
Neurophysiology scripts 
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Nervous system and Endocrine system both maintain homeostasis in the body. Nervous system 

by nerve impulse and Endocrine system by hormones. Since the nerve impulse is an electrical 

current, it moves much faster than the hormones which is distributed by blood. 
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You can follow the path of the neural signal.  The sensory neurons detect a stimulus in your 

finger and send that information to the CNS.  The interneurons determine that you finger needs 

to move and send an appropriate response to the motor neuron.  The motor neuron then send 

the message to the muscle that will move your finger. 

Slide 4 

The two branches of nervous system are Peripheral and Central nervous system. Central 

nervous system includes brain and spinal cord. Peripheral  nervous system  governs rest of the 

body. It is divided into two functional division: Sensory and motor. Sensory carries sensation to 

the central nervous system (brain and spinal cord), and motor division carries information from 

the brain and spinal cord to the rest of the body. 

PNS also includes Cranial nerves and spinal nerves. 

Both motor and sensory division is further subdivided into Somatic and Visceral divisions. 

Somatic motor division carries information to skeletal muscles. It controls voluntary 

movements.  

Visceral motor division is also called Autonomic Nervous system. This is responsible for carrying 

information to smooth muscles, cardiac muscles and glands. This system is autonomous. Your 

heart is beating, but you do not control the beating of the heart. Visceral motor division or 

Autonomic Nervous system is divided in to Sympathetic and Parasympathetic. Sympathetic 

nervous system works mainly during stress producing “Fight or flight“ response. 

Parasympathetic nervous system, on the other hand, maintains regular function of our body 

regulating resting and digesting functions. 

The big questions to determine which system you are talking about is to ask “Do I or don’t I 

have control?”   

Most tissues receive nerve fibers from both systems. 
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The function of nervous system is carried out by nerve cells or neurons. The neurons maintain 

coordination through the use of electrical and chemical processes.   



The nervous system has a set of unique characteristics 

 1. Excitability: Nervous cells can be stimulated or excited.  All cells can do this, but 

neurons are the most efficient. 

 2. Conductivity: Nervous cells respond to stimuli by producing electrical signals that can 

be conducted out to other neurons or to muscle or to a gland. 

 3. Secretion: Nervous cells have the ability to secret a neurotransmitter that can 

stimulate other cells. (Neurotransmitter is a chemical which the nerve cells use to communicate 

with other cells) 
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Neurons are the functional cell of the nervous system.  If one characteristic of the nervous cells 

is that they are excitable, neurons take the cake.  They are extremely excitable. They are 

excitable and they conduct impulses to other cells. 

There are three types of neurons characterized by their function: 

 1. Sensory or afferent neurons detect stimuli found in the PNS and transmits the 

impulses to CNS.  Think of them like an Inbox. 

 2. Motor or efferent send signals to the muscles and gland cells from the CNS.  Motor 

neurons begin in the spinal cord, but most of the cell is in the PNS.  They carry outgoing signals.  

Think of them like an Outbox. 

 3. Interneurons or association neurons are found entirely in the CNS.  Their function is 

to process, store, and retrieve info received from sensory neurons and pass on a response to 

the motor neurons. 

These cells are like some street lanes, traffic only goes one way.  You can’t use the same neuron 

to send messages in and out, like you can’t drive east on a westbound lane. 
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The neuron has a unique anatomy.  The following structures are typical of a motor neuron.  

Sensory neurons have a slightly different shape. 

A Soma is the cell body and is the processing part of cell.  This is where the normal cell stuff and 

functions occur. 

Within the soma we will find Nissl bodies.  Nissl bodies are rough ER, this is unique to the 

neuron. If you stain a neuron, the Nissl bodies will appear dark inside the cytoplasm. 

Dendrites are extensions of the soma that are used to detect stimulus and send them to soma. 

They are the receiving portion of a neuron. They are usually short and highly branched. 



The Axon hillock is considered the trigger zone or where an impulse is generated. They are 

located on one side of the soma from which axon or the nerve fiber originates. 

Once a signal is generated in the axon hillock, it is sent down the Axon.  The single axon is a long 

thick extension used to send signals to other cells. Usually one per neuron. 

The Terminal Arborization is where the axon splits, so it can branch out towards multiple cells. 

It looks like the branches of a tree, hence the name arborization. Compared to axons, they do 

not have myelin (we will get to the details of myelin shortly.)  Finally, Synaptic Knobs are the 

very ends of each branch of axon and interacts with other cells (think of your neuromuscular 

junction – the junction between a nerve and a muscle).  They also contain neurotransmitters. 
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Schwann cells are a type of neuroglia (neuroglial cells or glial cells are the cells that help the 

neurons to carry out their functions) that forms myelin sheath around the neurons in the PNS. 

(In CNS the myelin sheath is formed by oligodendrocytes) They wrap around the axon over and 

over again. The inner layers of the wrap are called the myelin sheath.  In this sheath, a 

substance called myelin is released.  Myelin is a fatty protein that insulates the axons which 

provides protection for the electrical signal.  By doing so, myelin helps speed up the signal.  This 

is analogous to the plastic coating around an electrical cord.  The myelin prevents the electrical 

signal form dispersing and flowing in multiple directions and keeps it going straight down the 

axon.   

As the Schwann cells wrap around the axon, the cytoplasm and nucleus gets pushed to the 

outside layer.  This outside layer is called the neurilemma. 

The Neurilemma can be used as a guide to help a cut axon grow back down its original path.  It 

provides a regeneration tube to help the axon heal. 

Schwann cells are too small to coat the entire axon, which is really long, so it takes multiple 

cells.  The spaces between the cells are called the nodes of Ranvier.  They are NOT myelinated.  

