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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—and usually will—

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 10–25 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 (0.5–1 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—acetylcholine.

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—gamma 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− ions to enter the post synaptic neuron. 

Cl− causes 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—glutamate. 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—dopamine. 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—serotonin. 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—histamine. 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.
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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 weren’t 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.: Cl−)

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 – if it spends energy. This is how the Na+/K+ ATPase 

pump functions.

Secondary active transport – if 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=(R⋅TF⋅z)⋅ln[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(PNa⋅[Na]out+PK⋅[K]outPNa⋅[Na]in+PK⋅[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: −95 mV

Smooth muscle cells: −50 mV

Astrocytes: −80/−90 mV

Neurons: −70 mV

Erythrocytes: −12 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.



Panel 1 of the diagram shows a diagrammatic representation of a simple 

cell where a concentration gradient has already been established.

This panel is drawn as if the membrane has no permeability to any ion. 

There is no membrane potential because despite there being a 

concentration gradient for potassium, there is no net charge imbalance 

across the membrane.

If the membrane were to become permeable to a type of ion that is 

more concentrated on one side of the membrane, then that ion would 

contribute to membrane voltage because the permeant ions would 

move across the membrane with net movement of that ion type down 

the concentration gradient



. There would be net movement from the side of the membrane with a 

higher concentration of the ion to the side with lower concentration. 

Such a movement of one ion across the membrane would result in a net 

imbalance of charge across the membrane and a membrane potential. 

This is a common mechanism by which many cells establish a membrane 

potential



In panel 2 of the diagram, the cell membrane has been made permeable 

to potassium ions, but not the anions (An−) inside the cell. These anions 

are mostly contributed by protein. 

There is energy stored in the potassium ion concentration gradient that 

can be converted into an electrical gradient when potassium (K+) ions 

move out of the cell. Note that potassium ions can move across the 

membrane in both directions but by the purely statistical process that 

arises from the higher concentration of potassium ions inside the cell, 

there will be more potassium ions moving out of the cell.

Because there is a higher concentration of potassium ions inside the 

cells, their random molecular motion is more likely to encounter the 

permeability pore (ion channel) that is the case for the potassium ions 

that are outside and at a lower concentration. 



An internal K+ is simply "more likely" to leave the cell than an 

extracellular K+ is to enter it. It is a matter of diffusion doing work by 

dissipating the concentration gradient.

As potassium leaves the cell, it is leaving behind the anions. Therefore, a 

charge separation is developing as K+ leaves the cell.

This charge separation creates a transmembrane voltage. This 

transmembrane voltage is the membrane potential



. As potassium continues to leave the cell, separating more charges, the 

membrane potential will continue to grow. The length of the arrows 

(green indicating concentration gradient, red indicating voltage), 

represents the magnitude of potassium ion movement due to each form 

of energy. 

The direction of the arrow indicates the direction in which that particular 

force is applied. Thus, the building membrane voltage is an increasing 

force that acts counter to the tendency for net movement of potassium 

ions down the potassium concentration gradient.



In Panel 3, the membrane voltage has grown to the extent that its 

"strength" now matches the concentration gradients. Since these forces 

(which are applied to K+) are now the same strength and oriented in 

opposite directions, the system is now in equilibrium. 

Put another way, the tendency of potassium to leave the cell by running 

down its concentration gradient is now matched by the tendency of the 

membrane voltage to pull potassium ions back into the cell.

K+ continues to move across the membrane, but the rate at which it 

enters and leaves the cell are the same, thus, there is no net potassium 

current. Because the K+ is at equilibrium, membrane potential is 

stable, or "resting" (EK).



The resting voltage is the result of several ion-translocating enzymes 

(uniporters, cotransporters, and pumps) in the plasma membrane, 

steadily operating in parallel, whereby each ion-translocator has its 

characteristic electromotive force (= reversal potential = 'equilibrium 

voltage'), depending on the particular substrate concentrations inside 

and outside (internal ATP included in case of some pumps). 

