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NEUROHISTOLOGY I & II

ii. SN:  Scribe contains all material from both the notes and the lecture.  Also, Dr. Coates showed a lot of slides.  Most of which are in the lab slide set.  Since these really can’t be scribed, you can find similar pictures in Wheater’s, Leeson & Leeson and the textbooks for Histology and Neuro.

a. Announcement:  #1) Bring your Wheater’s Histology book to lab tomorrow.   #2) Although this material is mostly a review, it is also cumulative.  Essentially don’t blow it off.

iii. Neurons

A. Main actors in NS

B.  Signaling cells of the nervous system. 

b. Until recently it has been believed that neurons in the adult central nervous system, i.e., fully differentiated neurons, do not retain the capacity to divide (mitosis) and replenish themselves. While this is being challenged today, the practical clinical consequence today is still that function can be lost after injury or disease (stroke, Parkinson’s, aging, etc…) that results in neuronal death. 

C. Hope for the future:  the stem cells of CNS may be used therapeutically.

I. Overall anatomy of neuron:

c. Tremendous variation in size, shape and configuration between neurons.

A. Cell body (a.k.a. soma, perikaryon)

1. Size: 5-135 um

2. Contains cytoplasm and organelles - metabolic and integrative center of neuron. 

3. Receives the synaptic input.

B. Processes - specialized for communication with other cells: 

d. Dendrites and dendritic spines (receptive portion) receive information.   Dendritic spines increase the surface area of the dendrite for synaptic input.

e. Axon (conductile portion) transmits information (electrical impulses).

f. Axon hillock: origin of axon. (technically a part of the cell body)

g. Initial segment: the part of axon where action potential (an electrical signal) is initiated. 

h. Axon collaterals: branches of axons.

i. Axon terminals (effector portion or working end): synaptic terminals, terminal boutons, bouton terminaux.   Can contact other neurons or the target organs.

j. Myelin sheath: protection and insulation provided by glial cell membranes (have high fatty content) 

wrapping around axon. Myelinated axons conduct action potentials faster than unmyelinated axons. 

A. Nodes of Ranvier are gaps between segments of myelin. 

k. Not all axons are myelinated (= unmyelinated axons). 

II. Classification of neurons: various schemes. One standard classification is based on the number of processes: 

B. Multipolar: have multiple dendrites and are the most common.

1. In Peripheral NS, all autonomic neurons are multipolar.

2. 99.9% of CNS neurons

C. Pseudounipolar (sometimes called unipolar): 2nd most numerous, found in DRG and cranial ganglia. 

C.   Bipolar: least numerous, found in special sensory organs such as eye and ear.

III. Classification can also be based on function – fast vs. slow.

V.          Another frequently used classification is based on axon length: 

A. Golgi type I cells (neurons): 

1. Have long axons that form long fiber tracts in brain and spinal cord

D. Are considered projection neurons because they project out of area from which they originate.   Examples of  pyramidal cells: cerebral cortex, Purkinje cells of cerebellar cortex, motoneurons of spinal cord.

2. Lower motor neuron is a functional term and isn’t meant to specify a location within the body.  You can still have a lower motor neuron in the brain stem.  It simply denotes a final common pathway of neurons.  A pyramidal cell is an example of an upper motor neuron and will eventually synapse on a lower motor neuron.

B. Golgi type II cells (neurons): 

1. Have short axons and dendrites 

2. Are more numerous than Golgi type I 

E. Are considered interneurons that function locally  (Stay within area of origination.)

3. Are often inhibitory.

VI.  Organelles in neurons:

F. Cell membrane of the neuron is the plasma membrane (plasmalemma) The cell membrane of the axon is given a 

special name, the axolemma. 

G. Nucleus: prominent, centrally located, site of ribosomal synthesis. Stains darkly.

H. Nissl substance = stacks of RER (rough endoplasmic reticulum): site of protein synthesis, abundant in cell body and proximal parts of dendrites, absent in axon hillock and axons.   Diagnostic characteristic of neurons.  Stains darkly.

I.  Smooth endoplasmic reticulum. 

J. Golgi apparatus: site of glycosylation, abundant, perinuclear location. 

K. Mitochondria: abundant to supply high energy demand

L. Lysosomes 

M. Pigments: lipofuscin (aging pigment); melanin 

N. Microtubules (25 um): part of cytoskeleton that is responsible for shape of neurons, abundant in axons and dendrites, function in axon transport. 

