PATHOLOGY 425
GENERAL PATHOLOGY OF NEURONS AND NEUROGLIA
Dr. K. Zis

I
NEURONS
1.
Ischemic nerve cell damage

 
One of the commonest forms of injury to neurons caused by hypoxia brought about by arrested or impaired blood flow, decreased oxygen tension in blood or toxic factors.  Hypoglycemia can induce similar morphological changes to hypoxia due to the inability of neurons to utilize oxygen.  Ischemic neurons are shrunken with intensely eosinophilic cytoplasm (Ared neurons@).  The nucleus is shrunken and darkly staining and nucleoli are no longer distinct.  This picture is seen 4-6 hours following anoxic injury and is followed by progressive decrease in staining of the nucleus and cytoplasm (Aghost neurons@) over the following hours and days.  Dead neurons eventually disintegrate and disappear.  There is Aselective vulnerability@ to hypoxia in the brain: some neurons or neuronal groups are more sensitive to hypoxia than others.  The following are the most sensitive areas to hypoxia: hippocampus (particularly the Sommer sector or Ca1 field and the end folium or CA4 field), the third cortical layer, followed by the fifth, the striatum, thalamus, Purkinje cell layer and dentate nucleus of cerebellum and olivary nuclei of the medulla.  Neurons are most sensitive to anoxia followed by oligodendroglial cells, astrocytes, endothelial cells and microglia.

2.
Neuronophagia
When nerve cells undergo rapid death, their cell body and proximal dendrites are invaded by phagocytic cells.  The phagocytic cells appear to derive either from macrophages or microglia.  Neuronophagia is especially common in encephalomyelitis, particularly of viral origin.  It is possible that the manner of neuronal death has a special chemotactic attraction for macrophages.

3.
Central chromatolysis (axonal reaction)
Chromatolysis is a reaction of the neuronal cell body to injury of its axon and represents a regenerative phenomenon.  The closer the injury to the cell body, the sooner chromatolysis occurs.  Chromatolytic neurons have rounded and swollen cytoplasm and the nucleus is displaced to the periphery, often close to the cell membrane.  The Nissl substance (i.e. rough endoplasmic reticulum) breaks up and disappears, leaving only a peripheral rim of cytoplasmic RNA.  Chromatolysis is followed by increase in protein synthesis.  Apparently, the axonal reaction represents a shift of protein synthesis from that destined for export to protein required for domestic use in regeneration.

4.
Intraneuronal inclusions

Some neuronal disease states are characterized by the presence of inclusions, which often imply a specific diagnosis.  The following are examples of neuronal inclusions.:

a)
Cytoplasmic inclusions
i)
Lewy bodies
Eosinophilic hyaline inclusions with a central core and a surrounding pale halo.  They may be single or multiple.  Seen in the pigmented nuclei of the brain stem.  They are characteristic of Parkinson=s disease.

ii)
Alzheimer’s neurofibrillary tangles
Visualized by silver impregnation techniques, they appear as thick black bands like skeins of thread lying parallel to each other or interweaving.  The nucleus and cytoplasm fail to stain, thus giving the tangles the appearance of a racquet or triangle.  Composed of paired filaments, each 10 nm in diameter, with a space of about 20 nm between them and wound in a helical fashion, crossing at 80 nm intervals.  Neurofibrillary tangles are the histologic hallmark of presenile and senile dementia of the Alzheimer type.  They are also present in the brains of older patients with Down=s syndrome, in postencephalitic Parkinsonism and in the brains of boxers.

iii)
Viral inclusions (e.g. Negri bodies in rabies)

b)
Nuclear inclusions
Most of these inclusions are viral (e.g. Cowdry type A inclusions in herpes encephalitis and cytomegalovirus infection, paramyxovirus inclusions (measles virus) in subacute sclerosing panencephalitis).

5.
Axonal swelling (retraction ball)
This is a common reaction to injury, such as anoxia and following shearing or transection of the axon.  The proximal end of the injured axon becomes swollen within hours after injury and contains increased numbers of neurofilaments.  Axonal swellings may persist for a long time.

II
OLIGODENDROGLIA
In general, oligodendrocytes respond poorly to pathologic insults and, as a consequence, remyelination in the central nervous system is often insignificant.  Oligodendroglial cells are targeted in multiple sclerosis and in certain viral diseases, such as progressive multifocal leukoencephalopathy.

III
ASTROCYTES
Gliosis
Gliosis refers to hypertrophy and hyperplasia of astrocytes and represents a reaction to almost any type of injury or disease in the central nervous system.  Loss of neurons from any cause, breakdown of myelin, injury to nerve fibres, inflammation, ischemic injury and infarction, white matter edema and many chronic, slowly progressive degenerative and storage diseases of the central nervous system are associated with gliosis.  Reactive astrocytes become enlarged displaying homogeneous eosinophilic cytoplasm and prominent, far reaching processes.  Resolution of acute lesions is followed by shrinkage of these cells and extensive formation of glial fibres (interweaving cytoplasmic processes of astrocytes).

