Hore – Lecture 3 Notes

13.
-You could take a pencil and touch it to your skin with your eyes closed and you would be able to tell the nature of that stimulus (ex. Blunt, sharp, the amount of pressure, and the location of the stimulus)
-Sensory receptor: free nerve ending or specialized ending of a nerve cell that is particularly sensitive toward one form of environmental energy; the adequate stimulus is the particular form of energy to which your receptor is most sensitive

-2 schematic cutaneous receptors in the afferent nerve and their axons into the CNS
-The receptor (and the ion channels associated with them) itself is located on the terminals of the axon in the skin
-Free nerve ending upper left (no particular connective tissue associated with it) and we can’t see the receptors or the ion channels; we can activate this and produce an action potential, which can propagate down into the spinal cord, where it may synapse or travel up the spinal cord into the medulla 
-Afferent: sensory information is going into or toward the CNS or in particular toward the brain (into the spinal cord and in many cases up to the brain)
-Efferent: information coming out of the brain

-Receptors and ion channels in the Pacinian Corpuscle (specialized afferent that has again in the nerve terminal inside onion shaped complex are the receptors and ion channels that activate the receptor) surrounded by lamellae (layers of connective tissue)
-Cell body extending to the right of each nerve in the schematic (in a structure called the Dorsal Root Ganglia)
-Adequate stimulus: (particular form of environmental energy to which a receptor is most sensitive) each receptor responds best or its job is to signal only one modality of sensory information (there are different forms of environmental energy)

-ex. You may have a touch receptor and you may have a cold receptor (2 different receptors): if you took a hammer and wacked the cold receptor, you may get it to discharge (through some sort of injury discharge) or if you electrically stimulate the afferent from the cold receptor, you would feel cold b/c that’s its adequate stimulus (that’s what it normally signals and what the brain perceives)

-ex. If you get hit in the eye, you may get a flash of light; there are rods in the eye that detect light (their adequate stimulus is light), but you can produce this mechanical effect by artificially stimulating the rods in a not normal way

-There is a variety of receptors that have different adequate stimuluses’ b/c they’re signaling different aspects of environmental energy; the brain perceives the activation of the modality of the adequate stimulus


14.
-Receptor mechanism
-Touch receptors: If an object is touched to the skin, you feel touch
-Nerve ending upper left sensitive to mechanical stimulus or touch stimulus
-One example of how they work: The mechanical stimulus stretches the nerve ending and by stretch of the axon terminal in the skin causes the ion channel to open up (mechanical); these ion channels have similar properties to those in the end plate potential at the NMJ and the excitatory postsynaptic potential in the CNS allow Na+ and K+ to travel through them (Na+ rushes in and K+ leaks out); overall effect is an inrush of positive ions into the nerve terminal (this is the case for all cutaneous receptors in the skin)l in rush of Na+ (now we have a region that is relatively positive at the top compared to the other region at the bottom); positive conventional current will flow in the circled region (not down the axon b/c of high electrical resistance) down the first node, which is low electrical resistance (brings a depolarization to the first node, which opens up the VG Na+ channels, which are located at the first node); same as what we’ve seen with the excitatory postsynaptic potential; Na+ rushes in producing a big depolarization and now we’ve got an AP starting at the first node of Ranvier
-The electrical potential that you get when you stick a microelectrode in is called a receptor potential or a generated potential (generates the AP)
-Subthreshold potential: wouldn’t feel anything b/c no information is getting to the cerebral cortex
-Another example: receptors in the skin could also be excited by chemicals; ex. Get a big wack on your skin causing tissue damage, release of chemical (pain receptor) and there would be little receptors on the skin (chemosensitive receptor) that when a chemical binds, the ion channel would open
-Very little is known about cold and warm receptors
-Another example: photoreceptors, where photon absorption leads to closing of an ion channel; it’s not always opening of an ion channel that produces an effect (variety of responses in different receptor systems beyond cutaneous)

-The 4 characteristics of a receptor generated potential are:
1) Depolarization due to an increase in permeability to Na+ and K+
2) Local, not propagated potential, just as the EPSP and the endplate potential
3) Graded proportional to the magnitude of the stimulus, which is true for the EPSP (not quite the same for the endplate potential b/c it always reaches threshold normally), if it reaches threshold it will produce an action potential
4) Like the EPSP, it can summate (ex. If you have a couple rapid stimuli, the generated potential can summate in time or if it’s a bigger stimulus it can get to threshold as well)

