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Sensory Receptors

Physiology lecture 17
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Lecture Objectives:

o Differentiate the types of sensory receptors.

o Explain why sensory receptors have specificity to sense one type of
environmental energy over another.

o Define transduction of a sensory stimulus.

o Explain how the many different forms of environmental energy are
transformed by sensory receptors into the same type of electrical
signal in sensory nerves.

o Explain why action potential frequency is the mode of information
transmission in sensory systems and how changes in that frequency
are related to graded electrical potential changes in sensory
receptors.



Introduction:

O

All afferent neurons have receptors at their peripheral endings that
respond to a stimulus in both the external and internal environments.

Receptors vary widely in complexity. A receptor may be either:
1. A specialized ending of the afferent neuron

2. A separate receptor cell closely associated with the peripheral ending
of the neuron. Axons of receptors can be myelinated or unmyelinated.

Somatosensory receptors such as free nerve endings consist of a neuron
with an exposed receptor, whereas the special senses receptor in the ear
turns a mechanical stimulation (non-neural) into a neural signal by
synapsing onto a sensory neuron.

All stimuli are converted to action potentials in sensory neurons.

The CNS is able to accurately differentiate the incoming sensory stimuli
from the PNS, by using four basic properties of the stimuli. These
properties include modality, intensity, location, and duration.
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Types of Sensory Receptors:

There are five basic types of sensory receptors:

1. Mechanoreceptors; which detect mechanical
compression or stretching of the receptor or of = rere  Gpminae  recienas
tissues adjacent to the receptor.

2. Thermoreceptors; which detect changes in
temperature, with some receptors detecting

cold and others warmth. 5 —_—
3. Nociceptors (pain receptors), which detect S e
physical or chemical damage occurring in the i 24
tissues. N7 ) A
4. Electromagnetic receptors (photoreceptors), AMfs  Qogendin —
are responsive to visible wavelengths of light. L SRS

Therefore, can detect light on the retina of the
eye.
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Types of Sensory Receptors (cont.):

5. Chemoreceptors are sensitive to specific
chemicals. They can detect taste in the mouth,
smell in the nose, oxygen level in the arterial oo v
blood, osmolality of the body fluids, carbon
dioxide concentration, the chemical content of
the digestive tract, and other factors that make
up the chemistry of the body.

Note: Some sensations are compound sensations,
in that their perception arises from the central
integration of several simultaneously activated
primary sensory inputs. Example; the perception ==
of wetness (touch, pressure, and thermal).

Oe LSa W Dl Ay aeadly ) A00WSH) o) gall st & las dedss 4lile  chemoreceptors -5
CraulSY) 4us ) Osmolarity s ‘_5.3\ Oolsiuall o) (plual) JISEN 4 testbeds sxic gl Ll

PH ) 2all



M@L@Jﬁ%ujdm;hﬁ'.Nw‘ﬂ#ﬂl@&uéﬁﬁwh1u}&quumh‘ﬂ
b Jitise JS () sl e o S gl s &MwﬁY@%Mchﬂﬁﬂbw
(bl Hsad  (ualll Hsad  Sludlay 5250l uad IR 3 ) jadl i) 4y sha Il ) g (g2ic
sk )l ads sy ) s agadi g 5l

\ >
d\n




What is the significance of sensation to our body?

o The survival of any organism depends on having adequate
information about the external environment as well as information
about the state of internal bodily processes and functions.

o Essential for the control of efferent output.

o Critical for cortical arousal and consciousness.

o Central processing of sensory information gives rise to our
perceptions of the world around us.

o Selected information delivered to the CNS may be stored for future
reference as memories.

o Sensory stimuli can have a profound impact on our emotions.
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Differential Sensitivity of Receptors:

o Each type of receptor is highly sensitive to one type of
stimulus (i.e. adequate stimulus) for which it is designed
and is almost nonresponsive to other types of sensory

stimuli.

o Thus, the sensation perceived depends on the modality of
receptor stimulated rather than on the type of stimulus.

o The minimum stimulus required to activate the receptor is
known as the threshold.



Modality of Sensation:

o The type of sensation felt is determined by the
point in the central nervous system at which the
nerve tract terminates.

o This specificity of nerve fibers for transmitting only
one modality of sensation is called the labeled line
principle.
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Transduction of Sensory Stimuli:

o Transduction is the conversion of the mechanical or chemical
stimulation of a sensory receptor into an electrical signal (i.e. action
potentlal) This conversmn 1S medlated through'  change in ion

Permeability at controlled ion channels

o Whatever the type of stimulus that excites the receptor, its
immediate effect is an alteration in its membrane permeability and
the generation of receptor potential due to nonselective opening of

all small ion channels. Except for photoreceptors that hyperpolarize
upon stimulation.

o The receptor potential is a graded potential whose amplitude and
duration can vary, depending on the strength and the rate of
application or removal of the stimulus.
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Transduction of Sensory Stimuli (cont.):

o Receptor potentials are caused either by;

1. Mechanical deformation of the receptor, which stretches the
receptor membrane and opens ion channels.

2. Application of a chemical to the membrane, which also opens ion
channels.

3. Change of the temperature of the membrane, which alters the
permeability of the membrane.

4. The effects of electromagnetic radiation, such as light on a retinal
visual receptor, which either directly or indirectly changes the
receptor membrane characteristics and allows ions to flow

through membrane channels.



