Lab 1: Neurocytology

Spinal cord: gray and white matter; 

neuropil—region of synaptic contacts in grey matter

dorsal root ganglia (DRG)—cell bodies of peripheral afferents

Monosynaptic reflex arc: DRG ( motoneurons (2-neuron reflex loop)

Neuron structure: soma, dendrites, dendritic spines, axon hillock, axon collaterals (branches given off by axons), terminals (boutons), synapses, Nissl bodies (stacks of RER with free ribosomes), neurofilaments, neurofibrils (bundles of neurofilaments), microtubules, lysosomes/residual bodies
Pyramidal cells—excitatory, NT=glutamate

Stellate cells—non-pyrimidal cell, us. inhibitory ; NT=GABA

Purkinje cells—have tree-like dendridic fields

STAIN TYPES:

Golgi—stains entire membrane w/ silver ions (stains only a few neurons in any slide)

Bodian—stains neurofibrils, so axons show well (myelin=white; axons=brown)

Nissl—stains nuclei of neurons and glia (basic dye staining nucleic acid)

MAP2—stains MAP2 protein associated with microtubules
Lab 2: Glia

Astrocytes—maintain correct ionic concentrations; fxn as scavengers; remove debris

Fibrous astrocytes—found in white matter; possess numerous elongated processes

Protoplasmic astrocytes—present in grey matter; fewer, swollen-looking processes

Glia Limitans—barrier established by astrocyte foot processes under pia mater 

Blood-brain barrier is not astrocyte (it is endothelial cells)

Oligodendrocytes—insulate CNS axons w/ myelin

Schwann cells—myelin-producing cells of PNS; derived from NCCs

Myelin internodes—long myelinated segments; separated by bare nodes of Ranvier
Saltatory conduction—conduction jumping from node-to-node (faster)

Major dense lines—formed by fusion of cytoplasmic faces of membrane

Interperiod lines—formed by fusion (close apposition) of external faces of membrane

Microglia—Monocyte origin; fxn as macrophages of CNS

Peripheral nerve sheaths: 

Epineurium—encloses entire nerve; loose collagenous layer

Perineurium—surr. axonal bundles and nerve fascicles; tough layer of protection

Endoneurium—surrounds each axon

Meninges: dura, arachnoid, pia mater
semilunar line—border between CNS & PNS

STAIN TYPES:

GFAP—stains glial fibrilary acidic protein present in some astrocyte processes

Cajal—gold stain specific for astrocytes; shows relationship with blood vessels

Bodian—stains neurofibrils, so axons show well (myelin=white; axons=brown)

Nissl—stains nuclei of neurons and glia (basic dye staining nucleic acid)

Osmium—stains myelin a dark color
Azan—stains nerve sheaths & meninges; collagen (dura & pia)=blue; arachnoid=pink
Golgi—stains entire membrane w/ silver ions (stains only a few neurons in any slide)

Lab 3: Embryology

Primitive streak—longitudinal thickening in ectoderm (appears in 3rd week of dev)

primitive groove & ridges—formed by proliferating NCCs
Hensen’s Node & primitive pit—posterior to last somite

Neural plate, groove, and tube; neural crest

Prosencephalon—divides into telencephalon (cerebrum) & diencephalon
mesencephalon—forms midbrain

rhombencephalon—divides into myelencephalon (medulla) & metencephalon (cerebellum & pons 
Mesencephalic flexure—at jxn of mesencephalon & forebrain

Pontine flexure—concave indentation at dorsal surf of rhombencephalon 

Ventricular zone—zone of cellular proliferation

Marginal zone—cell-free zone @ periphery

Intermediate zone (mantle)— between vent. & marg. zones; contains neural cell bodies

Alar plate—dorsal plate; forms dorsal horn of spinal cord

Basal plate—ventral plate; forms ventral horn of spinal cord

Sulcus limitans—forms division between dorsal & ventral plates

Lab 4: Brain Divisions

Major Sulci/Gyri:

Interhemispheric fissure—seperates two cerebral hemispheres

Lateral Sulcus (Sylvian)—major AP oriented sulcus

Central Sulcus (Rolandic fissure)—Dorsal/ventral oriented sulcus

Cingulate gyrus—area of cortex overlying corpus callosum

Parieto-occipital sulcus—major D/V sulcus on medial surface

Calcarine fissure—runs from occipital pole of cortex to parieto-occipital sulcus

Precentral Gyrus—site of primary motor cortex
Post-central Gyrus—location of somatosensory cortex (first somatosensory area)

