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Chapter 6 - Communication, Integration, and Homeostasis

 

Cell-to-Cell Communication

· Introduction
· OK let's start out really basic.  What are the 2 basic types of physiological signals?  Which kind is responsible for most of the information in the body?
· Electrical signals: changes in a cell's membrane potential
· Chemical signals: molecules secreted into the extracellular fluid (ECF) by cells
· This type of communication is the majority of communication within the body
· What are the 4 basic kinds of cell-to-cell communication used in the body?  Talk BRIEFLY about each.
· Gap junctions: direct cytoplasmic transfer of electrical and chemical signals between cells
· Contact-dependent signals: when surface molecules on one cell bind to surface molecules on another cell
· Local communication: when chemicals diffuse through extracellular fluid
· Long-distance communication: this is done by electrical signals carried by nerve cells (think action potential!) and chemical signals transported in the blood (think hormones!)
· Gap junctions transfer chemical and electrical signals directly between cells
· Talk to me about gap junctions.
· See Figure 6.1, pg. 172
· The idea here is that membrane-spanning proteins on EACH cell called CONNEXINS bind together to create a protein channel called a CONNEXON which allows ions, small molecules (ATP, amino acids, etc.) to flow freely between the two cells (it's kind of like one big cell with 2 nuclei)
· Note that there are different types of connexins which will form different types of connexons which in turn vary in what they allow to cross
· Gap junctions occur in almost every cell type in the body (heart, smooth, whatever)
· Contact-dependent signals require cell-to-cell contact
· OK now what's up with contact-dependent signals?
· As mentioned before, this is when surface molecules on one cell bind to surface molecules on another
· One type of molecule known for its role in this process is CAM, or CELLULAR ADHESION MOLECULE
· This is seen in the IMMUNE SYSTEM and during GROWTH AND DEVELOPMENT
· Paracrines and autocrines are chemical signals distributed by diffusion
· What is the difference between a paracrine and an autocrine?
· A paracrine is a chemical that is secreted by a cell which will diffuse to and act on cells in its IMMEDIATE VICINITY
· Whereas an autocrine acts on the cell that secreted it
· Just to make it interesting, sometimes a chemical can be BOTH a PARACRINE and an AUTOCRINE
· What is a good example of a paracrine, and how does it work?
· HISTAMINE is a paracrine because it is a chemical released from damaged cells that causes the capillaries in the immediate area of the injury to collect more white blood cells, antibodies, etc. and also causes swelling
· What are 2 important groups of molecules that act as paracrines?
· Cytokines: REGULATORY PEPTIDES
· Eicosanoids: LIPID-DERIVED paracrines and autocrines
· Electrical signals, hormones, and neurohormones carry out long-distance communication
· Talk to me baby!  What is a hormone?
· See Figure 6.2, pg. 173
· It is a chemical signal that gets secreted into the BLOOD and thusly distributed all across the body.  It touches MOST CELLS but only affects the ones which have receptors for it
· Explain the 3 different kinds of chemical signals that a neuron can release.
· Firstly there is the general term NEUROCRINE for a chemical signal released by a neuron when an action potential reaches the end of the cell.  Depending on what the neurocrine does, it is further sub-classified:
· Neurotransmitters rapidly diffuse across a very short distance to another cell (usually causing another action potential)
· Neuromodulators also diffuse to other cells but they act more slowly (kind of like an autocrine or paracrine)
· Neurohormones are when the chemical released by the neuron diffuses into the BLOOD for distribution
· Cytokines act as both local and long-distance signals
· OK we discussed this briefly earlier but expound now.
· They are amongst the most RECENTLY identified communication molecules
· They can function as autocrines or paracrines: this is when they control cell development and differentiation
· But they can also work just like hormones: when we get stress and inflammation they are part of the immune response in being transported through the circulation just like hormones are
· What are the crucial ways in which cytokines differ from hormones?
· They act on a broader spectrum of target cells (both far ones and close ones!)
· They are NOT produced by specialized glands like hormones are (cytokines are produced by all nucleated cells)
· They are made ON DEMAND unlike hormones which are made in advance and just stored until needed
 

Signal Pathways

· Introduction
· What are the common features of a signal pathway?
· See Figure 6.3, pg. 174
· The signal molecule (aka LIGAND or FIRST MESSENGER) binds to the receptor
· The ligand-receptor binding activates the RECEPTOR
· The receptor activates one or more INTRACELLULAR SIGNAL MOLECULES (also known as SECOND MESSENGERS)
· The last signal molecule in the pathway initiates the synthesis of a TARGET PROTEIN or modifies an EXISTING protein to create a response
· Receptors are located inside the cell or on the cell membrane
· Quickly now: what are the categories of signal molecules and of target cell receptors?
· Signal molecules are either LIPOPHILIC (can dissolve in lipid) or LIPOPHOBIC (cannot)
· Target cell receptors are either INTEGRAL MEMBRANE PROTEINS, in the NUCLEUS, or in the CYTOSOL
· See Figure 6.4, pg. 175
· What are the different pathways which signal molecules can follow?
· LIPOPHILIC: OK these guys will go straight through the cell membrane (because they can!) and bind to either cytosolic receptors or nucleic receptors
· Usually these guys will "turn on" a gene and get the transcription/translation machinery to start making its associated protein, thus its effect is SLOW
· LIPOPHOBIC: these guys CANNOT go through the cell membrane so they bind to receptors on the membrane surface.  There are different kinds of membrane receptors:
· See Figure 6.5, pg. 175
· Ligand-gated channel: binding will cause it to open or close
· Receptor-enzyme complex: binding will activate the enzyme
· G protein-coupled receptor: binding will open an ion channel or alter enzyme activity
· Integrin: binding will alter the cytoskeleton somehow
· Membrane proteins facilitate signal transduction
· Explain what signal transduction is.  Which membrane receptors does this concept apply to?
· The idea is kind of like "fine, this "first messenger" from outside came and activated me.  Now what do I do to pass on the signal"?
· Or more formally, "the process in which an extracellular signal molecule activates a membrane receptor that in turn alters intracellular molecules to create a response"
· It applies to ALL the membrane receptors EXCEPT the ligand-gated ion channel, because all that does is open up and let stuff in, which in itself IS the passing-on of the signal
· Explain the concept of signal amplification and how cells do it.
· Signal amplification some signal is made larger, or amplified
· This happens in the cell when the reception of a single first messenger molecule causes the activation of an amplifier enzyme which will create SEVERAL more molecules which in turn go and do stuff - thus it is NOT a 1:1 ratio between each step…instead everything has been amplified
· State the basic pattern of a biological signal transduction pathway.
· See Figure 6.8, pg. 177
· An extracellular SIGNAL MOLECULE binds to and activates a protein/glycoprotein MEMBRANE RECEPTOR
· Then the receptor turns on its associated proteins, which can do a number of things:
· Activate PROTEIN KINASES: these guys are enzymes which phosphorylate a protein, which either activates or inactivates it
· Activate AMPLIFIER ENZYMES: these guys create SECOND MESSENGERS which do stuff…
· The second messengers (if they are created) can also do a VARIETY of things:
· Alter the open state of ION CHANNELS: as you may expect, this will affect the cell's MEMBRANE POTENTIAL
· Increase INTRACELLULAR CALCIUM: either calcium will get let in from the OUTSIDE or we will see its release from INTRACELLULAR STORES…either way calcium can bind to proteins and change their function
· CHANGE ENZYME ACTIVITY: especially of protein kinases (discussed earlier) or protein phosphatases (REMOVE a phosphate group from a protein)
· And then the ultimate result: the proteins modified by calcium binding and (de)-phosphorylation control one or more of the following:
· Metabolic enzymes
· Motor proteins for muscle contraction/cytoskeletal movement
· Regulate gene activity and protein synthesis
· Membrane transport and receptor proteins
· Explain the concept of a signal cascade, and how it is applicable here.
· The idea is that when a first messenger hits the cell, often there are many steps before the ultimate response.  Each step involves the conversion of something from an inactive form to an active form, which then catalyzes the conversion of another thing from inactive to active, and so on…hence our CASCADE
· Receptor-enzymes have protein kinase or guanylyl cyclase activity
· Don't cheat!  What are the enzymes of receptor-enzymes?  What happens as a result?
· Either we have protein kinases as the enzyme (for example TYROSINE KINASE, in which case a tyrosine residue of a protein will get phosphorylated)
· Or we can have GUANYLYL CYCLASE as the enzyme, which will get activated and convert GTP to cyclic GMP
· Most signal transduction uses G proteins
· OK so explain how the whole G-protein coupled receptor system works in general.
· Well first we have the RECEPTOR itself, which is generally a MEMBRANE-SPANNING PROTEIN that crosses the phospholipid bilayer of the membrane SEVEN times, forward and back
· And then the receptor is linked to a 3-part tranducer molecule which is our G PROTEIN.  This thing is called a G protein because they are bound to guanosine nucleotides - either GDP or GTP
· When it is a GDP, the protein is inactivated but when it gets exchanged for a GTP we get activation, and the G protein takes further action either by:
· Opening an ion channel in the membrane
· Or altering enzyme activity - the most common enzyme is ADENYLYL CYCLASE or PHOSPHOLIPASE C
· Adenylyl cyclase-cAMP is the signal transduction system for many lipophobic hormones
· Explain how the G protein-coupled adenylyl cyclase-cAMP system works.
· See Figure 6.11, pg. 180
· G protein-linked receptors also use lipid-derived second messengers
· Just quickly, what is the result of the G-protein coupled PL-C system?
· The idea here is that the G protein activates the enzyme phospholipase C, which then converts a phospholipid from the MEMBRANE called PHOSPHATIDYLINOSITOL BISPHOSPHATE into diacylglycerol and inositol triphosphate
· Then diacylglycerol goes and activates protein kinase C, which causes more stuff to happen
· Inositol triphosphate goes into the CYTOPLASM (since it is water-soluble) and causes the release of Ca from the endoplasmic reticulum
· Integrin receptors transfer information from the extracellular matrix
· OK so what's up with integrins?
· On the outside they bind to proteins of the extracellular matrix or to ligands like antibodies and molecules involved in blood clotting
· We can tell what their function is: blood clotting, wound repair, cell adhesion and recognition in the immune response, etc.
· And on the inside they are bound to the CYTOSKELETON via anchor proteins
· The most rapid signal pathways change ion flow through channels
· Why are ligand-gated ion channels so FAST?
· It's because the receptors are often located in the excitable tissues of nerve and muscle
· All that needs to happen is for a ligand to bind to the gate and open it, then we get ions pouring in and a change in the membrane potential, and BANG stuff happens
· Understand Figure 6.14, pg. 182
 

Novel Signal Molecules

· Calcium is an important intracellular signal
· What are the 2 sources from which calcium can enter the cytosol?
· It can come from outside via voltage-gated Ca channels, or ligand-gated/mechanically-gated channels
· Also it is stored in intracellular compartments such as the ENDOPLASMIC RETICULUM, where its release can be induced by molecules such as the AFOREMENTIONED IP3
· What are the 5 things that calcium entry into a cell can cause?
· It can bind to the protein calmodulin which will alter enzyme activity or open ion channels
· It can bind to other proteins which will alter the physical arrangement of the cell in some way (i.e. for muscle contraction as you know)
· It can bind to regulatory proteins which will trigger exocytosis of secretory vesicles
· It can bind directly ion channels to open or close them
· If Ca enters a fertilized egg it will initiate development of the embryo
· Gases are ephemeral signal molecules
· Give me the 411 on nitric oxide.
· OK firstly its unique because it is a signal molecule that doesn't rely on receptors - instead it just DIFFUSES into the cell and starts doing its thing
· It is synthesized by nitric oxide synthase
· It acts as both a paracrine and autocrine (makes sense, because diffusion won't get you very far)
· Once it enters cells it activate guanylyl cyclase which makes cGMP, a second messenger
· Some lipids are important paracrines
· Explain what the arachidonic cascade is.
· See Figure 6.16, pg. 184
· Overall it is a cascade of reactions that form different kinds of eicosanoids, which are LIPID-DERIVED paracrines
· The first step is to synthesize arachidonic acid, which is the "parent molecule".  We synthesize it using the enzyme PHOSPHOLIPASE A2 from membrane phosphoplipids
· From there either arachidonic acid itself can act as the second messenger OR further molecules can be produced:
· Leukotrienes are made from the action of lipoxygenase on arachidonic acid…they play a significant role in asthma and anaphylaxis so we are trying to find ways to BLOCK its formation
· Prostanoids can also be made from arachidonic acid via the action of the enzyme CYCLOXYGENASE
· These include prostaglandins and thromboxanes, which affect things such as sleep, inflammation, pain, and fever
 

Modulation of Signal Pathways

· Receptors exhibit saturation, specificity, and competition
· Explain the concept demonstrated by the neurocrines norepinephrine and epinephrine.
· OK these two bad boys bind to a class of receptors called ADRENERGIC RECEPTORS.  The fact that adrenergic receptors bind to these two guys but not everyone else demonstrates SPECIFICITY.
· Also, since each single receptor can only bind one molecule of either neurocrine, they will each COMPETE for receptors - this demonstrates COMPETITION (weak, but you know what I mean)
· Explain what agonists and antagonists are?
· Alright well an agonist is a ligand that TURNS ON A RECEPTOR, and an antagonist is one that BLOCKS RECEPTOR ACTIVITY…so as you might imagine, they work AGAINST each other
· It's similar to competitive inhibition with enzymes - if a ligand is bound to a receptor that it isn't supposed to be bound to, it prevents the REAL ligand from binding to the receptor and doing its thing
· Explain the concept of the RECEPTOR ISOFORM, and why it is significant.
· See Figure 6.18, pg. 185
· OK the idea here is that a receptor can come in different forms, which do different things when the SAME signal molecule is bound to them
· For example, epinephrine binding to α adrenergic receptors on smooth muscle, the vessel will CONSTRICT but when binding to β adrenergic receptors on skeletal muscle the vessel DILATES
· Up and down regulation of receptors enables cells to modulate cellular response
· Explain the concept of up and down-regulation.
· OK the idea here is that cells can CONTROL how many receptors are at its surface - it can withdraw some using endocytosis and put out new ones using exocytosis
· This ability is important when (for example) a signal molecule is present in the body for a sustained period of time…do we REALLY want to be responding at maximum level for all that time?  If not, what we can do is take away some receptors from the cell surface so that our response to the SAME level of signal molecule is REDUCED
· The other way we can do this is by maintaining the same amount of receptors but decreasing their BINDING AFFINITY
· Also we can UP-REGULATE, which is when (for whatever reason) we want to be MORE SENSITIVE to the signal molecules which are present in the body
· Cells must be able to terminate signal pathways
· What are some ways in which cells terminate signal pathways?
· If it's a calcium signal, we can pump it out of the cell…
· If it was started by the binding of a ligand to a receptor, we can degrade the ligand while it's still in the extracellular space
· We can transport the ligand into other cells
· We can take in the entire receptor-ligand complex via endocytosis
· Many diseases and drugs target the proteins of signal transduction
· [Nothing for now…]
 

Homeostasis

· The development of the concept of homeostasis
· Remind me: what is the concept of homeostasis?
· It is the ability of the body to MAINTAIN a RELATIVELY STABLE internal environment
· Why "homeo" and not "homo"?
· Because the homeostatic values like BP, body temperature, heart rate, etc. are not EXACTLY the same all the time…but they are always in the same RANGE
· Why "dynamics" and not "static"?
· Because there are always little changes going on all the time with these variables!  Whereas "static" implies never-changing…
· Cannon's postulates describe regulated variables and physiological control systems
· What are Cannon's 4 postulates?  Discuss each.
· The role of the nervous system in preserving the "fitness" of the environment
· The concept of "tonic level" of activity (all this means is that stuff can be regulated "more or less" rather than "on or off"…think about the dilation of blood vessels for instance)
· The concept of antagonistic controls (we talked about this earlier…just that sometimes a hormone will increase some activity while another hormone will decrease it)
· The concept that chemical signals can have different effects in different tissues of the body
 

Control Pathways: Response and Feedback Loops

· Introduction
· What are the 3 components which are always a part of a homeostatic process?
· A stimulus or change in some regulated variable
· A cell or tissue that evaluates the stimulus and initiates a response
· Cells or tissues that actually carry out that response
· Homeostasis may be maintained by local or long-distance pathways
· What are the different ways that we can respond to changes?
· Local control: a relatively isolated change occurs in the vicinity of a cell or tissue and we get a paracrine/autocrine response
· Long-distance reflex control pathway: here an integrating center located AWAY from the affected cell or tissue receives information, evaluates it, then decides whether to send a chemical or electrical signal to initiate a response
· This happens via both the nervous system and the endocrine system
· Cytokines: as discussed earlier, these molecules work either locally or long distance and affect white blood cells, stress, inflammatory responses, etc.
· See Figure 6.21, pg. 190
· OK explain how reflex control works.
· See Figure 6.22, pg. 191
· OK there is a response loop and a feedback loop…
· The response loop has 3 primary components: input signal, integration of the signal, and an output signal.  If we get more detailed the information flow looks like this:
· Stimulus -> receptor -> afferent pathway -> integrating center -> efferent pathway -> effector -> response
· The only comment needed to be made here is that the integrating center compares the signal it gets with a SETPOINT, which is like an ideal value that the variable should be at…and then based on how it compares, it decides what to do and sends the appropriate command down the efferent pathway
· Explain the concept of a THRESHOLD for a receptor.
· This is just saying that a stimulus has to exceed a certain threshold before a sensory receptor will recognize it and initiate the feedback loop
· What are the different kinds of receptors?
· See Figure 6.23, pg. 192
· What are the different types of afferent pathways?
· Well, it all depends on where we need to go!  If the CNS is going to be the integrating center, then we will usually have an electrical and chemical signal carried by the nerve cell as our pathway
· But other times we have an ENDOCRINE REFLEX where the stimulus comes directly into the endocrine cell which is BOTH the sensor and the integrating center
· Where is the integrating center and what does it do?
· OK this is either the endocrine cell (in an endocrine reflex) or the CNS (for nervous reflexes)
· Its job is to receive the information then decide what to do with it…
· Sometimes this is as easy as comparing a value with a setpoint
· But other times we have to compare multiple signals from different sources and figure out what to do
· What are the different responses we can have for each reflex?
· Firstly there is the CELL or TISSUE response: this is very specific and cells do this on their own (i.e. epinephrine causes relaxation of smooth muscle cells)
· But also the SYSTEMIC response: this is what it means for the organism as a whole (we will see increased blood flow through the area)
· Response loops begin with a stimulus and end with a response
· Understand Figure 6.24, pg. 194
· Setpoints can be varied
· Talk about the variability of setpoints.
· There are tons of reasons why setpoints can be different from one person to the enxt!
· Sometimes it is genetic
· Sometime it is acclimatization: a person adapts naturally to an environment
· Or acclimation: the adaptation is induced artificially in the lab
· Feedback loops modulate the response loop
· Define a "feedback loop", then contrast a negative feedback loop with a positive one.
· See Figure 6.26, pg. 195
· OK a feedback loop is simply a situation where the response (remember, the last step in a reflex pathway) feeds back to the input side of the pathway
· A NEGATIVE feedback loop is HOMEOSTATIC in that it tries to keep the system at or near a setpoint…i.e. if we are below setpoint and so some action occurs to get us above, negative feedback will activate when we are about to go TOO FAR above and bring us back to within range
· A POSITIVE feedback loop is NOT homeostatic - the response REINFORCES the stimulus and is DE-STABILIZING
· Oxytocin release during childbirth is an example of this - the more of it that is released, the more the cervix stretches, which in turn causes more oxytocin release, etc.
· See Figure 6.27, pg. 196
· Feedforward control allows the body to anticipate change and maintain stability
· OK what is the idea here and how is it an "improvement" on feedback control?
· Well the one weakness there always was with feedback control is that it cannot prevent the INITIAL departure from homeostatic range…but feedforward control allows the body to ANTICIPATE upcoming conditions and start the response loop in anticipation of the change
· Biological rhythms result from changes in the setpoint
· What is a circadian rhythm and what is its adaptive significance?
· OK it is about how the setpoints for biological variable such as body temperature and heart rate VARY throughout the day!  That's why we may feel colder at night, or we burn more fat metabolically during the day
· The adaptive significance of this is that biological rhythms may be an anticipatory response to predicted environmental variables!  For example, circadian rhythms are cued to light and dark, and this is associated with our rest-awake cycles
· Control systems vary in their speed and specificity
· Can you list the sequences for the 3 different pathways in Figure 6.29, pg. 197?
· Simple endocrine reflex
· Simple neural reflex
· Complex neuroendocrine reflex
· What are the 5 factors we use to compare neural vs. endocrine reflexes, and how do they compare in each category?
· See Table 6.4, pg. 198
· Additional note on "duration of action":
· Neural reflexes are of shorter duration because the neurotransmitter is rapidly removed from the vicinity of the receptor by various mechanisms
· To get a sustained response, we have to send REPEATED signals through the nerve cell
· Endocrine reflexes take longer to start but they LAST LONGER
· Hence we control longer-term functions like metabolism and reproduction with these kinds of pathways
· Complex reflexes have several integrating centers
· Can you list the sequences for the FIVE different pathways in Figure 6.30, pg. 199?  Also can you list the items on Table 6.5, pg. 201?
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Chapter 7 - Introduction to the Endocrine System