As an impulse travels down the axon, the signal gets weaker the further it travels, the nodes 

allow the signal to recharge.   

In brain or spinal cord, some regions look white and some other look grey. The grey matter 

contains mostly unmyelinated axons where as white matter is made up of mostly myelinated 

axons, which looks white. 
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Here is our Schwann cell.  The first layers wrap really tightly and pack together.  This is where 

the myelin will be produced.  You can also see the neurilemma with the Schwann cell nucleus. 
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One of the key characteristics of a neuron is that ability to send an electrical current.  Before we 

go through the steps of how a neuron sends an impulse (or an electrical current), there are a 

few terms and concepts we need to discuss. 

 Resting Membrane potential 

• This is when a nerve is not conducting an impulse.  

• The inside of the cell is negatively charged with respect to outside of the cell due to 

unequal distribution of electrolytes in ECF and ICF. 

• The Membrane is referred to as ‘polarized’. 

• Reasons for polarized state: 

• 2 critical ions, Na+ and K+, are required to establish resting potential.  

There are more Na+ ions outside the cell than there are K+. And it is just 

the opposite inside the cell, - more K+ than Na+. Na/K pumps on the cell 

membrane actively pump sodium ion out of the cell and potassium ion in.  

• Also there are large negatively charged proteins and other anions inside 

the cell. 

• The net result is the inside of the cell is negatively charged with respect 

to the outside of the cell.  Resting Potential is usually measured around -

70 millivolts (mV). 
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A stimulus is anything that changes the resting potential.  It will cause the cell membrane to be 

“leaky”.  This results in more positive ions moving into the cell causing there to be less of a 

difference between the inside and outside of the cell.  The movement of the ions causes the 

potential to move closer to equilibrium 

Threshold potential is the critical voltage required to send an impulse.  Neurons receive 

constant stimulus, and as previously mentioned, this causes the membrane to leak.  A stimulus 

is considered strong enough to pass on, when enough ions have moved to cause a significant 

change in voltage.  This is the threshold potential.  It is usually -55 mv. 
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Stimulation of a neuron causes local potential. The characteristics of local potentials are that 

they are 

o Graded: vary in magnitude depending on the strength of the stimulus 

o Decremental: they become weaker as the impulse travels further away from the 

point of origin 



o Reversible: When the stimulus stops, the cell reverts back to resting membrane 

potential 

Next is how the local potentials generated: 

• Stimulation of dendrites and soma causes local disturbances in the 

membrane potential 

• Local sodium channel open in response to a stimulus 

• Sodium enters the cell and decreases the potential difference between 

ECF and ICF. 

• The membrane is called to be depolarized which means any shift towards 

positive value (less negative). 
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Generation of Action potential is a multistep process. 

1. Arrival of current at axon hillock depolarizes membrane: this will cause the voltage 

gated sodium channels to open, resulting  the entrance of large amount of sodium into 

the cell. 

2. Membrane potential will rise. For depolarization to occur, the membrane potential will 

have to reach -55 mv which is called the threshold potential. As membrane potential 

rises above 0 mV, Na+ channels are inactivated and close; voltage peaks at about +35 

mV. 

3. The membrane is now positively charged on the inside with respect to outside 

4. Next the K+ channels open and outflow of K+ rapidly decreases the membrane potential 

and the membrane becomes repolarized 

5. K+ channels remain open for a time so that membrane is briefly hyperpolarized 

(becomes more negative than resting membrane potential). 

6. Voltage gated potassium channels close and the resting membrane potential is re-

established again. 
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The action potentials follow some rules. First is they follow All or None law. This means If a 

stimulus reaches the threshold value an action potential will occur. 

The action potentials do not decrease in strength as they travel or they are non decremental. 

And lastly, if a neuron reaches the threshold value , the action potential goes to completion 

(irreversible). It cannot be stopped once it begins. This is compared with firing a gun. Once the 

bullet leaves, it cannot be retracted. 
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This diagram represents the change in voltage as the membrane moves through the action 

potential. Step one is the local potential and leads to threshold potential which is step 2.  Step 3 



is depolarization followed by the critical voltage of +35 as step 4.  We then switch to 

repolarization in step 5.  Step 6 is the slight hyperpolarization. And step 7 is the return to 

resting. 

Notice that once you hit threshold potential, depolarization and repolarization happen quite 

quickly. 
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There are some difference in signal conduction in Myelinated and Unmyelinated fibers. In 

Unmyelinated fibers every region must depolarize and repolarize for an action potential to 

propagate. But in Myelinated fibers action potential can only occur at the Nodes of Ranvier. 

Signals jump from nodes to nodes (saltatory conduction). As a result conduction is faster in 

myelinated fibers. 
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Saltatory Conduction is conduction via skipping and jumping of an impulse down the axon.  The 

impulse flowing down the axon is fast, but slows down (runs out of juice), luckily at the Nodes 

of Ranvier the action potential is recharged. 

This diagram shows how the impulse travels down the axon and is recharged at the nodes.  It is 

almost as if the impulse jumps from node to node. 
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A synapse is a region where a neuron carries info toward another structure like a muscle or a 

gland.  There are 3 components: an axon (or pre-synaptic neuron), synaptic cleft, and a post-

synaptic structure (either another neuron or a different form of cell). Neurotransmitters are 

stored and released from vesicles in the pre-synaptic neuron. They are released when a nerve 

impulse arrives at the presynaptic neuronal knob. The neurotransmitters  travel across the cleft 

to the post-synaptic membrane to bind to the receptors on the postsynaptic membrane. The 

binding causes an action potential to be generated at the post synaptic membrane. This is how  

an impulse can be passed on from cell to cell.   

There are about 60 different kinds of neurotransmitters in our body. 
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