NERVOUS TISSUE

Erin Furr Stimming, MD

Reading: Gartner & Hiatt, Chapter 7; Klein and McKenzie, pp131-154
Learning Objectives:

· Describe the ultrastructure of multipolar neurons and recognize them by light microcospy.

· Distinguish between the two types of CNS glial cells with light microscopy.

· List the types of glial cells and their main functions.

· Describe the process of myelination.

· Discuss differences in myelinated and unmyelinated fibers in the PNS and CNS.

· Recognize peripheral nerves and ganglia with light microscopy.
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I.
GENERAL DEFINITIONS

A.  Central Nervous System (CNS) vs. Peripheral Nervous System (PNS)
CNS includes brain and spinal cord; PNS is all outlying nervous tissue (nerve fibers and ganglia).

B.  Cell Types
1. Neurons (the parenchyma cells)

2.
Glial cells (the stromal cells) – supportive and protective function

II.  EMBRYOLOGIC ORIGIN OF NERVE TISSUE
A.  Ectoderm(( neural plate(( neural groove(( neural tube(( CNS
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B.  Neural Crest
1.  Neurons of sensory ganglia

2.  Neurons of sympathetic and parasympathetic ganglia

3.  Schwann cells

4.  Satellite cells

5.  Chromaffin cells of adrenal medulla

6.  Melanocytes of epidermis

7.  Pia mater and arachnoid

8.  Odontoblasts

III.  NEURONS
A.
Classification of Neurons


All neurons have a cell body and a variable number of processes, including at least one axon that transmits impulses away from the cell body, and usually one or more incoming processes called dendrites.  Variations on this theme permit classification according to number and types of processes.  
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1.
Bipolar

· A single axon and dendrite arise at opposite poles of the cell body.

· Found as sensory neurons in the ear/vestibular system, in the retina, and in the olfactory mucosa.


2.
Pseudounipolar
· Only one cell process arises from the cell body & then divides into 2 branches.  Developmentally, begin as bipolar neurons.  Functionally, one process carries impulses to the cell, while the other carries it away.  Therefore, although it appears unipolar, developmentally and functionally it is bipolar, giving rise to its name.

· Found in peripheral sensory ganglia, such as dorsal root ganglia, and in cranial ganglia.


3.  Multipolar
· MOST COMMON
· One axon, multiple dendrites

· Found in brain, spinal cord, and peripheral ganglia

B.
Cell Body


1.
Also called the soma or perikaryon and consists of the nucleus and 


cytoplasm.
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Multipolar Neurons (G&H, p.135)



2.
Nucleus
· Single large nucleus, usually centrally placed.  Moves to periphery if cell is injured. Fine chromatin.

· Large, prominent nucleolus (“owl-eye” nucleus).


3.
Cytoplasm
· Well-developed rough ER and polyribosomes.  Appear as clumps with H&E stains (Nissl substance).  Especially prominent in large active neurons such as the motor neurons of the spinal cord.

· Usual organelles are present – Golgi complex, mitochondria, lysosomes.

· May contain pigment such as melanin (neurons of the substantia nigra) or lipofuscin.

· Abundant neurofilaments (intermediate filaments) help form the cytoskeleton of the perikaryon.
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C.
Dendrites (Gr. Dendron, tree)



1.
Numerous, short processes that become attenuated and branch with distance from the perikaryon.  Provide receptor sites for up to 200,000 axon terminals from other neurons, and carry impulses to the cell body.



2.
Ultrastructurally, contain Nissl bodies, mitochondria, neurofilaments, microtubules, and other features of the perikaryon, but no Golgi complex.

D.
Axons


1.
Multipolar neurons have a single axon for transmission of impulses away from the perikaryon.  Although collateral branches may arise a short distance from the body, the axon is otherwise unbranched until it terminates; it is constant in diameter throughout its length.


2.
Arises from the axon hillock.  This contains no Golgi complex or Nissl substance.


3.
The axon cytoplasm, or axoplasm, contains many longitudinally oriented microtubules and neurofilaments, mitochondria, and smooth ER.  It never contains Nissl substance or Golgi.


4.
Surrounded by a plasma membrane called the axolemma.  A protective layer of glial cells further surrounds this.


5.
Bidirectional transport

· Macromolecules and organelles made in the perikaryon are transported to the axon terminals by anterograde flow.