H+ exporting ATPase render the membrane voltage in plants and fungi 

much more negative than in the more extensively investigated animal 

cells, where the resting voltage is mainly determined by selective ion 

channels.











ORIGIN OF ACTION POTENTIAL AND ITS 

PROPAGATION ACROSS THE MYLINATED AND NON 

MYLINATED  NERVE FIBERS

In physiology, an action potential (AP) occurs when the 

membrane potential of a specific cell location rapidly 

rises and falls: this depolarization then causes adjacent 

locations to similarly depolarize. 

Action potentials occur in several types of animal cells, 

called excitable cells, which include neurons, muscle 

cells, endocrine cells, glomus cells, and in some plant 

cells.



In neurons, action potentials play a central role in cell-to-cell 

communication by providing for—or with regard to saltatory

conduction, assisting—the propagation of signals along the neuron's 

axon toward synaptic boutons situated at the ends of an axon; these 

signals can then connect with other neurons at synapses, or to motor 

cells or glands. In other types of cells, their main function is to activate 

intracellular processes. 

In muscle cells, for example, an action potential is the first step in the 

chain of events leading to contraction. In beta cells of the pancreas, they 

provoke release of insulin.

Action potentials in neurons are also known as "nerve impulses" or 

"spikes", and the temporal sequence of action potentials generated by a 

neuron is called its "spike train". A neuron that emits an action potential, 

or nerve impulse, is often said to "fire".



Origin of action potential and its propagation in 

myelinated and unmyelinated nerve fiber































































































TYPES OF SYNAPSES :  

Synapse, also called 

neuronal junction, the 

site of transmission of 

electric nerve impulses 

between two nerve cells 

(neurons) or between a 

neuron and a gland or 

muscle cell (effector).

A synaptic connection 

between a neuron and a 

muscle cell is called a 

neuromuscular junction.



Chemical and electrical synapses

In a chemical synapse, electrical activity in the presynaptic neuron is 

converted (via the activation of voltage-gated calcium channels) into the 

release of a chemical called a neurotransmitter that binds to receptors 

located in the plasma membrane of the postsynaptic cell.

The neurotransmitter may initiate an electrical response or a secondary 

messenger pathway that may either excite or inhibit the postsynaptic 

neuron. 



. Chemical synapses can be classified according to the 

neurotransmitter released: 

glutamatergic (often excitatory),

GABAergic (often inhibitory),

cholinergic (e.g. vertebrate neuromuscular junction), 

and adrenergic (releasing norepinephrine).

Because of the complexity of receptor signal 

transduction, chemical synapses can have complex 

effects on the postsynaptic cell.



In an electrical synapse, the presynaptic and postsynaptic cell 

membranes are connected by special channels called gap junctions 

that are capable of passing an electric current, causing voltage changes 

in the presynaptic cell to induce voltage changes in the postsynaptic 

cell. The main advantage of an electrical synapse is the rapid transfer of 

signals from one cell to the next.

Synaptic communication is distinct from an ephaptic coupling, in which 

communication between neurons occurs via indirect electric fields.

An autapse is a chemical or electrical synapse that forms when the 

axon of one neuron synapses onto dendrites of the same neuron.



Types of interfaces
Synapses can be classified by the type of cellular structures serving as the pre- and post-synaptic components. 

The vast majority of synapses in the mammalian nervous system are classical

axo-dendritic synapses (axon synapsing upon a dendrite),.

axo-axonic,

dendro-dendritic, 

axo-secretory, 

somato-dendritic,

dendro-somatic, and 

somato-somatic synapses.

The axon can synapse onto a dendrite, onto a cell body, or onto another axon or axon terminal, as well as into the 

bloodstream or diffusely into the adjacent nervous tissue.



Fig; Different types of synapses



Synaptic transmission : Neuromuscular junction

Synaptic transmission is the biological process by which 

a neuron communicates with a target cell across a 

synapse. 

Chemical synaptic transmission involves the release of a 

neurotransmitter from the pre-synaptic neuron, and 

neurotransmitter binding to specific post-synaptic 

receptors.