O. Neurofilaments (intermediate filaments, 10 um): part of cytoskeleton that is responsible for shape of neurons, abundant in axons and dendrites. "Neurofibrils": bundles of neurofilaments seen with the light microscope (nearby microtubules may be included). Neurofilaments are argyrophilic (like silver stains).

P. Microfilaments (f-actin, 5 um): part of cytoskeleton, abundant in growth cones (contractile properties). 

Q. Vesicles: vesicles in synaptic endings that contain neurotransmitters are called synaptic 
vesicles.

R. Node of Ranvier – space between 2 myelin sheaths and site of transmission.

a. Slides shown:  

b. Nissl stain of motor neuron of the spinal cord  

c. EM of Nissl bodies (lamellae of ER) 

d. Axon terminal lacking protein synthesis machinery

e. Neurofibrils

f. EM of microtubules 

VII. Axoplasmic (axonal) transport: 

A.  Necessary because there is no protein synthetic apparatus in axon. 

B. Requires energy and source of ATP, Ca++ , microtubules. 

C. Axons lack RER to nourish the membrane and maintain the structure.

D. Anterograde (orthograde) transport.

1. From soma to terminal

2. Involves motor protein kinesin.

3. Fast: approx. 100-400 mm/day; transports particulate matter, mainly membranous organelles 

such as mitochondria and membranous vesicles containing proteins such as enzymes involved in 

neurotransmitter storage and release. 

4. Slow: approx. 0.2-2.5 mm/day (average 1 mm/day); transports mainly soluble macromolecules and those 

not packaged in vesicles such as biosynthetic enzymes for neurotransmitters, fibrillar constituents of 

1. cytoskeleton (neural actin, myosin, components of neurofibrils, tubulin). Rate of regeneration of the 

peripheral NS is limited by slow transport.

E. Retrograde transport

2. From axon terminal to soma

1. Involves motor molecule dynein.

3. Returns material from terminals to cell body for degradation/reuse.

4.  Allows cell body (and nucleus) access to important survival and maintenance factors such as nerve growth factor, which may be produced at sites distant from soma. 

5. May play role in informing soma about events at distant ends of axons. 

6. Transports at rates about 1/2-2/3 of fast anterograde. 

7. Retrograde transport also responsible for invasion of CNS by certain viruses (herpes, rabies, polio) and 

A. toxins (tetanus).  (See notes from Sawyer’s lecture 1/17)

VIII. Synapses: 

B.  Specialized regions of functional contacts between neurons, or neurons and their target cells. 

C. Most synapses (in humans) are chemical and have distinctive morphology. Some synapses are electrical (gap junctions).

C.   General features of chemical synapses (as seen with electron microscope): 

1. Presynaptic component: synaptic vesicles (50 um) flat or round, clear or dense, contain 

neurotransmitters or neuropeptides; mitochondria; pre-synaptic membrane densities (= active zones = 

sites of release) may be present. 

2. Synaptic cleft: 20-40 nm; may contain carbohydrate containing material that serves to tightly adhere pre-to post-synaptic component.

3. Postsynaptic component: membrane densities representing receptor sites may be present. Postsynaptic 

components can be dendrites or dendritic spines, cell body (soma), axon, or other target cells. 

2. Synapses may be morphologically classified as: (slide shown)

1. Axosomatic – axon to cell body

2. Axodendritic – axon to dendrite

3. Axoaxonal – axon to axon

D. Synapses cannot be seen with a light microscope. (Slide shown from slide set.  Neuropil looks like “cotton candy”)  High power (TEM) or special stains must be used to view the neuropil where synapses occur.  (Slide from set shown with special brown stain).   

E. In the CNS gray matter, the area between neuron cell bodies where there is abundant opportunity for synaptic 

communication to take place is called "neuropil".

F. The motor endplate (neuromuscular junction) is a specialized synapse between the axon terminal of a 

motoneuron and a skeletal muscle fiber. It has the features of a general synapse, but the postsynaptic component 

is the muscle fiber, which is specialized at the junction by deep invaginations of the sarcolemma (muscle 

membrane).   

3. Be able to recognize at the ultrastructural level what a synapse looks like.

IX. Neuroglia: the supporting cells of the nervous system. 

A. Glia versus neurons: 

4. Mature glia retain capacity to divide (neurons don't). 
5. Clinical relevance: most tumors of NS are glial because of ability to divide. 

