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Sensory Receptors; Neuronal Circuits for Processing Information 

lecture 11, slides 76-97 
 

Lecture Objectives (topics checklist         ) 

1- Define and classify sensory receptors (transducers). 

2- Describe the generator (receptor) potential and its importance in sensory coding. 

3-List the Types of somatic receptors in the skin. 

4-Explain the mechanism of sensory coding. 

5-Interpret the mechanism of receptor adaptation and classify the types of receptors 

accordingly into phasic receptors (fast adapting receptors) and tonic receptors (slow 

adapting receptors). 

6- Describe sensory neuronal processing and its functional importance. 

Introduction 

sensory receptors are present in organs and called transducers; because they 

transduce + convert any type of energy (stimulus) they’re sensitive to mechanical 

energy, physical energy, chemical energy, or photons into electrical energy (action 

potential) the final form of energy that reaches the cerebral cortex in the brain, which 

in its role decides whether this form of energy is a sensation or not. 

these receptors are connected to multiple neurons forming a pathway for signals to be 

finally transduced to the brain. 

note that these receptors are different from the ones that are present at the 

postsynaptic membrane at synapse during neurotransmitter transduction between 

neurons. 

 

Mechanism of sensory coding: 

sensory coding is basically how the sensory system determines the intensity, location 

(direction of origination), and type of the stimulus. the cerebral cortex receives 

electrical message (action potential), so how can it identify the type (modality) of 

stimulus that’s behind this message; is it temperature, pain, or touch? 



Classification of sensory receptors according to:    1-Modality.      2-Location. 

classification by Modality 
modality means type of sensation or stimulus that sensory receptors transduce. 

transduce means converting any type of energy into electrical. 

1-Mechanoreceptors: detect deformation caused by mechanical stimulations like touch, 

pressure, and vibration. 

2-Thermoreceptors: detect change in temperature warm or cold. 

3-Nociceptors: detect pain due to tissue damage (pain receptors) *very important  

damaged tissue releases chemicals that enhance + stimulate sensory receptors for pain. 

4- Electromagnetic (Photoreceptors): detect light e.g., Rods and Cones of the optical 

system. 

5-Chemoreceptors: respond to chemicals e.g., receptors of taste, smell, CO2 ,O2, H+. 

Classification by Location 

1-Exteroceptors: sensitive to stimuli arising from outside the body.  

-Located at or near body surfaces 

-Include receptors for touch, pressure, pain, and temperature. 

Example: receptors that are found in the skin. 
 

2-Interoceptors (visceroceptors) receive stimuli from internal viscera (e.g., GI, heart, 

lungs, intestines). 

-Monitor a variety of stimuli (distension of viscera, pain). 

Example: receptors of distention or contraction of the intestines. 

 

3-Proprioceptors- sense of change in position or in other words monitor degree of 

stretch. 
 

-Located in musculoskeletal organs (muscle, tendons, and skin, e.g., touch receptors 

that are around joints).  

Examples on change in position: change of joints, muscles, and tendon’s angulation. 

 األحشاء الداخلية 



 Types of Sensory Receptors 

Free nerve endings found just under 

the epidermis, detects touch, pain, and 

temperature. 

Expanded tip receptor: also called 

Merkle’s disc, forms Iggo dome. 

tactile hair: receptors found around the 

hair shaft, sensitive to the movement of 

the hair. 

Pacinian corpuscle: onion rings shaped-

like receptors that contain afferent 

neurons and found deep in the dermis, 

this indicates that they’re sensitive to 

pressure. 

they are encapsulated (surrounded by 

a capsule on the outside) which makes 

them rapidly adapting and sensitive to 

rapid stimuli like vibrations. 

  

Meissner’s corpuscle found in the 

epidermis, sensitive to touch. 

Meissner corpuscles are rapidly adapting because they’re encapsulated as well. 

corpuscle → capsulated → very rapidly adapting and is stimulated only by rapid 

movement. 

Krause’s corpuscle found in the dermis, sensitive to pressure.  

 

Ruffini’s end-organ found down in the dermis, sensitive to pressure. 
 

