


 The junction between two neurons

 These are the junctions where the axon or some other portion 

of one nerve cell (the presynaptic cell) terminates on the 

dendrites, soma, or axon of another neuron or, in some cases, a 

muscle or gland cell (the postsynaptic cell)



1. According to nature of transmission;

a. Chemical synapse: In these, the first neuron secretes a chemical 
substance called a neurotransmitter at synapse that acts on 
receptor proteins in the membrane of the next neuron to excite, 
inhibit or modify its sensitivity.. Some of transmitter are 
acetylcholine, norepinephrine, epinephrine, histamine, GABA, 
glycine, serotonin, and glutamate. Chemical synapse is found in 
most of synapse of CNS.



b. Electrical synapse: these  are characterized by direct open fluid 
channels that conduct electricity from one cell to the next. They consist 
of small protein tubular structures called gap junctions that allow free 
movement of ions from the interior of one cell to the interior of the 
next. Mainly these are found in cardiac & skeletal muscle.

c. Conjoint synapse: Partly electrical and partly chemical





a. Axodendritic: Junction between axon 
of Presynaptic neuron & dendrites of 
post synaptic.

b. Axosomatic: Junction between axon 
of presynaptic Neuron& body of post 
synaptic.

c. Axoaxonic: Junction between axon of 
2 neurons.

d. Dendrodendritic: junction between 
presynaptic neuron and post-synaptic 
neuron of dendrite



a. One to one: Found in neuromuscular junction

b. Many to one: Found in CNS

c. One to many: Found in sympathetic system



 Synaptic transmission is the 
process by which information 
from presynaptic neuron passes 
to the postsynaptic neuron 
through the synapse.

1. Presynaptic mechanism

2. Postsynaptic mechanism

3. Synaptic potentials



 The action potential that arrives at presynaptic axon terminal 

depolarizes the presynaptic membrane.

 Opening of voltage gated Ca 2+ channel-allows large amount of 

Ca 2+ to enter from extracellular fluid

 Exocytosis of vesicles

 The quantity of transmitter substance that is then released 
from the terminal into the synaptic cleft is directly related to 
the number of calcium ions that enter.



Neurotransmitters are the chemical substances released at  nerve 
endings that help to transfer message in the form of nerve 
impulses from the presynaptic to postsynaptic membrane.

 Excitatory neurotransmitters: Acetylcholine, Glutamate, 
Aspartate

 Inhibitory neurotransmitters: Glycine, GABA



 Gap between pre- and post-synaptic membranes

 About 20 to 50 nm width

 Space is filled with extracellular fluid

 Neurotransmitter molecules released from the pre-synaptic 

terminal diffuse across the cleft to reach the postsynaptic 

receptors.



 Neurotransmitter binds with receptors in the post synaptic membrane. which 
have two important components:

 A binding component:  that protrudes outward from the membrane into 
the synaptic cleft where it binds the neurotransmitter.

 An ionophore component : that passes all the way through the 
postsynaptic membrane to the interior of the postsynaptic neuron. 

This component in turn is divided in two types: 
 an ion channel that allows passage of specified types of ions through the 

membrane 
 “second messenger” activator that is not an ion channel but instead is a 

molecule that protrudes into the cell cytoplasm and activates one or more 
substances inside the postsynaptic neuron. These substances in turn serve as 
“second messengers” to increase or decrease specific cellular functions.



 When ions move inside postsynaptic membrane it brings a 

graded change in membrane potential which is defined as 

synaptic potential. 

 It is divided into 2 types:

◦ Excitatory post-synaptic potential (EPSP)

◦ Inhibitory Postsynaptic Potential (IPSP)





 Positive increase in voltage above the normal resting neuronal 

potential that is, to a less negative value is called the excitatory 

postsynaptic potential (or EPSP).

 The rapid influx of positively charged sodium ions to the interior 
neutralizes part of the negativity of the resting membrane potential. 
Thus, the resting membrane potential has increased in the positive 
direction from −65 to −45 millivolts.



 Discharge of a single presynaptic terminal can never increase 

the neuronal potential from -65 millivolts all the way up to -

45 millivolts. 

 An increase of this magnitude requires simultaneous 

discharge of many terminals about 40 to 80 for the usual 

anterior motor neuron at the same time or in rapid succession. 

This occur by process of summation.



 When the EPSP rises high enough in the positive and crosses the 

threshold, it will elicit an action potential in the postsynaptic 

neuron.

 It begins in the initial segment of the axon.

 Once the action potential begins, it travels peripherally along the 

axon and usually also backward over the soma.





 An increase in negativity beyond the normal resting membrane 

potential level is called an inhibitory postsynaptic potential 

(IPSP).

 caused by potassium ion efflux, chloride ion influx, or both.





1. Law of convergence and divergence

2. Law of forward conduction

3. Synaptic delay

4. Summation

5. Occlusion

6. Subliminal Fringe

7. Synaptic inhibition

8. Feed back inhibition/ Renshaw cell inhibition

9. Synaptic facilitation

10. Synaptic plasticity



 Convergence: input signals from 
multiple sources(presynaptic) 
terminate on single neuron(post 
synaptic).