6. Other clinical problems associated with glia: edema after injury; specific diseases such as multiple sclerosis (MS) and other demyelinating diseases. 

7. Glia do not form synapses (neurons do). 

8. The process of glia are similar in structure and extend only a little way from cell body (neuronal processes are structurally and functionally dissimilar dendrites and axon). 

9. Glia do not conduct action potentials (neurons do).

10. Can be connected by gap junctions to coordinate function.  (Neurons can also be connected by gap junctions to perform a chemical synapse.)

B. General functions of glia: 

1. Structural support – “packing peanuts”

2. Myelination – For PNS is Schwann; for CNS is oligodendrocyte

3. Repair and regeneration – refers to peripheral NS.  Regeneration does not mean mitosis but only a regeneration of an axon.   The oligodendrocyte appears to be inhibitory in the CNS. 

4. "Other":

a. Role in development of NS.

iv. Uptake and release of ions and neurotransmitters.  (Especially astrocytes taking up K+ from nearby action potentials.)  

v. Isolate neurons. (Especially astrocytes and non-myelinated oligodendrocytes)

vi. Secretion and/or absorption. 

X. Nutritive role.

b. Maintain BBB  (Astrocytes allow endothelial cells to maintain tight junctions.)

XI. Classification of glia:

i. A.  In the CNS:  

1. Macroglia: larger glial cells in the CNS.

a. Astrocytes (fibrous, protoplasmic) 

vii. Small star-shaped cells

viii. Linked by gap junctions

ix. Have processes that are essentially all alike (not like axons and dendrites)

ii. Astrocytic "end feet" contact capillary blood vessels in what is termed perivascular end feet in characteristic manner.  These are diagnostic of astrocytes.

iii. Found in both white and gray matter but predominantly in gray matter.

iv. Form "outer" limiting membrane of CNS, the glia limitans
x. Functions of astrocytes include: support neurons; scaffold for migration of immature neurons during development; act as buffers during synaptic transmission by reuptake and subsequent release of neurotransmitters and certain ions from extracellular space; act as electrical insulators between adjacent neuronal cell bodies; absorption; can become phagocytic after injury ("reactive astrocytes"); scar formation after injury (gliosis); nourishment for neurons; cover nodes of Ranvier and surround most terminals.
v. There are two types.  (Dr. Coates feels that these are artificial, so you aren’t responsible for them) (1) Fibrous: mostly but not exclusively in white matter; long slender processes; contain many intermediate filaments composed of glial fibrillary acidic protein (GFAP), a convenient marker for astrocytes that is important in neuropathology. (2) Protoplasmic: mostly but not exclusively in gray matter; shorter thicker-branched 
processes
vi. Can inhibit regeneration by forming a glial scar.  Can also promote regeneration (she didn’t elaborate)
b. Oligodendrocytes  = oligodendroglia (oligo = few, i.e., few processes) 

i.        Smaller and darker than astros with a smaller darker nucleus and have fewer processes

vii. Few intermediate filaments 

a. Found primarily in white matter but can be in gray.

viii. Provide myelin sheath in CNS. Therefore found in rows along myelinated fibers (i.e., in white matter of CNS). 

ix. In CNS, one oligo can form several myelin sheaths around several different axons. (Slide shown)  Alternately an axon in the CNS can be myelinated by several different oligos. This contrasts with PNS where only one Schwann cell forms only one myelin sheath (internode) per axon. 

x. Oligos also perform non-myelinating function: their process can interdigitate in between and isolate neurons similar to astrocytes. 

c. Ependyma (ependymoglia, tanycytes, choroid plexus ependymal epithelial cells) 

i.        Line the ventricles 

ii. Are cuboidal to low columnar ciliated (neuro)epithelial cells. 

iii. Linked by gap junctions thought to synchronize function of ependyma as a whole: help CSF flow via synchronized motion of cilia. 

iv. Specialized in certain regions: Tanycytes ("stretch" cells): specialized ependymal cells in 

the floor of the 3rd ventricle (and limited other locations) that stretch from the ventricular 

lumen to the portal system: thought to function in neuroendocrine activities by providing 

an alternative route of transport of bioactive molecules from CSF to portal vasculature 

and vice versa.   Derivatives of radial glial cells.

v. Choroid plexus cells: specialized ependyma with microvilli on their apical surfaces, over 

a vascular core. Choroid plexus produces CSF. (Slide of scanning EM)



2.  Microglia: 

b. Smaller glial cells in the CNS – not normally seen.

c. Are believed to be the brain's resident resting macrophages originally derived from invading blood 

vessels.  (Not true derivatives of the NS)

d. Are "activated" after injury or disease and become phagocytic. 

e. Can harbor viruses. For example, microglia can harbor HIV virus in AIDS infection.