Golgi tendon apparatus found in the tendon of the muscle, 

sensitive to change in tension in muscle (force). 

Muscle spindle: found inside the muscles and sensitive to the 

change of the muscle’s length  

Golgi tendon apparatus and 

muscle spindle are found in 

the muscles, so they are 

Proprioceptors that sense 

change in position. 

(Propriosensation) 

*from the location you infer the type of sensation the 

sensory receptors are sensitive to. 



In the Skin multiple types of sensory receptors are found 

 

  

Merkel’s disc; forms a dome called IGGO dome free nerve 

endings: 

sensitive to 

touch, pain, 

and 

pressure. 

→ sensitive to touch 

→ sensitive to pressure 

→ found around the hair shaft and 

sensitive to the movement of the hair 

these all are Exteroceptors meaning 

that they’re sensitive to stimuli 

arising from outside the body and 

located near body surface. 

Merkel’s disc for 

mechanical sensation 
(Touch in hairy skin) 

-forms a dome right under the 

epidermis called Iggo dome. 

 

Iggo dome 

receptors 

Afferent neuron 



Tactile Receptors:  receptors that sense touch, pressure, movement, vibration, and 

temperature and connected to afferent neurons. 

Free nerve endings are connected to A delta (𝜹)  and C fibers 

• detect touch, pressure, pain, and temperature. 

• found everywhere in the skin and other tissues. 

*the speed of transmission for these receptors is slow because they are connected to 

the smallest myelinated fiber (A delta 𝜹 ) and unmyelinated fibers (type C).  

Meissner’s Corpuscles connected to A beta (𝜷) fibers 

• Encapsulated and connected to A beta (𝜷) fibers, which makes them rapidly 

adapting (within a fraction of a second) and sensitive to vibration, detect 

movement of light objects over skin. 

• found in non-hairy skin (glabrous skin) like the palm, fingertips, and lips. 
 

Merkel’s discs connected to A beta (𝜷) fibers 

• they have two adaptations: they respond rapidly at first and then slowly adapt to 

detect the “steady state”. 

• found in both hairy (like the axilla) as well as non-hairy skin (glabrous). 

Hair end organ 

• adapts rapidly and detects movement over the body. 

• found around the hair shaft. 

Ruffini’s end organ 

• found deep in the dermis. 

• slowly adapting and respond to continual deformation of the skin and joint 

rotation. 

• detect pressure most of the time. 

Pacinian corpuscle connected to A beta (𝜷) fibers 

• Remember: corpuscle → capsulated → very rapidly adapting and is stimulated 

only by rapid movement. 

• detects vibration and other rapid changes in the skin as well as pressure. 

*most rapid. 



Tactile Sense Transmission 

• Meissner’s corpuscles, hair receptors, Pacinian corpuscles and Ruffini’s end 

organs transmit signals in A beta nerve (𝜷) fibers at a very fast speed of 

transmission 30-70 m/sec. 

• Free nerve endings transmit signals in type A delta (𝜹) fibers at slow speed of 

transmission 5-30m/sec, some by type C unmyelinated fibers at 0.5-2m/sec. 

• the more the critical the information (the sensation) the faster the rate of 

transmission (transmitted in A-beta fibers 𝜷). For example: fine touch or fine 

pressure sensations are transmitted very fast. 

*fine means well localized.  

 

General Structure of Sensory Receptors 
 

Two types of the receptor areas: 

1-Separate receptor area; separate from 

the afferent neuron.  

2-Terminal receptor area; the receptor 

area itself is the terminal part (last part) of 

the afferent neuron, so the neuron and the 

receptor area are interconnected. 
 

*in both types the mechanism of signal 

transduction is the same: 
 

The Receptor area in both cases is a  

None-excitable region: no generation of 

action potential, which also means absence of voltage gated sodium channels. 
 

so it can discriminate different stimulus intensities, otherwise it will not be able to 

differentiate strengths of stimuli if it is excitable. 

action potential is only generated at the afferent neuron. 
 

