
UNIT :3 NERVOUS SYSTEM
BY: DR. LUNA PHUKAN

CBCS 3RD SEM (M) PAPER 3026





STRUCTURE OF A  NEURON

A neuron or nerve cell is an electrically excitable 

cell that communicates with other cells via 

specialized connections called synapses. It is the 

main component of nervous tissue in all animals 

except sponges and placozoa. Plants and fungi do 

not have nerve cells. The spelling neurone has 

become uncommon.





Neurons are typically classified into three types based on their 

function. 

Sensory neurons respond to stimuli such as touch, sound, or light that 

affect the cells of the sensory organs, and they send signals to the 

spinal cord or brain .

Motor neurons receive signals from the brain and spinal cord to 

control everything from muscle contractions to glandular output .

Interneurons connect neurons to other neurons within the same 

region of the brain or spinal cord .

A group of connected neurons is called a neural circuit.



A typical neuron consists of a cell body (soma), dendrites, and a single 

axon. The soma is usually compact. 

The axon and dendrites are filaments that extrude from it. Dendrites 

typically branch profusely and extend a few hundred micrometers from 

the soma. 

The axon leaves the soma at a swelling called the axon hillock, and 

travels for as far as 1 meter in humans or more in other species. 

It branches but usually maintains a constant diameter.



At the farthest tip of the axon's branches are axon terminals, where the 

neuron can transmit a signal across the synapse to another cell. Neurons 

may lack dendrites or have no axon. 

The term neurite is used to describe either a dendrite or an axon, 

particularly when the cell is undifferentiated .

Most neurons receive signals via the dendrites and soma and send out 

signals down the axon. At the majority of synapses, signals cross from 

the axon of one neuron to a dendrite of another. However, synapses can 

connect an axon to another axon or a dendrite to another dendrite .

The signaling process is partly electrical and partly chemical. Neurons 

are electrically excitable, due to maintenance of voltage gradients 

across their membranes .



If the voltage changes by a large enough amount over a short interval, 

the neuron generates an all -or-nothing electrochemical pulse called an 

action potential. 

This potential travels rapidly along the axon, and activates synaptic 

connections as it reaches them. Synaptic signals may be excitatory or 

inhibitory, increasing or reducing the net voltage that reaches the 

soma.



Anatomy and histology

Neurons are highly specialized for the processing and transmission of 

cellular signals. 

Given their diversity of functions performed in different parts of the 

nervous system, there is a wide variety in their shape, size, and 

electrochemical properties .

For instance, the soma of a neuron can vary from 4 to 100 micrometers 

in diameter.

The soma is the body of the neuron. As it contains the nucleus, most 

protein synthesis occurs here. The nucleus can range from 3 to 18 

micrometers in diameter.





The dendrites of a neuron are cellular extensions with many 

branches. This overall shape and structure is referred to metaphorically 

as a dendritic tree .

This is where the majority of input to the neuron occurs via the dendritic 

spine.

The axon is a finer, cable -like projection that can extend tens, 

hundreds, or even tens of thousands of times the diameter of the soma in 

length. The axon primarily carries nerve signals away from the soma, and 

carries some types of information back to it .

Many neurons have only one axon, but this axon may ñand usually will ñ

undergo extensive branching, enabling communication with many target 

cells.



The part of the axon where it emerges from the soma is called the axon 

hillock. 

Besides being an anatomical structure, the axon hillock also has the 

greatest density of voltage -dependent sodium channels .

This makes it the most easily excited part of the neuron and the spike 

initiation zone for the axon. In electrophysiological terms, it has the most 

negative threshold potential .

While the axon and axon hillock are generally involved in information 

outflow, this region can also receive input from other neurons.



The axon terminal is found at the end of the axon farthest 

from the soma and contains synapses .

Synaptic boutons are specialized structures where neurotransmitter 

chemicals are released to communicate with target neurons .

In addition to synaptic boutons at the axon terminal, a neuron may have 

en passant boutons , which are located along the length of the axon .