15.
-Adaptation
-Applying a skin indentation (shown at the top is the amplitude or intensity of skin displacement)
-Each spike on Afferent 1 represents and extracellular AP; receptor is discharging with a certain frequency in the first case and a higher frequency in the second case (frequency code: higher frequency representing a more intense stimulation)
-Now instead of putting the frequency on for 10s, put it on for 10minutes:
-Slowly adapting receptor: cutaneous receptors eventually lose interest and stop discharging; the receptors that were initially activated by touch have largely stopped firing

-Rapidly adapting receptor: ex. If you take one hair and move 1 hair, you can detect movement of that hair, but 10 seconds later you can’t really tell if it’s in the old position or a new position b/c hairs are rapidly adapting (no information coming 10 seconds later); receptors can be rapidly adapting or slowly adapting
-Different thresholds for activation: low threshold easily activated; high threshold harder to activate
-Afferent 2: if we apply a light touch, nothing happens; if we apply a heavy touch, it will fire at a low frequency and we get 2 signals 1 at the frequency from afferent 1 and 1 at the frequency from afferent 2 and somehow the brain puts all of that information together (there is a population sending information to the brain; population code: information being given to the brain from a number of afferents)
-Some receptors are rapidly adapting, only signals the event of the stimulus coming on (they will fire 1-2 APs; also may fire at the offset b/c they’re often in deep layers like the PC, which are rapidly adapting); signal the intensity of the dynamic component
-Feature extraction: receptors extracting the features of the stimulus; dynamic component (velocity of tissue depression; tell something about the onset) and static component (held constantly; slow receptors signal throughout the static component); receptors send to the CNS information about the dynamic and static components

-The rapidly adapting receptors signal the rate of indentation (or the period over which it occurs) 

-The intensity of indentation (amplitude of indentation, where the intensity is signaled by the frequency and population codings) of the dynamic component

-Slow adapting receptors signal the amplitude of skin indentation where the intensity is signaled by the population and frequency codings
-Rapidly adapting receptors signal the rate of skin indentation and the intensity is population coding not frequency coding 
-They may fire different frequencies for different velocities
-Pacinian Corpuscle: ex. Say it responds with 1 AP if there is a touch; what the PC does best is responding to vibration (if you give a single stimulus it will fire once); most sensitive cutaneous receptor; high acuity of following the environmental stimulus (designed to follow vibration); it’s frequency is following the vibration frequency

Population coding: with a larger amplitude of vibration you will activate more PCs (only way to know if you have a more intense stimulus or larger amplitude stimulus is if you recruit more PCs)

16.
-PCs: vibration applied to skin, and we record the discharge of PC directly under the skin where the vibration was (fires 1 AP every time there is a displacement of the skin or the skin is pushed in); follows precisely the frequency of the stimulus
-If we double the amplitude and keep the frequency the same, the PC would be the same b/c it follows the frequency of the stimulus
-PC is rapidly adapting: the basic receptors are located on the axon terminal in the skin in the location shown; just like a nerve ending with connective tissue (lamellae)
-Lamellae (connective tissue with fluid in b/w): stimulus applied to PC will cause an indentation of the lamellae, which will push upon the axon terminal (stretch of the axon membrane; opening of ion channels); b/c of the visco-elastic properties, if you push it in it bounces back (within ms) consequently, no longer a stimulus applied to the nerve terminal and no longer a generated potential (no stretch of the axon terminal, stops firing an AP); 
-It is true that the major reason for the properties of the PC to make it rapidly adapting comes from the lamellae (if you cut the lamellae off, it may fire 3 or 4 APs; still rapidly adapting but not as rapidly adapting as it was before); there are some properties of the postsynaptic membrane
-PC: most sensitive mechanoreceptor (they are deep in the skin); detect externally applied vibration; also sense displacement of the skin due to friction when a hand moves over an object (use the finger tips for texture discrimination: can tell when it’s smooth and when it’s rough; each bump will result in little displacements of the skin and activation of PC); intensity or magnitude of vibrations applied is signaled by the number of PCs activated (population coding)
[bookmark: _GoBack]-The size and shape of objects can be recognized by different populations of receptors, which respond to different sensory modalities, have different rates of adaptation and different thresholds
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