Suppose that the receptor area were excitable, what would happen?  

if it is stimulated by: 

1- a weak stimulus, the receptor area wouldn’t reach the threshold and there wouldn’t 

be generation of action potential, which eventually means that there wouldn’t be signal 

trasnmission to the afferrent neurons. 

Afferent neuron 

terminal receptor area  separate receptor area  

chemical 

connection that 

has 

neurotransmitters 



2- a strong enough stimulus to only change the membrane potential of the receptor 

area to reach the threshold only, action potential would be generated in the receptor 

area, maximal membrane potential would be +30mV during action potential in the 

receptor area, which causes the afferent neuron to transmit one thousand impulses per 

second (1000 impulses/sec). 
 

3- a different stimulus stronger than the first two stimuli would reach, bypass the 

threshold, and generate action potential in the receptor area, but with the same 

maximal membrane potential of +30mV which would also lead to transmission of 1000 

impulses/sec by the afferent neuron. 
 
 

So if the receptor area were excitable meaning it would have the ability to generate 

action potential, it would follow the ALL or None principle, once the stimulus changes 

the membrane potential of the receptor area to reach the threshold, action potential 

would be genrated at the receptor area. If these cases were actually possible how would 

the system be able to determine the strength of each stimulus? how would it have the 

ability to differentiate that the stimulus in example no.2 mentioned above is weaker 

than the stimulus in example no.3 if the the number of transmitted impulses is the same 

in both cases? this is why the receptor area isn’t excitable because the system wouldn’t 

be able to evaluate the strength of different stimuli. So, It’s important for the receptor 

area to be none excitable.  

 

Mechanism of Signal Transduction in Receptor Area 

The receptor area responds to stimulus like pain, temprature, pressure…etc. 

The stimulus opens stimulus gated channels – similar to ligand channels - that are 

located at the receptor area, if these channels are sodium ion channels, changes in 

membrane permeability to sodium ions causes depolarization at the receptor area’s 

membrane and generate local potential or graded potential (e.g. EPSP) that can be 

summated, opposite to all or none potential (action potential). 
 

 multiple stimuli with different strengths generate local potentials 

at the receptor area, they play a role in determining the frequency 

of action potential (no. of impulses) transmitted by the afferent 

neuron. 

The number of opened stimulus gated channels dpends on the 

strength of the stimulus. 

Remember: 

action potential 

frequency = number 

of impulses. 

stimulus strength = 

stimulus intensity. 



the stronger the stimulus, 

more opened stimulus gated 

channels, the larger no. of Na+ 

ions that enter, more 

depolarization, the greater the 

value of local potential. 

strong stimulus→ great local 

potential→ high AP frequency. 

Green→ weakest stimulus 

Blue→  stronger stimulus 

Purple→ strongest stimulus. 

Notice that all three stimuli 
generated AP at the afferent 
neuron. 

 

the stronger the stimulus the greater the value of local potential the higher the frequency of 

action potential would be in the afferent neuron.  

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

To explain the voltage numbers in the graph: 

-A stimulus would cause depolarization at the receptor area by opening stimulus gated 

channels, the number of opened stimulus channels depends on the strength of the 

stimulus. 

  

-weak stimulus (green), would cause small depolarization, so as a result there wouldn’t 

be many stimulus channels opened. suppose that the stimulus reached the threhold, the 

amplitude of the local potential of the receptor would be (-70 - (-30)) = -20mV. 

 

-a stronger stimulus (blue) opens more stimulus gated channels, receptor’s membrane 

potential would be more negative (-40 mV) with amplitude -30mV. 

 

-the strongest stimulus (purple) would cause the most negative receptor local potential 

due to large number of opened stimulus gated channels (-30 mV), so the amplitude 

would be -40 mV. 