The accepted view of the neuron attributes dedicated functions to its 

various anatomical components; however, dendrites and axons often act 

in ways contrary to their so -called main function



A TYPICAL MYLINATED MOTOR NEURON



Axons and dendrites in the central nervous system are typically only 

about one micrometer thick, while some in the peripheral nervous 

system are much thicker. 

The soma is usually about 10ð25 micrometers in diameter and often is 

not much larger than the cell nucleus it contains. The longest axon of a 

human motor neuron can be over a meter long, reaching from the base 

of the spine to the toes .

Sensory neurons can have axons that run from the toes to the posterior 

column of the spinal cord, over 1.5 meters in adults. Giraffes have 

single axons several meters in length running along the entire length of 

their necks. Much of what is known about axonal function comes from 

studying the squid giant axon, an ideal experimental preparation 

because of its relatively immense size (0.5 ð1 millimeters thick, several 

centimeters long).



Fully differentiated neurons are permanently postmitotic however, stem 

cells present in the adult brain may regenerate functional neurons 

throughout the life of an organism (see neurogenesis). 

Astrocytes are star-shaped glial cells. They have been observed to turn 

into neurons by virtue of their stem cell -like characteristic of 

pluripotency.



Classification
Neurons vary in shape and size and can be classified by their 

morphology and function . 

The anatomist Camillo Golgi grouped neurons into two types ;

type I with long axons used to move signals over long distances and 

type II with short axons, which can often be confused with dendrites. 

Type I cells can be further classified by the location of the soma. 

The basic morphology of type I neurons, represented by spinal motor 

neurons, consists of a cell body called the soma and a long thin axon 

covered by a myelin sheath. 



The dendritic tree wraps around the cell body and receives signals 

from other neurons. The end of the axon has branching axon terminals 

that release neurotransmitters into a gap called the synaptic cleft 

between the terminals and the dendrites of the next neuron .

Structural classification

Polarity

Different kinds of neurons:

1 Unipolar neuron

2 Bipolar neuron

3 Multipolar neuron

4 Pseudounipolar neuron



Most neurons can be anatomically characterized as :

Unipolar: single process

Bipolar: 1 axon and 1 dendrite

Multipolar: 1 axon and 2 or more dendrites

Golgi I: neurons with projecting axonal processes; examples are 

pyramidal cells, Purkinje cells, and anterior horn cells

Golgi II: neurons whose axonal process projects locally; the best 

example is the granule cell

Anaxonic : where the axon cannot be distinguished from the dendrite(s )

Pseudounipolar : 1 process which then serves as both an axon and a 

dendrite



Other

Some unique neuronal types can be identified according to their location in the 

nervous system and distinct shape. Some examples are:

Basket cells, interneurons that form a dense plexus of terminals around the soma of 

target cells, found in the cortex and cerebellum

Betz cells, large motor neurons

Lugaro cells, interneurons of the cerebellum

Medium spiny neurons, most neurons in the corpus striatum

Purkinje cells, huge neurons in the cerebellum, a type of Golgi I multipolar neuron

Pyramidal cells, neurons with triangular soma, a type of Golgi I

Renshaw cells, neurons with both ends linked to alpha motor neurons

Unipolar brush cells, interneurons with unique dendrite ending in a brush -like tuft

Granule cells, a type of Golgi II neuron

Anterior horn cells, motoneurons located in the spinal cord

Spindle cells, interneurons that connect widely separated areas of the brain



Functional classification

Direction

Afferent neurons convey information from tissues and organs into the 

central nervous system and are also called sensory neurons .

Efferent neurons (motor neurons) transmit signals from the central 

nervous system to the effector cells .

Interneurons connect neurons within specific regions of the central 

nervous system .

Afferent and efferent also refer generally to neurons that, respectively, 

bring information to or send information from the brain .



Action on other neurons
A neuron affects other neurons by releasing a neurotransmitter that 

binds to chemical receptors. The effect upon the postsynaptic neuron is 

determined by the type of receptor that is activated, not by the 

presynaptic neuron or by the neurotransmitter. 

A neurotransmitter can be thought of as a key, and a receptor as a lock: 

the same neurotransmitter can activate multiple types of receptors .

Receptors can be classified broadly as excitatory (causing an increase 

in firing rate), inhibitory (causing a decrease in firing rate), or 

modulatory (causing long -lasting effects not directly related to firing 

rate).



