
MBG439 - NEUROBIOLOGY

Introduction to neurons and behavior 



Some of the emergent properties and processes associated with life are the

following:

1. Order. Organisms are highly ordered, and other characteristics of life emerge from this

complex organization.

2. Reproduction. Organisms reproduce; life comes only from life (biogenesis).

3. Growth and Development. Heritable programs stored in DNA direct the species-

specific pattern of growth and development.

4. Energy Utilization. Organisms take in and transform energy to do work, including the

maintenance of their ordered state.

5. Response to Environment. Organisms respond to stimuli from their environment.

6. Homeostasis. Organisms regulate their internal environment to maintain a steady-

state, even in the face of a fluctuating external environment.

7. Evolutionary Adaptation. Life evolves in response to interactions between organisms

and their environment.



Human behavior

Sensing of events

Storage of information

Generation of output

BRAIN = nerve cells (~1011) and connections

BASIC FEATURES OF THE NERVOUS SYSTEM THAT WE WILL LEARN:

1) Mechanisms by which neurons produce signals;

2) Patterns of connections between cells;

3) Relationships of connection pattern to patterns of behavior;

4) Means by which neurons and connections are modified through experience



Nervous System

GLIAL CELLS NERVE CELLS

GLIAL CELLS

-Are the main support cells, far outnumbering neurons (up to 10- to 50-fold)

-Can also separate and isolate neuronal groups from each other

-OLIGODENDROCYTES and SCHWANN CELLS produce myelin for isolation of electrical

conductance along axons

-Some are scavangers, removing debris upon neuronal injury or death

-Have housekeeping duties, such as picking up surplus transmitters etc

-Can act as guidance cues for migration of neuronal precursors during development

-Canregulate properties of presynaptic terminal

-May help form lining of capillaries (astrocytes), as in blood-brain barrier

-May secrete growth factors for nourishment and development



a) RADIAL GLIAL CELLS

Essential in the developing CNS

Stretch through the spinal cord, retina, cerebellum or

cerebral cortex to the surface

Form elongated filaments that act as migration routes

b) EPENDYMAL CELLS

Line the inner surface of the brain or the spinal cord

Produce cerebrospinal fluid (CSF/ BOS)



Small, phagocytic

Derived from monocytes

engulf  bacteria

clear away debris from dead cells

may migrate to areas of  injured nerve tissue

c) Microglia

Astrocytes and microglia act as phagocytic cells to pick

up cellular debris following nerve cell damage.

Arise from macrophages outside the NS

Physiologically and embryonically unrelated to NS cells

Activated during infection, injury and seizures

Expresses antigens (similar to Antigen Presenting Cells?)



d) MACROGLIA

OLIGODENDROCYTES (predominantly in the white matter)

SCHWANN CELLS

Few processes;  insulation for axons

Produces myelin

1.



http://nave.em.mpg.de/proteolipid ; H.Werner

Most numerous glial cell

Support neurons by twining around them 

and producing a lipid protein wrap called a 

myelin sheath

Each oliodendrocyte wraps myelin around 

several axons

d1. Oligodendrocytes

Oligodendrocytes wrap around neurons in the CNS

and form the myelin sheaths that are typical of

"myelinated neurons." Recall that myelination helps

nerves transmit faster.

Each oligodendrocyte may reach out and form

myelin sheaths on several surrounding neurons.

http://rds.yahoo.com/_ylt=A9iby4f3j7BFzRoA9VOjzbkF;_ylu=X3oDMTA4NDgyNWN0BHNlYwNwcm9m/SIG=11l3cnlc3/EXP=1169285495/**http%3A//nave.em.mpg.de/proteolipid


Myelin Sheath isolates axons electrically. These 

are obtained by continued wrapping of glial cell 

around axon length creating a spiral layering of 

bilipid membrane. 

produce myelin sheaths around PNS 

neuron axons

each cell produces part of  the myelin 

sheath around a single axon of  a PNS 

neuron

d1. Schwann cells

In the peripheral nervous system (PNS) Schwann cells perform the same role as 

oligodendrocytes, although each Schwann cell forms myelin sheaths on only a single cell 

axon in the PNS. Schwann cells also appear to be capable of assisting with repair 

processes when limited nerve axon damage occurs in the PNS.