-the number of generated action potantials at the afferent neuron -also known as firing 

rate or discharge rate- depend on the amplitude of receptor local potantial. 

changes in membrane potential  

-20mV 
-30mV 

-40mV 

local potentials 

Elaborative example 

action potential 

frequency: 

stimulus 1→ 100 AP/sec 

stimulus 2→ 200 AP/sec 

stimulus 3→ 300 AP/sec 

 

Suppose that this is the threshold 
-50 mV 

-50 

-40 

-30 



-the stronger the stimulus, more negative receptor local potential, the higher the 

amplitude of the local potential, the higher the frequency of the action potential in the 

afferent neuron. 

How the strength of the stimulus is related to the frequency of action potential? 

if there’s a weak stimulus that would cause the receptor local potential to only reach the 

threshold, action potential would be generated at the neuron and it would transmit 

impulses relying on the time period the whole generated action potential took. 

 

For example: if the action potential generated in the afferent neuron took 10 

milliseconds, the neuron would transmit 100 impulses per second. Why? 

Number of transmitted impulses = 1000 ÷ (the duration of AP generated in afferent 

neuron).  

*1 second = 1000 millisecond. 

So no. of impluses in our example above = 1000 ÷ 10 ms = 100 impulse (AP)/sec. 
 

This means that 100 APs would be generated at the neuron every 1 second. 
 
 

-if the stimulus is stronger, it would cause potential changes above the threshold 

(suprathreshold), leading to stimulation of the neuron at the relative refractory period, 

which means depolarization would take place at an earlier stage during action potential, 

at 5 milliseconds for example. 

 

No. of impulses = 1000 ÷ 5 = 200 impulse (AP)/sec. 

-if the stimulus was very strong, it will generate the greatest local potential possible, and 

it can cause depolarization just right after the absolute refractory period, Absolute 

refractory period usually lasts for 1-2 millisecond, so after that period of time a very 

strong stimuli is able to stimulate the neuron. 

no. of impulses = 1000 ÷ 2 = 500 impulses/sec.  

no. of impulses = 1000 ÷ 1 = 1000 impulses/sec.  

 

The Maximum number of impulses the afferent neuron could generate ranges between 

500-1000 AP/sec and its limited by the absolute refractory period, because no matter 

how strong the stimulus is, it can not exceed the absolute refractory period, and no 

action potential would be generated before 1 millisecond. 

 

all numbers above were used for clarification purposes they’re not necessarly accurate. 

Doctor’s note 



-The brain, sepcifically the cerebral cortex, is able to descriminate between different 

sensations relying on the frequency of the action potential transduced by the afferent 

neuron in response to a stimulus.  

it can tell whether a stimulus is weak if the AP frequency was low or strong if the AP 

frequncy was high. 
 

Local potential generated at separate receptor area is called Receptor Potential, and at 

terminal receptor are is called Generator Potential.  
 

Both potentials result from opening of stimulus gated channels of the 

receptor area, and have common charateristics: 

1-can be summated.                    

2- result from opening of sodium stimulus channels. 

3-have the exact characteristics to EPSP. 

 

Receptor potential generated at the separate receptor area causes 

release of neurotransmitters (chemicals) that affect the afferent 

neuron and causing it to transmit impulses. 
 

whereas in Generator potential where the receptor area is the terminal part of the 

afferent neuron, depolarization of the receptor’s membrane causes direct change in 

neuron’s membrane potential. 

 

Conversion of Receptor and Generator Potentials into Action Potentials. 

 
Stimulus will affect the receptor, it’ll change the  

receptor’s membrane potential depending on 

the type of activated stimulus gated channels. 

if they were sodium stimulus gated channels; 

entrance of Na+ ions according to their 

electrochemical gradient inside the receptor 

causes depolarization, the receptor’s membrane 

potential becomes less negative.  

this causes release of chemical messenger 

(neurotransmitters) that affect the afferent 

stimulus 

gated 

channel 

depolarization 

Receptor Potential 



neuron by binding to chemical gated channels that are on the neuron’s membrane to  

eventually cause action potential generation at the afferent neuron. 
 

 

Same thing applies to Generator potential at the 

terminal receptor area, depolarization that’s 

caused by opening of stimulus gated channels 

stimulates the first part of the afferent neuron 

(similar to the axon hillock) where there are voltage 

gated sodium channels, these channels are 

activated so they open, and action potential is 

generated at the afferent neuron. 
 