Transduction of Sensory Stimuli (cont.):

o The maximum amplitude of most sensory
receptor potentials is about 100 millivolts.
This is almost the same voltage recorded in
action potentials and is also similar to the
change in voltage when the membrane
becomes maximally permeable to sodium
ions.
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o When the receptor potential rises above the
threshold for eliciting action potentials in the
nerve fiber attached to the receptor, then 0 10
action potentials occur.

Resting membrane potential

Membrane potential (millivolts)
o
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o The more the receptor potential rises above """ eespionpotents
the threshold level, the greater becomes the
action potential frequency.
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We can say the greater the stimulus the greater the frequency of action potential
that can be generated from the receptor
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Transduction of Sensory Stimuli (cont.): Receptor . |
Liq
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Transduction of Sensory Stimuli (cont.): Ffrequencyandintensity

o The stronger the stimulus, the
greater is the change in ion
permeability, and the larger the
amplitude of the receptor potential.

o This in turn increases frequency of
repetitive action potentials
transmitted from sensory receptors,
approximately in proportion to the
iIncrease in receptor potential.

Stimulus !

Amplitude of observed
receptor potential (percent)
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Stimulus strength
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Relation of amplitude of receptor potential to strength of a
mechanical stimulus applied to a Pacinian corpuscle.
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Transduction of Sensory Stimuli (cont.):

O

O

Intensity of a stimulus is a measure of the
energy content available to interact with a

sensory receptor.

The intensity of the stimulus is reflected
by the greater the frequency of action
potentials generated in the afferent
neuron. Stimulus intensity is also reflected
by the size of the area stimulated, so
correspondingly more receptors respond.

Stimulus intensity is therefore
distinguished both by the frequency of
action potentials generated in the afferent
neuron and by the number of receptors
activated within the area.
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Figure Sensory nerve activity with different stimulus intensities and

durations. (A) With no stimulus, the membrane is at rest. (B) A subthreshold
stimulus produces a generator potential too small to cause membrane excitation.
(C) A brief, but intense, stimulus can cause a single action potential. (D)
Maintaining this stimulus leads to a train of action potentials. (E) Increasing the
stimulus intensity leads to an increase in the action potential firing rate.

As is true of all graded potentials, receptor potentials have no refractory period, so
summation in response to rapidly successive stimuli is possible.



LathresholdJ! (La g L X1 Lausy Graded potential Lllae Javw stimulus (e 3 5le o B dalkidll
Action potential Jec

aal 5 action potential jua sthreshold J Lla s (Sl laww stimulation Jee € 4dlaiall

S action potential Liasy ~ ) J shl duration (S g las j¥) 5 504l) ey Dadhiall

4laction potential Juu )l ) jaiul 3 38 Ceduration < jay ¢ Leall

2 830 L) e $laall Lewgdy ~ ) Frequency <l ) WlSs frequency <ol j8 3.l ualeifjjg:E.;ll
ntensity

(2sBally o sus 0 OS) Flaall dala dday s QLW awes sl ) Ly ) 43Y ocation Bz £ ledl

Z0 @ OSall A S an b 50 7 sra Lasas (I (el )l Sy ekl e alian daluall
O 320 Cua gl AV 350K Labiae ] Al QLY aos ) dlens ) (5555 7 ) ) Gliae | 4ia gla (558
Flaall o JabWlasaa 53355 50 i da s agd) Jaa 70 ga¥) G55 LS Glamy (e agl A5
bl Laiy Flaall e dail 5 agians 133 )08 agiliac) Gludll Gl )5 sl guza y g (Al 5 Lgtans

o b e pbal 4 baa 5 a5 bl alla Baai Wil lde ) gS0l1) Haal 4 3 AL 4liac
ALl 13) iy S @l Ay il g5 Gl Leie alla Gady () . (Cpamana) a0 S8 UL
zanaa Sl g Flaally ) ¥l gy 2ie Aoy jall il 7 ) aba¥) Qa3 0o psleaa)
OSall Ca a5 2aag Flaall Hany - ) Flaalls dday Hadls 428 50 (e (Sa (g) (eSensation !



Note:

Diabetic patients can suffer from peripheral neuropathy
of the longer afferent nerves first. That is why they may
experience numbness or reduced ability to feel pain or
temperature changes in the extremities.

Patients with diabetic neuropathy are unable to initiate
or propagate adequate action potentials in response to
mechanoreceptors, thermoreceptors, or even pain
receptor stimulation.



Test Question:

Q. Which of the following represents the basis for transduction
of a sensory stimulus into nerve impulses?

A. Change in the ion permeability of the receptor membrane
B. Generation of an action potential

C. Inactivation of a G-protein-mediated response
D. Protein synthesis

E. Intensity of stimulus at the free nerve ending
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