 

Hormones

· Introduction
· What bodily processes fall mostly under hormonal control?
· Growth and development
· Metabolism
· Regulation of the internal environment (temperature, water balance, ions, etc.)
· Reproduction
· What are the 3 basic ways in which hormones act on their target cells?
· They control the rates of enzymatic reactions
· They control transport of ions or molecules across cell membranes
· They control gene expression and the synthesis of proteins
· Hormones have been known since ancient times
· How do we determine whether something is an endocrine gland?
· First we have to REMOVE the suspected gland and monitor the animal for abnormalities (anatomical, behavioral, etc.) - this is the same as inducing a state of HORMONE DEFICIENCY
· Next we do REPLACEMENT THERAPY, which is to put the gland back in and see if the abnormalities go away
· Then we implant the gland (or insert some of its extract) into a NORMAL animal and see if there are signs of HORMONE EXCESS
· Lastly we just isolate the ACTIVE INGREDIENT from the gland and test it again by injecting it into an animal as a PURIFIED SUBSTANCE
· Do you know your hormones from Figure 7.2, pg. 210-211?
· What makes a chemical a hormone?
· What are the 4 major characteristics of a hormone?  Discuss each.
· Hormones are secreted by a cell or group of cells
· Obviously the MAJOR source of hormones are going to be ENDOCRINE GLANDS
· But we know that members of the DIFFUSE ENDOCRINE SYSTEM (i.e. isolated endocrine cells), NEURONS (remember neurohormones?), and CYTOKINES (cells from the IMMUNE SYSTEM) also secrete hormones
· Hormones are secreted into the blood
· True, but even more generally we use the term ECTOHORMONE for signal molecules released to anywhere in the external environment of a cell
· One subclass of this is PHEROMONES, which are ectohormones that act on OTHER organisms of the same species
· Hormones are transported to a distant target
· This is a can of worms because it's HARD to prove sometimes that hormones go through the blood to a distant cell
· For the molecules where we suspect that this happens but are not sure, we call them "FACTORS" - i.e. growth factors
· Hormones exert their effect at very low concentrations
· Hormones act in the nanomolar (9) to picomolar (12) range!
· Hormones act by binding to receptors
· [Nothing for now…]
· Hormone action must be terminated
· How exactly does this termination process take place?
· Well if we're talking about hormones in the BLOOD…
· Usually we DEGRADE hormones in the bloodstream into INACTIVE METABOLITES using enzymes kept mostly in the liver and kidney
· And then we excrete these metabolites in the BILE or URINE
· Whereas if the hormone is bound to the target cell receptor…
· As discussed before, outside enzymes can degrade them…
· Or we can bring the receptor-hormone complex into the cell via endocytosis
 

The Classification of Hormones

· Introduction
· OK just quickly the basics: how have WE chosen to classify hormones?
· We do it based on CHEMICAL CLASSES:
· Peptide/protein hormones are composed of LINKED AMINO ACIDS
· Steroid hormones are DERIVED FROM CHOLESTEROL
· Amine hormone are all DERIVATIVES of a SINGLE TYPE of amino acid
· Do you know all the information in Table 7.1, pg. 214
· Most hormones are peptides or proteins
· Talk about how peptide hormones are made.
· It's just like the creation of any normal protein, except that there are different names at some of the stages…
· Just as usual we go from mRNA to tRNA to a peptide chain coming off the ribosome - this is called a PREPROHORMONE
· These bad boys carry one OR MORE copies of the final peptide hormone as well as a SIGNAL SEQUENCE that directs the protein into the lumen of the rough ER, where the next steps will take place
· It moves through the ER and into the Golgi apparatus, and during this time the signal sequence is REMOVED and we call it a PROHORMONE
· Then we package the prohormone into secretory vesicles along with PROTEOLYTIC ENZYMES that chop up the prohormone into ACTIVE HORMONE and other fragments - this process is called POST-TRANSLATIONAL MODIFICATION
· See Figure 7.3, pg. 215
· Then how do they get out?
· OK well remember that after being made they're stored in SECRETORY VESICLES.  They actually just hang out there until they are needed, at which time they are summoned to the membrane where they dump out their contents by calcium-dependent exocytosis
· How are peptide hormones transported in the blood?  What is their half-life like?
· Peptide hormones are WATER-SOLUBLE so they can travel through the blood easily
· The half-life is quite short (minutes) so if we want their effect to be continuous we have to secrete the hormone continuously
· What can we say about the cellular mechanism of action for peptide hormones?
· Well let's think: if they are water soluble then it must be LIPOPHOBIC, which means it cannot pass through the cell membrane, which means it must bind to receptors on the surface of the cell membrane
· And we know that these receptors often activate QUICK RESPONSES through SECOND MESSENGER SYSTEMS such as the activation of a protein/enzyme or the opening of an ion channel (as opposed to receptors in the cytoplasm or on the nucleus that are involved with gene activation and protein synthesis)
· See Figure 7.5, pg. 217
· Steroid hormones are derived from cholesterol
· What do all steroid hormones have in common, and where are they made?
· Firstly, steroid hormones all have SIMILAR CHEMICAL STRUCTURES because they are all derived from CHOLESTEROL
· There are only THREE places in the body where steroid hormones are made:
· The ADRENAL CORTEX (outer portion of the adrenal glands, on top of the kidneys)
· The GONADS produce sex steroid hormones such as estrogen, progesterone, adrogen
· The PLACENTA makes steroid hormones in PREGNANT WOMEN
· What feature do steroid hormones share with cytokines?
· OK remember how cytokines (check this!) are unique from hormones because (among other things) they are made ON DEMAND as opposed to being stored up for release as hormones are
· Now, steroid hormones SHARE this feature with cytokines because they are LIPOPHILIC!  So let's think: after they are made in the SMOOTH ENDOPLASMIC RETICULUM, nothing can stop them from diffusing through the membrane and into other cells!  That's why they are only made when needed
· Now what's up with steroid hormone transport in the blood?
· OK again their LIPOPHILICITY is an issue here because it means they CANNOT dissolve in the blood.  Therefore they must be CARRIED through the blood by PROTEIN CARRIER MOLECULES such as ALBUMIN
· These carriers protect the hormone from ENZYMATIC DEGRADATION and so their half-life is MUCH LONGER than peptide hormones - we're talking 60 to 90 minutes here
· Lastly, note that the steroid hormones must be UNBOUND from their carriers before they can enter their target cells
· Now again how about the cellular mechanism of action?
· Again we come back to the same principles: since it is lipophilic and enters the cell and binds to nucleic and cytosolic receptors, usually steroid hormones will have a GENOMIC effect, meaning that they will be activating transcription factors, causing synthesis of new proteins, etc.
· See Figure 7.7, pg. 218
· Amine hormones are derived from a single type of amino acid
· OK what are the types of amine hormones?
· See Figure 7.8, pg. 219
· Derived from TRYPTOPHAN:
· MELATONIN
· Derived from TYROSINE:
· The CATECHOLAMINES: dopamine, epinephrine, and norepinephrine
· The THYROID HORMONES: thyroxine (T4) and tri-iodothyronine (T3)
 

Control of Hormone Release

· Hormones can be classified by their reflex pathways
· What is the output signal with endocrine and neuroendocrine reflex pathways?
· A hormone or a neurohormone!
· What is the entire reflex pathway for the release of INSULIN?  Name each part specifically as well as what its general name is.
· See Figure 7.9, pg. 220
· The endocrine cell is the sensor in the simplest endocrine reflexes
· Explain the reflex pathway for parathyroid hormone.  What is this an example of?
· This is an example of a pathway where the endocrine cell is BOTH the sensor and the integrating center - in other words, it senses some condition and does something about it on its own, without needing to send that signal to some other part of the body
· Parathyroid endocrine cells monitor the level of Ca in the plasma…if it is low, the PTH will be released and it will cause target cells to secrete more Ca into the plasma
· See Figure 7.10, pg. 221
· Many endocrine reflexes involve the nervous system
· Explain that statement.
· It's just saying that sometimes reflex pathways involve both the nervous system and the endocrine system.  Like for example, some signal might get integrated by a neuron, which responds by secreting a hormone called a NEUROHORMONE!
· Neurohormones are secreted into the blood by neurons
· What are the 3 major groups of neurohormones?
· Catecholamines are made by modified neurons in the adrenal medulla
· Hypothalamic neurohormones secreted from the posterior pituitary
· Hypothalamic neurohormones that control hormone release from the anterior pituitary
· The pituitary gland is actually two fused glands
· Explain the different parts of Figure 7.11, pg. 221.
· First we have the HYPOTHALAMUS, which is at the top of the brain stem
· It is connected to the pituitary gland by the INFUNDIBULUM
· The pituitary gland is surrounded by SPHENOID BONE
· It is divided into:
· Anterior pituitary (near the front): this is a "true" endocrine gland derived from embryonic tissue that formed the roof of the mouth
· Posterior pituitary (at the back): this is just an extension of the NEURAL TISSUE of the brain, meaning that the hormones it releases (as we know from earlier) are NEUROHORMONES
· See Figure 7.11, pg. 221
· The posterior pituitary stores and releases two neurohormones
· Talk about the neurohormones associated with the posterior pituitary gland.  What are they?Where are they MADE?  What do they DO?
· OK the hormones are VASOPRESSIN and OXYTOCIN
· They are made in the HYPOTHALAMUS but transported down to the posterior pituitary where they await signals to be released
· Vasopressin regulates water balance in the body, and oxytocin controls the ejection of milk during breast-feeding and contractions of the uterus during labor and delivery
· See Figure 7.12, pg. 222
· The anterior pituitary secretes six hormones
· Reproduce Figure 7.13, pg. 223.
· What are general naming conventions for anterior pituitary hormones?
· "Tropic" hormones are hormones the anterior pituitary releases which cause the secretion of OTHER hormones (usually by the target organ of the tropic hormones)
· "Releasing" or "inhibiting" hormones are released by the HYPOTHALAMUS and they control the hormone-releasing actions of the ANTERIOR PITUITARY
· Feedback loops are different in the hypothalamic-pituitary pathway
· Explain why this is so.  Be sure to contrast short-loop negative feedback with long-loop negative feedback.
· OK the idea here is that unlike normal negative feedback loops, where the ULTIMATE RESPONSE serves as the feedback signal, the HORMONES THEMSELVES serve as the feedback signal
· That is, even if an intermediate hormone in a reflex pathway is not the ultimate result, it still controls its OWN secretion by affecting the organs which released the hormones which caused its release!
· SHORT-LOOP negative feedback is when a hormone secreted by the anterior pituitary talks to the hypothalamus and tells it to stop releasing the "releasing hormone" that caused its release from the AP
· LONG-LOOP negative feedback is when the hormone whose release was caused by the anterior pituitary hormone feeds back on either the AP or the hypothalamus
· See Figures 7.14 and 7.15, pg. 224
· The hypothalamic-hypophyseal portal system directs trophic hormone delivery
· What is a PORTAL SYSTEM and how is it used here?
· A portal system is a specialized region of the circulation consisting of two sets of capillaries directly connected by a set of blood vessels
· They are also found in the kidneys and digestive system
· The one in the brain, called the HYPOTHALAMIC-HYPOPHYSEAL PORTAL SYSTEM, is for transporting the hormones made by the hypothalamus to the anterior pituitary so it can regulate the release of its hormones
· Why are portal systems so good?
· Because they are FAST and do not use a lot of blood…this means that the hormone will stay CONCENTRATED and we don't need to use too much of it in order to get what we need done at the anterior pituitary
· Anterior pituitary hormones control growth, metabolism, and reproduction
· Just for fun: See Figure 7.17, pg. 226.  Do you understand it?
 

Hormone Interactions

· In synergism, the effect of interacting hormones is more than additive
· Explain the concept of synergism.  On a very high level, how might this happen in terms of a cellular mechanism?
· Synergism is when two hormones interact at their targets such that the combination of the two yields a result that is more than additive
· On a cellular level, this is linked to overlapping effects on second messenger systems
· Give an example.
· See Figure 7.18, pg. 227
· Glucagon, epinephrine, and cortisol ALL elevate blood glucose levels
· A permissive hormone allows another hormone to exert its full effect
· Explain this.
· This is when for whatever reason, a hormone cannot fully exert its effects unless a second hormone is present.
· Example.
· Reproductive hormones such as gonadotropins from the anterior pituitary do not work at full-strength unless thyroid hormone is also present
· Although note that thyroid hormone on its own does not do ANYTHING
· Antagonistic hormones have opposite effects
· Explain the concept.
· OK this is just saying that two molecules work against each other and diminish each other's effectiveness.
· What are some ways (mechanically speaking) that this could happen?
· As discussed in Chapter 6, perhaps they could compete for the same receptor
· Or they could just have opposite physiological effects (i.e. glucagon vs. insulin) - in which case they would not necessarily need to compete for the same receptor
 

Endocrine Pathologies

· Introduction
· What are the 3 basic patterns of endocrine pathology?
· Hormone excess
· Hormone deficiency
· Abnormal responsiveness of target tissues to a hormone
· Hypersecretion exaggerates a hormone's effects
· What are the possible reasons for hypersecretion?
· Tumors of endocrine glands can be out of control and make way too much hormone, which will cause an exaggeration of the hormone's effects
· Medical treatment with a hormone can cause an IATROGENIC (physician-induced) condition where the excess is created because we are purposely putting in more hormone
· What are the dangers of hypersecretion, specifically of the iatrogenic type?
· Because all that excess hormone will perform NEGATIVE FEEDBACK on the anterior pituitary and the adrenal cortex (let's say if the hormone cortisol is the hyper-secreted one) and they will produce very little or NO hormones at all
· If this condition persists, ATROPHY may occur and they may permanently lose the ability to produce their hormones
· Hyposecretion diminishes or eliminates a hormone's effects
· What is the most common cause of hyposecretion syndromes?
· Atrophy of the gland due to some disease process
· What happens in a reflex pathway if this occurs?  Use cortisol as an example.
· The body "doesn't know" that the gland is messed up so it will produce more of the hormone which is supposed to stimulate that gland to make the hypo-secreted hormone
· In the case of cortisol, if the adrenal cortex is damaged and cortisol is not being produced enough, we'll get elevated levels of CRH and ACTH (you should know what those are…)
· Receptor or second messenger problems cause abnormal tissue responsiveness
· Discuss some ways in which things can mess up even when there is a normal amount of hormone present.
· Down-regulation: this is when the target tissue REMOVES receptors from its membrane and thus becomes less responsive to the hormone
· It may have done this due to a previous situation where the hormone was present in excess
· Receptor and signal transduction abnormalities: there are different options here:
· Receptor mutation: if the receptor is just changed, then it won't be able to accept the hormone at all (TESTICULAR FEMINIZING SYNDROME is an example of this)
· Signal transduction pathway: there are many ways in which the signal transduction pathway which the hormone is supposed to activate can mess up…for example, in PSEUDOHYPOPARATHYROIDISM the G protein which is supposed to be activated by the receptor and start a pathway is defected and so the pathway never gets started
· Diagnosis of endocrine pathologies depends on the complexity of the reflex
· Distinguish between primary pathology and secondary pathology.
· Primary pathology is when the problem arises in the LAST endocrine gland in a reflex
· Secondary pathology is if the problem is one of the earlier glands which produce trophic hormones
· Understand Figure 7.20, pg. 230.
 

Hormone Evolution

· [Not covered for now…check the lecture notes to see if Vijayan covered it?]
 

 

Chapter 9

Monday, February 20, 2006

12:36 PM

 

Chapter 9 - The Central Nervous System

 

Emergent Properties of Neural Networks

· What is plasticity?
· It is the ability to change "circuit connections" of the brain and function in response to sensory input and past experience
· The brain is also able to add brand new neural connections
 

Evolution of Nervous Systems

· [Skipping for now…]
 