• "nursing neurons“

• Many processes

• Maintain proper balance of  K+ for generation of  

nerve impulse

• Participate in neurotransmitter metabolism

• Participate in brain development by assisting 

migration or neurons

• Provides link between neurons and blood vessel

• form blood-brain barrier (BBB)

• regulate entry of substances into brain

d2. Astrocytes



support neurons in ganglia clusters of  the PNS

surround ganglion neuron cell bodies providing nutrients

e. Satellite cells



Nerve fiber is a complex structure....



Santiago Ramón y Cajal – FATHER OF NEUROSCIENCE

Santiago Ramón y Cajal was born on 1 May 1852 in 'Petilla de

Aragón', a small village in the North of Spain, and he died on 17

October 1934 in Madrid, having become one of the most

outstanding neuroscientists of all time.

Cajal received numerous prizes, honorary degrees and distinctions,

but undoubtedly the most important was the Nobel Prize for

Physiology or Medicine he received in 1906.

The detailed study of the nervous system began in the middle of the nineteenth century. Before Cajal’s

discoveries, very little was known about the individual elements of the nervous system, and the

connections between its different parts were purely speculative.

The origin of nerve fibers was a mystery, and it was speculated that they arose from the gray matter

independently of the nerve cells (neurons).

This lack of knowledge was mainly due to the fact that appropriate methods for visualizing neurons were

not available. The early methods of staining only permitted the visualization of neuronal cell bodies, a

small portion of their proximal processes, and some isolated and rather poorly stained fibers.

However, in 1873 the method of Camillo Golgi (1843-1926) was developed, and for the first time it was

possible to observe neurons in their entirety in histological preparations: soma, dendrites and axon.



Indeed, Golgi-stained neurons displayed the most exquisite morphological details, which

ultimately led to their characterization and classification, as well as to the study of their

possible connections.

In 1906 Golgi was awarded the Nobel Prize for Physiology or Medicine for discovering

this technique, and Cajal shared this Nobel Prize for his masterful interpretations of the

Golgi preparations he had prepared.

On 16 February 1873, Golgi hurriedly wrote the following words to his friend

Nicolò Manfredi (part of this letter was published in Mazzarello, 1999):

“I spend long hours at the microscope. I am delighted that I have found a new

reaction to demonstrate, even to the blind, the structure of the interstitial

stroma of the cerebral cortex. I let the silver nitrate react with pieces of brain

hardened in potassium dichromate. I have obtained magnificent results and

hope to do even better in the future.”

This is the first record of the invention of the black reaction (but it is also a

discovery of a chemical-biological phenomenon) known nowadays as 'Golgi

staining' or 'Golgi impregnation', which was a breakthrough for brain structure

research.

Microphotograph from an original 

preparation of the cerebellum from 

Golgi's lab. 

Camillo Golgi

Golgi found that by treating brain tissue with a silver chromate solution, a relatively small number of neurons 

in the brain were darkly stained. This allowed Golgi to resolve in detail the structure of individual neurons and 

led him to conclude that nervous tissue was a continuous reticulum (or web) of interconnected cells 

much like those in the circulatory system. 



© Herederos de Santiago Ramón y Cajal 

Schematic drawing of Cajal showing “the flow of currents in a mutilated pyramidal cell (A) furnished with hypertrophic recurrent

collaterals”, published in 1914 (Estudios sobre la degeneración y regeneración del sistema nervioso, Vol. 2. Madrid: Moya). 

Housed in the Museo Cajal (Cajal Museum).

Some of Cajal’s drawings were considered as artistic interpretations rather than accurate copies of his preparations 

Using Golgi's method, Ramón y Cajal reached a very different

conclusion.

He postulated that the nervous system is made up of billions of separate

neurons and that these cells are polarized.

