Laboratory C

Laboratory 12: Visual System

· Sclera and cornea are continuous connective sheets that form the perimeter of the eyeball

· Cornea is site at which light is most refracted

· Iris and pigment epithelium are both pigmented to absorb light

· Iris restricts light rays that pass pupil to fall on retina, which increases acuity by allowing only image of one object to fall upon any part of the retina

· Dioptric system – components of eye which light passes and is refracted
· Cornea, aqueous humor of anterior chamber, lens, and vitreous body

· Extraocular muscles – medial longitudinal fasciculus carries axons from nuclei of III, IV, VI to each other and also brings vestibular input into the nuclei of the EOM.

· Coordination of EOM contraction and conjugate movements

· Intranuclear ophthalmoplegia – uncoordinated mvmts of eye due to an interruption of MLF at level btw VI and IV

· Reflexive movement – of eyes in response to mvmt of head/body, and consequenct activation of the vestibular system

· Intrinsic musculature and autonomic neurons – smooth muscles in iris and ciliary body

· Dilator pupillae (of iris) – control size of pupil. Receive sympathetic (adrenergic) innervation from superior cervical ganglion neurons 

· Sphincter pupillae – constricts pupil and innervated by parasympathetic (cholinergic) fibers from ciliary ganglion 

· Preganglionic neurons are in Edinger-Westphal nucleus, which is a part of IIIrd nerve complex in MB

· Ciliary body – 

· At rest: there is resting tension on zonular fibers (suspensory ligaments) ( it keeps the lens flat so eye focuses on distant objects

· Contraction due to parasympathetic afferents: the ZF go slack ( allows lens to fatten
· Accomodation – rounded lens has greater refractory power to bring near objects into focus

· Retina

· Outer segments (of rods and cones) – contains light-sensitive visual pigment molecules in stacked membranes

· Light absorbed causes closure of Na channels, hence hyperpolarization

· The shape of OS gives names to rods and cones

· Inner segments – contain metabolic machinery of cell. Synthesis of new visual pigments.

· Much mitochondria b/c of extreme energy needed to keep internal Na low despite constant influx

· Outer nuclear layer – soma of rods and cones
· Outer plexiform layer – synapses of photoreceptors with BP and H cells

· Light absorption decreases rate of NT release at photoreceptor axon terminal

· Inner nuclear layer – soma of BP, H, and A cells

· Inner plexiform layer – synapses of BP and A with RGCs

· Ganglion cell layer – soma of RGCs. Axons make up optic nerve.

· Nerve fiber layer – axons of RGCs as they run twd optic disk, where they turn at right angles and leave retina as optic nerve

· Fovea is surrounded by a region of yellow pigment, the macula lutea

· Optic nerve ( optic chiasm ( optic tract

· Terminations of optic tract
· Suprachiasmatic nuleus – RGCs express melanopsin and are intrinsically photosensitive. These are impt in regulation of circadian rhythms

· LGN – majority or RGCs terminate here.

· Pretectum or SC

· Lateral geniculate nucleus – immediately lateral to cerebral peduncles

· Magnocellular layers (1 and 2), parvocellular layers (3-6), koniocellulars (occuply lightly-stained regions ventral to each of the other layers

· Layers 1, 4, 6 are innervated by the contralateral retina (axons that crossed in optic chiasm)
· Layers 2, 3, 5 are innervated by ipsilateral retina

· Contains an orderly representation of the contralateral visual field

· Rostral – temporal/monocular crescent

· Caudal 1/3 – fovea

· Medial – inferior visual field

· Lateral – superior visual field

· Small portion of optic tract bypasses LGN and enters brachium of superior colliculus
· Brachium is btw MGN and pulvinar (2 other thalamic nuclei)

· Superior colliculus

· Superficial layers – directly innervated by retina, and respond briskly to visual stimuli

· Deeper layers – innervated by cerebral ctx (FEF, PPC). More myelinated, and sends axons to BS structures like CN III, IV, and VI.

· Integrate multimodal afferents to control saccades that orient the eyes to visual, auditory, or SS stimuli

· LGN ( V1 along optic radiations

· Meyer’s loops – axons from Lateral half of LGN (represent superior visual field) ( inferior horn of lateral ventricle in temporal lobe ( caudally to occipital lobe

· Retrolenticular axons – axons from Medial half of LGN (represent inferior visual field) ( project straight caudally

· V1 – burned in both banks of calcarine sulcus

· Upper bank – inferior visual field

· Lower bank – superior visual field (axons of Meyer’s loop terminate on lower bank of fissure)

· Occipital pole ( ½ way thru rostrocaudal extent of V1 – fovea [magnification factor]