Discharge patterns
Neurons have intrinsic electroresponsive properties like intrinsic 

transmembrane voltage oscillatory patterns . So neurons can be classified 

according to their electrophysiological characteristics:

Tonic or regular spiking. Some neurons are typically constantly 

(tonically ) active, typically firing at a constant frequency. Example: 

interneurons in neurostriatum .

Phasic or bursting. Neurons that fire in bursts are called phasic.

Fast spiking. Some neurons are notable for their high firing rates, for 

example some types of cortical inhibitory interneurons, cells in globus

pallidus , retinal ganglion cells



Neurotransmitter

Cholinergic neurons ñacetylcholine .

Acetylcholine is released from presynaptic neurons into the synaptic 

cleft. It acts as a ligand for both ligand -gated ion channels and 

metabotropic (GPCRs) muscarinic receptors .

Nicotinic receptors are pentameric ligand -gated ion channels 

composed of alpha and beta subunits that bind nicotine .

Ligand binding opens the channel causing influx of Na+ depolarization 

and increases the probability of presynaptic neurotransmitter release. 

Acetylcholine is synthesized from choline and acetyl coenzyme A



GABAergic neurons ñgamma aminobutyric acid. GABA is one 

of two neuroinhibitors in the central nervous system (CNS), 

along with glycine. 

GABA has a homologous function to ACh, gating anion 

channels that allow Cl īions to enter the post synaptic neuron. 

Clīcauses hyperpolarization within the neuron, decreasing 

the probability of an action potential firing as the voltage 

becomes more negative (for an action potential to fire, a 

positive voltage threshold must be reached ).

GABA is synthesized from glutamate neurotransmitters by the 

enzyme glutamate decarboxylase.



Glutamatergic neurons ñglutamate . Glutamate is one of 

two primary excitatory amino acid neurotransmitters, along with 

aspartate. 

Glutamate receptors are one of four categories, three of which are 

ligand -gated ion channels and one of which is a G -protein coupled 

receptor (often referred to as GPCR ).

AMPA and Kainate receptors function as cation channels permeable to 

Na+ cation channels mediating fast excitatory synaptic transmission.

NMDA receptors are another cation channel that is more permeable to 

Ca2+. 

The function of NMDA receptors depend on glycine receptor binding 

as a co-agonist within the channel pore. NMDA receptors do not 

function without both ligands present.



Metabotropic receptors, GPCRs modulate synaptic 

transmission and postsynaptic excitability.

Glutamate can cause excitotoxicity when blood flow to the 

brain is interrupted, resulting in brain damage .

When blood flow is suppressed, glutamate is released from 

presynaptic neurons, causing greater NMDA and AMPA 

receptor activation than normal outside of stress conditions, 

leading to elevated Ca2+ and Na+ entering the post synaptic 

neuron and cell damage .

Glutamate is synthesized from the amino acid glutamine by 

the enzyme glutamate synthase.



Dopaminergic neurons ñdopamine. Dopamine is a neurotransmitter 

that acts on D1 type (D1 and D5) Gs-coupled receptors, which increase 

cAMP and PKA, and D2 type (D2, D3, and D4) receptors, which activate 

Gi-coupled receptors that decrease cAMP and PKA.

Dopamine is connected to mood and behavior and modulates both 

pre - and post-synaptic neurotransmission .

Loss of dopamine neurons in the substantia nigra has been linked to 

Parkinson's disease .

Dopamine is synthesized from the amino acid tyrosine. Tyrosine is 

catalyzed into levadopa (or L-DOPA) by tyrosine hydroxlase , and 

levadopa is then converted into dopamine by the aromatic amino acid 

decarboxylase.



Serotonergic neurons ñserotonin. Serotonin (5 -Hydroxytryptamine, 5 -

HT) can act as excitatory or inhibitory. Of its four 5 -HT receptor 

classes, 3 are GPCR and 1 is a ligand-gated cation channel. 

Serotonin is synthesized from tryptophan by tryptophan hydroxylase, 

and then further by decarboxylase .