Primary visual cortex—occupies upper/lower banks of calcarine fissure

Primary Auditory cortex—lower bank of lateral fissure (small part of temporal lobe)

Broca’s Speech Area—occupies inferior frontal gyrus of L hemisphere (motor speech)

Wernicke’s Speech Area—caudal extreme of lateral fissure of L temporal lobe

Midsaggital Plane

Medulla—Closed (caudal most part) & Open (open to 4th ventrical posteriorly)

Obex—point at which medulla opens into 4th ventricle

Pyramids—composed of axons traveling from ipsalateral cortex (WRT the pyramids) to contralateral spinal cord [cross at jxn of medulla & sp. cord]

Medial Lemniscus—ascending track carrying somatosensory info to thalamus

Dorsal Column Nuclei—Gracilus Nucleus (med) and Cuneatus Nucleus (lat) 

-- nuclei for processing vibration, fine touch, and proprioception

Cranial nerve Nuclei—CN XII & CN X are in caudal extreme of open medulla

Inferior Olives—large nuclei lateral to pyramids

Pons—immediately superior to Medulla; 4th ventricle and cerebellum located posteriorly


Pontine Nuclei—cell bodies providing cerebellum w/ rich axonal input

Midbrain—seperates forebrain from hindbrain


Tectum—roof of midbrain; composed of inferior & superior colliculi



Superior colliculus—visual reflex center; retina to cranial nerve nuclei



Inferior Colliculus—auditory relay nucleus from ascending fibers to thal.


Pineal body—NON-neural; maintains circadian rhythms


Tegmentum—contains nuclei of CNs III & IV as well as the red nucleus



Red nucleus—lg. nucleus of upper motor neurons; key in motor system


Base—contains substantia nigra & cerebral peduncle

Substantia Nigra—large nucleus related to nuclei in thalamus (Basal ganglia) & controlling their activity



Cerebral Peduncle—arise in cortex & terminate in pons/medulla

Thalamus—small & oval-shaped from medial surface; giant sensory relay nucleus

Hypothalamus—vital for directing endocrine secretions & regulating homeostasis

Interventricular Foramen

Mamillary Bodies

Corpus Callosum—joins the cerebral hemispheres (product of lamina terminalis)

Anterior Commissure—crossing place for axons from temporal lobes

External Landmarks

Medulla—pyramids, gracilis tubercle, cuneatis tubercle, hypoglossal trigone, vagal trigone, facial colliculi
Midbrain—inferior colliciuli & superior colliculi, cerebral peduncles
Diencephalon—optic chiasm, mamillary bodies (part of hypothalamus)

Spinal cord

5 major subdivisions: Cervical (8 segs), Thoracic (12 segs) Lumbar (5 segs) Sacral (5 segs) Coccygeal (1 seg)

Dorsal median septum—divides dorsal surface into equal halves

Dorsal intermediate sulci—(two) divides cuneatus from gracilus fasciculus

Ventral median fissure—pronounced seperation of the ventral cord

Gray matter: 

Dorsal horn—sensory neurons (lamina I-IV) receiving input from periph.

Ventral horn—lg. motor neurons (lamina IX) & ass. interneurons (lamina VIII)

Intermediate cord—largely interneurons; located between D & V horns

Lateral horn (intermediate lateral cell column)—located in thoracic & upper lumbar regions, composed of preganglionic sympathetics
Cervical & lumbar enlargements—due to ( # nn. to limbs

White matter: 

Dorsal funiculus—contains the dorsal columns (major somatosensory tracts)

dorsal root entry zone—two branches: 1) lg. myelinated axons 2) sm. unmyelinated axons (forming Lissauer’s tract)

Lateral funiculus—contains lateral corticospinal tract (largest dscnding tract)

Ventral funiculus—contains several small descending tracts

Anterior white commissure—axonal bundle crossing spinal cord @ midline imm. above ventral median septum