IV
MICROGLIA
The origin of microglia under normal and abnormal conditions is still a matter under debate.  There is no doubt that these cells have phagocytic properties and contribute to the central nervous system=s macrophage response to injury.  It would be fair to say that intrinsic (resting) microglia become activated to form rod cells with phagocytic properties in response to selective neuronal necrosis without tissue breakdown or hemorrhage.  Microglial nodules or Aglial stars@ are clumps of microglial cells gathered at the site of nerve cell damage or loss either after physical injury or, characteristically, during viral infections of the central nervous system.  When infarction or some other form of brain destruction occurs, blood-born monocytes/macrophages, as well as adventitial cells around blood vessels move to the site of injury and become phagocytes.  Reactive microglia/ macrophages are roughly spherical cells with small eccentric nuclei containing lipid droplets and cellular debris.  Any type of injury in the central nervous system, irrespective of cause, will induce microglial/macrophage reaction.

V
EPENDYMA
The mature ependymal cells have very little, if any, capacity for proliferation and regeneration and, once the ventricular surface is interrupted, it probably is not reconstituted.


BASIC RESPONSES TO INJURY
When a portion of mature brain or spinal cord tissue is destroyed, as in infarction, or any other destructive process, there is a stereotyped response.  If we take, as an example, infarction of the brain, occlusion of an artery will cause death of virtually all cellular elements in the centre of its domain.  In the immediately adjacent zones, only partial ischemia and lesser injury occurs:  nerve cells get sick, but may survive.  Polymorphonuclear leukocytes exude from regional, still functional vessels during the first few hours, starting at about 18‑24 hours after the ischemic insult.  At about 48 hours from the initial injury, macrophages, arising chiefly from monocytes in the blood which migrate to the brain through the blood-brain barrier and possibly by transformation of microglia, appear and attempt to pick up the dead tissue elements.  There is proliferation of endothelium and adventitial cells off small vessels and some growth of new vessels in the region, from a couple of days after infarction for about two weeks, and then slowly subsides.  The surviving astrocytes at the edge of the lesion start proliferating and become visible in the third week.  From there on, there is little further change.

As in many tissue reactions in the body, after three weeks or so there is little further alteration of the picture.  Phagocytic activity diminishes, some phagocytes disappear and many of the small vessels in the defect become obliterated to form collagenous, fibrous strands.  Brain injuries are usually conspicuous for their paucity of fibro‑vascular response and connective tissue scarring, compared with other organs.  Protracted injury, as in an abscess, does stimulate some fibro‑vascular response from the neighbouring small vessels, but nothing like the attempted "walling off" seen in some other organs.  Brain destruction results in a defect ‑ literally a hole.  An old infarct appears as a hole, a cavity, a collapsed one, if it is near the cortical surface.  Surviving astrocytes in the zone around this defect, stimulated by the nearby injury, hypertrophy, multiply and produce many coarse fibres.  This astrocytic response is called astrocytic gliosis.


NEUROPATHOLOGICAL TECHNIQUES
	
	Paraffin
	Celloidin
	Frozen 

section

	General histological stains
	Hematoxylin-eosin
	
++
	
++
	
++

	
	Masson=s trichrome
	
+
	
-
	
-

	
	Van Gieson stain
	
+
	
+
	
+

	Nerve cell stains
	Nissl bodies
	Thionin (Nissl variant)
	
(
	
++
	
-

	
	
	Cresyl violet
	
++
	
+
	
++

	
	Neurofibrils
	Bielschowsky
	
++
	
-
	
++

	
	Axons
	Bodian
	
++
	
(
	
-

	
	
	Gros
	
-
	
-
	
++

	Myelin stains
	Loyez
	
(
	
++
	
+

	
	Woelcke
	
+
	
++
	
++

	
	Luxol fast blue
	
++
	
+
	
+

	Glial cell stains
	Astrocytes
	Hortega=s lithium carbonate
	
-
	
-
	
++

	
	
	Holzer
	
+
	
-
	
++

	
	
	Mallory=s P.T.A.H.
	
+
	
+
	
+

	
	Microglia
	Silver carbonate
	
-
	
-
	
+

	Connective and vascular tissue stains
	Collagen fibres
	Masson=s trichrome
	
+
	
-
	
-

	
	
	Van Gieson
	
+
	
+
	
+

	
	Reticulin fibres
	Perdrau; Wilder; Gordon-

Sweets; Gomori; Laidlaw; Foot
	
++
	
(
	
-

	
	Elastic fibres
	Orcein; Weigert-Hart;

Verhoeff; resorcin-fuchsin
	
++
	
+
	
+


4
3