Anatomy of the Central Nervous System

· Introduction
· What does the vertebrate CNS consist of?  What is the basic anatomical pattern of all vertebrate CNS?
· It consists of the spinal cord and the brain
· The basic anatomical pattern of the CNS is that it is LAYERS OF NEURAL TISSUE surrounding a FLUID-FILLED CENTRAL CAVITY lined with epithelium
· The central nervous system develops from a hollow tube
· Talk about how the CNS develops starting from the early embryo.
· See Figures 9.2 and 9.3, pp. 287-288
· OK first we have the neural cells lying flat - this is called the NEURAL PLATE
· But then the sides of the plate start folding up and meeting in the midline so that a tube is formed, called the NEURAL TUBE
· After 4 weeks of development, the anterior part of the neural tube (i.e. the part where the HEAD is) starts to specialize into different parts of the brain: we can see the FOREBRAIN, MIDBRAIN, and HINDBRAIN, after which comes the SPINAL CORD
· After 6 weeks of development we can see SEVEN distinct structures:
· Cerebrum
· Diencephalon
· Midbrain
· Cerebellum
· Pons
· Medulla oblongata
· Spinal cord
· Also we see the development of the brain's hollow VENTRICLES, of which there are FOUR: 2 lateral (first and second), third, and fourth
· By birth, the cerebrum is the BIGGEST part of the brain and it surrounds the diencephalon, midbrain, and pons
· Only the cerebellum and medulla are visible!
· Can you identify all the parts of the developing brain from Figure 9.3, pg. 288?
· How do we say up, down, left, right in the head?  How about in the spinal cord?
· The central nervous system is divided into gray and white matter
· Just quickly, what is the difference between interneurons, sensory neurons, and efferent neurons?
· Interneurons are completely contained within the CNS
· Sensory neurons link peripheral receptors to the CNS
· Efferent neurons link the CNS to effectors
· What is the difference between gray and white matter?
· OK remember what a neuron is like: dendrites receive information, then we have the cell body, then a long axon ending in an axon terminal which then usually passes the signal along to the next dude
· GRAY MATTER consists of everything BESIDES that long myelinated axon: so we have cell bodies, dendrites, axon terminal, etc.
· A lot of the time we find gray matter grouped together in the CNS and we call them NUCLEI
· WHITE MATTER is mostly myelinated axons: it's white because the myelin sheaths surrounding the axons are white
· In the same way as gray matter, lots of times we find white matter all grouped together in the CNS - usually for the purpose of connecting different regions of the CNS…in any case when they are all together like this we call them TRACTS
· Bone and connective tissue support the central nervous system
· Can you recognize the different parts of the CNS as shown in Figure 9.4, pg. 289?
· What are the 4 main things that protect the CNS?  Why is protection necessary?
· The 4 main things are the CRANIUM, VERTEBRAL COLUMN, MENINGES, and EXTRACELLULAR FLUID
· Protection is necessary because nervous tissue has minimal extracellular matrix and thus is very vulnerable on its own
· Discuss the cranium.
· It's a bony skull which encases the brain
· Discuss the vertebral column.
· It's a stack of vertebrae (you can feel them in your back if you are skinny) separated by disks of CONNECTIVE TISSUE
· Nerves enter and leave the spinal cord by passing in between the vertebrae
· Discuss the meninges.
· Alright so we know from the cranium and vertebral column that the CNS is surrounded everywhere by bone.  The MENINGES are simply 3 layers of MEMBRANE that lie between the bones and the tissues of the CNS
· Their role is to stabilize the CNS and prevent it from banging against the hard bone and getting bruised
· Starting from the outside and working inwards, the membranes are:
· DURA MATER: veins which drain blood from the brain through vessels called SINUSES are associated with this guy
· ARACHNOID MEMBRANE: there is a SUB-ARACHNOID space between this guy and the pia mater
· PIA MATER: arteries supplying blood to the brain are connected to this guy
· Discuss the extracellular fluid.
· The cranium's volume is about 1.4 L and 1 L of that is the brain itself
· The rest is blood and cerebrospinal/interstitial fluid
· Interstitial fluid is inside the PIA MATER
· Cerebrospinal fluid is found in the VENTRICLES (do you know what those are?) and in the SUB-ARACHNOID SPACE (between the pia mater and the arachnoid membrane)
· The brain floats in cerebrospinal fluid
· OK now we're going to have to know what the VENTRICLES are.  What are they?
· See Figure 9.5, pg. 291
· They are hollow structures that exist in four parts: 2 lateral (first and second) ventricles are in the cerebrum area, and the third and fourth are in the brain stem area
· The fourth extends to the central canal that runs through the spinal cord
· What is the choroid plexus and what does it do?
· The choroid plexus is a region on the WALLS of the VENTRICLES that secretes CEREBROSPINAL FLUID
· The CSF it secretes flows through the CNS
· The choroid plexus additionally transports ions and nutrients from the BLOOD into the cerebrospinal fluid that it is releasing
· Talk about the flow pattern for the cerebrospinal fluid.
· OK first it goes into the ventricles…
· Then it goes into the sub-arachnoid space - and this is how/why it surrounds the brain and spinal cord
· It gets "recycled" because "old" CSF will get absorbed back into the bloodstream by ARACHNOID VILLI on the arachnoid membrane in the cranium
· This happens enough that the entire volume of CSF is replenished three times a day!
· What purposes does the CSF serve?
· Firstly it provides PHYSICAL protection:
· It makes the brain LIGHTER because it is actually FLOATING in the CSF
· It protects the brain because whenever the head is hit, all that fluid has to be compressed before the brain will actually hit something hard
· It also provides CHEMICAL protection:
· The CSF creates a CLOSELY REGULATED extracellular environment for the neurons in the CNS.  How is it closely regulated?
· Well firstly the choroid plexus is VERY SELECTIVE about what substances it puts into the CSF which in turn goes into the ventricles
· CSF is DIFFERENT than blood: the concentrations of the following ions are HIGHER than they are in blood: K, Ca, HCO3, H
· Also, since the CSF exchanges solutes with the interstitial fluid of the CNS, it can remove wastes that way
· The blood-brain barrier protects the brain from harmful substances in the blood
· OK firstly just give an overall picture of what the blood-brain barrier is.
· The concept of the blood-brain barrier is that there are measures in place so that substances CANNOT pass freely from the blood into the brain
· This is important because we don't want the brain to be affected by fluctuations in hormones, ions, etc. as well as we don't want it to be subjected to toxins
· How does the blood-brain barrier work?
· See Figure 9.6, pg. 292
· The idea here is that the capillaries of the brain have TIGHT JUNCTIONS between their cells that do NOT freely allow solutes to pass between them, unlike capillaries in other areas of the body where the junctions are LEAKY
· The junctions are tight because the FOOT PROCESSES of ASTROCYTES surround the capillaries and secrete PARACRINES that promote tight junction formation
· Recall that astrocytes are "glial cells in the CNS that contact both neurons and blood vessels"
· So what things CAN cross the barrier, then?
· Water-soluble substances CANNOT pass through the barrier unless they are transported on a CARRIER
· Lipid-soluble substances CAN, because they can go through cell membranes (but of course you knew that already)
· Special cases? (These are pretty cool)
· There are some parts of the brain that DO NOT have the blood-brain barrier.  This is because it is necessary for the brain cells in that area to be able to freely exchange substances with the blood stream
· For example, the posterior pituitary releases neurohormones that travel through the blood
· Also the VOMITING CENTER in the medulla oblongata because it wants to be able to monitor the blood for toxic substances…because if it sees any, it will initiate vomiting because we want these substances OUT!
· Nervous tissue has special metabolic requirements
· What's special about metabolism in the brain?
· The brain wants TONS of oxygen and glucose…
· So OXYGEN is allowed to freely pass the blood-brain barrier
· And there are CARRIERS to allow glucose to get across from the PLASMA (i.e. blood) to the INTERSTITIAL FLUID (the fluid which forms the brain's environment)
· Do you understand the difference between INTERSTITIAL FLUID and CEREBROSPINAL FLUID?
· Remember that interstitial fluid is just BETWEEN CELLS fluid, so in the brain's case it is THROUGHOUT the brain, amongst the neurons, etc.
· Whereas CEREBROSPINAL fluid is confined to the VENTRICLES and the SUB-ARACHNOID space, i.e. AROUND the brain
 

The Spinal Cord

· Introduction
· Talk about the organization of the spinal cord.
· See Figure 9.4, pg. 289
· There are FOUR regions of the spinal cord: (from top to bottom) CERVICAL, THORACIC, LUMBAR, and SACRAL
· Each region has multiple SEGMENTS
· Each segment has a BILATERAL PAIR of SPINAL NERVES
· Each NERVE has two branches called ROOTS: DORSAL ROOT (incoming sensory information) and VENTRAL ROOT (outgoing information)
· Talk more about the neural connections here.
· See Figure 9.7, pg. 294
· Alright firstly a cross-section will show that the core of the spinal cord is GRAY MATTER (remember what that is?) surrounded by WHITE MATTER
· Sensory fibers synapse with interneurons in the DORSAL part of the gray matter, known as the DORSAL HORNS
· Dorsal horns are divided into those for SOMATIC INFORMATION and VISCERAL INFORMATION (do you understand the difference between the two?)
· There are also VENTRAL HORNS in the gray matter and these contain the cell bodies of neurons which will be eventually sending to the MUSCLES and GLANDS
· There is also categorization here: SOMATIC MOTOR and AUTONOMIC nuclei
· How is the white matter organized?
· OK these are just like FIBER OPTIC cables…and they are arranged into COLUMNS or TRACTS of axons
· Ascending tracts carry SENSORY INFORMATION up the spinal cord to the brain
· Descending tracts carry (mostly) motor signals from the brain down the cord to the muscles
 

The Brain

· The brain has 6 major divisions
· OK let's review: what are the 6 major divisions of the brain present at birth?
· See Figure 9.9, pg. 296
· Cerebrum, diencephalon, midbrain, cerebellum, pons, and medulla oblongata
· The brain stem is the transition between spinal cord and midbrain
· What general comments can we make about the brain stem without going into its constituent parts?
· It has gray and white matter, and ascending/descending tracts
· There are nerves which connect to it just like there are for the spinal cord
· These include 11 of the 12 CRANIAL NERVES
· See Table 9.1, pg. 298
· It has the RETICULAR FORMATION, which is a diffuse collection of neurons that extends throughout the brain stem
· Can you name EVERYTHING in Figure 9.9, pg. 296?
· Including the items on the "Functions of the Brain" table?
· The brain stem consists of medulla, pons, and midbrain
· Talk about the medulla oblongata.
· It is at the BOTTOM of the brain stem, thus it connects the brain stem to the spinal cord
· It (of course) has ascending SOMATOSENSORY tracts and descending CORTICOSPINAL tracts in its white matter
· Can you figure out what the corticospinal tracts do based on their name?
· Most of the corticospinal tracts CROSS EACH OTHER in a region of the medulla called the PYRAMIDS - this is why the left side of the brain controls the right side of the body, etc.
· The cerebellum coordinates movement
· Why is the cerebellum known as the "little brain"?
· Because it contains most of the nerve cells in the brain!
· The diencephalon contains the centers for homeostasis
· Where is the diencephalon located and what does it consist of?
· See Figure 9.10, pg. 298
· It is located between the cerebrum and the brain stem (so like, at the TOP of the brain stem)
· It consists of the thalamus, hypothalamus (obviously UNDER the thalamus), anterior pituitary, and posterior pituitary
· The cerebrum is the site of higher brain functions
· What is the corpus callosum, and what is its role?
· See Figure 9.11, pg. 299
· It is a bunch of axons which connect the left hemisphere of the cerebrum to the right hemisphere
· Its job is to make sure the two hemispheres communicate and coordinate with each other properly
· What are the 4 lobes of the cerebrum called?
· Frontal, parietal, occipital, temporal
· What's up with the folding?
· The surface of the cerebrum has a furrowed walnut-like appearance with grooves
· This is because the cerebrum grows faster than the surrounding cranium during development, and so it has to fold back on itself to fit everything in there
· The cerebrum has distinct regions of gray and white matter
· What is the cerebral cortex?
· It is the OUTER LAYER of the cerebrum
· See Figure 9.11, pg. 299 - make sure you know where everything is on that diagram!
· How are the neurons in the cerebral cortex organized?
· They are in anatomically distinct columns (Chapter 10, right?) and horizontal layers
· Where else do we have gray matter in the cerebrum?
· Basal nuclei: this is for the control of movement
· Limbic system: this SURROUNDS the brain stem, which MAKES SENSE because it acts as a link between the higher cognitive functions (which we would find in the cerebrum) and the primitive emotional ones like fear (that we get in the brain stem)
· The major structures here are: CINGULATE GYRUS, AMYGDALA, HIPPOCAMPUS
· Chemical communication influences neural pathways
· What are the most common INHIBITORY neurotransmitters in the CNS?
· Gamma-aminobutyric acid (GABA) in the brain
· Glycine in the spinal cord
· They work by opening Cl channels which will hyperpolarize the neuron and prevent action potentials from firing (right?)
· How about the most common EXCITATORY neurotransmitters?
· Glutamate
 

If there is extra time…learn the INPUTS for the different parts of the brain…

 

Brain Function

· Introduction
· What makes the functions of the brain more complicated than just a single reflex?
· It can generate information and output signals IN THE ABSENCE of a stimulus/external input!
· Explain Dr. Larry Swanson's model for this behavior.
· See Figure 9.14, pg. 301
· There are THREE systems that influence output by the motor systems of the body:
· Sensory system (this is the reflexive system that we have studied so far)
· Cognitive system (this governs our VOLUNTARY movements)
· Behavioral state system (this controls unconscious stuff like sleep-wake cycles and other intrinsic behaviors)
· The cerebral cortex is organized into functional areas
· How do we organize the cerebral cortex?  What are the categories?
· We organize the cortex based on FUNCTION…i.e. what each part performs.  Thus the categories are:
· Sensory areas (here we receive information from sensory neurons)
· Motor areas (here we send out the commands to the muscles)
· Association areas (here we take information from a bunch of different areas and make sense of it)
· Completely label Figure 9.15, pg. 302.
· Explain what "cerebral lateralization/cerebral dominance" is.
· This is the idea that within each lobe of the brain (FRONTAL, PARIETAL, OCCIPITAL, TEMPORAL) the functions are not equally distributed in terms of the part of the lobe in the LEFT HEMISPHERE and the part in the RIGHT HEMISPHERE
· For example: language and verbal skills are usually on the left, and spatial skills on the right
· Completely label Figure 9.16, pg. 303.
· Sensory information is integrated in the spinal cord and brain
· Talk about spinal reflexes.
· Some reflexes are integrated in the SPINAL CORD, which means that the brain doesn't even make the decision about what to do…nerves in the SPINAL CORD do that
· However, when this stuff happens, the brain still gets a SENSORY signal so that we actually know what happened
· Where in the brain does the different sensory information go?  (Although you should know this from your learning of the diagrams…)
· CEREBELLUM: information about muscle and joint position and movement
· CEREBRAL CORTEX: sensory information - peripheral receptors, sense organ, etc.
· Name the 5 SENSORY "sub" cortexes, what they do, and where they are.
· Primary somatic sensory cortex (aka SOMATOSENSORY CORTEX) is in the PARIETAL LOBE and is the termination point for pathways from the SKIN, MUSCULOSKELETAL SYSTEM, and VISCERA
· Thus this cortex gets information about touch, temperature, pain, itch, and body position
· VISUAL CORTEX in the OCCIPITAL LOBE gets information from the eyes
· AUDITORY CORTEX in the TEMPORAL LOBE gets information from the ears
· OLFACTORY CORTEX in the temporal lobe gets input from the nose
· GUSTATORY CORTEX on the edge of the frontal lobe gets sensory information from TASTE BUDS
· Sensory information is processed into perception
· Define perception.  How does it work in terms of neural pathways?
· Perception is the brain's interpretation of sensory stimuli
· In terms of neural pathways, perception is all about what the ASSOCIATION AREAS decide to do with the stimuli which the sensory areas have received, because they have to integrate information from multiple senses
· Thus neural pathways extend from sensory areas to association areas
· The motor system governs output from the central nervous system
· What are the THREE major types of motor output signals from the brain?
· SKELETAL MUSCLE MOVEMENT is controlled by the somatic motor division
· NEUROENDOCINE SIGNALS (mostly from the adrenal medulla and the hypothalamus)
· (Do you remember which hormones come out from these places?)
· VISCERAL RESPONSES so like smooth muscle, cardiac muscle, endocrine/exocrine glands, etc.
· What is the difference between "viscera" and "somatic"?
· Viscera is relating to INTERNAL ORGANS
· Somatic is relating to OUTSIDE STUFF
· What are the big players involved in VOLUNTARY MOVEMENTS?  Talk about input and output for these guys.
· The PRIMARY MOTOR CORTEX and the MOTOR ASSOCIATION AREA, both in the frontal lobes of the cerebrum
· INPUT: from the sensory areas, cerebellum, basal ganglia
· OUTPUT: via long output neurons called PYRAMIDAL cells that go through the brain stem to the spinal cord
· ALSO to the BASAL GANGLIA and lower brain regions
· Now what's the deal with NON-VOLUNTARY responses such as neuroendocrine and visceral responses?
· OK this all happens in the SUB-CORTICAL part of the brain - so think HYPOTHALAMUS and MEDULLA
· You should know from some Figure what these guys are responsible for!
· The behavioral state system modulates motor output
· Where are the NEURONS involved in the behavioral state system?
· A lot of them are actually OUTSIDE THE CEREBRAL CORTEX - instead in places like the RETICULAR FORMATION in the brain stem, the HYPOTHALAMUS, and the LIMBIC SYSTEM
· What is the diffuse modulatory system?
· This is a system that is part of the behavioral state system
· They originate in the reticular formation
· They influence things like attention, motivation, wakefulness, memory, motor control, mood, and metabolic homeostasis
· Do you know Table 9.4, pg. 306?
· The reticular activating system influences states of arousal
· OK what's up with the reticular activating system?
· It is a DIFFUSE COLLECTION OF NEURONS within the reticular formation
· It plays an essential role in keeping the body awake
· Explain the procedure of electroencephalography and how it relates to sleep.
· OK this is when we put electrodes on the scalp and detect DEPOLARIZATIONS in the cortical neurons (i.e. neurons of the CEREBRAL CORTEX) in the surrounding region
· The wave patterns produced by EEG when we are AWAKE are all messed up and totally random - probably because the signals coming up to the cerebral cortex from the RETICULAR ACTIVATING SYSTEM are causing some havoc
· But when we are sleeping or in a coma, the waves become more REGULAR
· As the state of arousal lessens, the frequency of the waves DECREASES
· Why?  Because "the more synchronous the firing of cortical neurons, the larger the amplitude of the waves"
· And why does the firing become more synchronous when the arousal state lessens?  Because we get less "interference" from the reticular activating system!
· See Figure 9.20, pg. 306
· Physiological functions exhibit Circadian rhythms
· Explain the mechanistics of a Circadian rhythm.
· OK well firstly the "clock" resides in the SUPRACHIASMATIC NUCLEUS of the hypothalamus
· Some think that the clock works because there are genes that code for proteins…then the proteins accumulate and turn off the genes (NEGATIVE FEDBACK!) and then eventually die themselves…and the cycle begins again…
· How does it relate to physiological function?
· The idea is that physiological functions such as our body temperature, cortisol secretion, etc. is on a DAILY CYCLE as well…and it usually corresponds with our sleep-wake cycle
· Why do we sleep?
· Define SLEEP.
· Sleep is an easily reversible state of inactivity characterized by lack of interaction with the external environment
· Active or passive state?
· Before we thought that sleep was the ABSENCE OF STIMULI to the brain…
· But now we know this is not true - we see that there is neuronal activity in the ascending tracts from the brain stem to the cortex during sleep
· And also we see that the brain consumes just as much if not MORE oxygen when it is sleeping!
· Talk about the different phases of sleep
· REM (rapid eye movement) sleep: here the waves are similar to an awake person - they are rapid low-amplitude
· The brain inhibits motor neurons to skeletal muscles, which paralyzes them (except for the eyes and breathing)
· Control of homeostatic functions is depressed
· Non-REM (slow wave aka DEEP) sleep: here we have DELTA WAVES on the EEG, which are low-frequency waves of long duration
· Sleepers adjust body position without conscious commands from the brain
· What makes us sleepy?
· People think there are SLEEP-INDUCING factors…and curiously many of them seem to also enhance the IMMUNE RESPONSE…so people think that sleep is necessary to maintain the immune system!
· What's up with sleep disorders?
· Insomnia: can't sleep or can't sleep long enough to awake refreshed
· Sleep apnea: sleepers awake because their airway muscles relax to the point of obstructing normal breathing
· Emotion and motivation are complex neural pathways
· Talk through Figure 9.21, pg. 308.  What links are there between the different parts of the brain in terms of how emotion is created?
· Note that the AMYGDALA is the most important part of the limbic system in terms of creating EMOTION
· How might we define motivation?
· It is INTERNAL SIGNALS that shape VOLUNTARY BEHAVIORS
· i.e. Eating, drinking, curiosity, sex, etc.
· Talk about DRIVES.
· Some motivational states are known as drives
· They have THREE properties in common:
· They create an increased state of CNS arousal/alertness
· They create goal-oriented behavior
· They are capable of coordinating disparate behaviors to achieve that goal
· How does motivation relate to autonomic/endocrine responses?
· Well this is not surprising because the hypothalamus is involved!
· For example if we eat popcorn, it will trigger a motivated behavior (we're thirsty so we want to drink) and an endocrine response (kidneys will hold more water in)
· How is pleasure related to this whole deal?
· It is a MOTIVATIONAL STATE that can lead to addictive behaviors
· It is accompanied by increased activity of the neurotransmitter DOPAMINE in certain parts of the brain
· Moods are long-lasting emotional states
· Define moods.
· They are similar to emotions but are longer-lasting, relatively stable subjective feelings related to a sense of well-being
· How do they relate to the CNS?
· Because depression and other moods appear to result from ABNORMAL NEUROTRANSMITTER RELEASE or reception!
· So we can fix this by using different drugs:
· The older TRICYCLIC ANTIDEPRESSANTS work by blocking the re-uptake of norepinephrine into the presynaptic neuron which extends the active life of the neurotransmitter
· The newer SELECTIVE SEROTONIN REUPTAKE INHIBTIORS do the same thing but for serotonin
· Learning and memory change synaptic connections in the brain
· [Nothing for now…]
· Learning is the acquisition of knowledge
· Discuss the two types of learning.
· ASSOCIATIVE: this is when we learn to associate 2 stimuli with each other (think Pavlov)
· NON-ASSOCIATIVE: this is talking about imitative behaviors like learning a language
· For example HABITUATION: a decreased response to an irrelevant stimulus that is repeated over and over
· SENSITIZATION: the opposite of habituation - we learn to have an NEHANCED response to stimuli that need special attention
· Memory is the ability to retain and recall information
· What is memory?  What are the different kinds of memory?
· MEMORY is the ability to retain and recall information
· There are several different kinds:
· Short-term vs. Long-term
· Reflexive (automatic) vs. Declarative (explicit)
· Where in the brain are the different kinds of memory stored?
· Well first of all in general we say that memories are stored throughout the cerebral cortex in pathways called MEMORY TRACES
· Declarative memories - temporal lobe
· Reflexive memories - amygdala, cerebellum
· Pictures - visual cortex
· Sounds - auditory cortex
· Talk about structures in the brain which are important for memory.
· The HIPPOCAMPUS is important for memory
· Define short-term memory, working memory, long-term memory, and consolidation.  And describe how they are related.
· See Figure 9.22, pg. 311
· Short-term memory: a limited store of information (only 7 to 12 pieces) that will disappear unless an effort such as repetition is made to make them more permanent
· Working memory: a special form of short-term memory that allows the brain to work with the information to make decisions
· Consolidation is when we convert short-term memory into long-term memory - studies show that during this process, SYNAPTIC CONNECTIONS CHANGE AND/OR ARE FORMED
· Long-term memory: there are TWO types of this and they are stored DIFFERENTLY in the brain
· See Table 9.5, pg. 312
· Reflexive (implicit) memory is AUOMATIC and does not require conscious processes for its creation or recall
· We acquire this type of memory through repetition (i.e. motor skills)
· This is also known as PROCEDURAL memory because it concerns how to do things
· Declarative (explicit) memory require CONSCIOUS ATTENTION for its recall
· It deals with knowledge about ourselves and the world around us that can be reported or described verbally
· Sometimes we can convert declarative memory to explicit memory (i.e. throwing a football properly -- muscle memory)
· What is the concept of "experiential processing"?
· It's just saying that memory is an INDIVIDUAL THING - we process information on the basis of our experiences and perception of the world - so everyone remembers things in their own way!
· Do you know what's up with LONG-TERM POTENTIATION?
· No -- see the PPT slide and read the text if necessary...
· Language is the most elaborate cognitive behavior
· What do we require brain-wise for language?
· We have to get sensory information (for hearing and vision purposes)
· Then we have to process it in various centers in the cerebral cortex
· Lastly we have to coordinate motor output for vocalization and writing
· What are the two main processes of speech?
· VOCALIZATION: can you combine different sounds to form words?
· Combination of words into grammatically correct and meaningful sentences
· Talk about the information flow for a) speaking a WRITTEN word and b) speaking a HEARD word
· See Figure 9.23, pg. 313
· Talk about the two different kinds of aphasia
· RECEPTIVE APHASIA: the person cannot understand sensory input, i.e. spoken or visual information
· This happens if the Wernicke's area of the brain is damaged (do you know where that is?)
· Of course the person's own speech is also screwed up because they can't understand their errors
· EXPRESSIVE APHASIA: we can understand spoken and written language but cannot express their response in normal syntax - like they would respond with words strung together which would be appropriate, but in the WRONG order
· This is from damage to Broca's area
· Personality is a combination of experience and inheritance
· [Nothing for now…]
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Chapter 10 - Sensory Physiology

