an interneuron.

10
This is the commissure of the inferior colliculus.  It allows neurons in one inferior colliculus to communicate with those of the other.  Current ideas on its function include such diverse and specific roles as “shaping the frequency response areas”.  Two other commissures are the corpus callosum (allows the two cerebral hemispheres to talk to one another) as well as the anterior commissure (allows bilateral olfactory and limbic cortices to communicate).  The projections between the two inferior colliculi are symmetrical, but not thought to be reciprocal.  If this connection were severed, collicular neurons would still be binaural, as the lateral lemniscus is still binaural.

Slide #98
1,2,3
These are all laminae of the superior colliculus.  1 is the superficial layer, 2 is the intermediate layers, and 3 is the deep gray.  Within its layers are many different sensory maps (vision, audition, somatic sensation), that all come into register with one another (forward in visual space is in register with ITDs of 0 and somatic sensation of the trunk).  The most superficial layer receives projections from retinal ganglion cells.  Evidence for local circuits within this layer include behaviors such as the orienting response to auditory stimuli, and saccadic responses to visual stimuli.  A main sense of cortical input to the superior colliculus is the frontal eye fields, which control saccadic eye movements and project to the intermediate layers.  The predorsal bundle/tectospinal tract emerges from the deep gray layer.  These axons terminate in the cervical levels of the spinal cord, and serve to turn the neck to orient the eyes and ears toward a stimulus.

This structure directs eye movements to a certain region of the visual field.  These are upper motor neurons; damage to them would not result in an inability to move our eyes, as we still have vestibuloocular reflexes as well as brainstem input from the FEF.  Having a map of sound space in a visual structure lets us look quickly toward loud noises (such as that huge, hissing spider on your left).  By analogy, there just might be a map of the body in the inferior colliculus... and in reality, there is!  A structure might evolve to contain maps of different modalities to help them intercommunicate them and improve the accuracy of responses to the world (...you know that huge hissing spider crawling on your shoulder?  Let's call him Renfrew.  Would you rather deftly slap Renfrew away, or anger Renfrew by hitting his foot?).  The downstream, nonprimary visual cortical target of output from the superficial layer of the superior colliculus is also known as area MT or area 5.  This is different from the retinogeniculate visual circuit because it is primarily tuned to motion in a certain direction.  Two parallel pathways for the analysis of visual information allow you to ask things like “what” and “where”.  Are there only two?  (What other questions might you ask about the visual world?)

4
This is the central gray, also known as the periaqueductal gray (or PAG).  It's the mesencephalic target of the paleospinothalamic pathway, and receives input from the spinothalamic and trigeminothalamic lemnisci.  One target is the raphe nucleus, which modulates the perception of pain by presynaptic inhibition of C-fibers.  The PAG receives descending influences from the thalamus and telencephalon.  The two ascending targets of the PAG include the intralaminar nuclei of the thalamus and the hypothalamus.

5
This is the dorsal longitudinal fasciculus.  The utility of having tracts embedded in larger structures from which they receive projections and to which they send axons is that the larger structures (which have related functions) can add to the information carried by the tract.  Nearby cranial nerves are the oculomotor and the trochlear nerves.  Damage to these fibers could interfere with hypothalamic control of autonomic reflexes, such as that funny narrowing of your pupils that happens when you think of the last test you just took... yeah, that one!

6
This is the cerebral aqueduct.  It connects the third and fourth ventricles.  Cerebrospinal fluid flows within it.  A small cyst that impeded the free passage of CSF could cause hydrocephalus, which could cause pressure on the structures surrounding the third ventricle.  The thalamus and hypothalamus would be primarily affected, and then the structures around the lateral ventricles would be affected.  CSF carries nutrients from the blood to the brain and spinal cord, removes waste products from the brain, and cushions and supports the brain and spinal cord. (http://www.aboutkidshealth.ca/clinicalAreas.asp?pageContent=BT-nh1-02)

7
This is the superior cerebellar peduncle.  They arise in the deep nuclei of the cerebellum (especially the dentate and interposed nuclei) and travel to the red nucleus and the thalamus.  These fibers decussate on their way to the red nucleus, and then decussate again on their way down to the spinal cord as the rubrospinal tract (the infamous double decussation), which we haven't really discussed in great detail.  At the red nucleus, the contralateral side of the body is represented (the cerebellum contains information from the ipsilateral side of the body, which is opposite of the largely contralateral cerebrum), and each red nucleus projects to its ipsilateral thalamus and then ultimately to the premotor cortex to become part of the motor system.

8
This is the medial raphe nucleus.  Its relative propinquity (spelling counts, remember) to the reticular formation does what to pain perception?  The midline systems seem to all process pain and autonomic function.

9
The pontine nuclei are the gateway from the cerebral cortex to the cerebellar cortex (cerebropontocerebellar, anyone?).  These fibers arise largely in prefrontal, premotor, and many other cortical areas.  Their target is the cerebrocerebellum (the lateral hemispheres).  The structures are much bigger in humans because our cerebral cortex and cerebrocerebellum are more developed.  A cortical lesion might affect movement, depending on where the lesion was.  A lesion to motor cortex would affect the power and precision of movements.  A lesion to premotor cortex would affect the smoothness of movements.  A lesion to olfactory cortex would probably not affect movement much, though.  Damage to the visual cortex would impair movements the most.

10
This is the brachium of the inferior colliculus.  Brachium means arm.  The main modality represented here is auditory.  These fibers send information to the medial geniculate nucleus.  What kind of “topy” do you expect to find here?  Would you circle “A) aromatopy” or “B) tonotopy”, given what you know now?
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1
This is the commissure of the superior colliculus.  The pupillary light reflex evoked by illuminating one eye and watching the other is adaptive because generally we see the same amount of light at any one time, and we want to protect our retinae from too much light.

2
This is the Edinger-Westphal nucleus.  Visceral efferents are often more dorsal than somatic motor efferents.  These neurons are presynaptic to the ciliary ganglia, which directly innervate the smooth muscle of the pupil and cause constriction.  This is through a cranial nerve, so this is parasympathetic.  Vestibulooculomotor cells would not be expected to play a role here, but there are definitely other influences.  The ciliary ganglion contains neurons that are analogous to the alpha motor neurons in the spinal cord, as they directly innervate muscle.  These would be lower motor neurons innervating pupilloconstrictor muscles.

3
This is the oculomotor nerve (cranial nerve three).  They supply the muscles that move the eyes up, down, and in.  They have a functional relationship to cranial nerves IV and VI, as well as the vestibular portion of VIII.  Damage to this nucleus would render the eye unable to adjust to head position and unable to maintain fixation if trochlear or abducens nerves were to become active.  Orbital muscles are skeletal muscles, intraocular muscles are smooth.  If the preoculomotor neurons were destroyed, eye movements would be uncoordinated.  If the medial rectus muscle was destroyed (this turns the eyes toward the nose) the neurons presynaptic to it would experience retrograde degeneration.

4
These axons make up the medial lemniscus, carrying information about discriminative touch to the thalamus.  They've migrated from their dorsomedial position to the ventrolateral position because they're about to innervate the ventrobasal nucleus of the thalamus.  The entire head and body are represented in this lemniscus here.  The contralateral side of the body is represented here (lemniscus = decussated).

5
This is the cerebral peduncle.  The fibers traveling here are mainly corticospinal, and will decussate in the medulla and descend to alpha motor neurons as well as interneurons.  Naming this a peduncle suggests that there is multimodal information represented here, and that the axons are passing from one subdivision of the CNS to another.