Rather than forming a continuous web, Cajal thus suggested that

neurons communicate with each other via specialized junctions called

"synapses", a term that was coined by Sherrington in 1897.

This hypothesis became the basis of the neuron doctrine, which states

that the individual unit of the nervous system is a single neuron.

Ramón y Cajal also proposed that the way axons grow is via a growth

cone at their ends.

He further understood that neural cells could sense chemical signals that

indicated a direction for growth, a process called chemotaxis.





Two major principles proposed by Cajal were:

1- Principle of dynamic polarization, which states that electrical signals within a

nerve cell flow in one direction, from the receiving sites of the neuron (dendrites and

the cell body) to the trigger region of the axon;

and,

2- Principle of connectional specificity, which states that nerve cells do not connect

indiscriminately to form random networks, but instead make specific connections with

particular post-synaptic targets……



The first published intracellular recording of an action potential – the giant squid

In 1939, Hudgkin and Huxley published the first recording of an

action potential.

Using glass capillary electrodes filled with sea water, and the squid

giant axo, they assumed the sea water outside as zero potential and

measured the change in the potential of the internal eletrode in

millivolts.



NEURONS CAN BE GROUPED ACCORDING TO THEIR POSITION RELATIVE TO EACH OTHER



NEURONS CAN BE CLASSIFIED ACCORDING TO THE NUMBER OF 

PROCESSES THAT ORIGINATE FROM THE CELL BODY

UNIPOLAR

PSEUDOUNIPOLAR
BIPOLAR

Single process, with different 

segments serving as dendrites or 

axons……

Ex.  invertebrate nervous system;

Autonomous nervous system of 

vertebrates

Two processes fuse during development; 

then resplits back into two processes 

BOTH of which function as axons…

(one to the SC, one to skin or muscle)

Ex. Sensory neurons of touch or stretch in 

the spinal cord –

Such as the Dorsal Root Ganglion, DRG

Have two processes – dendrite 

carries info to the cell; 

Axon carries information from 

soma to other cells

Ex. Bipolar cells of the retina;

Olfactory epithelium of the nose



MULTIPOLAR NEURONS

Motoneuron of the spinal cord Pyramidal cell of hippocampus

Multipolar cells have one axon and many dendrites…  They are the most common type of neuron in the mammalian Nervous 

System.

They vary greatly in shape, and the number and intricacy of dendrite branching.

Usually the number and extent of their dendrites correlate with the number of synaptic contacts on themselves…

~10,000 contacts; 

2000 on cell body, 8000 on dendrites
Purkinje cell of cerebellum

~150,000 contacts received !!!!





NEURONS CAN BE CLASSIFIED ACCORDING TO THEIR FUNCTION

SENSORY NEURONS MOTOR NEURONS INTERNEURONS

Carry information from the body’s 

periphery to the nervous system –

with the purpose of perception as 

well as motor coordination

Carry information from the brain or 

spinal cord to muscles and glands

1. RELAY or PROJECTION INTERNEURONS

Have long axons and carry signals 

over large distances, such as from 

one brain region to another

2. LOCAL INTERNEURONS

Have short axons and process 

information within local circuits

(AFFERENT – or towards – is a 

term that applies to all information 

reaching the central nervous 

system from the periphery….some 

primary sensory neurons are also 

referred to as afferent neurons)



A SIMPLE LOCAL CIRCUIT – THE KNEE JERK REFLEX

Spinal reflexes are mediated by neural circuits entirely confined to the spinal cord…

This relieves the brain from micromanaging elementary actions.

Stretch reflexes are usually generated by MONOSYNAPTIC circuits, where the sensory neuron and the 

motoneuron are directly connected, with no interneuron.

Most other spinal reflexes involve POLYSYNAPTIC circuits, which include one or more sets of interneurons, 

and which are more amenable to modification by the brain’s higher processing centers.



DIVERGENCE AND CONVERGENCE

In the sensory system, receptor neurons at the input stage usually 

branch out to make multiple connections.

Subsequent connections diverge even more….