 

Introduction

· What kind of senses will we be talking about here?
· We will be talking about the sensory stimuli that DO reach the conscious level of perception (not the stuff that is processed unconsciously)
· These include SPECIAL SENSES: vision, hearing, taste, smell, and equilibrium
· Also the SOMATIC SENSES: touch, temperature, pain, and proprioception (awareness of our body's movement and position in space)
 

General Properties of Sensory Systems

· Introduction
· What are the common properties of every sensory pathway?
· The properties common to every sensory pathway are that they begin with some stimulus which is converted into an intracellular signal (usually a change in membrane potential, i.e. an action potential) which goes off to the CNS (or sometimes doesn't even make it there because it is processed unconsciously)
· Receptors are sensitive to particular stimuli
· How can we classify the receptors in the sensory system?
· We can do it by COMPLEXITY: some are just a single sensory neuron with branched NAKED endings (these are somatosensory receptors), sometimes the endings are encased in conective tissue, and sometimes it is a non-neural receptor which sends an action potential to the neuron (think about the hairs in your ear, for instance)
· See Figure 10.1, page 323
· We can also classify them based on the type of stimulus to which they are the most responsive: 
· Chemoreceptors bind to chemical ligands
· Mechanoreceptors respond to mechanical energy like pressure, vibration, and acceleration
· Thermoreceptors respond to temperature
· Photoreceptors respond to light
· See Table 10.2, page 323
· The specificity of a receptor for a particular type of stimulus is called the  "Law of Specific Nerve Energies"
· Sensory transduction converts stimuli into graded potentials
· How do receptors convert diverse physical stimuli such as light or heat into electrical signals?
· The first step is transduction, which is the conversion of stimulus energy into information that can be processed by the nervous system - AS STATED BEFORE, this is usually means initiating an action potential
· Explain the concept of "adequate stimulus".
· This is the particular form of energy to which a given receptor is most responsive (i.e. the Law which we just discussed).  HOWEVER, sometimes a receptor can respond to different kinds of stimuli if they are strong enough - for example, a blow to the eye can cause us to "see stars"!
· And how about "threshold"?
· This is the minimum stimulus required to activate a receptor
· Explain how transduction works for somatosensory receptors vs. non-neural receptors.
· SOMATOSENSORY: the stimulus creates a GENERATOR POTENTIAL, which is similar to a graded potential in that the amplitude of the potential is controlled by the intensity of the stimulus - channels are opened, depolarization occurs, etc.
· NON-NEURAL: here the non-neural receptor secretes more neurotransmitters to the sensory neuron to which it is connected, and this gets the neuron going
· Each sensory neuron has a receptive field
· Explain the receptive field.
· OK the receptive field is about how each neuron has a "receptive field", which is the area in which it can detect a stimulus (think about the touch receptors on the skin, for example)
· But sometimes there are PRIMARY NEURONS with receptive fields close to each other, and then they all go back and converge on the SAME secondary sensory neuron - if this happens, the effective receptive field of that secondary neuron is the SUM of the 3 primary neurons' fields
· This phenomenon of CONVERGENCE allows multiple SUB-THRESHOLD stimuli to sum at the secondary sensory neuron and cause that action potential
· The two-point discrimination test measures how far apart on the skin we can prick TWO needles and have the body sense each of them individually
· See Figure 10.2, pg. 324
· The central nervous system integrates sensory information
· What is the pathway which sensory signals take when they get to the brain?
· See Figure 10.4, pg. 326
· Olfactory (smell) information go straight from the nose to the cerebrum, which is also responsible for memory and emotion - that is why smells can often evoke these things very quickly
· Other information goes to the THALAMUS first, which is like a relay/processing station which sends the signals to their proper destination:
· Visual information goes to the midbain
· Sound and taste information goes to the medulla oblongata 
· Balance and equilibrium information is processed primarily in the cerebellum
· Explain how we can modify the strength of signals even after they get to the CNS.
· Well first of all we have the PERCEPTUAL THRESHOLD, which is just like the threshold discussed earlier for sensory neurons in that it is a level which has to be passed in order for us to recognize the stimulus
· We also do INHIBITORY MODULATION, which is when we decrease a suprathreshold stimulus (one that is ABOVE the threshold) until it is UNDER the threshold.  We usually do this when we don't really want to be paying attention to the stimulus, like if we zone out during a lecture for example
· Coding and processing distinguish stimulus modality, location, intensity, and duration
· What are the 4 properties of a stimulus that the CNS must be able to distinguish?  Why is it necessary that it be able to do this?
· Properties: nature/modality of stimulus, location, intensity, and duration
· This is necessary so that the CNS can distinguish a pinprick in the hand from a temperature increase in the foot, for example
· Discuss sensory modality.
· OK this is easy - we just ask ourselves which part of the brain did this sensory pathway end in?  i.e. Heat receptors always end in a certain part of the brain, so any signal interpreted from them is going to be temperature-related
· Further we have LABELED LINE CODING, where we know EXACTLY what a stimulus from a certain sensory pathway means.  i.e. Not only do we know it is temperature related, we know that it means we touched something COLD
· Discuss location of the stimulus.
· OK again this is all about where in the cerebrum the nerves end.  And it's organized in a logical fashion: input form adjacent sensory receptors is processed in adjacent columns of the cortex
· One exception to this rule is with auditory stimulation.  When the ear hears a sound, we don't get different receptors activated based on where the sound is coming from.  Instead, we look at which ear the sound hit first, and how long before it hit the other ear…
· Also there is lateral inhibition, which is when we have a pinprick on the skin for example - then more than one primary sensory neurons will be activated right?  But then when the signal gets passed to the SECONDARY sensory neurons, the one which was the closest to the location of the prick will SUPPRESS the signals from the secondary neurons around it which were further from the location of the prick - this allows our brain to distinguish even BETTER the location of stimulus
· This is an example of POPULATION CODING, which is when multiple receptors function together to send the CNS more information than a single receptor could
· Discuss intensity of the stimulus.
· Firstly remember that a SINGLE sensory neuron can't tell us about the intensity of a stimulus because action potentials are all-or-none!  Instead we use a type of POPULATION CODING and FREQUENCY CODING to tell us about the intensity:
· Population coding happens because not all receptors have the same threshold for the stimulus!  Which means that a stimulus of given intensity will stimulate certain receptors but not others!  So the brain can look at which receptors are stimulated to figure out how intense some stimulus is
· Frequency coding is all about the frequency of the action potentials going down the sensory neuron.  The more intense the stimulus, the more intense the GENERATOR POTENTIAL will be (remember that?).  And a more intense generator potential means more FREQUENT action potentials
· See Figure 10.7, pg. 329
· Discuss duration of the stimulus.  How does adaptation apply here?
· It's pretty basic here too - the longer a stimulus persists, the longer period of time that action potentials will be sent down the neuron
· As far as adaptation goes, the idea is that sometimes if we are exposed to a stimulus for a long enough period of time, we begin to not notice it anymore!  And this is because of something that receptors do:
· TONIC RECEPTORS do NOT undergo adaptation - they will continue transmitting signals to the CNS as long as a stimulus is present
· As expected, the receptors that do this are usually those where it's NECESSARY to know what's going on all the time…for example proprioceptors
· PHASIC RECEPTORS are receptors that DO undergo adaptation - if the stimulus reaches some steady state and stops changing, it will eventually just ignore the stimulus
· And of course, the receptors which do this are those where the stimulus isn't really crucial to homeostasis…like SMELL
· How does adaptation work?
· See Figure 10.8, pg. 329
· Sometimes K+ channels open in the receptor membrane and re-polarize it (this will of course neutralize a generator potential, because remember generator/action potentials are all about DE-polarizing the membrane)
· Also sometimes the accessory structures do stuff to reduce the amount of stimulus that gets to us - for instance the muscles in our ear contract to reduce the vibration we feel that causes us to hear sound
 

Somatic Senses

· Pathways for somatic perception project to the somatosensory cortex and cerebellum
· Again really quick: what is the order of information flow for SOMATIC senses?
· The receptor gets activated, then an action potential in the primary sensory neuron which goes to the CNS, then onto the secondary sensory neuron, then to the hypothalamus where we synapse onto tertiary sensory neurons which go to different places in the somatosensory region of the cerebral cortex (also sometimes go to the cerebellum to help with balance and movement)
· Note also that the place at which different sensory pathways cross the MIDLINE of the body is different according to which pathway we are talking about
· See Figure 10.9, pg. 330
· What IS the somatosensory cortex anyways?
· It is the part of the brain that recognizes where ascending sensory tracts originate (do you remember why it is important to have this information?) 
· Each tract has its own region in the cortex, and often it is organized by body part - i.e. there's a "column" of neurons which are for pressure receptors in the left hand, and then right beside it the next "column" are for temperature receptors ALSO in the left hand
· Interestingly (and perhaps logically), the more sensitive a given group of receptors is, the larger its region in the somatosensory cortex will be
· And even cooler, if we use certain receptors MORE, the corresponding cortex area will be BIGGER…so the brain is demonstrating PLASTICITY (think about how blind people are really good at feeling Braille, for instance)
· See Figure 10.10, pg. 331
· Touch receptors respond to many different stimuli
· What kind of touch receptors are there, and what do they respond to?
· Free nerve endings: various touch and pressure stimuli (these things would wrap around the base of a hair, for example)
· Meissner's corpuscle: flutter and stroking movements
· Pacinian corpuscle: vibration
· Ruffini corpuscle: skin stretch
· Merkel receptors: steady pressure, texture
· See Figure 10.11, pg. 332
· Talk more about the Pacinian corpuscle.
· The deal with this guy is that it is one of the largest receptors in the body, and so it's easy to study
· It is nerve endings encapsulated in layers of connective tissue…and when there are vibrations, their energy is transferred through the tissue and it opens ion channels in the nerve endings, and then off we go with a generator (?) potential
· They are PHASIC receptors…do you remember what the significance of this is?
· Temperature receptors are free nerve endings
· Tell me about temperature receptors.
· These guys are also free nerve endings (just like SOME of the touch receptors), and they terminate in the subcutaneous layers of the skin
· There are more cold receptors (detect temperatures lower than body temperature) than warm receptors (temperatures from 37 oC to 45 oC)
· After 45 oC, we start getting PAIN RECEPTORS firing
· Temperature receptors will ADAPT to temperatures between 20 and 40 oC, but after that they DON'T adapt anymore because those temperatures are dangerous!  So we don't want to adapt to it and stop noticing it
· Nociceptors initiate protective responses
· OK what do nociceptors respond to?
· They respond to "NOXIOUS" stimuli (chemical, mechanical, or thermal) which can cause TISSUE DAMAGE
· They are free nerve endings (again) that respond to those stimuli with the help of cell membrane proteins
· For example, "vanilloid receptors" are cell membrane proteins that respond to damaging heat as well as capsaicin (chemical from hot chili peppers)
· Talk about the prevalent theory for nociceptor activation.
· The theory is that the receptors "find out" about the mechanical/chemical stimuli through the release of local chemicals - that is, stuff like K+, histamine, prostaglandin, serotonin, and "substance P" get released and activate nociceptors
· And then what happens?  What do the nociceptors do next?
· Well always we have a PRIMARY SENSORY NEURON which terminates in the DORSAL HORN of the spinal cord
· But as far as where it goes from there, again it's the division between the conscious and the unconscious:
· One pathway is integrated at the level of the spinal cord - these are REFLEXIVE, PROTECTIVE responses
· For this we would synapse the primary sensory neuron onto interneurons for local circuits
· The general class of reflexes which occur this way is called "spinal reflexes"
· The other pathway goes all the way to the cortex and becomes conscious sensation (pain or itch)
· Here we synapse onto secondary sensory neurons which project to the brain
· Pain and itching are mediated by nociceptors
· Talk about how nociceptors allow us to feel itch.
· Well the idea is that different types of primary sensory fibers are used to send different kinds of signals to the brain
· For itching, a fiber called "C fiber" is activated by histamine and other stimuli, causing us to feel itch
· Now talk about pain.  Talk about the different fibers first of all…
· OK there are two different kinds of fibers for two different kinds of pain:
· FAST pain (sharp and localized) is transmitted to the CNS by small, myelinated A-delta fibers
· SLOW pain (duller and more diffuse) is carried on small, UNMYELINATED C fibers
· What parts of the brain are going to be receiving these pain signals?  Where do the pain fibers cross the midline?
· The ascending pathways cross the midline in the SPINAL CORD
· The thalamus and sensory areas of the cortex receive pain input
· But ALSO we get the limbic system and hypothalamus getting messages - that's why pain can induce emotional distress, sweating, etc.
· Talk about the different theories for how we MODULATE pain.
· See Figure 10.12, pg. 334
· One way is where DESCENDING pathways travel through the THALAMUS and inhibit nociceptor neurons in the spinal cord
· Also we can block the stimuli in the DORSAL HORN of the spinal cord, before the signals even get sent up the spinal tracts
· The idea here is that we have tonically active interneurons which inhibit the ascending pathways for pain…so THIS IS THE STEADY STATE…this is why if we're just chilling out, we don't feel any pain at all
· HOWEVER, when a painful stimulus arrives, those C fibers a) excite the path that the C fibers are blocking and b) BLOCK the tonic inhibition, and that is why we feel pain
· A third theory is the GATE CONTROL THEORY of pain modulation: this is when A-beta fibers that carry sensory information of mechanical stimuli help to block pain transmission - in a sense, they reinforce the efforts of the tonic inhibitors and so even when the C fibers are firing, the pain felt is lessened
· The classic example of this is rubbing a bumped elbow - some of the pain is felt less!
· Explain the concept of "referred pain".
· Sometimes we'll have cardiac ischemia (lack of adequate blood flow to the heart) but we feel it in the neck and down the left shoulder and arm.  This is because multiple primary sensory neurons converge onto a single ascending tract
· And the brain cannot distinguish somatic pain (arm, shoulder, etc.) from visceral pain (the heart, in this case) and so we feel heart attacks in places other than the heart
· See Figure 10.13, pg. 335
· How do we handle chronic pain using our knowledge of pain pathways?
· The "milder" analgesic drugs like ASPIRIN inhibit prostaglandin and slow the transmission of pain signals from the site of injury
· The stronger drugs like MORPHINE are OPIATE drugs because they act on opioid receptors in the brain which respond to molecules such as enkephalins, dynoprhin, endorphins, etc.
 

Chemoreception: Smell and Taste

· Introduction
· OK remember that we have SPECIAL senses (smell, taste, hearing, equilibrium, and vision) which are DISTINCT from "somatic" senses
· And within the special senses there is "chemoreception", which in humans is broken down into SMELL and TASTE
· Olfaction is one of the oldest senses
· Talk about information flow in the olfactory system.
· OK first we have olfactory cells, which are our PRIMARY SENSORY NEURONS
· They synapse with secondary sensory neurons in a region called the OLFACTORY BULB
· Then from the bulb we get the secondary sensory neurons projecting through the FIRST CRANIAL NERVE to the OLFACTORY CORTEX
· Note (as mentioned before) that we don’t go through the THALAMUS
· Note also that olfactory pathways go to the amygdala (emotion) and hippocampus (memory)
· Olfactory cells are neurons
· Can you describe the major anatomical aspects of the olfactory system?
· See Figure 10.14, pg. 337
· OK let's start with the aforementioned OLFACTORY CELLS.  These bad boys are concentrated in a 3 cm2 area high in the nasal cavity
· On one side the cells extend to the also aforementioned OLFACTORY BULB, and on the other side they go to the surface of the OLFACTORY EPITHELIUM where they will be receiving the smell stimuli
· At the surface of the olfactory epithelium, we have the knobby terminals of the olfactory cells…each knob has lots of NON-MOBILE CILIA attached to it which are going to detect our smell molecules
· Note also however that the cilia are embedded in a layer of mucus, and so any molecules of smell will have to dissolve in and penetrate the nucleus before they are able to be smelled
· Talk about odorant receptors.
· OK well once the odorant cell gets through the mucus layer, what it is actually binding to/interacting with is the ODORANT RECEPTOR
· These guys are G-protein/cAMP MEMBRANE PROTEINS which get depolarized, blah blah blah whenever it binds with its particular odorant
· So the idea is that there are MULTIPLE KINDS of receptors which correspond with different smells…so when an action potential gets fired from a certain receptor, we KNOW that it is a certain kind of smell
· Do you understand how this is an example of POPULATION CODING?
· Taste is a combination of five basic senses
· List the 5 different sensations of taste.  How are they related to bodily functions?
· Sweet, sour, salty, bitter, and umami
· Sour is associated with H+ ions, whose concentration is a BIG DEAL in our body
· In the same way, salty is associated with Na+ ions
· Sweet, bitter, and umami result from organic molecules
· Give an anatomical explanation for how we "detect" taste.
· See Figure 10.15, pg. 338
· Receptors for taste are located primarily on TASTE BUDS
· These things are composed of different kinds of cells: taste cells, support cells, and regenerative basal cells
· Taste cells are NON-NEURAL, POLARIZED, EPITHELIAL cells that are tucked into the epithelium so that only a tiny tip of it comes through the TASTE PORE
· One side of the taste cell (APICAL END) sticks out and has microvilli on it that increases surface area
· The other side (BASAL END) forms a synapse with the primary sensory neuron
· So when a substance gets tasted, first it dissolves in the saliva/mucus of the mouth, then it binds with an apical membrane protein which causes a CALCIUM SIGNAL - either calcium comes into the taste cell from outside or it is released from INTRA-CELLULR STORES
· Eventually we get action potentials which travel up neurons to the thalamus and eventually the GUSTATORY CORTEX
· When everything gets to the brain, the brain compares the signals it is getting from different receptors and calculates the "overall" taste of something
· Explain the difference between how bitter/sweet/umami and salty/sour is tasted.
· See Figure 10.16, pg. 339
· For bitter/sweet/umami, we have ligands (the taste molecules) binding to G protein-linked receptors, which set off signal transduction pathways which involve Ca release and eventually the exocytosis of a neurotransmitter, which leads to action potentials
· For salty and sour, it's just ION CHANNELS!  No G-protein receptors needed.  Why?  Because remember that salty is just Na+ and sour is H+…therefore these ions can enter the cell, depolarize it, and set off the Ca release and neurotransmitter exocytosis that way…
 