· Has an expanded layer IV

· Stria of Gennari – bundle of intracortical axons in layer IV

· Lesions

· Anterior to chiasm – affect one eye, but produces a loss in only small part of visual field [temporal/monocular crescent – can map by closing and opening each eye in succession]

· At chiasm – affect only crossing axons [temporal visual fields on each side are lost]

· Posterior to chiasm – deficit in contralateral visual field [hemianopsias]

· Partial lesions – losses confined to a quadrant

· Meyer’s loops – contralateral superior quadrantanopsia

· Macular sparing – lesions that produce hemianopsias often leave macular vision intact b/c occipital pole is vascularized by branches of 2 arteries

· Visual reflexes

· Obligatory structures

· Retina, midbrain tectum (SC or pretectum), oculomotor complex
· Pupillary light reflex (a simple reflex) – simple gauge of light intensity. Does not require conscious perception of stimulus
· RGCs ( pretectum ( bilateral innervation of parasympathetic neurons in oculomotor complex [Edinger-Westphal nucleus]

· Axons from contralateral pretectum cross midline in posterior commissure

· Preganglionic parasympathetics from E-W nucleus ( ciliary ganglion ( postganglionic fibers (short ciliary fibers) ( papillary constrictor ( pupils narrow in width

· B/c pretectal neurons project bilaterally to E-W nucleus, the pupil of an unstimulated eye constricts when light is shone in the other eye

· Direct reflex – constriction of stimulated eye

· Consensual reflex – constriction of contralateral eye

· (Raymond removed images showing the neural pathway for pupil constriction and the dilation response when different nerves are damaged.)

· Accomodation/convergence (complex reflex) – when eyes are moved to a new object of interest

· LGN ( V1 ( visual association cortex

· Cortex ( SC ( oculomotor complex ( conjugate mvmt of the two eyes

· SC ( preganglionic neurons of E-W nucleus ( papillary constriction and contraction of ciliary muscle to flatten lens ( brings object of interest to focus on the fovea

Laboratory 13: The Auditory System

· Perilymph – resembles CSF, within bony labyrinth [low K, high Na]
· Endolymph – within membranous labyrinth [high K, low Na]

· Membranous labyrinth

· Cochlear duct (scala media), scala vestibule, scala tympani (lower)

· Scala vestibuli and scala tympani communicate at the apex of cochlea via helicotrema

· Organ of Corti – receptor organ of cochlea. It rests on basilar membrane

· Single row of IHC

· Band of OHC

· Stereocilia project to tectorial membrane

· Apical surface of HC is bathed in endolymph, and basal surface in perilymph

· Auditory (spiral) ganglion – in modiolus (bony core of cochlea)

· Peripheral process – innervate IHC

· Central process – form auditory branch of VIII

· Cochlear nuclei are lateral to inferior cerebral peduncles
· VIII ( ascending branch to anteroventral cochlear nucleus

· VIII ( descending branch to posteroventral CN and dorsal CN

· Basilar membrane – high frequencies at base, low frequencies at apex

· Three complete tonotopic representations of BM in dorsal and ventral cochlear nuclei

· Localization of sound – impt in auditory system. Hence there are frequent decussations of axons across midline and terminations arising in both hemispheres in each of several nuclei to compare input from both ears

· Only large lesions along the auditory path produces deficits in sound localization and none past the CN eliminates input from one ear

· BS nuclei

· Superior olivary complex – MSO and LSO are dorsolateral to medial lemniscus

· Medial superior olive – 1st site in CNS that receives inputs from two ears by way of ipsi and contra CN

· Inferior colliculus – caudal part of midbrain tectum

· Obligatory site of termination for almost all ascending auditory fibers

· BS tracts

· Trapezoid body – long myelinated bundles crossing midline ventral to medial lemniscus
· Axons of CN that cross midline to innervate contra SOC

· Lateral lemniscus – myelinated fiber dorsolateral to medial lemniscus, and appears to grasp inferior colliculus. 

· All axons from all lower BS auditory nuclei and carries them to IC

· Brachium of IC – thin fiber tract that forms bump on dorsal surface just lateral to SC

· These are axons IC ( MGN of thalamus

· Medial geniculate complex – ventral to pulvinar

· MGN ( internal capsule ( temporal lobe

· Auditory cortex – junction of central sulcus and lateral (Sylvian) fissure (lower bank)

· Called superior temporal plane or “Heschl’s gyri)

· Heavily myelinated area

(Raymond removed an image of the neural pathway from CN VIII to the auditory cortex.)