A synapse is a gap that is present between two neurons. 

Action potentials are communicated across this synapse by 

synaptic transmission (also known as neurotransmission).

Neurotransmission requires the release of a readily available 

neurotransmitter by exocytosis, binding at post-synaptic 

receptors, an appropriate response by the post-synaptic cell 

and removal or deactivation of the neurotransmitter.

In this article we shall look at the stages of synaptic 

transmission and clinical conditions that arise in its 

pathology.



Fig 1 – Diagram showing the general process of synaptic 

transmission



Synthesis and Storage of Neurotransmitters
This is the first step of synaptic transmission. Some 

neurotransmitters (eg acetylcholine, ACh) are synthesised in 

the axon while others (eg neuropeptides) are made in the 

cell body.

Acetylcholine– synthesised within the axon. Precursors 

(choline, acetate) taken into the cell by membrane channels 

or created as byproducts of other processes. Precursors used 

to synthesise neurotransmitters via enzymes (choline 

acetyltransferase) transported from the cell body where it is 

made to the axon terminal.



Endogenous opioids – a neuropeptide (larger 

neurotransmitter) made within the cell body to allow 

formation of peptide bonds. 

Made as any secretory protein via transcription in the nucleus 

and translation in the endoplasmic reticulum before being 

transported to the synaptic terminal ready for exocytosis.

Once synthesised, neurotransmitters are stored in vesicles 

within the synaptic terminal until an action potential arrives, 

causing their release.



Neurotransmitter Release
Action potentials arriving at the synaptic terminal leads to 

the opening of voltage gated calcium channels. 

This allows an influx of calcium in the terminal resulting in 

the migration of neurotransmitter storage vesicles to the pre-

synaptic membrane. 

These vesicles fuse with the cell membrane (exocytosis) 

under the influence of calcium causing neurotransmitter 

release into the synaptic cleft.



Fig 2 –

Diagram 

showing 

exocytosis, 

the process 

by which 

neurotransmit

ters are 

released into 

the synaptic 

cleft.



Postsynaptic Receptors
Neurotransmitter in the synaptic cleft diffuses across the gap to 

the post-synaptic membrane. Here, they can bind to two types of 

post-synaptic receptors.



Inactivation/Removal of Neurotransmitters
Once the post-synaptic membrane has responded the neurotransmitter 

in the synaptic cleft is either inactivated or removed. This can be done 

in several ways:

Re-uptake – serotonin is taken back into the pre-synaptic neurone by 

transporter proteins in its membrane. These neurotransmitters are then 

either recycled by re-packaging into vesicles or broken down by 

enzymes

Breakdown – acetylcholine is broken down by acetylcholinesterase 

present in the synaptic cleft, inactivating the neurotransmitter

Diffusion into surrounding areas





Neuromuscular junction
A neuromuscular junction (or myoneural junction) is a chemical 

synapse between a motor neuron and a muscle fiber. It allows the 

motor neuron to transmit a signal to the muscle fiber, causing muscle 

contraction. Neuromuscular junction.





To understand myasthenia, it helps to understand how the 

neuromuscular junction should work.

1. To make any muscle move a signal has to be sent from the brain, 

down the nerve to the muscle. Mostly we are totally unaware that this 

is happening, especially in the muscles that help us to breathe and 

swallow.

2. When the signal reaches the end of the nerve it causes a special 

chemical called acetylcholine (ACh) to be released from the nerve. 

The ACh travels across the gap between the nerve and the muscle and 

binds to the acetylcholine receptors (AChR) which are clustered by 

molecules called RAPSYN on the muscle.



3. The AChR is a channel that is normally closed but when the ACh binds to it 

following a signal, it opens for a short time to let in ions. It is this influx of ions that 

causes the muscle to work.

After the process, any ACh left over is broken down by the acetylcholine-esterase 

(AChE), which is held in the gap between the nerve and the muscle by a protein 

called COLQ. The ACh is then recycled by an enzyme called ChAT.