· Retrograde flow transports molecules (viruses and toxins included) to the cell body.

· Major proteins involved are dynein and kinesin.

IV.
GLIAL (Gr. Glia, glue) CELLS


A.
Astrocyte (Gr. astron,star) – CNS only



1.
Structure

· Large, oblong nucleus with stellate long processes

· Cytoplasm can’t be seen with H&E

· Contains abundant glycogen and unique intermediate filaments called glial fibrillary acid protein (GFAP)



2.
Function – gives structural support to neural tissues by binding neurons to capillaries and to the pia mater.   This is accomplished by expansion of their distal processes to form “end feet”.  Responsible for transfer of metabolic products from blood to neurons.  Also proliferate following injury to the brain to form scar tissue.



3.
Fibrous astrocytes (white matter) vs. protoplasmic astrocytes (gray matter)


B.
Oligodendrocyte (Gr. Oligos, small) – CNS only



1.
Structure – smaller than the astrocyte, with small, round dense nucleus and clear cytoplasm.  Does not contain glycogen or GFAP.



2.
Function – responsible for myelination in the CNS.  One cell can myelinate several axons.
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C.
Schwann Cell – PNS only



1.
Structure – small, dark, flat nucleus.



2.
Function – responsible for myelination in the PNS.  Each cell can myelinate only one axon, however each axon can be myelinated by several Schwann cells!  Ctyoplasm can also cover axons without myelinating them.


D.
Microglia (Gr. micros, small) – CNS only



1.
Structure – smaller than other cells in the CNS with dense, elongated nucleus.



2.
Function – not usually seen in normal brain tissue.  The phagocytic cell of the CNS and involved in inflammation and repair.  These cells are the primary site of HIV-1 infection in the CNS.


E.
Ependymal Cells – CNS only



1.
Structure – cuboidal epithelial cells lining the ventricles and central canal of the spinal cord.  



2.
Function – form barrier between brain and CSF.  Also found in the choroid plexus (see below).

F.
Satellite Cell – PNS only



1.
Structure – small, dark nuclei.



2.
Function – Cluster around and provide support for neuron cell bodies in peripheral ganglia.

V.
CENTRAL NERVOUS SYSTEM


A.
Distribution of white matter and gray matter



1.
Gray matter contains neurons, dendrites, the initial portion of unmyelinated axons, and glial cells.  White matter contains myelinated axons, a few unmyelinated fibers, glial cells, but NO neurons.  The non-neuron component is often collectively referred to as neuropil.



2.
Brain – gray matter forms the cerebral and cerebellar cortex; white matter lies beneath.  Aggregates of neurons (known as nuclei) may form islands within the white matter.


3.
Spinal cord – white matter is peripheral; gray matter forms a central “H”-shaped structure containing the central canal.


B.
Meninges



1.
Dura mater (pachymeninges) – dense irregular connective tissue.  There is an epidural space above and a subdural space below.



2.
Arachnoid – simple squamous epithelium that is avascular.  Sends down fibrous trabeculae into the subarachnoid space to connect the arachnoid with the pia mater.  Subarachnoid space is filled with CSF and communicates with the ventricles of the brain; it also contains blood vessels (subarachnoid hemorrhage).

· Arachnoid villi perforate through the dura mater, allowing CSF to flow into the venous sinuses.



3.
Pia mater – loose connective tissue, very vascular.  Partially follows blood vessels that enter the brain, resulting in a perivascular space around these vessels lined by pia mater.



4.
Blood-Brain Barrier – functional barrier composed of endothelial cells with tight junctions, their basement membranes, and astrocyte foot processes.


C.
Choroid Plexus


1.
In roof of 3rd & 4th ventricles and walls of lateral ventricles.  Composed of “fibrovascular” core of loose connective tissue and blood vessels covered by specialized ependymal cells.  These cells contain microvilli and cilia on their apical surface.
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Choroid Plexus (G&H, p. 143)



2.
Main function is to produce cerebrospinal fluid.  CSF passes from ventricles to subarachnoid space and then enters the venous circulation via the arachnoid villi.

VI.
PERIPHERAL NERVOUS SYSTEM


A.
Nerve Fibers -- an axon or collection of axons, plus any surrounding sheaths of ectodermal origin.  The presence or absence of a sheath, and the nature of the sheath (cytoplasm vs. myelin) are used to further characterize nerve fibers.

