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Lecture 1: an introduction:

Nervous system cells and their response to injury.



Lecture 1: introduction
ILOS

• Recognize the structure and function of neurons and glial cells

• Describe how neurons and glial cells respond to injury.

• Apply the above knowledge in understanding brain diseases.

• List the peripheral nervous system cells and describe their response to 
injury.



The nervous system

•The nervous system is divided into the central (CNS) and 

peripheral(PNS) nervous systems.

•The CNS is composed of the brain and the spinal cord.

•The PNS includes: spinal roots, spinal nerves and their 

branches and ganglia.



CNS: nervous tissue within the 
cranium and spinal canal = brain and
spinal cord.

PNS: any nervous tissue outside the 
cranium and spinal canal.

Includes spinal nerves and ganglia.

Please note that the cranial nerves ( 
apart from cranial nerves I and II ) are 
considered part of the PNS.



PNS

-Spinal nerves and 
their roots

-Spinal ganglia

-Cranial nerves III-
XII



Cranial nerves
Cranial nerves are the nerves 

that originate directly from the 

brain .

Cranial nerves I and II originate 

from the cerebrum and are usually

considered part of the CNS.

Cranial nerves III to XII originate 

from the brainstem and are 

considered part of the PNS.



Grey and white matter

• CNS is composed of white and grey matter.

• The white matter is composed of myelinated axons ( myelin 
composed of cell membranes of oligodendrocytes). 

• The grey matter is composed of the neurons of the cortex and certain 
nuclei. 



Grey vs white matter
Grey matter contains neuronal 
cell bodies : cerebral and 
cerebellar cortex, and some 
aggregates of neurons outside 
the cortex which are called nuclei: 
like the thalamic nuclei.

The spinal cord also includes 
central grey matter.

White matter : composed of 
myelinated axons.



Terminology

• Nuclei: collections of neuron cell bodies, that share a common 
function, within the CNS.

• Ganglia: collections of neuron cell bodies outside the CNS



Example of nuclei

PUTAMEN NUCLEUS 

This is an example of collection of

Neurons within the brain.. such

Collections are called nuclei.



Example of ganglia:
This pic shows a collection of neuronal 
cell bodies outside the CNS = this is 
called ganglia. And the neurons here are 
called ganglion cells.

Note the nerve fibers ( spinal nerve in 
this instance) originating from the 
ganglia.

Ganglia

Nerve fibers



CNS CELLS

• The CNS contains 100 billion neurons.

• It also contains 10-50 times this number of glial cells.

• 40% of our genes participate in the formation of the CNS.



Neurones and glial cells.



neurons

• Neurons are the principal functional unit of the CNS.

• They receive and transmit information

• Mature neurons cannot divide: they are permanent cells

• However, neural progenitors are found in the brain and can divide….. 
??? Expansion of these can help patients with CNS diseases ( this is an 
area of active research)



Neural progenitors

• Neural progenitors are cells that are capable of dividing a limited
number of times and have the capacity to differentiate into a 
restricted number of neuronal and glial cell types.



Basic structure of 
neurone
each neuron has:

1. A cell body, that contains a 
large nucleus.

2. An axon, that transmits 
neuronal signals through a 
wave of depolarization ( action 
potential)

3. Dendrites : that receive 
information.



Neurones come in several shapes!



Nissl substance
Neuronal cell bodies contain numerous  large 
granules composed  of rough endoplasmic 
reticulum (RER) with rosettes of free 
ribosomes, and are the site of protein 
synthesis (neurotransmitters and cell 
membrane proteins)

These aggregates are called Nissl substance.

Neurons also contain numerous mitochondria, 
which provide the energy needed for the 
protein synthesis and to keep the correct 
electrolyte gradient (in the resting, 
depolarized state)



Nissl substance



Reaction of neurons to ACUTE injury

• Acute neuronal injury forms red neurons

• Red neurons result usually due to acute injury due to hypoxia or 
ischemia. 

• Red neuron is the earliest morphologic  manifestation of neuronal cell 
death

• They appear after 12-24 hours of irreversible injury

• Characterized microscopically by shrinkage of cell body, pyknosis, 
disappearance of the nucleolus and Loss of Nissl substance .

• Loss of Nissl substance results in intense cytoplasmic eosinophilia



Red neurons



Red neurons



Subacute and chronic neuronal injury

• =degeneration

• Neuronal death due to progressive disease

• Example: in Alzheimer

• Cell loss affecting functionally related neurons ( not necessarily 
structurally related)

-Neuronal death usually is apoptotic death and is associated with 
reactive gliosis.