 Divergence: an axon of presynaptic 
neuron divide into many branches 
that diverse to end on many post-
synaptic neuron.



 Through a synapse, impulse can travel in one direction only i.e

from presynaptic to postsynaptic neuron (Except electrical 

synapse).

 Chemical synapse always transmit the signals in one 
direction i.e. from the neuron that secretes the transmitter 
substance, called the presynaptic neuron, to the neuron on 
which the transmitter acts, called the postsynaptic neuron.



 The minimal time required for the impulse to be transmitted 
through the synapse is synaptic delay ( 0.5 milisecond)

 time is consumed in the process of :
 discharge of the transmitter substance by the presynaptic

terminal
diffusion of the transmitter to the postsynaptic neuronal 

membrane
 action of the transmitter on the membrane receptor
 action of the receptor to increase the membrane permeability
 inward diffusion of sodium to raise the excitatory postsynaptic 

potential to a high enough level to elicit an action potential.



 The postsynaptic neuron can be brought to threshold in two 

ways:

• Temporal Summation

• Spatial Summation



 This is the summing of several EPSPs occurring 

very close together in time because of successive 

firing of a single presynaptic neuron

 If excitatory presynaptic input is stimulated a 

second time before the first EPSP has died off, 

the second EPSP will add onto, or sum with the 

first EPSP resulting in temporal summation.



 When a presynaptic terminal fires, it release transmitter substance that 
opens the membrane channels for a millisecond. 

 But the changed postsynaptic potential lasts up to 15 milliseconds after 
the synaptic membrane channels have already closed. 

 So, a second opening of the same channels can increase the 
postsynaptic potential to a still greater level, and the more rapid the 
rate of stimulation, the greater the postsynaptic potential. 

 so,if successive discharges from a single presynaptic terminal occur 
rapidly then can add to one another i.e. “summate.” This type of 
summation is called temporal summation.



 Summation of EPSPs originating 
simultaneously from several different 
presynaptic inputs or,

 summing simultaneous postsynaptic 
potentials by activating multiple 
terminals on widely spaced areas of the 
neuronal membrane is called spatial 
summation.

 Spatial summation of EPSPs  are initiated 
by simultaneous activation of two or more 
excitatory presynaptic inputs



 The effect of stimulating two nerve 

fibers simultaneously may turn out to 

be greater than the sum of stimulating 

either of them separately. This is 

called subliminal fringe/facilitation.

 It  is seen because combined 

stimulation leads to excitation of 

synapses.



 When stronger stimuli applied, the effect 

of stimulating two nerve fibers 

simultaneously may turn out to be less 

than the sum of stimulating either of them 

separately. This is called occlusion. 

 Occur due to overlapping of nerve fiber 

during distribution.



 Presynaptic Inhibition

 Postsynaptic Inhibition



 Mainly occurs in axo-axonal synapses

 The activity at synapses reduces the magnitude 

of the action potential at presynaptic membrane

 It is caused by release of inhibitory substance 

onto the presynaptic nerve fibrils before it own 

ending terminate on post-synaptic neuron.



 Direct inhibition: post synaptic 

inhibition during the course of 

IPSP

 Indirect inhibition: inhibition is 

due to the effects of previous post 

synaptic discharge



 Neurons may also inhibit themselves in 

a negative feedback fashion called 

Renshaw cell inhibition.

Ex. Impulses generated in motor neurons 

activate inhibitory interneurons to 

secrete inhibitory neurotransmitter 

glycine, this reduces or stops discharge 

of motor neurons.



 It is process by which transmission through a synapse 
increased.

 Increase in release of transmitter from the presynaptic terminal

 Produced when action potential is prolonged and the Ca2+ 

channel are open for a longer period of time

 Mediated by serotonin



 Plasticity refers to capability of being easily moulded or 

changed.

 Synaptic conduction thus can be increased or decreased on the 

basis of past experience.



Different forms of Synaptic plasticity

a. Post-tetanic Potentiation

b. Long term Potentiation

c. Habituation

d. Sensitization



 If tetanic stimulation is followed by a brief pause, the response to 

subsequent stimulation is frequently enhanced. This is called post-

tetanic potentiation or post-tetanic facilitation

 It may be due to accumulation of calcium ions in the presynaptic

terminal during the tetanic stimulation.

 The brief pause gives time for the neurotransmitter to be replenished



 If post tetanic potentiation gets much more prolonged and last 

for days then it is known as long term potentiation.

 Increase in intracellular ca2+ in the post synaptic neuron

 Most commonly seen in hippocampus



 Repeated stimulation of presynaptic neuron leads to gradual 

decrease and finally the disappearance of the post synaptic 

response that is called habituation.

 Occurs due to gradual inactivation of calcium channel.



 It  is the prolonged occurrence of augmented postsynaptic 

responses after a stimulus (that has become habituated) is 

paired once or several times with a noxious stimulus.

 In Aplysia, sensitization has been shown to be due to activity of 

serotonergic neuron acting presynaptically on the sensory 

neurons