Diagnostics


- Level of spinal cord



- Two dorsal fascicli ( above T6



- Ventral horn expansion ( cervical or lumbar



- Lots of white matter ( high up



- Presence of lateral horn ( thoracic


- Level of brainstem



- Natural surface, no visible ventricle ( closed (caudal) medulla



- Open dorsal side, inferior olivary ( open (rostral) medulla



- 4th ventricle, no ventral white matter ( pons



- 3rd ventricle, ventral white matter ( midbrain

Lab 5: Internal Structure 

Transverse Sections of Brain

Pyramids—axonal tracts carrying information from cortex to spinal cord

Pyramidal decussation—location of axons crossing from 1 side to the other

Medial Lemniscus—axons of cell bodies from gracilus and cuneatus nuclei

Gracilus nucleus—closer to midline; sensory from lower limbs


Cuneatus nucleus—lateral to gracilus; sensory from upper limbs

Internal arcuate fibers—axons crossing midline from gracilus and cuneatus nuclei to medial lemniscus (contralateral)

Spinal trigeminal nucleus—pain and temperature sensation from face (CN V)

Spinal Trigeminal tract—axons from face to nucleus

Inferior Olive—cell bodies of axons innervating cerebellum

Hypoglossal Nuclei—(2) cell bodies of axons giving rise to CN XII axons

Dorsal Motor nuclei of the Vagus—lat. to hypoglossal nuclei; preganglionic parasymp.

Solitary Tract & Nucleus—lateral to dorsal motor nucleus of CN X

Inferior Cerebellar Peduncles—axons to cerebellum

Cochelar Nuclei—receive input from CN VIII (cochlear cells)

Middle Cerebellar Peduncle—major input tract to cerebellum

Pontine Nuclei—major relay of input from cortex to cerebellum; located in pons

Trigeminal Complex—sensory and motor nuclei of CN V and axonal tracts


Fasciculi—axons of trigeminal; run together between the nuclei


Principal sensory nucleus of V—lateral to fascicles; somatosensory from face


Motor nucleus of V—medial to fascicles; mm. of mastication

Abducens Nucleus—close to midline

Facial Nucleus—medial to trigeminal complex; axons loop over CN VI forming genu & protrusion=>facial colliculus
Superior Cerebellar Peduncles—info from cerebellum to nuclei of midbr. & dienceph.

Inferior colliculi—dorsal to cerebral aqueduct; “egg-shaped bumps”; auditory nn.

Lateral Lemniscus—fiber tract carrying auditory input to inferior colliculus

Superior colliculus—dorsal surf. Contains visually responsive nn; ventral surf. Contains nn. encoding reflexive eye movements

Periaqueductal Grey (PAG)—contains many diff. nn; contains circuit  for endogenous control of pain

CN III Nerve Complex—ventral to PAG on either side of midline; motor + parasymp.

Pretectum—nucleus of midbrain located on dorsal surface, rostral to tectum; receives direct retinal input

Cerebral peduncles—all axons from cortex to ipsalateral brainstem & spinal cord

Substantia Nigra—cell bodies of GABAnergic nn & dopaminergic nn.

Red nucei—motor control to arms and shoulders

Horizontal Sections of Brain

Interhemispheric fissure—space between the cerebral hemispheres

Centrum semiovale—massive wt. matter structure @ center of cerebral hemisphere

Central sulcus, cingulate sulcus & gyrus, parieto-occipital sulcus, lateral vent.

Caudate nucleus—subcortical nucleus located lat. to lat. ventricle; part of basal gang.

Putamen & globus pallidus—part of basal ganglia; form striatum
Lateral fissure—seperates frontal and parietal lobes from temporal lobe

Insula—cortical lobe buried in lateral fissure

Extreme capsule—thin fiber bundle medial (deep) to insula

Claustrum—medial to extreme capsule & lateral to external capsule; gr. of cells w/ unknown fxn in cortex

Internal capsule—prominent fiber bundle made up of axons going to/from cortex


Anterior limb—separates caudate from putamen


Genu—knee shaped bend


Posterior Limb—separates thalamus from putamen

Optic radiations—fibers carrying info from thalamus to primary visual cortex

Calcarine fissure—primary visual cortex forms on either side of it

Stria of Gennari—thin line in visual cortex formed by myelinated axons intrinsic to the visual cortex (carry information from one part of it to another)

Fornix—carries axons from temporal lobe to forebrain and hypothalamus

Septum Pellucidum—non-neural structure separating the lateral ventricles

Anterior comissure—thin fiber tract crossing midline & interconnecting temporal lobes