2. Question:  Can microglial cells move?  Not normally, they just hang around.

a. Additional slides shown:  (mostly from slide set) – Dr. Coates says that every slides in the sets is over-stained so ignore the backgrounds.

b. Size difference between neurons and glia.

c. Gray matter from ventral horn showing neurons and nuclei of glial cells.  Glial cells exceed number of neurons in CNS by ten-fold.  Little cytoplasm in glial cells.

d. Configuration and distribution of astrocytes in CNS using special stain.

A. Special stain used for astrocytes – stains them brown.  Important in pathology.

e. Comparison between oligodendrocytes and astrocyte.

3. B.     In the PNS 

1.   (Glia in the PNS will be considered in detail later):

4. Schwann cells: Provide myelin sheaths (insulation) along axons of peripheral nerves; function in peripheral nerve repair and regeneration.  Also called neurolemma.

5. Satellite cells: isolate ganglion cells in the PNS completely (DRG) or partially (autonomic ganglia) 

from synapses. Nonmyelinated.

B. Neurohistologic stains and techniques   (You won’t be asked to identify a stain, but you need to know what a stain is doing in a given slide.)

C.  Nissl (cell) stains 

1. Stains for neuron cell bodies mostly 

2. Caveat: components in glial cell bodies will also take up stain, but it is considered insignificant for this purpose 

3. Also used to differentiate between gray and white matter.

4. Nissl stains are basic stains for acidic components like RNA and DNA. 

5. Nissl stains strongly stains RER (Nissl bodies), nucleolus and nucleus.

6.  Cytoplasm stains only lightly. 

7. Considered a stain for grey matter where neuron cell bodies are located. 

8. Ex: H & E, cresyl violet, thionin, toluidine blue, hematoxylin. 

D.  Neurofibril stains 

1. Stains axons and dendrites but not myelin. 

2. Stains for processes but will also visualize cell bodies since neurifibrils are also present in neuronal cell bodies. 

3. Can be used to differentiate gray and white matter.

4. Are mostly silver-based. 

5. Ex: Bodian, Bielchowsky. 

Golgi methods 

6. Randomly and selectively stain the cell body and processes of single neurons (also random glial cells and even some blood vessels and RBCs). 

7. Theoretically can visualize an entire neuron. 

8. Only about 10% of cells stain.  The Golgi method is erratic

9. Mechanism of staining remains unknown. 

10. Rarely see adult tissue, usually immature neurons are stained.

11. Ex: Golgi, Golgi-Cox are silver- and mercury-based.

12. Besides staining cells of interest, the stain can precipitate out on a section and thus confuse the viewer. Don’t mistake the debris for the specimen. 

Myelin stains 

13. Stains for myelin sheaths, i.e., stains white matter. 

14. These are lipid stains so that usually the neuronal contribution to fibers remains unstained. 

15. Ex: osmium, Weigert, luxol fast blue. 

16. Doesn’t always stain black.

17. Can differentiate between white and gray matter.

18. Be able to understand the differences in staining within a brain (like those in the atlas pictures).

19. At EM level be able to recognize axon terminals and dendritic thorn/spine.

Glial-specific stains

20. Special stains usually using salts of gold or silver to selectively stain glial cells. 

21. Highly variable, but in good preps can demonstrate the perivascular end feet of astrocytes well. 

22. Ex: del Rio Hortega silver carbonate, Cajal gold chloride. 

Others: 

23. Special stains for synapses, both normal and degenerating. 

24. Antibody techniques to localize specific molecules (antigens). 

25. Electron microscopy to visualize components beyond the limits of resolution of light microscopy. 
XII. Review - Location and Main Functions of Neuroglial Cells

Glial Cell Type
Location
Main Functions

oligodendrocyte
CNS
Myelin production, electric insulation

astrocytes
CNS
Structural support, repair processes, end feet may provide protection, metabolic exchanges

ependymal cell
CNS
Line cavities of CNS, choroid plexus makes CSF

microglia
CNS
Macrophage activity

Schwann cell
PNS
Myelin production, electric insulation

satellite cell
PNS
Isolate ganglion cell bodies in PNS partially or completely from synapses
l. 