1.  Unmyelinated Fibers
a.
Small axons in the PNS are embedded in clefts of the cytoplasm of Schwann cells.  Each Schwann cell can sheathe (but not myelinate) a dozen axons.  

b.
In the CNS, the majority of axons are unmyelinated.  The axons are NOT sheathed by any type of cell. 



2.
Myelinated Fibers
Axons that become myelinated are generally larger than 1 μM in diameter.  Myelin is deposited just beyond the axon hillock and continues to near the region of termination of the axon.
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a.
Myelin is laid down by Schwann cells.
The membranes of the Schwann cell wrap around the axon several times and fuse to form a myelin sheath.  The sheath is interrupted by gaps called nodes of Ranvier which represent the spaces between adjacent Schwann cells along the length of the axon.  A Schwann cell can only myelinate a single axon; however, each axon is myelinated by several Schwann cells.
b.
In the CNS, myelin is laid down by oligodendrocytes.  Each cell can myelinate several axons. 


B.
Nerves = groups or bundles of nerve fibers.  Covered by connective tissue.



1.
Epineurium – the outer layer of dense connective tissue.  It surrounds several nerve bundles.  Contains blood vessels and lymphatics.



2.
Perineurium – connective tissue and flattened epithelial cells that surrounds each bundle (fascicle) of nerve fibers.  Cells are joined by tight junctions to provide a barrier to passage of most macromolecules (blood-nerve barrier).



3.
Endoneurium – thin layer of reticular fibers that surround individual nerve fibers.
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Peripheral Nerve, Long. (G&H, p. 143)-
Peripheral Nerve, X-Section (G&H, p. 143)

C.
Ganglia – encapsulated groups of neurons and associated glial cells and connective tissue.

1.
Sensory ganglia – receive afferent impulses and transmit to the CNS.  Neurons are pseudounipolar and surrounded by satellite cells.  Entire group surrounded by a connective tissue capsule.

2.  Autonomic (motor) ganglia – multipolar neurons typically found in walls of organs (GI tract).  They do have a few satellite cells associated with them, but do not have a connective tissue capsule.  
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Ganglion (G&H, p. 141)

Here is an introduction to some specialized nerve endings and ganglia, but you will hear more about them in Integument and GI, so this is brief but might still be on the exam.
Pacinian corpuscle. Found, under the skin in places where pressure sensing is needed, such as in the bottom of the foot.
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· Located in deep dermis or subcutis of weight-bearing and sensitive areas

· Ovoid; resembles a cut onion

· Contains a terminal afferent nerve fiber which loses its myelin after entering the corpuscle, and has supporting (laminar) cells thought to be Schwann cells

Meissner’s Corpuscle
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· Located high in dermal papillae of palms, soles, digits, nipples, lips

· Cylindrical or pear-shaped

· Zigzag arrangement of unmyelinated terminal afferent nerve fibers with supporting (laminar) cells thought to be Schwann cells

· Can be seen by routine light microscopy but difficult to locate



Meissner’s Plexus
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Found in Submucosa (includes Meissner’s plexus) to help in neuromuscular 


signalling and food debris propulsion





Last, Auberach’s plexus which will gain be mentioned in detail in GI
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Auerbach’s plexus between the two external smooth muscle layers to help in the peristaltic movement of the gut to move boluses of food along
Nerve Tissue Laboratory
1.
Slide 34 – Spinal Cord

Using the following diagram, look for and identify all of the labeled features.  Your slide may have more than one section and one section may be better than the others, so scan them all.  In addition to H&E, Luxol fast blue stain has been added – this stains myelin blue.  Thus all areas of white matter stain blue (remember: in the PNS, the majority of axons are myelinated and found in the white matter); gray matter stains pink.


Begin by holding the slide against a white background and orienting yourself to the following features:

· Dorsal vs. ventral

· Gray matter and white matter – note the differences

· Dorsal and ventral roots of spinal nerves

· Motor neurons of the ventral horn – these are very large; they are multipolar neurons 
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2.
Slide 130 – Temporal Lobe of the Brain

This slide has the same stain as that of spinal cord. Hold the slide against a white background and use your microscope to identify the following:

· An outer pink rind or cortex consists of gray matter; the deeper blue-purple layer is the underlying white matter.