Midbrain tectum—roof of midbrain consisting of inferior/superior colliculi

optic chiasm—where ½ axons in each optic nerve cross midline

mamillary bodies—largest nuclei in hypothalamus 

Lab 6: Somatosensory I

“Labeled Line”—a dedicated line of neurons along which a single somatosensory modality is conducted

Somatosensory modality—the stimulus quality transduced by a single receptor type

Primary Sensory neuron—cell w/ peripheral sensor & soma in DRG

Second order neurons—located within sp. cord & brain stem; receive input from DRG cells (primary sensory neurons) & send to thalamus

Third Order Neurons—located in thalamus, send axons to somatosensory area (SI) of postcentral gyrus in cerebral cortex

* From SI, info is sent to caudal half of parietal lobe (creates proprioception) and to temporal lobe (places current events in memory & compares w/ previous memory)

I.  Primary sensory neurons

A) Peripheral receptors

· Pacinian corpuscles—deep dermis; high frequency stim; fluid-filled

· Meissner’s corpuscles—in outer dermis; sensitive to skin stretch

· Merkel disks—superficial dermis; fine touch

· Muscle spindles—detect mm. stretch; in mm. itself 

· Free nerve endings—outer dermis; temperature; nociception, etc


B) Dorsal root ganglia
· Cell bodies of peripheral afferents

· Large soma=> lg. axon => somatosensory & proprioception


· Small soma=> sm. axon => nociception & temperature

C) Dorsal root entry zone
· Large diameter fibers => medial

· Small diameter fibers => Lissauer’s tract => lateral

II.  Large diameter fibers (e.g. mechanoreceptors)


- Enter spinal cord medial to Lissauer’s tract


A) Three fates:

1. Terminate on alpha motoneurons in ventral horn

2. Terminate on 2nd order neurons in nucleus proprius (at base of dorsal horn)

3. Ascend in dorsal column instead of synapsing (gracile/cuneate fasciculi)


B) Dorsal columns—contains lg. axon tracts ascending into midbrain

·  Gracile fasciculus—afferents from lower limbs (T6 & below)
· Terminates in gracile nucleus (in medulla), which projects across midline (as internal arcuate fibers) to medial lemniscus
· Muscle spindle afferents terminate in Clarke’s nucleus, which projects to dorsal spinocerebellar tract
· Cuneate fasciculus—afferents from upper limbs (T5 & above)
· Terminates in cuneate nucleus (in medulla), which projects across midline (as internal arcuate fibers) to medial lemniscus
· Muscle spindle afferents terminate in external cuneate nucleus, which projects to cuneocerebellar tract
· Note: 

· Cuneatus fasciculus/nucleus is always LATERAL to gracilus

· Cuneatus nucleus is located superior-laterally to gracilus

· In Medial lemniscus; upper limb is dorsal to lower limb

· There is an analogous trigeminal tract that joins up w/ the Posterior column- medial lemniscus tract
III.  Small diameter fibers (pain, temperature)


- Enter spinal cord through Lissauer’s tract, ascend/descend 1-2 spinal segments (hence poor localization)


- Synapse in lamina I/II or in lamina VI/VII



Lamina I = nucleus propriomarginalis



Lamina II = substantia gelatinosa



Lamina VI/VII = intermediate zone of cord

- Then, cross midline in spinal cord, ascend in lateral spinothalamic tract (part of anterolateral system)

- Note: synapse for primary reflex arc is found in ventral horn; synapse for anterolateral system is found in dorsal horn

- There is an analogous trigeminal tract that joins up with the Anterolateral Sys
IV.  Afferent cranial nerve nuclei

A) Trigeminal (CN V)



- Trigeminal nerve—afferent innervation to head and face

- Trigeminal ganglion—analogous to dorsal root ganglion

- Trigeminal nuclei—acts like spinal cord or medullary synapse of body afferents (location of 2nd order neurons)



- Large diameter (mechanosensory)

- Terminate in main-sensory trigeminal nucleus (mid-pons) → join medial lemniscus & ascend w/ Posterior column-medial lemniscus tract → somatosensory cortex



- Small diameter (pain/temp)


- Enter spinal cord → Descend to spinal trigeminal nucleus (loooong nucleus, location of 2nd order nn) → cross midline immediately → anterolateral system  

- Pars caudalis—largest part of spinal trigeminal nucleus; location of small diameter axon termination (analogous to substantia gelatinosa)