Laboratory 14: Limbic System

· Limbic system – FB structures important for learning/memory and elaboration/expression of emotions
· Limbic circuits


- Hippocampal formation [declarative and spatial memory]


- Amygdala [drive-related and emotional behavior]
Hippocampal formation

· Sensory association ctx ( (cingulate ctx) ( entorhinal ctx ( hippocampal formation


- Entorhinal ctx – main source of afferent to hippocampal formation

· Efferents


· Hippocampal formation ( EC ( same association ctx

· Hippocampal formation ( fimbria ( fornix



* Fornix follows the C-shape of the lateral ventricle and divides around the 
anterior commissure

· Fornix ( septal nuclei, ventral striatum, etc

· Fornix ( mammillary bodies of hypothalamus ( mammillothalamic tract ( anterior nucleus of thalamus ( cingulate gyrus

* Some fibers of fornix go directly to A nucleus


* This pathway is impt for Declarative Memory

· EC has 5 layers, hippocampal formation has 3 layers
· Hippocampus (Cornu Ammonis, or CA fields) – single layer of pyramidal soma and 2 layers of dendrites and axons.

· Dentate Gyrus – densely packed soma. Excitatory drive onto CA3.

· EC ( DC ( CA3 ( CA1 ( subiculum ( fornix or EC

Amygdala

· Amygdala – collection of nuclei beneath the uncus, anterior to hippocampus and inferior horn of lateral ventricle

· Afferents

· Visceral afferents – from olfactory bulbs and olfactory-recipient piriform ctx (overlies amygdale). Also from hypothalamic, septal, and orbitofrontal areas

· Association ctx afferents – temporal and anterior cingulated. They bring SS, visual, and auditory info

· Efferents

· Ventral amygdalofugal pathway – amygdala ( mediodorsal (MD) nucleus of thalamus, ventral striatum, and piriform ctx ( PFC (orbitofrontal ctx) ( via uncinate fasciculus ( temporal ctx
· Amygdala ( stria terminalis (along lateral ventricle, near caudate) ( septal nuclei and hypothalamus


* Influences autonomic and neuroendocrine function

· BG direct circuit: Cortex ( striatum --| GP --| thalamus ( ctx
· DA innervation of dorsal striatum == facilitates movement

· Amygdala, hippocampus and limbic areas of ctx ( nucleus accumbens (ventral striatum) ( ventral pallidum (VP) ( MD thalamus ( limbic areas of cortex

· DA innervation of ventral striatum == reward function 

· Broca’s limbic lobe – midline of brain where many limbic structures are grouped

· Cortical areas bordering CC

· Cingulate gyrus – ctx on medial surface btw CC and cingulate sulcus

· Subcallosal area – tucked under CC

(Raymond removed an image of the sagittal view of the brain showing the fornix, cingulated gyrus, subcollosal area, and mammilary body.)

· Medial areas of temporal lobe

· Parahippocampal gyrus – most medially placed gyrus of temporal lobe

* Piriform ctx – 5 layers, rostral, primary olfactory cortex


* Entorhinal ctx – 5 layers, caudal, medial to rhinal sulcus. 

· Uncus – bulge medial to rhinal sulcus. Covers amygdale.

Olfactory Regions

· Olfactory Bulb – gray matter where primary olfactory axons terminate (from nasal epithelium)

- Mitral cells – output neurons of olf bulb, send axons as olfactory tract (CN 1)

· Olf tract terminations
· Anterior olfactory nucleus – base of tract

· Anterior perforated substance – btw tract and optic chiasm

· Piriform ctx – olf system bypasses thalamus

· Fornix

· Hippocampus lies in the temporal lobe, in the floor of the lateral ventricle → fimbria → fornix, which follows the floor of the lateral ventricle
· C-shaped: crus → body → column

· Anterior commissure is perpendicular to fornix

· Fibers from fornix split to pass in front of or behind AC to reach septal area or mammillary bodies respectively

· Uncinate fasciculus – fiber tract that hooks around posterior margin of lateral sulcus

- Connects orbitofrontal cortex (dorsal to orbits) with medial temporal ctx

· Cingulum – connect cingulate cortex with entorhinal cortex

· Transverse Weigert Sections

· Fornix is ventral to CC in BW sections

· Hippocampal commissure – connect hippocampal formation on each side (appears fornix is crossing midline below CC)
· Mammillothalamic tract – tight bundle of fibers that leave mamillary body to enter A 

· Stria terminalis – tract that follows path of lateral ventricle (medial to Caudate nucleus)


* Carry output of amygdala → septal nuclei

-  
Amygdala – pillowy mass beneath ctx in medial temporal lobe

- 
Anterior nucleus of thalamus – surrounded by internal medullary lamina in 
anterior and medial thalamus

- 
MD thalamus – most prominent member of medial thalamic nuclei. Innervated by 
amygdala and sends axons to orbitofrontal ctx