For all of this to happen, the AChRs need to be clustered in its correct position to 

receive the ACh. This is achieved by a number of different proteins (including DOK-

7 and RAPSYN).

Interference in any of these processes can prevent the muscles from working 

properly and cause weakness.



Reflex action and its type: Reflex arc

What is reflex action? Write its types and two 

examples of each.
The process of responding to a peripheral nerve stimulation that occurs 

involuntarily i.e., without conscious effort or thought and requires the 

involvement of the spinal cord. These reflexes are very rapid, automatic, 

stereotyped behaviour in which the same kind of stimulus evokes for a short-

lived response.

Reflex action is of two types:

1. Unconditioned reflexes: These are inborn. These include knee jerk, peristalsis, 

salivation on the tasting of food,e etc.

2. Conditioned reflexes: These are acquired and requires some sort of learning 

after birth. These include playing a musical instrument, knitting without looking, 

writing as well as reading, etc. 















A reflex arc is a neural pathway that controls a reflex. In vertebrates, 

most sensory neurons do not pass directly into the brain, but synapse in 

the spinal cord. This allows for faster reflex actions to occur by 

activating spinal motor neurons without the delay of routing signals 

through the brain.

The brain will receive the sensory input while the reflex is being 

carried out and the analysis of the signal takes place after the reflex 

action.

There are two types: autonomic reflex arc (affecting inner organs) and 

somatic reflex arc (affecting muscles). Autonomic reflexes sometimes 

involve the spinal cord and some somatic reflexes are mediated more 

by the brain than the spinal cord.



During a somatic reflex, nerve signals travel along the 

following pathway:
Somatic receptors in the skin, muscles and tendons

Afferent nerve fibers carry signals from the somatic receptors to the posterior 

horn of the spinal cord or to the brainstem.

An integrating center, the point at which the neurons that compose the gray matter 

of the spinal cord or brainstem synapse

Efferent nerve fibers carry motor nerve signals from the anterior horn to the 

muscles.

Effector muscle innervated by the efferent nerve fiber carries out the response.

A reflex arc, then, is the pathway followed by nerves which (a.) carry sensory 

information from the receptor to the spinal cord, and then (b.) carry the response 

generated by the spinal cord to effector organs during a reflex action. 

The pathway taken by the nerve impulse to accomplish a reflex action is called the 

reflex arc.



Monosynaptic vs. polysynaptic

When a reflex arc in an animal consists of only one sensory neuron and 

one motor neuron, it is defined as monosynaptic, referring to the 

presence of a single chemical synapse.

In the case of peripheral muscle reflexes (patellar reflex, achilles

reflex), brief stimulation to the muscle spindle results in contraction of 

the agonist or effector muscle. 

By contrast, in polysynaptic reflex pathways, one or more interneurons 

connect afferent (sensory) and efferent (motor) signals. All but the most 

simple reflexes are polysynaptic, allowing processing or inhibition of 

polysynaptic reflexes within the brain.
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PHYSIOLOGY  OF VISION
Physiological events of vision consists of following;

• Refraction of light entering the eye

• Focusing of image on the retina by accommodation of 

lens

• Convergence of image

• Photo-chemical activity in retina and conversion into 

neural impulse

• Processing in brain and perception



Refraction of light entering the eye:

Light wave travels parallel to each other but they bend when passes 

from one medium to another. 

This phenomenon is called refraction.

Before light reach retina it passes through cornea, aqueous humor, lens 

vitrous humor, so refraction takes place in every medium before it falls 

on retina.

In normal eye, light wave focused on retina.

However in myopic eye (short sightedness) light focused in front of 

retina.

So this defect can be treated by using cancave lens.

In case of far sightedness light focused behind retina, so no image is 

formed. This defect can be treated by using convex lens.



Accommodation of lens to focus image:
Accommodation is a reflex process to bring light rays from object into 

perfect focus on retina by adjusting the lens.

When an object lying less than 6 meter away is viewed, image formed 

behind retina. But due to accommodation of lens image formed in 

retina and we can see the object.