 

Law of Specific Nerve Energies 

Receptors are sensitve to one kind of stimulus energy (specific); touch receptors are 

highly sensitive for touch, pressure receptors are highly sensitive to pressure, pain 

receptors are highly sensitive to pain, temprature receptors are highly sensitive to 

temprature changes….etc 

Sensation characteristic of each sensory neuron is produced by its normal or adequate 

stimulus. 

Adequate stimulus: 

adequate is a qualatative feature of the stimulus not quantitative, its directly related to 

the type of the stimulus that the receptor is particularly sensitive to. 

For Example; the adequate stimulus for touch receptors is touch, the adequate stimulus 

for pain receptors is pain and so on… 
 

Adequate stimuli require least amount of energy to activate their receptors, meaning 

the receptor could be stimulated by another stimuli but their threshold would be much 

higher than the threshold of adequate stimulus. 

For Example: Touch receptors are highly sensitive to touch, are they going to be 

stimulated by pressure receptors? might be, but the threshold for pressure stimulus is 

higher than the threshold for touch stimulus (adequate stimulus). 

Generator Potential 



Regardless of how a sensory neuron is stimulated, only one sensory modality will be 

perceived (specificity of receptors): 

if the sensory neuron is attached to touch receptor, whereever this neuron is stimulated 

it will carry an impulse to the cerebral cortex, and the cortex will always interpret it as 

touch sensation.  

so the cerebral cortex will only preceive one sensory modality, one type of sensation. 

-Receptors are specific they allow the brain to perceive the stimulus accurately under 

normal conditions. 

bottom line: Each Receptor is HIGHLY sensitive to its modality. 

 

-Specificity is a key property of a receptor, plays a huge role in sensory coding, which is 

the process where the sensory system codes for the type of sensation. 

the sensory system codes the type (modality) by the specificity of the receptor. 

Each sensation has a specific pathway from the sensory neuron to its final distination 

the cerebral cortex, touch sensations have a distinct pathway that’s different from pain 

sensation pathway 

the specific pathway of each specific sensation is called the labeled line principle, the 

most important coding mechanism. 

as if the pathways is labelled for its specific receptor. 

So in conclusion, how the sensation is perceived is determined by the characteristics of 

the receptor and the central connections (pathway) of the axon connected to the 

receptor. 

 

 
 

Receptor Excitaion 

mechanisms of receptor excitaion: 

1-mechanical deformation like touch and pressure, stretches the membrane and 

changes the permeability of the receptor’s membrane by opening or closing ion 

channels. 

Sensation Coding Mechanisms 

Modality (specificity of the receptor) 

labeled line (specificity of the pathway) 
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2-application of chemicals which also opens ion channels. 

3-change in temperature changes the metabolic rate of the receptor area which alters 

the permeability of the membrane. 

4-electromagnetic radiation (photons) that changes the membrane characteristics and 

permeability of light receptors (e.g. rodes and cones). 

**Remember: all ion channels mentioned above are stimulus gated channels. 

-Most of the time changes of permeability is caused by opening stimulus sodium gated 

channels, but there’s an exception in the light receptors where stimulus sodium gated 

channels close. 

 

Excitation process continues at 3 regions: 

1- Receptor regrion: the receptor is excited by different mechanisms e.g. deformation. 

change in the permeability of the receptor’s membrane takes place by opening stimulus 

sodium channels and sodium ions will enter, causing generation of receptor potential 

(local potential) 

2-Spike Generating Region: the area that contains the first node of Ranvier of the 

afferent neuron, its where the action potential first starts 

the receptor’s potential reaches the threshold of the afferent neuron, it will cause 

transmission of action potential in the neuron. 

 

      

  

Receptor Region 

Conducting  

Region 

Spike Generating 

Region 



Remember: The number of 

transmitted action potentials 

in the afferent neuron 

depends on the amplitude of 

the receptor’s local potential 

which is directly related to 

the strength of the stimulus. 

 

3-Conducting Region action 

potential propagation along the afferent neuron. 