GLIOSIS

• Gliosis is a nonspecific reactive change of glial cells in response to 
damage to CNS. In most cases, gliosis involves the proliferation &/ or 
hypertrophy of several different types of glial cells, including 
astrocytes, microglia, and oligodendrocytes.

• SO: GLIAL CELLS CAN PROLIFERATE AND DIVIDE IN RESPONSE TO 
INJURY.



Gliosis simply means increased glial cells
think of it as the counterpart of fibrosis in the rest of the body



GLIAL cells = يا
َ
لا

َ
ةخ دِبْقِيَّ

• Are supportive cells

4 types:

1. Astrocytes

2. Oligodendrocytes

3. Microglial cells

4. Ependymal cells



Astrocytes  = لايا
َ
ٌخ

 
ة جْمِيَّ

َ
ن

• Give structural support to neurons 

• control neural biochemical environment.

• Astrocyte processes are associated with the blood vessels to form 
the blood brain barrier



Astrocytes



Reaction of astrocytes to injury

• Astrocytes are the principle cells responsible for repair and scar 
formation = gliosis

• Reactive astrocytes during repair undergo changes= gemistocytic 
astrocyte.



Repair

• Astrocytes are the main cells responsible for repair and scar formation 
(gliosis).

• Injury causes the following changes in astrocytes:

• 1. hypertrophy and hyperplasia in astrocytes. 

• 2. enlarged nuclei

• 3. prominent nucleoli.

• 4. increased pink cytoplasm.

• 5. increased, ramifying processes

These changes in astrocytes: gemistocytic astrocyte.



Gemistocytes



Gemistocytes: note the large nuclei, prominent 
nucleoli, abundant eosinophilic cytoplasm.



Oligodendrocytes = ٌ
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• Oligodendrocytes form the myelin sheath which surrounds axons and 
is important for fast transmission of action potential.



Response of oligodendrocytes to injury

• Oligodendrocytes can be damaged in diseases of myelin,including 
multiple sclerosis.

• we will discuss these in detail when we talk about demyelinating 
diseases.



Microglial cells= ةالدبقيةالخلايا الصّغير

• Microglia: blood derived macrophages



Reactions of Microglia to Injury

• Microglia are mesoderm-derived phagocytic cells that serve as the 
resident macrophages of the CNS. 

• They respond to injury by  (1) proliferating; (2) developing elongated 
nuclei (rod cells) (3) forming aggregates around small foci of tissue 
necrosis (microglial nodules); or (4) congregating around cell bodies of 
dying neurons (neuronophagia).

• In addition to resident microglia, blood-derived macrophages may 
also be present in inflammatory foci.



Microglial nodules.. you can think of these as granulomas= 
aggregates of microglia which are basically macrophages.



Rod cells



Ependymal cells يا
َ
لا

َ
ةٌِخ

َ
ةالبِطان العَصَّبِيَّ = 

• They line the ventricle and the spinal cord.



Choroid plexus
Consists of papillae with highly 
vascularized cores( arrow 
points to the core, which 
contains blood vessels (V)

The papillae are covered by 
ependymal cells (E), that also 
cover the wall of the ventricle.

The function of the choroid 
plexus is to produce CSF.

E

E

VV

V



Choroid plexus within a ventricle.





Peripheral nervous systemcells 

• PNS contains neurons and supportive cells.

• Neurons in the PNS are usually referred to as ganglion cells.

• Supportive cells are mainly fibroblasts, stellate cells and Schwann 
cells.

• Schwann cells produce myelin and are the main cells involved in 
regeneration after injury.

• Stellate cells are thought to play a role similar to astrocytes, they 
control the microenvironment and give structural support.



• As this EM picture shows, 

the part of neuron distal to 

the cell body has an axon 

( axoplasm and its 

surroundings in the pic) 

and a myelin sheath 

formed from Schwann 

cells. 



Reaction of Schwan cells to injury:

• Soon after nerve injury, Schwann cells start to dedifferentiate, they 
alter gene expression, so they stop producing myelin, and they up 
regulate regeneration associated genes

• They divide: hyperplasia of Schwann cells.

• They remove myelin debris which is a barrier to growth of the axons. 
So they have some phagocytic activity.