The Ear: Hearing

· Introduction
· Discuss the anatomy of the ear.
· See Figure 10.17, pg. 340
· It is divided into the outer, middle, and inner ear:
· Outer:
· The PINNA directs sound waves into the ear
· The sound waves travel through the EAR CANAL which is sealed at the end by the TYMPANIC MEMBRANE (aka eardrum)
· Middle:
· Overall it is just an AIR-FILLED CAVITY that links up with the NASOPHARYNX through the EUSTACHIAN TUBE
· Usually the Eustachian tube is blocked but sometimes it is open so that the pressure from inside the ear can equilibrate with atmospheric pressure during things like yawning
· Inside this air-filled cavity we have THREE SMALL BONES: the malleus (hammer), incus (anvil), and satpes (stirrup)
· These bones are all attached by "HINGES" - and the malleus is connected to the tympanic membrane and the stapes is attached to the membrane which separates the middle ear from the inner ear (this is how sound from the outside gets conducted through this inner portion!)
· Inner:
· OK here there are TWO major sensory structures, each with a different purpose:
· VESTIBULAR APPARATUS: it is for our sense of equilibrium (more on this later)
· COCHLEA: it is like a coiled tube like a snail that lies within a bony cavity called the LABYRINTH
· It is separated from the middle ear by the OVAL WINDOW and ROUND WINDOW
· Hearing is our perception of sound
· What do we remember from physics that is important here?
· High vs. low sounds (i.e. pitch) correspond to high-frequency and low-frequency waves
· Soft vs. loud sounds correspond to the AMPLITUDE of the wave
· Sound transduction is a multi-step process
· What's the overall pathway for how hearing works?
· Air waves -> mechanical vibrations -> fluid waves -> chemical signals -> action potentials
· Go into a little more detail for each step.
· See Figure 10.19, pg. 342
· The sound waves travel through the ear canal and hit the tympanic membrane, which causes the three bones in the middle ear to vibrate in sequence
· The last bone in the sequence (STAPES) is attached to the OVAL WINDOW which is connected to the cochlea of the inner ear
· The cochlear has fluid in it and waves are created in this fluid which activate the SENSORY HAIR CELLS inside the cochlear as they move through
· The waves move through the entire cochlea and the vibration energy "exits" at the ROUND WINDOW, which goes back into the middle ear area
· The hair cells get stimulated and action potentials are fired in the primary sensory neurons which bring the signal to the brain, and off we go!
· The cochlea of the inner ear is filled with fluid
· Discuss the anatomy of the cochlea in more detail.
· There are 3 parallel "channels" which are filled with fluid: vestibular duct, cochlear duct (in the middle), and tympanic duct
· The vestibular and tympanic ducts are continuous (they meet at the tip of the cochlear at the opening known as the HELICOTREMA) and they contain fluid known as PERILYMPH
· The cochlear duct is filled with ENDOLYMPH
· The cochlear duct contains the ORGAN OF CORTI, which is where all the action happens:
· See Figure 10.20, pg. 344
· OK so the organ sits on the BASILAR MEMBRANE and is covered by the TECTORIAL MEMBRANE
· When fluid waves move through the cochlea, they displace these membranes and they cause the hair cells of the organ of Corti to move side to side
· See Figure 10.21, pg. 345
· The idea is that there are STEREOCILIA sticking out of the hair cells and they have "protein bridges" between them.  When the cilia bend/move around as waves pass by, these bridges are affected and they respond by opening ion channels to allow calcium release, action potentials, etc.
· Ultimately the signals get passed down the COCHLEAR NERVE
· Sounds are processed first in the cochlea
· Explain how we account for different PITCHES of sound.
· OK this is all about the BASILAR MEMBRANE (remember what that is?).  The parts of the membrane that are near the round and oval windows is STIFF AND NARROW, but it is wider and more flexible in the middle of the cochlea (the part furthest from the round/oval windows)
· And the higher-frequency waves create maximal displacement of the basilar membrane NEAR the windows, whereas the lower-frequency waves displace maximally at that distal end
· Thus by figuring out where the hair cells are sending the most action potentials, we can figure out the frequency of the waves and thus the pitch!  Pretty sick!
· How about loudness?
· OK this is a little more basic - it's just the amplitude of the wave, which will affect the FREQUENCY of the action potentials sent
· Auditory pathways project to the auditory cortex
· Talk about the nerve pathways that a signal will travel down from the Organ of Corti.
· The cochlear nerve becomes part of cranial nerve VIII (8), and that goes to the medulla oblongata, which goes to the midbrain, thalamus, and auditory cortex
· Secondary pathways go from the medulla oblongata to the reticular formation and cerebellum
· Note that sound information goes to BOTH HEMISPHERES of the brain after leaving the medulla oblongata (this is necessary because of the way that we calculate WHERE a sound is coming from)
· Hearing loss may result form mechanical or neural damage
· Discuss the 3 forms of hearing loss.
· Conductive hearing loss: sound can't get through the external or middle ear.  This could be as simple as ear wax plugging the ear canal to diseases which impede the vibration of one of the bones
· Sensorineural hearing loss: this is when the structures of the inner ear get damaged.  For example, hair cells can degenerate over time and cause presbycusis
· Central hearing loss: the neural pathway from the ear to the central cortex is damaged (this is the most rare)
 

The Ear: Equilibrium

· The vestibular apparatus is filled with endolymph
· Talk about the relevant anatomical structures here.
· See Figure 10.23, pg. 348
· OK there is something called the VESTIBULAR APPARATUS, which is at the end of the coiled cochlea
· The vestibular apparatus is made up of two sac-like OTOLITH ORGANS called the UTRICLE and the SACCULE which have three SEMI-CIRCULAR CANALS attached to them in a 3-plane configuration such that they form the corner of a 3-D box
· And at the end of each canal we have a chamber called an AMPULLA ("bottle") with something called a CUPULA inside it which stretches from floor to ceiling in the ampulla
· There are hair cells in here which are connected (and send signals) to the VESTIBULAR NERVE (part of cranial nerve VIII which was previously discussed)
· The utricle and saccule also have their own sensory receptors, which are called the MACULAE.  A macula is just a gelatinous mass called the OTOLITH MEMBRANE which has small crystals of calcium carbonate called OTOLITHS inside…underneath the membrane we have those hair cells that serve as our sensory receptors
· The vestibular apparatus provides information about movement and position in space
· Talk about the different kinds of movement that the structures of the vestibular apparatus can recognize.
· DYNAMIC component: this is our movement through SPACE
· The otolith organs do this - they tell us about linear acceleration
· STATIC component: this tells us if our head is displaced from its normal position
· The semi-circular canals do this: they tell us about rotational acceleration
· The semi-circular canals sense rotational acceleration
· OK so how do the semi-circular canals sense rotational acceleration?
· See Figure 10.24, pg. 349
· It's because as the head turns, the vestibular apparatus moves with it (of course) but the FLUID (more specifically ENDOLYMPH) inside moves more slowly and therefore the hair cells drag and this causes action potentials as we discussed previously
· The otolith organs sense linear acceleration and head position
· How do the otolith organs do their sensing?
· See Figure 10.25, pg. 349
· When the head moves around, gravity acts on those dense OTOLITHS and cases the maculae to bend in different directions which in turn cause the hair cells to bend and set off action potentials
· Equilibrium pathways project primarily to the cerebellum
· OK so we know that it's all about the vestibular nerve…but then where does that go?
· The neurons either synapse in the vestibular nuclei of the medulla OR go without synapsing to the cerebellum
· Most integration for equilibrium comes from the CEREBELLUM
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Chapter 21 - Digestion

 

Function and Processes of the Digestive System

· What is the gastrointestinal tract?
· It is a long tube whose function is to move nutrients, water, and electrolytes from the external to the internal environment
· Talk about ulcers.
· Part of the GI tract is the secretion of enzymes which can break down the different macronutrients in the food we eat
· But if the normal protection mechanisms we have to ensure that these enzymes don't eat US up FAIL…then we get raw patches called ULCERS on the walls of the GI tract
· Talk about input vs. output.  How is diarrhea related to this?
· Besides what we actually EAT…there's tons of input (7 L worth) INTO the GI tract: various exocrine glands and cells secrete digestive enzymes, mucus, water, etc.
· But unless we REABSORB all this stuff back INTO the rest of the body, we will DEHYDRATE
· What are the 4 basic processes of the digestive system?  Talk BRIEFLY about each.
· DIGESTION: chemical and mechanical breakdown of foods into smaller units that can be taken across the intestinal epithelium into the body
· ABSORPTION: the active or passive transfer of substances from the lumen of the GI tract to the extracellular fluid (ECF)
· MOTILITY: movement of material in the GI tract as a result of muscle contractions
· SECRETION: the transfer of water and ions from the ECF to the lumen, and the release of synthesized material by GI epithelial cells
· See Figure 21.2, pg. 660
· Which of these processes are regulated?  What is the significance of that?
· OK, like…ABSORPTION is NOT regulated - meaning that if a food is in the right place and it is in an absorbable form, it WILL BE absorbed - there is no selective absorption here
· MOTILITY is regulated - we can do things to control how FAST the food moves through the GI tract
· SECRETION is regulated - we can control how much enzyme (for example) we release and as a result, how much/how fast the food we eat is broken down
· What about "defense" and the GI tract?
· Since it has to deal with bacteria and viruses in the food that we eat or even just stuff in the environment (NOTE THAT the GI tract is considered to be a part of the body open to the environment), the GI tract has stuff to defend against it such as:
· Mucus, digestive enzymes, lymphoid tissue, acid, etc.
· Note in particular that over 80% of the body's lymphocytes are found in this lymphoid tissue (called the GUT-ASSOCIATED LYMPHOID TISSUE)
 

Anatomy of the Digestive System

· The Digestive System Consist of the GI Tract and Accessory Glandular Organs
· OK run through the GI tract - what structures would food encounter as it passes through?
· ORAL CAVITY: here we chew and secrete saliva
· Saliva is released by 3 pairs of salivary glands: sublingual, submandibular, and parotid
· ESOPHAGUS: this is a NARROW TUBE that takes us from the mouth to the stomach
· The top 2/3 of the tube is SKELETAL MUSCLE, but after that it becomes SMOOTH MUSCLE
· STOMACH: this is a bag-like organ that can hold 2-3 liters of food and fluid
· It has 3 sections: upper FUNDUS, central BODY, and lower ANTRUM
· Here we mix the food with acid and enzymes to make a mixture called CHYME
· At the end of the stomach, the PYLORIC VALVE aka PYLORUS opens into the small intestine
· This valve SLOWLY lets the chyme into the small intestine at a rate which will not overwhelm it)
· SMALL INTESTINE: also known as the lumen
· It also has 3 sections: duodenum (first 25 cm), jejunum, and ileum (the last two are 260 cm together)
· Here, most of the digestion happens…and it is mostly because of INTESTINAL ENZYMES and EXOCRINE SECRETIONS
· The exocrine secretions are from the PANCREAS and LIVER
· A sphincter called the SPHINCTER OF ODDI prevents pancreatic juice and bile (from the liver) from entering the lumen except after a meal
· LARGE INTESTINE: also known as the colon
· OK, enough absorption has happened by the time we get here that there is only 1.5 L of chyme
· The chyme gets converted into SEMISOLID FECES by the time it is done here
· RECTUM: this is the last section of the GI tract
· When feces come into here, the rectal wall is DISTENDED and the brain is notified that we are ready for defecation
· We leave this by going through the ANUS, which is another sphincter of skeletal muscle that is under voluntary control
· See and MEMORIZE ALL FIGURES on pg. 662-663
· Talk numbers now.
· In a LIVING PERSON, the length of GI tract is almost 15 feet long
· 13 of those feet is the large and small intestines!
· The GI Tract Wall has Four Layers
· What are the 4 layers of the GI tract wall?
· Inner mucosa, middle submucosa, outer muscularis externa (smooth muscle layers), serosa (connective tissue)
· Talk about the mucosa.  Can we break it down any further?
· Yes - we have:
· Single layer of epithelial cells
· Lamina propria: connective tissue that holds the epithelial layer in place
· Muscularis mucosae: thin layer of smooth muscle
· Talk about different things in the mucosa that increase its total surface area.
· FOLDS: the entire wall is crumpled into folds called RUGAE in the stomach and PLICAE in the small intestine (note nothing for colon)
· Now for the lumen/SI specifically:
· On top of these folds there are fingerlike extensions into the lumen called VILLI
· Each villi has more extensions called MICROVILLI (the microvilli together create the "brush border")
· INVAGINATIONS: there are tubes that are created by invaginations of the mucosal surface
· In the stomach, these are GASTRIC GLANDS (release gastric juice)
· In the lumen, these are called CRYPTS
· Also there are SUBMUCOSAL GLANDS
· Let's go into detail about those epithelial cells that are in direct contact with the lumen.  What kinds are there?
· Transporting epithelial cells: they move water and ions into the lumen, and absorb water and ions (again) as well as nutrients
· Secretory cells: these guys do a LOT.  On their apical surface (i.e. exposed to lumen) they secrete enzymes, mucus, and PARACRINES (hormones, remember!) and on their SEROSAL (side/bottom away from lumen) they secrete hormones/paracrines into the interstitial fluid
· GI stem cells: these are kept in the CRYPTS and GLANDS (you know what those are) and they become epithelial cells to replace the ones which die (every few days)
· Talk about how the cells of the epithelial layer are linked together (or not)
· It varies!  Sometimes the cell-cell junctions are TIGHT and nothing can get through
· Other times they are loose enough that a substance can get absorbed NOT by going through a cell, but by going through one of these junctions!
· It all really depends on what part of the GI tract we're talking about as well as (recently discovered) the person's NUTRITIONAL STATUS
· And how about the lamina propria?  What's the story there?
· Well we already know that this layer of CONNECTIVE TISSUE holds the epithelium together…but IN ADDITION, it has blood and lymph vessels that absorbed nutrients go through
· It also has immune cells - i.e. lymphoid cells
· And the muscularis mucosae?
· Well…it separates the mucosa from the submucosa obviously…
· But also it can CONTRACT since it's muscle!  And when it does so, it causes the villi to move back and forth like tentacles on a sea anemone
· OK now onto the submucosa.  What are we talking about here?
· Well it has lymph and blood vessels just like the lamina propria…except these ones are bigger!
· Also a NERVE NETWORK is found here called the submucosal plexus
· Muscularis externa?
· OK this is the OUTERMOST layer of the wall…and this is where the muscles are found that make PERISTALSIS happen
· There are TWO layers of smooth muscle: inner circular layer (DECREASES diameter of the lumen upon contraction) and LONGITUDINAL LAYER (shorterns the tube)
· The stomach actually even has a THIRD layer, called the oblique layer of muscle
· Between the two layers we have ANOTHER NERVE NETWORK, called the myenteric plexus
· Alright, last up: serosa?
· Again this is a connective tissue membrane
· It is a continuation of the ERITONEAL MEMBRANE that lines the abdominal cavity
 

Motility

· Introduction
· What are the 2 purposes for MOTILITY in the GI tract?
· Well obviously, one is to move food from the mouth to the anus
· But the other is to move and mix food around in such a way that it gets MASHED UP into SMALLER PARTICLES, which allow the enzymes to get at them better.  This is called MECHANICAL DIGESTION
· GI Smooth Muscle Contracts Spontaneously
· Talk about the different kinds of contraction in the GI tract.
· TONIC CONTRACTIONS: this is when the smooth muscle is contracted continuously for minutes or hours at a time
· Think about sphincters (i.e. anal)…or even also in the anterior portion of the stomach
· PHASIC CONTRACTIONS: just a few seconds each (think about peristalsis etc.)
· Discuss slow-wave potentials.  Why are they relevant here?
· Well the muscle contractions are CAUSED by depolarization/repolarization cycles called SLOW WAVE POTENTIALS
· Note that, as the title of the section implies, they are SPONTANEOUS
· They don't ALWAYS reach threshold…and when they don't, there is NO contraction
· However also note that contraction is GRADED by DURATION and MAGNITUDE based on how the depolarization as well
· GI Smooth Muscle Exhibits Different Patterns of Contraction
· OK talk about the different patterns.  Be sure to include the TIME-SENSITIVE nature of it.
· OK, well BETWEEN MEALS…we have the MIGRATING MOTOR COMPLEX
· These are like "housekeeping" stuff that slowly moves from the stomach to the large intestine to sweep away food remnants, bacteria, etc.
· But DURING A MEAL/RIGHT AFTER A MEAL there are 2 other patterns:
· See Figure 21.4, pg. 666
· Peristaltic contractions: OK this is like progressive waves of contraction that move from one section of the GI tract to another
· The idea is that they contract just behind a mass of food (let's call it a BOLUS) and when it contracts, the food is pushed forward into a part of the tract where the muscle is not contracted - this is called a RECEIVING SEGMENT
· Then the receiving segment contracts and we continue to move forward (this is why it's like a WAVE!)
· Segmental contractions: OK this is when we don't necessarily want to be moving food progressively forward, but we just churn intestinal contents back and forth so that they break up and also have lots of contact with the epithelium
· This is when short segments of the intestine contract and relax so as to push a bolus back and forth, almost
 

Secretion

· Introduction
· OK quick overview - give me numbers and sources.
· 9 liters pass through the average GI tract EACH DAY!
· Only 2 of these are orally ingested
· The other 7 come from within
· 3.5 of these are from ORGANS and GLANDS like the salivary glands, pancreas, liver
· The other 3.5 is from the EPITHELIAL CELLS of the DIGESTIVE TRACT itself!
· Reproduce Figure 21.5, pg. 667.  Do you know those numbers?
· Digestive Enzymes are Secreted into the Mouth, Stomach, and Intestine
· Talk to me baby.
· They are secreted either by EXOCRINE GLANDS (salivary glands/pancreas) or epithelial cells
· Sometimes they are secreted in an inactive form - in which case they are known as PROENZYMES or ZYMOGENS
· This is so that they do not eat up the cell that makes them…instead they can be stored and used later when needed
· Specialized Cells Secrete Mucus
· OK, well firstly what is mucus and what does it do?
· It is a VISCOUS SECRETION composed primarily of glycoproteins that are collectively called MUCINS
· The primary functions of mucus are to:
· Form a protective coating over the GI mucosa 
· Lubricate the contents of the gut
· Where is mucus secreted from?
· In the stomach we have MUCOUS CELLS
· In the intestine we have GOBLET CELLS
· The Digestive System Secretes Ions and Water
· So what ions are we talking about?  What happens to them?
· The ions include particularly Na, K, Cl, HCO3, and H
· They are secreted in the tract then reabsorbed later
· Their presence controls WATER, which goes in or out based on concentration gradients
 