 

you should differentiate that at the receptor region there’s generation of local potential 

(graded potential), and at the conduting region there’s action potential generation. 
 

Receptor Potential 

-Is the receptor’s membrane potential. 

-Excitation of the receptor results from a change in this potential. 

-When the receptor potential rises above the threshold, action potentials appear and 

the receptor is active. 

-The greater the intensity of the stimulus, the greater the receptor potential, and the 

greater the rate of action potential generation.  

why? because, great local potential has the ability to stimulate the neuron during the 

relative refractory period. The greater the local potential, the earlier it can stimulate the 

neuron during relative refractory period until it reaches a limit which is the absolute 

refractory period where no matter how great the local potential is there would be no 

stimulation for the neuron. 
 

Generator Potential 

-In response to stimulus, sensory nerve endings (terminal receptors) produce a local 

graded change in membrane potential. 

-Potential changes are called receptor or  generator potential. 

Receptor Region 
Conducting Region 

Spike Generating 

Region 



-Analogous to EPSPs; its exactly like EPSP.  

Number 1 &2 in the picture: the stimuli 

are weak, which makes the local 

potential unable to reach the threshold 

of the neuron’s potential. 

whereas in number 3: local potential 

caused potential changes that reached 

the threshold of the neuron, this will result in action potential generation in the neuron. 

Number 4 the stimulus is stronger, the neuron is stimulated above the threshold, it’ll 

most likely transmit multiple APs. 

 

-if the stimulus caused a change in the neurons potential above the threshold, we’re 

going to feel the sensation behind this stimulus, this explains why we don’t feel almost 

90% of the sensations. 

 

Relationship between Receptor Potential 

and Action Potentials 

-first step to action potential generation at the 

neuron is reaching the threshold (none or all 

principle). 

when the receptor potential gets higher and 

causes potential changes at the neuron higher than 

the threshold, the rate of action potential 

generation at the neuron gets higher. 

 

The effect of stimulus strength on RP 

amplitude 

the greater the strength of the stimulus, the 

greater the amplitude of the receptor potential. 

but at the end the receptor potential becomes  
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stable and reaches maximum potential changes of +30 mV, so its at plateau where it 

can’t exceed +30mV and the maximum stimulation of the neuron would be reached and 

can’t also exceeded because the neuron would be at the absolute refractory period. 

 

-In the curve there are two areas of sensitivity: 

1-Greater Sensitivity region: is the steep part of the curve, the slope area, the very high 

sensitive area where any small increase in the stimulus intesity (strength) will cause 

great change in receptor potential’s amplitude. 
 

For example: in the curve this occurs when the strength of the stimulus goes between 2 

and 3, any slight change in the strength of the stimulus between these two values, the 

change in receptor’s potential amplitude is very high, and in turn the change in the 

impulse rate is very high. 
 

the system would interpret this sensation as strong due to high impulse rate, but there’s 

a big difference between the impulse rate that’s caused by stimulus of strength 2 and 

the impulse of strength 3, so the system would feel them as two different sensations 

with different strengths. 

 
 

2-Lesser sensitivity region: there isn’t much change in the amplutide which leads to less 

change in the impulse rate even though the stimulus intesity changes, in the curve 

above the strength the stimulus strength would change from 4 to 5, but there isn’t 

much change in the amplitude, so the system wouldn’t be able to differentiate between 

the sensation of the stimulus with strength 4 and the sensation of the stimulus with 

strength 5. 

 

-the purpose of the sensory system is to is to always bring the sensation to the high 

sensitivity area, meaning if the system reached low sensitivity area, a feedback 

mechanism from the cortex to the sensory system called corticofugal pathway, that 

would bring it back to the high sensitivity area by inhibiting the low sensitivity area. 



The effect of the amplitude of RP on the frequency of impulses generated  

 the higher the amplitude of generator 

potential the higher the number spikes per 

second. 

but at the end there’s plataeu where the 

amplitude would stop increasing, so as the 

number of spikes. 

 

 

 

 

 

THANK YOU       