For accommodation to view closer object, ciliary muscle contract and 

lens become thick which causes focus on closer object.

Similarly, when distant object is viewed, ciliary muscles relaxes, so the 

tension of ligament become greater which pull lens and lens become 

thinner, due to which image forms on retina.

The normal eye is able to accommodate light from object about 25 cm 

to infinity.





Focus on nearer object:

Ciliary muscle contract——-ciliary body pull forward and inward ———tension 

on suspensory ligament of lens reduced ——lens become thicker and round due 

to its elasticity ——possible to focus near object

Focus on distant object:

Ciliary muscles relaxes——ciliary body return to its normal resting state—–

tension on suspensory ligament of lens increases——-lens become thinner and 

flat———possible to focus distant object

Convergence of image:

Human eye have binocular vision, it means although we have two eye, we 

perceive single image

In binocular vision, two eye ball turns slightly inward to focus a close object so 

that both image falls on corresponding points on retina at same time. This 

phenomenon is called convergence.



Photo-chemical activity in retina and conversion into neural 

impulse
1. Photochemical activity in rods:

Each eye contains 125 million rods which are located in neuro-retina.

Rods contains light sensitive pigment-rhodopsin.

Rhodopsin is a molecule formed by combination of a protein scotopsin

and a light sensitive small molecule retinal (retinene).

Retinene (retinal) is a carotenoid molecule and is derivative of vitamin 

A (retinol).

Retinal exists in two isomeric form- cis and trans according to light 

condition.



The extra cellular fluids surrounding rod cells contains high

concentration of Na+ ion and low concentration of K+ ions while concentration of 

Na+ is low and K+ is high inside rod cells. The concentration is maintained by Na-K 

pump

In resting phase, K+ tends to move outside the rod cells creating slightly –ve

charge inside.

When light is falls on rod cell, it is absorbed by rhodopsin and it breaks into 

scotopsin and 11 cis- retinal. The process is known as bleaching.

11 cis-retinal absorb photon of light and change into all trans-retinal which inturn

activates scotopsin into enzyme.

This reaction produces large amount of transducin which activates another enzyme 

phosphodiesterase



This reaction produces large amount of transducin which activates 

another enzyme phosphodiesterase.

Phosphodiesterase hydrolyses cGMP which causes to cease the flow of 

Na+ ion inside rod cell. This causes increased negative charge inside 

cell creating hyperpolarized state.

Hyperpolarized rod cells transmit the neural signal to bipolar cell.

Bipolar cell, amacrine cell and ganglion cell process the neural signal 

and generate action potential to transmit to brain via optic nerve.





2. Photochemical activity in cones:
Each eye contains 7 million cone cells.

The neural activity in cone cell is similar to that of rod cell but there are three 

different types of cone cells and each cone cell contains different photo-pigment 

and are sensitive to red, green and blue.

Like rod, cone cell contains iodopsin as photo-pigment which is composed of 11 cis-

retinal and photopsin.

The perception of color depends upon which cone are stimulated.

The final perceived color is combination of all three types of cone cell stimulated 

depending upon the level of stimulation.

The proper mix of all three color produce the perception of white and absence of all 

color produce perception of black.



Processing of image in brain and perception:



All visual information originates in retina due to stimulation of rods and cones are 

conveyed to brain.

Retina contains 5 types of cells and they are interconnected by synapse. These 

cells are photoreceptor cells (rod and cone), bipolar cell, ganglion cell, horizontal 

cell and amacrine cell.

Photoreceptor cells, bipolar cells and ganglion cells transmit impulse directly from 

retina to brain.

The nerve fiber of ganglion cells from both eyes carries impulse along two optic 

nerve.

The optic nerves meets at optic chiasma where fibers from nasal half of each retina 

cross-over but fibers from temporal half of each retina do not cross-over.

The optic nerve after crossing the chiasma is called as optic tract.

Each optic tract continues posteriorly until it synapse with neuron in thalamus 

called lateral geniculate body which project to primary visual cortex in occipital 

lobe of cerebrum and image is perceived.



Physiology of Hearing
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