Digestion and Absorption

· Introduction
· Know Table 21.1, pg. 668 COLD.
· Carbohydrates are Digested to Monosaccharides
· What is the primary complex carb we have to digest?  What about the other ones?
· STARCH is the primary complex carb we digest
· Cellulose isn't digested at all b/c we don't have the right enzyme
· Glycogen (mostly in MEAT…think about why) is usually degraded FOR US during cooking
· Know Figure 21.6, pg. 668.
· Proteins are Digested into Small Peptides and Amino Acids
· Randomness.  Go!
· Digestibility of proteins varies: plant protein is the LEAST digestible, egg protein is the MOST
· 30% to 60% of protein found in the lumen doesn't even come from ingested food but from dead cells getting sloughed off the epithelium (REMEMBER?!) and enzymes/mucus (b/c all enzymes are proteins!)
· What are the 2 broad groups of protein digestion enzymes?
· ENDOPEPTIDASES: they attack peptide bonds in the INTERIOR of the amino acid chain and make smaller peptide fragments from a long chain
· These guys get secreted as proenzymes (remember?)
· EXOPEPTIDASES: they release single amino acids from peptides by chopping them one at a time off the ends
· Know Figure 21.7, pg. 669.
· Fat Digestion is Assisted by Bile
· Why is bile necessary?  What does it do?
· Bile is necessary because it emulsifies fat and gets it out of its large clumpy form that is native due to the fact that it is not water-soluble
· What is the major fat-digesting enzyme?  What does it do?
· They are called LIPASES
· They remove 2 fatty acids from triglycerides, to form a monoglyceride and 2 free fatty acids
· Know Figure 21.8, pg. 669
· Nucleic Acids are Digested into Bases and Monosaccharides
· So what do they get digested into?
· Bases and monosaccharides
· How are they absorbed?
· Bases: active transport
· Monosaccharides: facilitated diffusion/secondary active transport
 

Regulation of GI Function

· Introduction
· What are the different control mechanisms we see in the GI tract?
· Classical neural reflexes, short reflexes integrated in the enteric nervous system, GI peptides
· Talk about classic neural reflexes.
· OK these are also called LONG REFLEXES…it's just the neural reflexes we know -- the ones that are INTEGRATED in the CNS
· They can have different sources:
· Some originate from the GI tract itself
· But others originate in a part of the brain called the CEPHALIC BRAIN…and we call these CEPHALIC REFLEXES…and there are multiple kinds of these as well:
· Feed-forward: if we see food and we start watering, etc.
· Emotional: "butterflies in the stomach", psychologically induced diarrhea, etc.
· See Figure 21.9, pg. 670
· Talk about "short reflexes"
· OK the idea here is that some reflexes DON'T have to go all the way back to the CNS in order to be integrated…they can be integrated in the ENTERIC NERVE PLEXUS which we discussed earlier (right?)
· Mostly the reflexes we are talking about here though are ones which control MOTILITY, SECRETION, AND GROWTH
· The submucosal nerve plexus contains sensory neurons that receive signals from the lumen and then control GI cells accordingly
· They also signal MYENTERIC MOTOR NEURONS to influence motility
· Talk about "GI peptides"
· The digestive tract also secretes PEPTIDES - so like, hormones, paracrines, etc.
· In general these guys take care of motility and secretion
· Motility: peristaltic activity, contraction of gallbladder for bile release, etc.
· Secretory: endocrine/exocrine functions, etc.
· Note however ALSO that GI peptides can influence the brain!
· See Figure 21.10, pg. 671
· The Enteric Nervous System is Known as the Little Brain
· (Just quickly) so what the deal?
· The idea here is that the ENS (enteric nervous system) can do stuff (i.e. a reflex) on its own, away from the CNS and it has a bunch of stuff that's similar
· Talk about some features that the two share…
· NEUROTRANSMITTERS/NEUROMODULATORS: the neurons of the ENS secrete more than 30 different kinds of NT's
· The most famous ones are: serotonin, vasoactive intestinal peptide (VIP), and nitric oxide
· SUPPORT CELLS: the support cells in the ENS are similar to the brain's astroglia
· DIFFUSION CELLS: the capillaries that surround ganglia in the enteric nervous system are not very permeable…hence they are similar to the BLOOD-BRAIN BARRIER!
· INTEGRATING CENTER: as the name suggests, it just means that reflexes that originate in the GI tract can be integrated and acted upon w/o neural signals leaving the ENS
· GI Peptides Include Hormones, Neurocrines, and Cytokines
· Know Table 21.2, pg. 672.
 

The Cephalic Phase

· Introduction
· Quick intro?  Set up the context.
· OK so as we were saying earlier, cephalic stuff is when our BRAIN does things that affect the GI tract
· For example: anticipating food, or the stimulus of food in the oral cavity (mouth) can get us going
· Then the MEDULLA OBLONGATA of the brain starts doing its business - send signals to the salivary glands, ENS, etc.
· See Figure 21.12, pg. 675
· Chemical and Mechanical Digestion Begins in the Mouth
· Reproduce Figure 21.11, pg. 674.  Know it COLD!
· What is in saliva?
· It is a dilute soultion of water, ions, and proteins such as mucins, lysozyme, and immunoglobulins
· What are the purposes of saliva?
· It lubricates food and makes it easier to swallow
· It dissolves food so that we can taste it
· Talk about how it is involved in digestion.
· It has a lot of SALIVARY AMYLASE (for starch)
· Must be activated by chloride ions, which are found in saliva
· And some lingual lipase (for fat)
· It works best in ACIDIC conditions so it doesn't do much NOW, but it STAYS with the food and really does its job when stuff gets into the stomach where things are more acidic
· Talk about how it is involved in PROTECTION.
· Saliva has LYSOZYMES -- an antibacterial enzyme
· And IMMUNOGLOBULINS -- proteins that disable bacteria and viruses
· And what's up with mechanical digestion?
· Well…there is CHEWING or MASTICATION in the mouth…and this is a MECHANIAL process that breaks down the food and allow it to be more easily swallowed
· Swallowing Moves Food from the Mouth to the Stomach
· Talk through the swallowing reflex.
· It is also known as DEGLUTITION…it is a reflex action that pushes a bolus of food or liquid into the esophagus
· The reflex begins when the bolus is pushed against the soft palate/back of mouth with the TONGUE
· Then the epiglottis folds over the opening of the larynx to prevent food/liqiuid from going into the airway
· Respiration also inhibited
· Upper esophageal sphincter opens to allow entrance of food into the esophagus
· Peristaltic contraction starts so that food gets pushed down
· Lower esophageal sphincter (in reality just an area of greater muscle tension) opens and allows the bolus to pass into stomach
· BAD THINGS can happen if the lower esophageal stays OPEN…i.e. gastric acid and pepsin can come up into the esophagus and irritate the lining
· The reason it comes up (apparently defying gravity) is that the walls of the esophagus expand when breathing, and this creates a pressure difference between it and the stomach that will SUCK UP the stomach contents
· Know Figure 21.13, pg. 675 COLD.
 

The Gastric Phase

· Introduction
· Discuss the 3 general functions of the stomach.
· Storage - stores food and regulates how fast it goes into the small intestine
· Digestion - chemically and mechanically digests food into CHYME
· Protection - it protects the body by destroying many of the bacteria/other pathogens that we swallow with food
· The Stomach Stores Food
· Talk about overall differences in function between the upper and lower stomach.
· The UPPER stomach relaxes and just holds food
· We need to realize that this is a VERY IMPORTANT function because if the stomach could not HOLD food and prevent it from all going through the rest of the GI tract at once, we would be IN TROUBLE because the small intestine can only digest/absorb so fast
· We would get tons of food passing through the system unabsorbed and diarrhea would be RAMPANT
· The LOWER part of the stomach ACTIVELY does stuff though, such as PERISTALSIS which pushes down food, mixing it with digestive enzymes/acid…this ultimately results in the formation of CHYME
· Also with each contraction, a bit of chyme goes through the pyloric valve
· Explain how digestion in the stomach occurs.
· It is accomplished by ENZYMES and HYDROCHLORIC ACID:
· Gastric acid (HCl) kills bacteria/micro-organisms and denatures proteins
· Pepsin is a PROTEASE that carries out the initial digestion of proteins
· Gastric lipase begins fat digestion along with lingual lipase
· Carbohydrate breakdown started by the SALIVARY AMYLASE in the mouth continues until amylase is exposed to gastric acid and thus inactivated
· Talk about the different cells in the stomach which secrete material…and what do they secrete?
· Parietal cells
· They release H+ and Cl- into the stomach to make HCl, but they have to use ATP to do so since they are going against a major pH gradient
· See Figure 21.14, pg. 677
· They also release a protein called INTRINSIC FACTOR into the stomach, which complexes with vitamin B12 and is essential for B12 absorption in the intestine
· So if intrinsic factor is messed up, we get pernicious anemia (diminished red blood cell count) because B12 is necessary for this process
· Chief cells
· These guys secrete the inactive enzyme PEPSINOGEN, which becomes active pepsin due to H+ in the stomach
· D cells
· They secrete somatostatin (more on this paracrine later…)
· Enterochromaffin-like (ECL) cells
· They secrete histamine
· G cells
· They secrete GASTRIN
· Mucous cells
· They secrete mucus and bicarbonate -- which create a barrier that prevent the stomach from digesting itself (AUTO-DIGESTION)
· Mucus forms a PHYSICAL barrier
· Bicarbonate forms CHEMICAL BUFFER barrier (neutralizes acid)
· Know Figure 21.17, pg. 678
· The Stomach Balances Digestion and Protection
· [Not done; didn't seem to be covered in lecture]
 

The Intestinal Phase

· Introduction
· Talk about the neural/hormonal reflex pathways that we see in the small intestine.
· Presence of acidic chyme -> release of secretin -> inhibit acid production/gastric emptying in the stomach (all 346 stuff) -> stimulate pancreatic HCO3- to neutralize acid
· Fats in meal -> cholecystokinin released -> slows gastric motility and acid secretion
· Carbs in meal -> GIP released -> inhibit gastric acid secretion
· Hyperosmotic solution in intestine caused by mixture of acid/enzymes/digested food -> osmoreceptors in intestine wall inihibit gastric emptying
· See Figure 21.18, pg. 681
· Most Digestion and Absorption Occurs in the Intestine
· What organs secrete stuff as the chyme moves through the small intestine?
· Intestinal epithelium
· Exocrine portion of pancreas
· Liver
· And what gets released?
· Pancreas releases bicarbonate to neutralize acidic chyme and prevent damage to the intestinal mucosa (didn't we just say this…)
· Pancreas/intestinal epithelium secrete fluid containing enzymes for digestion of pro/cho/fat
· Liver adds bile to help with fat digestion
· Explain the hepatic portal system.
· See Figure 21.19, pg. 680
· (HLTH 346…)
 

Immune Functions of the GI Tract

· [Not covered in class, it seems]
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Chapter 19 - The Kidneys

 

Functions of the Kidneys

· Discuss the 6 general functions of the kidneys.
· Regulation of extracellular fluid volume
· So basically, it controls how much extracellular fluid volume there is in the body - if we need less, then it will excrete more through the urine
· This is particularly important for blood pressure - because the volume of blood is affected by the volume of extracellular fluid
· Therefore, when ECF volume decreases and blood decreases with it, blood pressure also decreases, which is big trouble
· Regulation of osmolarity
· Here the kidney works with behavioral drives like thirst to make sure that the blood osmolarity stays in an acceptable range
· Maintenance of ion balance
· We need to make sure that we keep the concentration of certain ions within a good range
· Na is the most important, followed by K and Ca
· Homeostatic regulation of pH
· The kidney is involved in maintaining the pH of plasma
· If it is too acidic, the kidneys remove H+ and keep HCO3-
· If it is too basic, the kidneys remove HCO3- and keep H+
· Excretion of wastes and foreign substances
· There are TWO different kinds of wastes here:
· By-products of metabolism (such as urea)
· Foreign substances (drugs, toxins, etc.) (such as the drink sweetener saccharin)
· Production of hormones
· The kidneys are NOT endocrine glands…however they are still involved with hormones:
· They produce erythropoietein, which controls RBC synthesis
· They release renin, which affects the production of hormones for sodium balance and blood pressure homeostasis
· Renal enzymes help convert Vitamin D3 into a hormone that regulates Ca balance
· Why are kidney donations so common?
· Because they have a huge RESERVE CAPACITY, which means that even if you lose 3/4 of your kidney function, homeostasis is still fine
· That's why donation of kidneys is so easy
· Know ALL Figures on pg. 600, 601
 

Anatomy of the Urinary System

· The Urinary System consists of Kidneys, Bladder, and Urethra
· Walk through the kidney.
· OK first, water and solutes from the plasma move into NEPHRONS, which are like hollow tubes that make the bulk of the kidneys
· As it passes through the nephrons, certain things are filtered out and BACK INTO the body's circulatory system - thus the COMPOSITION of the fluid is changed
· The fluid leaves the kidney and goes into another hollow tube, called the ureter
· There are TWO of these - one each from each kidney to a common urinary bladder
· The bladder fills with urine and expands…and when the body tells it to, it CONTRACTS and the urine is expelled through a single tube called the urethra
· Talk about location/positioning of the kidney.
· They lie on either side of the spine, just above the waist
· They are considered to be OUTSIDE the abdominal cavity, below the diaphragm
· They are sandwiched between the membrane peritoneum (lines abdomen) and the bones and muscles of the back
· How about blood flow issues?
· Renal arteries branch from the AORTA to supply the kidneys with blood
· Renal veins carry blood from the kidneys back to the inferior vena cava
· The kidneys receive 20-25% of TOTAL cardiac output…that's how important the blood system is to it!
· The Nephron is the Functional Unit of the Kidney
· How are the nephrons arranged in a kidney?
· They are arranged into 2 layers: an outer CORTEX and an inner MEDULLA
· Most nephrons are in the cortex (cortical nephrons), others in the medulla (juxtamedullary nephrons)
· How many nephrons are in each kidney?
· 1 million EACH kidney!
· Discuss the vascular elements of the nephron.
· OK so we're talking blood here, then: we go renal artery -> smaller arteries -> arterioles in the cortex of the kidney
· Then we have a PORTAL SYSTEM (one of 3 in the body): recall that a portal system is when 2 sets of capillaries are DIRECTLY connected by blood vessels
· The deal here is that the arteriole goes to the first set of capillaries (THIS IS WHERE FLUID FILTERS OUT OF THE BLOOD) and then to another arteriole, then ANOTHER set of capillaries (THIS IS WHERE FLUID RE-ENTERS THE BLOOD)
· Now let's be specific: we go from the AFFERENT ARTERIOLE into the first set of capillaries, which is called the GLOMERULUS - it is a ball-like network in the CORTEX of the kidney
· So this is where the fluid leaves the blood
· Then the blood goes into the EFFERENT ARTERIOLE to be brought to the second set of capillaries, which are the PERITUBULAR CAPILLARIES
· These capillaries SURROUND the tubules and don't necessarily stay in the cortex
· In particular, the VASA RECTA are long capillaries that dip into the medulla
· Then we're on our way back to the heart: we go capillaries -> venules -> small veins -> renal vein
· And what about the tubular elements?
· OK now we're talking about TUBES -> this is the stuff "attached" to the blood vessels which will absorb the substances from the blood
· The pathway is as follows:
· Bowman's capsule -> proximal tubule -> loop of Henle (descending then ascending limb) -> distal tubule -> collecting duct -> renal pelvis -> ureter
· Special notes:
· We consider the Bowman's capsule and the glomerulus which it surrounds to collectively be the RENAL CORPUSCLE
· The loop of Henle is "down", so it is in the medulla whereas the other players are in the cortex
· The distal tubule actually folds back so that it passes through the afferent and efferent arterioles…this allows PARACRINE COMMUNICATION between them, which helps to regulate the kidney
· The region where it is together with the arterioles is called the JUXTAGLOMERULAR APPARATUS
 

Overview of Kidney Function

· The 3 Processes of the Nephron are Filtration, Reabsorption, and Secretion
· What are the 3 basic processes that a nephron engages in?  Discuss each briefly.
· Filtration
· OK here the deal is that FLUID from blood is moving into the lumen of the nephron
· This ONLY HAPPENS in the previously-defined renal corpuscle
· Reabsorption
· Here we move filtered material from the lumen of the nephron back into the blood
· As intimated earlier, the capillaries which will be receiving this material are the PERITUBULAR CAPILLARIES
· Secretion
· This is like a subset of filtration - we're removing stuff from the blood to the lumen, but the difference is that secretion is much more SELECTIVE and usually uses membrane proteins to do the moving
· Volume and Osmolarity Change as Fluid Flows through the Nephron
· OK first off give me some numbers and a walk-through…
· 180 L of fluid PER DAY filters into Bowman's capsule
· It is almost identical in composition to plasma (i.e. isosmotic)
· 70% of the volume is reabsorbed in the PROXIMAL TUBULE
· The way it does this is by transporting solutes out of the lumen…water follows by osmosis so no need to do stuff there
· We call this the BULK REABSORPTION of ISOSMOTIC FLUID
· Bulk because there's a lot
· Isosmotic because it has the same osmolarity as the fluid inside the tubule still
· Another 20% of the fluid is gone as we go through the loop of Henle - so this brings us to 90%
· The thing here is that UNLIKE the proximal tubule, the loop of Henle removes PROPORTIONATELY MORE solute than water
· This means that we are no longer in a ISOSMOTIC situation - the water inside the tubule is now HYPOSMOTIC
· THE REST of the stuff happens as the filtrate goes into the distal tubule and collecting duct
· Here we do FINE REGULATION of salt and water balance…hormones are involved…
· Once the fluid leaves the collecting duct though, it's OVER…we can't change the composition anymore
· The amount of fluid per day COLLECTIVELY that gets to this stage is 1.5 L
· What equation is useful to us in understanding this?
· Amount excreted = amount filtered - amount reabsorbed + amount secreted
· See Figure 19.2, pg. 603
· Let's review: what is secretion, and where can it happen?
· It is the SELECTIVE TRANSFER of substances from the BLOOD to the TUBULES
· It can happen in the proximal tubule, in the distal tubule, and the collecting duct
 