· Follow the outer convex surface of the cortex and identify cross sections of blood vessels surrounded by delicate connective tissue strands, the trabeculae of the arachnoid.  These vessels lie in the subarachnoid space.

· The surface of the brain is lined by the pia mater.

· Lateral ventricle – lined by cuboidal ependymal cells.  Hanging from the roof of each ventricle is the choroid plexus; it consists of islands of connective tissue containing blood vessels, covered by modified ependymal cells.  The choroid plexus is the site of secretion of cerebrospinal fluid (CSF).

CSF is absorbed through the arachnoid villi that drain into a large vein called the superior sagittal sinus.  CSF is produced by the choroid plexus, released into the ventricle, and drains into the subarachnoid space via several outlet foramina. The subarachnoid space, in turn, drains out via the arachnoid villi into the superior sagittal sinus. Again, the route of travel for CSF is:  Choroid plexus to ventricles to subarachnoid space to arachnoid villi to superior sagittal sinus. 
· Neurons

Look for the largest cells possible; these will always be multipolar neurons.  The nucleus will be centrally located, paler than the cytoplasm, and contain a single nucleolus (if it is present in the plane of section).  Although the cytoplasm is very basophilic, Nissl substance is less easily resolved in this slide than in the spinal cord.  Artifactual shrinkage creates spaces around all the cells.

· Glial Cells
Only the nuclei of the glial cells will be stained since the small amount of cytoplasm blends into the surrounding parenchyma (neuropil) of the brain

· Astrocyte

The nuclei are oblong or football-shaped, so they may appear circular or elliptical, depending on their orientation in the plane of section.  The nuclei are very light and large relative to nuclei of other glial cells.

· Oligodendrocyte

The nuclei of these cells appear similar to those of lymphocytes.  They are smaller and much denser than astrocyte nuclei, and are always spherical. They may have a perinuclear clear halo (sometimes giving them a “fried-egg” appearance). 
· Corpora amylacea
In some areas beneath the pia mater you will see homogeneous-appearing, lavender circular bodies.  These are corpora amylacea, and are produced by the dilated foot processes of the astrocytes, filled with a starch-like material.

3.
Slide 36 – Peripheral Nerve and Ganglia

This slide has aorta, vena cava, and peripheral nerve and ganglia embedded in loose connective tissue.  Both the ganglia and nerves occur as compact, well-circumscribed pale eosinophilic bundles.  The ganglia can be recognized by the presence of neuron cell bodies within the bundles. Each ganglia is surrounded by a fibrous connective tissue.  Identify multipolar neurons with Nissl substance. The neurons are surrounded by satellite cells.  

Each small nerve bundle consists of a group of axons, supporting cells, endoneurium, and a surrounding layer of dense connective tissue.  The connective tissue layer around these fascicles is termed the perineurium.  “Holes” in the nerve represent empty capillaries in the endoneurium.  

Distinguishing nerve from smooth muscle is an art that requires a practiced eye, and this is an excellent slide to compare and contrast nerve and smooth muscle, found in the large adjacent aortic wall.  Important differences in distinguishing nerve vs. smooth muscle will be:

· Connective tissue capsule in nerve.  A distinct capsule does not surround smooth muscle.

· Cross-sections of capillary lumens in nerve.

· Difference in coloration.

· Wavy pattern of nerve fibers when viewed in longitudinal sections (muscle fibers tend to be fairly straight).  

4.
Slide 37 – Heart. Look in the epicardium for examples of peripheral nerves.

5.
Slides 5 and 6 – Small Intestine. On this slide there are other good examples of ganglia.  Terminal ganglia are found in the walls of various organs, some representing cell bodies of postganglionic parasympathetic neurons.  Throughout the gut, between the outermost two layers of smooth muscle, which are circular and longitudinal in orientation, is found a layer of ganglia and nerves known as Auerbach’s plexus.  More difficult to find are neuronal cell bodies in the submucosa, part of Meissner’s plexus.  These two plexuses are constant features throughout the gut.  Note that this neuronal tissue is lighter than the muscle, aiding in its identification.

6.
Slide 10 – Toe. Look deep below the epithelial surface for Pacinian corpuscles.  These are sensory deep pressure receptors that, because of concentric rings of fibers and cells encapsulating a nerve ending, have the appearance of a cut onion. 
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