Mesencephalic trigeminal nucleus—location of lg. diameter mm. spindle afferent cell bodies (rather than trigeminal ganglion)

V. Tracts:

1) Dorsal Spinocerebellar Tract (proprioception)

a) Leg afferents (arm afferents) → gracilus fasciculus (cuneatus fasciculus) → Clark’s nucleus → synapse and DO NOT cross spinal cord → ipsalateral cerebellum (synapse)

2) Posterior Column-Medial Lemniscus Tract (fine touch)
a) Leg afferents (arm afferents) → gracilus fasciculus (cuneatus fasciculus) → nucleus gracilus (nucleus cuneatus) in medulla → synapse & cross midline  → medial lemniscus (legs posterior part; arms anterior part) → ML moves laterally  → synapse in thalamus (Ventroposterior lateral nucleus VPL) → somatosensory cortex
b) Lg. diameter fibers from Trigeminal (CN V) synapse in main-sensory trigeminal nucleus before joining medial lemniscus
3) Anterolateral System (nociception & temperature)

a) Primary afferents → Lissauer’s tract → synapse immediately in dorsal horn of spinal cord → cross midline (anterior white commisure) → Anterolateral System ascends (runs lateral to medial lemniscus) → 3rd order synapse in thalamus (ventroposterior lateral/medial) 

b) Small diameter fibers from body ascend lateral spinothalamic tract and go to VPL
c) Small diameter fibers from Trigeminal (face) ascend Anterolateral system and go to VPM
Lab 7: Somatosensory II

Ascending Somatosensory Pathways

Dorsal Column – Medial Lemniscus Tract—carries large, heavily myelinated axons w/ fine touch & proprioception afferents

Ascending Trigemino-thalamic tract—trigeminal (facial) analog of DC-ML tract; includes main sensory nucleus (principalis)
Anterolateral System (Spinothalamic Tract)—small, lightly myelinated axons w/ pain & temperature afferents (+ crude touch)

Spinal trigeminal tract—trigeminal analog (facial) to STT, includes pars caudalis of spinal trigeminal nucleus 

Gracile nucleus, cuneate nucleus, & pars caudalis form homunculus (medial to lateral)

Internal arcurate fibers

Medial lemniscus—originally arms(legs is dorsal(ventral, but switches to medial(lateral (face is medial to arms)

Somatotopic map rotates 180°


- In medulla, hands dorsal and feet ventral


- In pons, hand medial and feet lateral


- In midbrain, hands ventromedial and feet dorsolateral

Anterior (ventral) white commissure—axons of STT cross after synapsing in Lamina I to ascend in STT

· AL system lies lateral to DC-ML tract & lateral to ML (superiorly)

Thalamus

Four Groups: Ventral, Lateral, Anterior, Medial
Ventroposterolateral—location of somatosensory axon termination from body

Ventroposteromedial—location of somatosensory axon termination from face

· medial-most component of VPM is lightly colored b/c is innervated from trigeminal sensory (lightly myelinated) = taste nucleus of the thalamus

· Dorsal Shell of VPL—location of VPL where STT fibers terminate (lightly colored b/c less myelination) = pain, temperature, & crude touch

· Central core of VPL—darkly stained (heavily myelinated axons) = proprioception & fine touch

Intralaminar Complex—located between medial & lateral nuclei of thalamus; terminating point for STT axons (conveys affective qualities of pain & extreme temps)

Posterior complex—located posterior to VPL; terminating point of STT axons (conveys affective qualities of pain & extreme temps)

Somatosensory Cortex

First Somatosensory Cortex—located in postcentral gyrus

· divided into four areas: 3a, 3b, 1, 2

· contains somatotopic map with foot(MEDIAL & face(LATERAL (opposite that of spine/brainstem/thalamus)

· means of differentiating segments: 

· Physiology—represent different aspects of somatic sensation

· 3a—muscle spindle stimulation; body & limb proprioception

· 3b—fine cutaneous inputs (pachinian & merkel)

· 1—fine cutaneous inputs (pachinian & merkel)

· 2—second deep-receptor area; sensitive to joints

· Structure—different patterns of cell structure & myelination

· Lg proportion of spinous stellate cells in Layer IV

· GABAnergic stellate cells—also located in Layer IV

· Connectivity—unique patterns of connections to other areas of cortex

Second Somatosensory Cortex—second level of cortical integration; contains at least two separate representations of body, both demonstrating cortical magnification
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