Filtration

· Introduction
· What do we get when we do filtration?  How is this different from where it came from?
· We basically get a filtrate whose composition is VERY SIMILAR (remember we talked about how they are isosmotic) to plasma
· The only exception is that the plasma proteins and blood cells stay in the plasma and do not come into the tubules
· The Renal Corpuscle Consists of the Glomerulus and Bowman's Capsule
· What are the 3 barriers that fluid goes through when it gets filtered in the renal corpuscle?
· Glomerular capillary endothelium, the basal lamina (basement membrane), and the epithelium of Bowman's capsule
· See Figure 19.4, pg. 605
· Talk about each.
· Capillary endothelium
· OK so here we're thinking about how the stuff gets out of the capillaries first!
· The answer is that the capillaries in the glomerulus (called GLOMERULAR CAPILLARIES) are FENESTRATED CAPILLARIES, which means that they have large pores that allow most components of plasma to filter out
· However they are not big enough for blood cells, and they are negatively charged so they reject negatively charged proteins
· BONUS INFO: there are cells called mesangial cells that lie around the glomerular capillaries and contract around them to control blood flow
· Also they secrete cytokines as part of the immune/inflammatory control process - and thus a lot of kidney diseases come from them
· Basal lamina
· This is the "middle layer" between the capillary and Bowman's capsule epitheliums
· It has negatively-charged glycoproteins and a collagen-like material that acts like a SIEVE and rejects even more plasma proteins
· Epithelium of Bowman's capsule
· OK firstly the epithelium is called podocytes…
· And the podocytes have extensions that are WRAPPED AROUND the capillaries
· Narrow slits called FILTRATION SLITS are left unwrapped, and the stuff filters through here
· What is filtration fraction?
· It is the percentage of TOTAL plasma volume that gets filtered into the nephrons
· Usually this is only around 20%...i.e. 80% of the plasma that flows through the kidney is NOT filtered
· Why is this necessary?  It's because if ALL the fluid drained out, a bunch of blood cells and plasma proteins would be left and they wouldn't be able to move because there would be nothing to carry them along
· See Figure 19.5, pg. 606
· Filtration Occurs Because of Hydrostatic Pressure in the Capillaries
· What are the forces that influence glomerular filtration?
· Hydrostatic pressure of blood
· This forces fluid through the leaky endothelium because the pressure in the capillaries exceeds the opposing pressures
· This applies along the ENTIRE LENGTH of the capillaries even though it gradually decreases
· This pressure averages 55 mm Hg
· Colloid osmotic pressure
· This is higher than the fluid in Bowman's capsule because of the plasma…this FAVORS fluid movement back into the capillaries
· It averages 30 mm Hg (works against hydrostatic pressure of blood)
· Hydrostatic fluid pressure
· This is because Bowman's capsule is an enclosed space…and it, along with the colloid osmotic pressure, favors movement INTO the capillaries
· It averages 15 mm Hg
· So all in all, the net driving force FAVORS filtration into the Bowman's capsule, at 10 mm Hg force
· See Figure 19.6, pg. 607
· Glomerular Filtration rate Averages 180 Liters per day
· What is the glomerular filtration rate?
· It is the amount of fluid that filters into Bowman's capsule per unit time
· It is 180 L/day…which is AMAZING if you consider that the total plasma volume is only 3 liters…this means that the entire plasma volume is filtered through the kidney 60 times a day!
· Discuss the 2 factors that affect the GFR.
· Net filtration pressure
· We just talked about this…obviously, the higher the pressure forcing fluid from the capillaries to the Bowman's capsule, the more filtration there will be
· Filtration coefficient
· This is another modifier that depends on:
· Surface area of glomerular capillaries available for filtration
· Permeability of the capillary-Bowman's capsule interface
· Blood Pressure and Renal Blood Flow Influence GFR
· Talk about how BP can influence GFR.
· It doesn't really…as long as we're between 80 and 180 mm Hg, GFR remains stable!
· How about renal blood flow?
· This is a different story: we regulate the blood flow through our renal arterioles and this can make a difference…
· If we increase resistance in an afferent arteriole, hydrostatic pressure DECREASES on the downstream side of the constriction and so we get a decrease in GFR
· Most regulation occurs here
· But if we increase resistance in the EFFERENT arteriole, blood "dams up" in front of the increased resistance and so we have an increase in hydrostatic pressure
· See Figure 19.8, pg. 608
· GFR is Subject to Autoregulation
· OK what's this all about?
· It's just about how the kidney can adjust itself to maintain a relatively constant GFR in the face of NORMAL FLUCTUATIONS in blood pressure
· It does this through the MYOGENIC RESPONSE and the TUBULOGLOMERULAR FEEDBACK
· Talk about the myogenic response.
· OK this is all about how smooth muscle in blood vessels (here we are talking about the arterioles specifically) deal with changes in blood pressure
· If it goes up, the vessels contract so as to INCREASE RESISTANCE to blood flow
· Decreased blood flow means decreased filtration pressure in the glomerulus
· If blood pressure goes down, the vessels dilate to let more of it through…but since the arterioles are already pretty relaxed, it actually doesn't help that much and the blood volume cannot be restored to original levels
· Hence if blood pressure goes too low, GFR will decrease…which is actually a good thing because that will help to limit fluid loss and thus conserve blood volume as much as possible
· Talk about tubuloglomerular feedback.
· OK this is actually pretty cool.  Remember how we talked about how the distal tubule "doubles back" and contacts the afferent and efferent arterioles?
· Well the part of the distal tube epithelium that touches them is called the MACULA DENSA, and the part of the arterioles it touches have special smooth muscle cells called JUXTRAGLOMERULAR CELLS
· Altogether we call this the juxtaglomerular apparatus
· Anyways, the cool thing is that when fluid flow through the distal tube is TOO MUCH and the GFR is thus also TOO MUCH…the macula densa sends a PARACRINE MESSAGE to the afferent arteriole which it is touching - and tells it to constrict and thus reduce GFR
· See Figure 19.9 and 19.10, pg. 609
· Hormones and Autonomic Neurons also Influence GFR
· Talk about some ways in which this works.
· Norepinephrine binds to smooth muscle to cause vasoconstriction and decrease blood flow and thus GFR
· This could happen as a result of hemorrhage or sever dehydration that causes decreased BP
· Hormones such as angiotensin II, prostaglandins, etc. can affect arteriolar resistance as well as the FILTRATION COEFFICIENT
· They change the coefficient by acting on podocytes to change the size of filtration slits (remember what they are?) or cause the mesangial cells (remember?) to contract and thus make less surface area for filtration
 

Reabsorption

· Introduction
· Talk again about where different stuff happens.
· Most reabsorption takes place in the proximal tubule
· Finely regulated absorption takes place in the distal segments of the nephron and allows the kidneys to return ions and water to the plasma SELECTIVELY, as needed to maintain homeostasis
· 99% of what filters is reabsorbed
· Why bother to filter 180 L/day and then reabsorb 99% of it?  Why not simply filter and excrete the 1% that needs to be eliminated?
· Firstly, many foreign substances are filtered into the nephron but not reabsorbed, so the high filtration rate helps clear such substances from the plasma very rapidly
· Secondly, filtering ions and water into the tubule simplifies their regulation
· Reabsorption may be Active or Passive
· What is transepithelial transport?
· It is when substances which are reabsorbed (THAT IS, MOVING FROM THE TUBULE LUMEN TO THE INTERSTITIAL FLUID) go through 2 epitheliums - the apical and basolateral membranes
· Why might active transport be needed here?
· It's because the fluid in the tubule cells have the SAME solute concentrations (at least initially) as the extracellular fluid…therefore we will not get facilitated/passive diffusion and we must use active transport)
· How does active transport of sodium work?
· OK first we have the plasma…then the filtrate which gets into the LUMEN of the proximal tubule…the Na+ composition of the plasma and the filtrate are pretty equal
· HOWEVER…there is MORE Na in the filtrate than there is in the CELLS that LINE the proximal tubule - i.e. the proximal tubule cells
· Thus the Na+ moves DOWN ITS GRADIENT into the cells, but once in the cells they are actively transported using Na-K-ATPase into the extracellular fluid on the other side
· Now how about other substances?
· OK well here we are talking about glucose, amino acids, ions, etc.
· The idea is that when glucose passively diffuses into the proximal tubule cells from the lumen, it goes out using a CO-TRANSPORTER which uses the energy of Na moving DOWN its concentration gradient to transport something like glucose AGAINST its concentration gradient
· This is on the APICAL side
· Then as we said earlier, Na exits on the other side with an Na-K-ATPase, while the glucose goes out using a facilitated transporter
· This is on the BASOLATERAL SIDE
· Other molecules follow the same pattern: apical symport protein and basolateral facilitated diffusion carrier
· How does it work for urea?
· Well, urea doesn't have an active transporter, but it will move if we can make a concentration gradient for it!
· The way we make a concentration gradient is because when all the other molecules move towards the ECF, water moves with them so as to remain isotonic on both sides
· However the loss of water in the lumen means that urea is now more concentrated there…so it, too, moves to the other side using the power of its gradient
· See Figure 19.13, pg. 611
· And how about the VERY FEW plasma proteins that get filtrated?
· They travel back through ENDOCYTOSIS since they are too big to fit through channels or on carriers
· Saturation of Renal Transport Plays an Important Role in Kidney Function
· Explain what saturation is, and why we have to worry about it in the kidneys.
· It is when we have enzymes that can only work at a certain speed because there are only so many of them
· When the concentration of substrate is BELOW the saturation level, then the speed is related to how much substrate there is
· BUT when the substrate is above or at the saturation level, speed is limited to a TRANSPORT MAXIMUM
· How does this work for diabetes?
· Diabetes is when we can't take up glucose from the blood…therefore there will be an EXCESSIVE AMOUNT of it in the blood and consequently also in the filtrate
· Since carriers are necessary to move it from the filtrate BACK INTO the bloodstream (i.e. reabsorbed), there is that saturation limit of how much glucose can be re-absorbed
· If there is too much glucose, the carriers will not be able to move it all by the time the fluid runs its course through the nephron and glucose will be excreted in the urine
· See Figures 19.14 and 19.5, pg. 612-613
· What is glycosuria/glucosuria?  What is the renal threshold?
· It is when glucose is excreted in the urine
· It is the plasma concentration of glucose at which glucose first appears in the urine
· Peritubular Capillary Pressures Favor Reabsorption
· Huh?
· Well it's just that unlike the glomerular capillaries (the first part of the renal portal system), the peritubular capillaries have a low hydrostatic pressure (10 mm Hg)
· That means that the favorable direction of movement of fluids is INTO these capillaries because the colloid osmotic pressure is still there…so it all works out fine :)
 

Secretion

· OK, what is secretion?  Give me a few quick shots.
· Secretion is the transfer of molecules from the extracellular fluid (NOTE: NOT CAPILLARIES) into the lumen of the nephron
· It enables the nephron to enhance the EXCRETION of a molecule - not only can the lumen receive the molecule through the circulation, but now also through secretion - and then it can excrete it as usual
· It is an active process (i.e. against [] gradients) and it depends on membrane transport systems
 

Excretion

· Introduction
· Why does examining the excretion rate of a substance not tell us anything about how the kidney handles the substance?
· Because the excretion rate depends on multiple things, and we wouldn't know which one:
· Filtration rate
· Whether the substance is reabsorbed or secreted as it passes through the nephron
· Clearance is a Non-Invasive Way to measure GFR
· What is "clearance"?
· It tell us how many mL of plasma passing through the kidneys have been TOTALLY cleared of some solute in a given period of time
· How does it work?
· See Figure 19.16, pg. 615
· We use inulin - it's a polysaccharide from plants which we cannot use, so ALL OF IT gets excreted and NONE of it is reabsorbed
· If we know the clearance for inulin, we can figure out what the GFR is - that is, the amount of plasma that gets filtered per minute
· We just have to take a timed test and see how much inulin comes out in the urine…since we know that 100% gets excreted and we know how long it takes a certain amount of it to be removed from the blood, we can figure out how much plasma is being filtrated in general
· How do we do this practically?
· We use creatinine, which occurs naturally in the body and plasma UNLIKE inulin
· Knowing the GFR Helps us Determine How the Kidney Handles a Solute / Clearance Can be Used to Determine Renal Handling of a Substance
· How does this work?
· Well it's simple…if we know how much plasma gets filtered per minute and we know what the concentration of a certain solute is in the plasma, we can figure out how much we SHOULD be seeing the urine
· If we see less, then some must of have gotten reabsorbed
· If we see more, there was some secretion going on
· And so on…
· See Figure 19.17, g. 617
· Make sure you understand the calculations here…
 

Micturition

· What is micturition?
· It is urination
· Talk about the bladder.
· See Figure 19.18, pg. 618
· It is a hollow sac that can expand to hold a volume of about 500 mL
· The neck of the bladder is continuous with the urethra - this is the tube through which the urine passes to reach the external environment
· The opening between the bladder and urethra is closed by 2 rings of muscle called sphincters:
· The internal sphincter is a continuation of the bladder wall and consists of smooth muscle…it is normally contracted
· The external sphincter is a ring of skeletal muscle controlled by somatic motor neurons
· It is also normally contracted
· What's up with micturition then?
· It is a simple spinal reflex that is subject to both conscious and unconscious control
· When the bladder fills, the walls expand and stretch receptors tell the brain that this is happening
· Then the parasympathetic neurons cause the muscle in the bladder to CONTRACT and put pressure on the contents (excitation)
· Whereas the external sphincter is INHIBITED
· The result is that the contracting walls of the bladder push the urine down, forcing open the internal sphincter which is now no long supported by the external sphincter
· And how about voluntary control?
· As people grow older, they are able to INHIBIT the micturition until the person consciously desires to urinate
· This is done by inhibiting the parasympathetic fibers and reinforcing contraction of the external sphincter
· This is added by sensory fibers in the bladder that signal the degree of fullness
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Chapter 20 - Fluid and Electrolyte Balance

 

Introduction

· When we talk about "fluid and electrolyte" balance, what are we really talking about?
· Basically it comes down to…sweat!  Water, Na, K, Cl ions…
· When we talk about maintaining homeostasis for these fluids, what exactly do we want to maintain?
· Volume, osmolarity, concentrations of individual ions, and pH of body fluids
 

Fluid and Electrolyte Homeostasis

· Introduction
· What is mass balance?  How do we maintain it?
· Mass balance is just keeping the AMOUNT of something in the body steady - so any gain must be offset by a loss, and vice versa
· We maintain it through various ways of GAINING:
· Behavioral drives such as thirst tell us to replace lost water
· Another behavior drive called SALT APPETITE leads people to seek and ingest salt
· We also maintain through LOSING:
· Through the kidneys (you should know how!) we can control water loss, remove ions, etc.
· The feces as well
· And even the lungs help to remove H and HCO3 when they expel CO2
· Talk about these ions.  Why are they so important?
· Water and Na affect ECF volume and osmolarity
· Disturbances in K balance can screw up muscle function by affecting the membrane potential
· Ca is involved in stuff like muscle contraction, bone formation, blood clotting, etc.
· H and HCO3 affect the pH of the body
· ECF Osmolarity Affects Cell Volume
· Explain.
· Well osmolarity directs the movement of water, and so if it is not right - water will either move into cells (swelling them) or out of cells (shrinking them), and this is a problem
· For example, when cell swell, ion channels in the membrane can OPEN, which will disrupt membrane potential and cell signaling…imagine how messed up things would be if this happened in the brain?
· Fluid and Electrolyte Balance Requires Integration Among Multiple Systems
· Talk about the relative SPEEDS with which the different systems of the body deal with fluid/electrolyte balance.
· Well…the lungs (breathing) and cardiovascular system (blood) are under NERVOUS control so when adjustments happen, it's FAST
· However if it is the kidneys, it happens more slowly because they are under endocrine/neuroendocrine control
· Reproduce and understand Figure 20.1, pg. 627
 

Water Balance and the Regulation of Urine Concentration

· Introduction
· How is water divided up within the body?
· Let's say if we have a 70 kg man, with 42 liters of water volume…
· 28 liters (2/3) are inside the cells
· 3 liters are in the plasma
· 11 liters are in the interstitial fluid
· Daily Water Intake and Excretion are Balanced
· Know Figure 20.2, pg. 628
· OK this is expounding on before.  What are some ways we can hydrate ourselves?
· Mostly through EATING/DRINKING (2 liters per day through food and drink)
· Also through CELLULAR RESPIRATION (remember how glucose + O2 <--> CO2 + H2O?)
· Intravenous (IV) injection, a medical procedure, puts the water directly into the plasma
· How about routes of water LOSS?
· Urine (1.5 L per day)
· Feces (100 mL is diluted in there, I guess)
· INSENSIBLE WATER LOSS - this is loss that we are NOT aware of…and it's stuff like evaporation from skin, breathing out humidified air, etc.
· Sweating (esp. when it is excessive)
· Diarrhea
· When water loss is PATHOLOGICAL (i.e. the result of an unnatural disease state), what problems does that create?
· Well firstly, ECF volume loss means less blood volume, which means less blood pressure
· Secondly, if the fluid we lose is HYPOSMOTIC to the body, the fluid left behind will become HYPEROSMOTIC, which can potentially screw up cell function
· The Kidneys Conserve Water
· Explain how the kidneys are like a mug with a hollow handle.
· See Figure 20.3 and commentary, pg. 628
· Urine Concentration is Determined in the Loop of Henle and Collecting Duct
· Explain how this works.
· See Figure 20.4, pg. 629
· Firstly, when the kidneys need to lose more or less water, they do it by varying the dilution level of the urine
· Removal of excess water in dilute urine is known as DIURESIS (that's where DIURETICS comes from)
· When we do this to the extreme, the urine can become 4 times as concentrated as normal (1200 mOsM vs. 300 mOsM)
· So the idea is that the kidney can vary urine concentration by allowing or disallowing solutes or water to leave the tubules…but they CAN ONLY DO THIS AT CERTAIN POINTS:
· First we go through the proximal tubule…here the loss is ISOSMOTIC, so we HAVE to lose water and solute in equal proportions (so we stay at 300 mOsM, on average)
· But when we lose solute in the ASCENDING LIMB of the loop of Henle, it is ONLY SOLUTE - water doesn't follow down the concentration gradient because the cells there are IMPERMEABLE to water - so now the lumen's fluid is HYPOSMOTIC (around 100 mOsM)
· And then we get into the distal segments of the nephron and THIS IS WHERE it gets variable - a little more solute gets absorbed here but the focus is really on WATER - if the collecting duct chooses to be permeable to water, we can lose it and become isosmotic or even hyperosmotic again
· But if it chooses to be IMPERMEABLE, then we're just going to get even MORE concentrated
· Vasopressin Regulates Urine Osmolarity
· So OK fine…we established that it's all about the collecting duct.  But how does it just ALTER its permeability, just like that?
· The process involves ADDING OR REMOVING water pores in the apical membrane under the direction of the posterior pituitary hormone vasopressin (aka anti-diuretic hormone -- think about why)
· This is a GRADED process - the more ADH, the more water pores there will be, and the more water will be reabsorbed, and the LESS water will be lost through the urine
· Explain how aquaporins play a role here.
· See Figure 20.6, pg. 631
· Aquaporins are (proteinaceous?) MEMBRANE CHANNELS which allow water to pass through a membrane
· 10 different types exist; the kidney has 6 of these
· Aquaporin-2 is the one regulated by ADH
· Basically the idea is the aquaporins are normally kept in CYTOPLASMIC VESICLES
· But when ADH comes and binds to the tubule cell, it activates a G-protein/cAMP second messenger system which phosphorylates some stuff and causes the VESICLES to move to the membrane and fuse with it
· Then exocytosis occurs and the water pores are inserted into the membrane…and VOILA!  The cell is permeable to water
· This is an example of MEMBRANE RECYCLING because as the levels of the ADH hormone vary, this component of the membrane is either inserted or withdrawn
· Changes in Blood Pressure and Osmolarity Trigger Water Balance Reflexes
· What stimuli control vasopressin secretion?
· ECF osmolarity
· Blood pressure
· Talk about (blood) osmolarity in this context.
· It is the MOST POTENT stimulus for vasopressin release
· It is monitored by OSMORECEPTORS, which are STRETCH receptors
· The primary ones are found in the hypothalamus - they stop firing when osmolarity goes under 280 mOsM (i.e. no more ADH, i.e. water will be conserved)
· However ADH/water reabsorption in the kidney cannot RESTORE lost fluid volume - all it can do is prevent further decreases
· How about other stimuli?
· Decreases in blood pressure and blood volume are less powerful stimuli for vasopressin release
· For volume, we use stretch-receptors in the atria
· For BP, we use baroreceptors in the carotid and aortic bodies
· Know Figure 20.7, pg. 632
· The Loop of Henle is a Countercurrent Multiplier
· What is the real REASON (not signaler -- REASON) for the ability of the kidney to produce highly concentrated urine?
· It is that the medullary interstitium (think about what that means…) has a HIGH osmolarity!  So the water can move down its [] gradient easily
· What is a "counter-current exchange system", and why is it necessary here?
· It is necessary because the interstitial fluid has to STAY hyperosmotic somehow - and this can't happen if it is always absorbing water from the tubules
· The idea is that we have arterial and venous blood vessels flowing VERY CLOSE to each other, so much so that the warm arterial blood can transfer HEAT to the cold venous blood
· In the KIDNEY…it is the SAME IDEA…but it's not heat, it's SOLUTE!
· Explain?
· Instead of losing HEAT to the external environment, we are losing SOLUTE to the interstitial fluid
· There is even ACTIVE TRANSPORT of solute in the ascending limb of the loop of Henle, which exacerbates the effect -- this is known as a counter-current multiplier
· Explain how the counter-current multiplier works.
· Well this is just a review of what we know about osmolarity in different parts of the kidney, right…(with a few more details)
· Firstly, the fluid goes from the proximal tubule to the DESCENDING limb of the loop of Henle
· During this time, we lose WATER but not IONS - meaning that the fluid in the TUBULES becomes HYPEROSMOTIC
· But then as we come up the ascending limb, the tubule comes impermeable to water but ACTIVELY TRANSPORTS the various ions out of the tubule into the interstital fluid
· The result?
· The interstitial fluid becomes HYPEROSMOTIC
· The fluid in the tubule as it moves from the loop of Henle into the distal tubule is HYPOSMOTIC
· OK HERE IS THE BIG PROBLEM.  We talked about how WATER leaves the tubule when we're on our way DOWN.  Why doesn't that water DILUTE THE INTERSTITIAL FLUID!?!?
· OK this is where all that counter-current crap comes in…it's because the loop of Henle is VERY CLOSELY ASSOCIATED with the peritubular capillaries (you should know) known as the VASA RECTA
· They are kind of "inside" the "U" formed by the loop of Henle
· Blood flow is in an OPPOSITE DIRECTION to the fluid flow - and THIS IS IMPORTANT
· Let's trace the flow of blood through the vasa recta…
· Firstly we are heading DOWN (of course), but remember that since the vasa recta and loop of Henle have reversed flow, going DOWN will bring us beside the ASCENDING LIMB of the loop of Henle - and so what do we absorb?  SOLUTES!
· Then blood flow continues…and now we are heading UP, adjacent to the DESCENDING LIMB of the loop of Henle…and since we are now hyperosmotic as a result of all the solutes we just picked up, we attract WATER!  So in this way, the water that is kicked out of the tubule's fluid as it goes DOWNWARDS is not left to dilute the interstitial fluid
· See Figure 20.10, pg. 634
· And what of the role of urea?
· Well…urea is another solute that contributes to the hyperosmolarity of the medullary interstitium
· It is transported by a) facilitated diffusion carrier and b) Na-dependent co-transporter
 