A lack of 5-HT at postsynaptic neurons has been linked to depression. 

Drugs that block the presynaptic serotonin transporter are used for 

treatment, such as Prozac and Zoloft

Histaminergic neurons ñhistamine. Histamine is a monoamine 

neurotransmitter and neuromodulator. Histamine -producing neurons 

are found in the tuberomammillary nucleus of hypothalamus. 

Histamine is involved in arousal and regulating sleep/wake behaviors .



RESTING 

MEMBRANE 

POTENTIAL



The human organism is composed of multiple cells, all of them with 

different components and therefore with differents resting membrane 

potentials .

Some of these cells are excitable (e. g.: cells; neurons; muscle fibers), 

generating an action potential when subjected to an external 

stimulus, causing its membrane depolarization. 

The resting membrane potential (RMP) is due to changes in 

membrane permeability for potassium, sodium, calcium, and 

chloride, which results from the movement of these ions across it. 

Once the membrane is polarized, it acquires a voltage, which is the 

difference of potentials between intra and extracellular spaces.



Contents

1 What is a RMP?

2 Producing and maintaining RMP

3 Ion affection of resting membrane potential

4 Na+/K+ ATPase pump affection of the RMP

5 Ion channels affection of resting membrane potential

6 The Nernst Equation

7 The Goldman -Hodgkin -Katz Equation

8 Measuring resting potentials

9 Resting membrane potential varies according to types of cells

10 Links

10.1 Related articles

10.2 Sources



Resting membrane potential is:

the unequal distribution of ions on the both sides of the cell membrane;

the voltage difference of quiescent cells ;

the membrane potential that would be maintained if there werenõt any 

stimuli or conducting impulses across it;

determined by the concentrations of ions on both sides of the 

membrane ;

a negative value, which means that there is an excess of negative 

charge inside of the cell, compared to the outside .

much depended on intracellular potassium level as the membrane 

permeability to potassium is about 100 times higher than that to 

sodium.



Producing and maintaining RMP

RMP is produced and maintained by:

Donnan effect

described as large impermeable negatively charged intracellular molecules 

attracting positively charged ions (e. g.: Na+ and K+) and repelling negative ones 

(e. g.: Clī)

Membrane selectivity

is the difference of permeabilites between different ions

Active transport (Na+/K+ ATPase pump)

is the mediated process of moving particles across a biological membrane, against 

the concentration gradient.

Primary active transport ðif it spends energy. This is how the Na+/K+ ATPase 

pump functions .

Secondary active transport ðif it involves an electrochemical gradient. This is not 

involved in maintaining RMP.



Ion affection of resting membrane potential

RMP is created by the distribution of ions and its diffusion across the 

membrane. 

Potassium ions are important for RMP because of its active transport, 

which increase more its concentration inside the cell. 

However , the potassium-selective ion channels are always open, 

producing an accumulation of negative charge inside the cell .

Its outward movement is due to random molecular motion and 

continues until enough excess negative charge accumulates inside the 

cell to form a membrane potential.



Na+/K+ ATPase pump affection of the RMP
The Na+/K+ ATPase pump creates a concentration gradient by 

moving 3Na+ out of the cell and 2K+ into the cell. Na+ is being 

pumped out and K+ pumped in against their concentration gradients. 

Because this pump is moving ions against their concentration 

gradients, it requires energy.

Ion channels affection of resting membrane potential
The cell membrane contains protein channels that allow ions to diffuse 

passively without direct expenditure of metabolic energy. These 

channels allow Na + and K+ to move across the cell membrane from a 

higher concentration toward a lower. As these channels have 

selectivity for certain ions, there are potassium - and sodium - selective 

ion channels. All cell membranes are more permeable to K+ than to 

Na+ because they have more K+ channels than Na+.



The Nernst Equation

Ihhs a mathematical equation applied in physiology, to calculate 

equilibrium potentials for certain ions.

Ei=(RẗTFẗz)ẗln[X]1[X]2

R = Gas Constant

T = Absolute temperature (K)

E = The potential difference across the membrane

F = Faradays Constant (96,500 coulombs/mole)

z = Valency of ion



The Goldman -Hodgkin -Katz Equation

Is a mathematical equation applied in Physiology, to determine the 

potential across a cell's membrane, taking in account all the ions that are 

permeable through it.