Motor neurons, on the other hand, are targets of progressively converging 

connections…

Upon this convergence, the target cell receives the sum of information from 

many presynaptic cells…



INHIBITORY NEURONS AND FEEDFORWARD-FEEDBACK INHIBITIONS

Afferent neuron 

innervating 

extensor muscle

Extensor motoneuron

Extensor muscle fibers

Inhibitory interneuron

+

+

_
+

Negative feedback inhibition is a self-regulating mechanism.

The overall effect is to dampen or shut-off the activity within a stimulated pathway and prevent it from 

exceeding a critical maximum.

The extensor muscle neurons in the example above reduce the probability of their own firing by activating the 

inhibitory interneuron which already act on themselves, the extensor motoneurons….



Afferent neuron 

innervating 

extensor muscle

Extensor motoneuron

Extensor muscle fibers

Inhibitory 

interneuron
Afferent neuron 

innervating flexor 

muscle
Flexor muscle fibers

Flexor motoneuron

FEED-FORWARD INHIBITION is common in mono-synaptic reflex systems…

In this case, and in the example above, the afferent neurons from the extensor muscles not only excite extensor 

motoneurons, but also excite inhibitory neurons that prevent the firing of flexor motoneurons….

Feed-forward pathways, in other words, enhance the positive effect of the active pathway by supressing the activity of 

the opposing pathway.



Inside the Neuron



Neurons are equipped with all of the organelles typical

of other cell types, notably a nucleus, nucleolus,

mitochondria, Golgi apparatus, endoplasmic reticulum,

vacuoles and secretory vesicles.

They are typically highly polarized – and cell functions

are compartmentalized, which contributes to the

processing of electrical signals.

In most neurons the cell body, which contains the nucleus and the organelles, contain less than a tenth of

the cell’s total volume.

It should be noted that polarization and excitability are not unique to neurons – epithelium and muscle, for

example, display some of these features (polarity and excitability, respectively)…



Neurons are quite diverse, with over 50 distinct types…

This cytological diversity arises from developmental differentiation and is primarily a result of different sets of

genes being expressed…

Neurons develop from epithelial cells, and as such, they retain fundamental epithelial features:

Both cells have distinctive poles –

Epithelial cell’s basolateral surface corresponds to the part of the neural soma from which dendrites arise…

Conversely, the apical surface of the epithelium corresponds to the part from which axons arise.



The neuron is surrounded by the plasmalemma –

external cell membrane, which shows the general

asymmetric bilayer structure of all biological

membranes.

The cytoplasm has two main components – cytosol

and the membrane-bound organells…

The cytosol has few freely soluble proteins – these are

usually housekeeping proteins such as enzymes that

catalyze metabolic reactions.

Metabolically speaking, nerve cells love

glucose! Nerve cells do not function at peak efficiency

when their glucose supply is deficient... a condition

known as neuroglucopenia.

The general dogma is that neurons do not work

particularly well when they must obtain energy from

substrates other than glucose.

Other enzymes or protein soluble in the cytosol include

enzymes that synthesize or degrade neurotransmitters

etc.



Membranous organelles are distributed selectively throughout the cytoplasm, including

mitochondria, peroxisomes, rough ER, Golgi complex, secretory vesicles, lysosomes and

transport vesicles etc ….

The cytoplasm of the cell body extends into the dendrites without any specific boundaries…In

general, all the organelles present in the cell body is also present in the dendrites (such as

RER, Golgi, lysosomes etc).

On the contrary, there is a specific boundary at the axon hillock…..



For instance ribosomes, RER, Golgi complex,

the main protein biosynthetic machinery – these

are mostly excluded from the axon…

Also excluded from the axon are lysosomes and

certain proteins…

On the other hand, axons are extremely rich in

synaptic vesicles, synaptic vesicle precursor

membranes, endocytic intermediates etc.



Mitochondria and Smooth ER are present in all the neural compartments, including the

axons...

Smooth ER is in effect a continuation of the Rough ER – one of its functions is to act as

a regulated Ca++ store throughout the neuronal cytoplasm.

SER also performs a variety of enzymatic reactions and is involved in lipid metabolism.