• They also secrete trophic factors that help growth, mainly cytokines.

• They recruit macrophages which continue removing the debris.

• They secrete factors that support neural survival and growth



Note:

• Schwann cells can survive and support the nerve for 8 weeks, after 
the 8th week their function deteriorates and they die by apoptosis.

• This time scale limits successful long distance regeneration.

• In general nerves regenerate at a rate of 1mm per day.



Exam question
All of the following statements are correct 
about the cells seen in this picture except:

A. originate from astrocytes

B. indicate the start of a repair process after 
injury

C. can be seen around areas of demyelination.

D. cells of origin are permanent cells

E. can be seen in the vicinity of resolved 
infarction.



Answer to previous question

• D.because gemistocytes originate from astrocytes which are glial cells 
and unlike neurones, glial cells do divide; they aren't permanent 

• the rest of the choices are obviously correct. Note the gemistocytes 
can be a response to any form of injury so the choices about 
demyelination and old infarct are correct.



Exam style question

• A 27 year old female underwent a caesarian section during which she 
had massive bleeding. Her systolic blood pressure dropped to 45. The 
bleeding continued and she died 13 hours after the operation. If you 
were to do the autopsy exam you would expect to see which of the 
following changes in her neurons 

• A. cytoplasmic basophilia

• B. Prominent nucleoli

• C. cell swelling

• D. pyknosis

• E. Gliosis



Explanation of the question

• The scenario here is about acute ischemic damage. The 13 hour 
period means that the morphologic changes have developed. 
Remember that red neurons are the first morphologic manifestation 
of ischemic damage and they need 12 hours to develop.

• Obviously the only correct choice is D, the rest are wrong and gliosis  
is wrong because it’s not a neuronal damage and is not an acute 
change.



A final note

• The exam questions will be similar to the questions in the examples 
above, and some will be clinically oriented.. so you know what to 
expect.

• For your information: the word neurone is written with an e at the 
end ( British) or without an e ( American style)



summary 1/4

• The nervous system is divided structurally to CNS( brain, spinal cord, cranial 
nerves I and II) and PNS ( spinal roots, ganglia and nerves + cranial nerves 
III- XII)

• The CNS contains grey and white matter. Grey matter is composed of 
collections of neuronal cell bodies, these are found in the cerebral cortex, 
cerebellar cortex, brain nuclei and grey matter of the spinal cord.

• Nuclei are collections of neurones within the CNS, whereas ganglia are 
similar collections in the PNS.



SUMMARY 2/4

• CNS cells are of two types: neurons that are the functional units and glial cells which 
are supportive. Glial cells are much more abundant.

• Glial cells are four types: 

• 1.Astrocytes that are supportive, control the microenvironment, form part of the 
blood brain barrier and are responsible for gliosis ( fibrosis of the CNS).

• 2. Oligodendrocytes: their cell membranes form myelin sheath important for 
insulating nerve impulses thus making transmission quicker.

• 3. Ependymal cells, line the ventricles and spinal cord cavity. Specialized ependymal 
form choroid plexus that secretes CSF

• 4. Microglia are specialized resident macrophages important for inflammatory and 
immunologic reaction of CNS.



SUMMARY 3/4

• Neurons respond to acute injury by changing to red neutrons that
appear 12 hours after irreversible insult  and are characterized by 
cytoplasmic shrinkage and increased eosinophilia (due to loss of Nissl 
substance), pyknosis , loss of nucleolus and increased ramifying 
processes.

• Subacute or chronic neuronal injury causes degeneration and death 
of neurons, usually by apoptosis (to decrease risk of damaging 
inflammation).

• Chronic neuronal injury usually affects functionally related neurons.



SUMMARY 4/4

• Glial cells are less vulnerable to acute injury and respond during repair process and gliosis 
formation.

• Astrocytes are the main cells involved in repair and respond by forming gemistocytes: 
hypertrophic cells with large eosinophilic cytoplasm, large nuclei and prominent nucleoli

• Glial cells can proliferate while neurons cannot (although neuronal progenitors have a 
limited capacity to divide)

• Microglia respond to injury by: hyperplasia, rod cells, neurophagia and microglial nodule 
formations.

• In the PNS neuronal cells are called ganglion cells.

• Schwann cells in the PNS produce myelin and are responsible for regeneration and repair 
after injury.After nerve injury they become phagocytic, they divide and secrete trophic 
factors.