Em=58log( PNaẗ[Na] out+PKẗ[K] outPNaẗ[Na] in+PKẗ[K]in) 

E = The potential difference across the membrane

P = Permeability of the membrane to sodium or potassium

[ ] = Concentration of sodium or potassium inside or outside



Measuring resting potentials
In some cells, the RPM is always changing. For such, there is never any resting 

potential, which is only a theoretical concept. Other cells with membrane transport 

functions that change potential with time, have a resting potential. 

This can be measured by inserting an electrode into the cell. Transmembrane 

potentials can also be measured optically with dyes that change their optical 

properties according to the membrane potential.

Resting membrane potential varies according to types of cells

For example:

Skeletal muscle cells: ī95 mV

Smooth muscle cells: ī50 mV

Astrocytes: ī80/ī90 mV

Neurons: ī70 mV

Erythrocytes: ī12 mV





Resting Membrane Potential (RMP) is the voltage (charge) 

difference across the cell membrane when the cell is at rest. 

RMP is a product of the distribution of charged particles (ions).

The relatively static membrane potential of 

quiescent(HIDE) cells is called the resting membrane 

potential (or resting voltage ).

as opposed to the specific dynamic electrochemical 

phenomena called action potential and graded 

membrane potential.



The Na+/K+ -ATPase, as well as effects of diffusion of the involved 

ions, are major mechanisms to maintain the resting potential across 

the membranes of animal cell



Apart from the latter two, which occur in excitable cells (neurons, 

muscles, and some secretory cells in glands), membrane voltage in the 

majority of non -excitable cells can also undergo changes in response to 

environmental or intracellular stimuli .

The resting potential exists due to the differences in membrane 

permeabilities for potassium, sodium, calcium, and chloride ions, which 

in turn result from functional activity of various ion channels, ion 

transporters, and exchangers. 

Conventionally , resting membrane potential can be defined as a 

relatively stable, ground value of transmembrane voltage in animal and 

plant cells.



The typical resting membrane potential of a cell arises from the separation of 

potassium ions from intracellular, relatively immobile anions across the membrane 

of the cell .

Because the membrane permeability for potassium is much higher than that for 

other ions, and because of the strong chemical gradient for potassium, potassium 

ions flow from the cytosol into the extracellular space carrying out positive charge, 

until their movement is balanced by build -up of negative charge on the inner 

surface of the membrane .

Again, because of the high relative permeability for potassium, the resulting 

membrane potential is almost always close to the potassium reversal potential. But 

in order for this process to occur, a concentration gradient of potassium ions must 

first be set up. This work is done by the ion pumps/transporters and/or exchangers 

and generally is powered by ATP.



In the case of the resting membrane potential across an animal cell's 

plasma membrane, potassium (and sodium) gradients are established 

by the Na+/K+ -ATPase (sodium-potassium pump) which transports 2 

potassium ions inside and 3 sodium ions outside at the cost of 1 ATP 

molecule .

In other cases, for example, a membrane potential may be established 

by acidification of the inside of a membranous compartment (such as 

the proton pump that generates membrane potential across synaptic 

vesicle membranes).



Generation of the resting potential
Cell membranes are typically permeable to only a subset of ions. 

These usually include potassium ions, chloride ions, bicarbonate ions, 

and others. 

To simplify the description of the ionic basis of the resting membrane 

potential, it is most useful to consider only one ionic species at first, 

and consider the others later. 

Since trans-plasma-membrane potentials are almost always 

determined primarily by potassium permeability, that is where to start.



A diagram showing the progression in the development of a membrane potential 

from a concentration gradient (for potassium). Green arrows indicate net 

movement of K+ down a concentration gradient. Red arrows indicate net 

movement of K+ due to the membrane potential .

The diagram is misleading in that while the concentration of potassium ions 

outside of the cell increases, only a small amount of K+ needs to cross the 

membrane in order to produce a membrane potential with a magnitude large 

enough to counter the tendency of the potassium ions to move down the 

concentration gradient.