Sodium Balance and the Regulation of ECF Volume

· Introduction
· Quick number games.  What are the consequences of eating Na (i.e. salt), if we could not get rid of it?
· We would have to add over a liter of water to our bodies in order to maintain osmolarity
· Or else…osmolarity owould increase from 300 mOsM to 307 mOsM, which would cause water to be drawn from cells so as to shrink them and cause issues
· Reproduce Figure 20.11, along with commentary, pg. 635
· Aldosterone Controls Sodium Balance
· Explain the relationship here.
· Well it's simple - the more aldosterone there is, the more Na reabsorption we get
· Note that this also means more K SECRETION (i.e. going INTO the tubule) because we usually use the Na/K ATP ase
· Tell me about aldosterone.
· See Figure 20.12, pg. 636
· It is a steroid hormone synthesized in the adrenal cortex (glands on top of the kidney)
· The primary site of aldosterone action is the LAST THIRD of the distal tubule and the CORTICAL portion of the collecting duct
· The target CELL of aldosterone is called the "principal cell", or "P cell"
· In early phase:
· Basically what it does is it causes the leak channels (these are on the APICAL membrane, i.e. the side of the tubule cell that FACES the lumen) to increase their open time, allowing Na to get into the cells faster
· This in turn makes the exit out the other side (the Na/K ATP-ase on the basolateral membrane) occur more quickly
· In the late phase:
· More leak channels installed, more pumps installed
· Blood Pressure, Osmolarity, and K+ Influence Aldosterone Secretion
· OK let's work backwards in the chain once more.  What controls aldosterone secretion even?
· There are 3 primary stimuli: increased K, increased osmolarity, and a trophic hormone called ANGIOTENSIN II
· Explain how the first two work.
· Increased K is easy: adrenal cortex cells detect increased K and stimulate aldosterone production
· This causes K secretion by the nephron, which means that we are PUTTING K INTO the stuff that is going to be excreted (remember how in the last chapter we talked about doing this stuff selectively?)
· Osmolarity: an increase in ECF osmolarity inhibits aldosterone secretion
· Less aldosterone means less Na reabsorption and therefore more Na excretion, which DECREASES osmolarity (good!)
· OK…now the renin-angiotensin-aldosterone pathway…What is this pathway used for?
· It is for maintaining blood pressure
· OK, talk through it.  How does it work?
· Just reproduce Figure 20.13, pg. 637 and you're fine…
· What are the stimuli that begin the pathway?
· They are all directly or indirectly related to LOW BLOOD PRESSURE:
· JG cells are DIRECTLY sensitive to pressure (in the renal arterioles)
· Sympathetic neurons, which are activated by the cardiovascular control center when blood pressure decreases, terminate on the JG cells and also stimulate renin secretion
· Paracrine feedback from the macula densa (remember?) in the distal tubule to the JG cells stimulates renin release
· This is based on amount of fluid flow through the distal tubule
· Angiotensin II Influences Blood Pressure Through Multiple Pathways
· What else can angiotensin II do besides stimulating aldosterone secretion?
· Activation of ANG II receptors in the brain increases vasopressin secretion (this is another way to raise blood pressure, because it will cause water to be retained leading to blood volume as well)
· ANG II stimulates thirst (again the resulting ingestion of fluids will help to increase blood volume)
· ANG II is a VERY POTENT vasoconstrictor -- constricting the blood cells will increase pressure
· ANG II receptors are found in the cardiovascular control center -- when they are activated, sympathetic output to the heart and blood vessels is increased which causes vasoconstriction (again) as well as cardiac output increase
· How are "ACE" inhibitors related here?
· OK well think about it…sure, ANG II raises blood pressure - and this is SOMETIMES good…
· But a lot of the time it's bad, too - and so if we could find a way to pharmaceutically BLOCK ANG II, that would be wonderful
· Enter the ACE inhibitors - or angiotensin converting enzyme inhibitors
· These bad boys block ANG I from being converted into ANG II, so we're all good
· BONUS INFO: the bad thing is that ACE inactivates a cytokine called bradykinin, which is a GOOD THING because bradykinin can produce a dry, hacking cough
· So people are now trying to find another way to block ANG II action…perhaps by blocking the RECEPTORS for it, not the production of ANG II itself
· Atrial Natriuretic Peptide Promotes Na and Water Excretion
· Know Figure 20.15, pg. 639
· Tell me about you!
· Well, ANP is a peptide hormone produced in specialized myocardial cells in the ATRIA of the heart
· Its effect is to LOWER BLOOD VOLUME and LOWER BLOOD PRESSURE - so normally it is secreted when atrial cells stretch more than normal (because then we know that blood volume is too high)
· It does this by causing Na and water excretion through the urine to INCREASE (it does this by increasing GFR, possibly through increasing surface area available for filtration)
· As well it slows down reabsorption
· It also inhibits renin, aldosterone, and vasopressin
· So the goal is to bring this bad boy under our control so we can administer it to lower blood pressure!  Unfortunately right now it is too SHORT-acing to be of much use
 

Potassium Balance

· Introduction
· Where might I be most likely to find some K?
· Within the cells!  Only about 2% of it is in the ECF
· However, we still need to be VERY WARY of the K levels in the ECF because remember that the membrane potential (partially) depends on it!
· What are the different conditions called?
· Hypokalemia is when plasma/ECF concentrations of K decrease
· This causes muscle weakness because it is more difficult for hyperpolarized neurons and muscles to fire action potentials
· If this gets too gangster, then respiratory muscle and the heart can FAIL!
· Hyperkalemia is when they increase
· Again the end result here is that the cells cannot excite and do their thing -- but the reason is different:
· It's because the cells actually are VERY excitable initially - but then they can't repolarize fully and so they become less excitable
· This can lead to cardiac arrhythmias
· How does the body deal with K issues?
· Well it does that based on the Na/K exchange relationship!  So when K goes up, aldosterone is secreted, which retains Na at the cost of excreting K
 

Behavioral Mechanisms in Salt and Water Balance

· [Seemed to be skipped in the class notes…]
 

Integrated Control of Volume and Osmolarity

· [Seemed to be skipped in the class notes…]
 

Acid-Base Balance

· Introduction
· Just a few introductory comments?
· Acid-balance is also known as pH homeostasis
· pH is a measure of the H+ concentration of some solution
· The normal pH of the body is 7.40, which means it is slightly alkaline (basic)
· Enzymes and the Nervous System are Particularly Sensitive to Changes in pH
· Talk about how the ALLOWED RANGES for pH differ throughout the body.
· The normal range of pH in the PLASMA is quite small - 7.38-7.42
· Extracellular pH reflects intracellular pH, so it is easy for us to try and determine intracellular pH - we just take the extracellular pH
· However when we are talking about "OUTSIDE" the body's internal environment, like in the kidney's tubule (opens out to the anus) or the GI tract (the mouth opens into it), the range expands big time
· AS YOU KNOW, GI pH can be as low as 1, in the stomach
· The pH of the urine can be from 4.5 to 8.5, depending on how much H/HCO3 the body needs to excrete
· What sort of bad stuff can happen in the body if pH is allowed to fluctuate too much?
· Enzymes: it can screw these up!
· This is because the 3-D shape of the enzymes is affected by how many H+ ions there are which can interact with the hydrogen bonds in the structure
· Nervous system: ACIDOSIS/ALKALOSIS is an issue
· Acidosis is when the pH is too low, and cause the neurons to be less excitable which results in CNS depression (confusion, disorientation, coma, etc.)
· Alkalosis is when the pH is too high and neurons become HYPEREXCITABLE - they fire action potentials at the slightest signal (numbness, muscle twitching, tetanus leading to paralysis, etc.)
· What is normally correlated with an upset in acid-base balance?
· It is disturbances in K balance!  Why?  Well, remember our H-K-ATP-ase?  It's in the kidney!
· So in acidosis, we are moving LESS H ions OUT, meaning that we are moving LESS K ions in
· Acids and Bases in the Body Come From Many Sources
· Where do acids come from?
· A lot of metabolic intermediates and foods are organic acids that ionize and contribute H to body fluids
· I.e. amino acids, intermediates in the CAC, lactic acid, etc.
· A lot of times the name of the acid ends in -ate, which denotes the anion half of the acid
· What kind of occurrences can lead to major acid production?
· Severe anaerobic conditions (i.e. circulatory collapse) will result in the cessation of oxygen to the muscles and subsequent lactic acid production - this causes lactic acidosis
· Or diabetic/fasting conditions cause the production of ketoacids (ketone bodies?), which cause ketoacidosis
· How does CO2 produce acid?
· We produce CO2 from aerobic respiration, and then it undergoes the reaction CO2 + H2O <--> H2CO3 <--> H+ + HCO3- to produce those H ions
· This goes even quicker in the presence of the enzyme carbonic anhydrase
· Where do bases come from?
· Actually…very FEW sources!  That's why most of the body's pH issues are due to excess acid, not excess basen
· pH Homeostasis Depends on Buffers, the Lungs, and the Kidneys
· What are the 3 things that help the body deal with changes in pH?  And how do they differ in terms of action speed and long-term effectiveness?
· Buffers: always present, act right away
· Ventilation: also rapid, can fix most disturbances
· Renal regulation of H and HCO3: slower, but effective at coping with any kind of disturbance
· Buffer Systems include Proteins, Phosphate Ions, and HCO3
· What are buffers?  Where do we find them?
· A buffer is a molecule that moderates but DOES NOT prevent changes in pH by combining with or releasing H+
· They are in both the cells and the plasma (FLUID PORTION OF THE BLOOD)
· Intracellular: proteins, phosphate ions, hemoglobin
· Explain the relationship between CO2, HCO3, and H+.
· Basically when we get CO2 from metabolism, it combines with water as follows: CO2 + H2O <--> H2CO3 <--> H+ + HCO3-
· Hemoglobin buffers the H produced in this reaction
· If H+ is added to the plasma through some other reaction (i.e. lactic acid) then HCO3- can buffer it
· Ventilation can Compensate for pH Disturbances
· Explain what is meant by a "respiratory compensation" for acidosis.
· It is saying that when plasma CO2 levels are increased, we start breathing more heavily so as to rid ourselves of the CO2
· If we did not do this, then the CO2 would ultimately turn into H+ and we would get acidosis
· So how can the body control pH levels through ventilating?
· It's because when it hyperventilates and CO2 goes down, the CO2 + H2O <--> H2CO3 <--> H+ + HCO3- reaction moves to the LEFT to restore normal CO2 levels, and so we lose H+ ions and pH RISES
· This is due to the LAW OF MASS ACTION
· And vice versa…
· OK now let's talk reflex pathways and so on…how exactly do we get this "corrective ventilation" to happen?
· See Figure 20.19, p. 648
· There are 2 receptors to consider:
· CAROTID/AORTIC (PERIPHERAL) CHEMORECEPTORS
· As you may have guessed by the term "chemo", these guys can sense changes in H+ and when they do, they tell the brain to breathe more
· CENTRAL CHEMORECEPTORS OF THE MEDULLA OBLONGATA
· Think smart: these guys are in the BRAIN, and so the blood-brain barrier prevents the H+ from crossing
· So these guys are "notified" by CO2 level…
· Kidneys Excrete or Reabsorb H+ and HCO3-
· How much are the kidneys depended on (as opposed to the lung) for pH control in the body?  How do they compare speed-wise?
· 25%!
· They take 24-48 hours…this is much slower than ventilation…
· How do they alter pH?
· DIRECTLY: They excrete or reabsorb H+ accordingly…
· INDIRECTLY: They change the excretion or reabsorption of HCO3- buffer
· How does the kidney handle acidosis?
· It secretes H+ into the tubule lumen both directly (plain secretion) and indirectly (combine with NH3 to secrete NH4)
· Then it also makes new buffers: HCO3- from CO2 and H2O to get reabsorbed into the blood
· How does the kidney handle alkalosis?
· It REVERSES that process…secretes HCO3-, reabsorbs H+
· Explain what the proximal tubule does.
· The idea here is that the proximal tubule has SPECIAL WAYS of re-absorbing bicarbonate, since there are no membrane transporters for it
· There are TWO PATHWAYS:
· First:
· Na-H antiport protein secretes H+ into the lumen, which combines with filtered HCO3- to form CO2 (rmb our equation)…then CO2 diffuses into the proximal tubule cell and combines with water to form H2CO3, which makes H+ and HCO3- --> we just go backwards then forwards through the equation
· The cool thing is that we can kick H+ right back out again and start over
· HCO3- transported out of the cell on the basolateral side by the HCO3-Na symporter
· Second: (not covered in lecture)
· Explain what the distal tubule does.  What cells make them so effective?
· The distal tubule plays a significant role in the fine regulation of acid-base balance
· Special cells known as intercalated/"I" cells do this job
· They have a lot of carbonic anhydrase enzyme, which lets them convert large amounts of CO2 into H+ and HCO3-
· Talk about what the distal tubule does during acidosis.
· See Figure 20.22, pg. 651
· TYPE A intercalated cells secrete H+ and reabsorbs HCO3-
· It uses H-ATPase and H-K-ATPase to do this, unlike the Na-H antiport discussed earlier
· Now do the same for alkalosis.
· See Figure 20.22, pg. 651
· TYPE B intercalated cells reabsorb H+ and excrete HCO3- buffer into the urine
· Explain why we sometimes get "parallel disturbances" between acidosis and K+ balance
· It's because in acidosis, when plasma H is high, we excrete H and take back K…so we get hyperkalemia
· All the rest of the sections…
· Did not seem to be covered in lecture
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Chapter 26 - Reproduction and Development

 

Sex Determination

· Introduction
· What do the male and female sex organs consist of?  Speak generally.
· Gonads: internal accessory ducts and glands
· The gonads are the organs which produce gametes (either eggs or sperm) that unit to form a fetus
· Genitalia: external reproductive structures
· How about gender differences?  Gonads?
· The male gonads are the testes, which produce sperm
· The female gonads are the ovaries, which produce eggs (aka OVA)
· Both of these (sperm/eggs) come from undifferentiated cells called GERM CELLS
· Talk about the sex chromosomes.
· These are chromosomes which contains genes that direct development of internal and external sex organs
· There are two kinds: X (female) and Y (male)
· The Sex Chromosomes Determine Genetic Sex
· Explain how the sex chromosomes determine your sex.
· It's based on which sex chromosomes you have:
· XY is male
· XX is female
· If a Y chromosome is present, you are AUTOMATICALLY male (even if you have an abnormality and are XXY, for example) because the Y chromosome will cause the production of sex organs
· See Figure 26.2, pg. 798
· Talk about the role (and importance) of the X chromosome
· It contains genes that are ESSENTIAL for development (i.e. a YO individual will die, but an XO individual will not [but will be abnormal])
· Once the OVARIES develop, one X chromosome in EVERY CELL of the body inactivates and condenses into a clump of nuclear chromatin known as a BARR BODY
· The selection of which X chromosome is RANDOM, but usually every cell within a tissue has the same X chromosome inactivated because this happens EARLY in development
· Sexual Differentiation Occurs in the Second Month of Development
· Know Figure 26.3, pg. 799 INSIDE OUT!
· Walk through the development of the genitalia/gonads from conception.
· Know Table 26.1, pg. 800
· OK at the beginning, the embryonic tissues are BIPOTENTIAL (i.e. could either be male or female).  
· The genitalia consist of:
· Genital tubercle
· Urethral folds
· Urethral groove
· Labioscrotal swellings
· The bipotential tissue is also associated with ACCESSORY DUCTS:
· Wolffian ducts from the kidney (male)
· Mullerian ducts (female)
· Since these ducts are male/female, as one develops, the other degenerates
· After this, differentiation occurs and further development depends on whether we are male or female…
· Male:
· Anti-Mullerian hormone (AMH) is released from testicular Sertoli cells; this regresses the Mullerian duct
· Testosterone (from testicular Leydig cells) and dihydrotestosterone (DHT) convert the Wolffian ducts into the male accessory structures: epididymis, vas deferens, and seminal vesicle
· Female:
· Mullerian ducts are free tod evelop into the upper portion of the vagina, uterus, and Fallopian tubes
· Wolffian ducts degenerate because there is no testosterone
· Explain the role of the SRY gene in all of this.
· See Figure 26.4, pg. 800
· The SRY gene is a sex-determining gene on the Y chromosome that produces a protein (SRY protein, or testis-determining factor) that binds to DNA and activates additional genes
· The OVERALL EFFECT is that when we have an SRY gene, we become a male (that is why we say that Y chromosome will make you a male regardless)
· And if we don't have one, then we are NOT a male
 

Basic Patterns of Reproduction

· Introduction
· Quickly contrast eggs and sperm.
· Eggs are some of the LARGEST cells in the body
· They are non-motile, meaning that they can only be moved through the reproductive tract on currents created by smooth muscle contraction/beating of cilia
· Sperm are relatively quite small
· They are the ONLY FLAGELLATED cells of the body and so they are highly motile (allows them to swim up the female reproductive tract on their own)
· Contrast gamete production (GAMETOGENESIS) between the male and the female.
· Women are born with ALL the eggs (aka oocytes) they will ever have
· It's just that the eggs MATURE during their reproductive years, and are released once a month
· At some point, this process ceases - called menopause
· Men PRODUCE sperm CONTINUOUSLY
· When they grow old, this declines but never ENDS
· Gametogenesis Begins in Utero and Resumes During Puberty
· Know Figure 26.5, pg. 802 and COMMENTARY
· The Brain Directs Reproduction
· Talk about some of the hormones released by the hypothalamus/anterior pituitary.
· They control GONADAL SECRETION of the steroid sex hormones: androgens, estrogens, progesterone, etc.
· BOTH males and females produce androgen/estrogen, but androgen is more in males while estrogen is higher in females
· KNOW Figure 26.6, pg. 803
· Explain the control pathways for sex steroids.
· See Figure 26.7, pg. 803
· OK this should be review; it follows the pattern we studied earlier:
· Gonadotropin releasing hormone (GnRH) comes from the hypothalamus to the anterior pituitary and controls their secretion: follicle stimulating hormone (FSH) and lutenizing hormone (LH)
· FSH and LH act on the GONADS
· FSH is mostly for initiating and maintaining gametogenesis
· LH acts on endocrine cells to stimualte production of the steroid sex hormones
· And then how about the feedback?  What have we here?
· The ovary and the testis both secrete peptide hormones that act directly on the pituitary:
· Inhibins inhibit FSH secretion
· Activins STIMULATE the secretion along with promoting spermatogenesis, oocyte maturation, embryonic nervous system development, etc.
· OK what other feedback pathways do we have?  Talk both SHORT LOOP and LONG LOOP.
· Long loop:
· Basically, once sex steroid secretion from the gonads reaches a certain point, negative feedback inhibits gonadotropin release (i.e. FSH/LH)
· But it's weird…
· Androgens are normal - when they get too high, FSH and LH decrease
· Estrogen is WEIRD - when it gets too high, POSITIVE FEEDBACK occurs and we go even higher!  But as long as it's under a certain level, it does normal negative feedback
· Discuss the release of GnRH from hypothalamus.
· OK this is interesting!  The hypothalamus releases this in PUMPS - instead of releasing it steadily, it is released in SMALL PULSES every 1-3 HOURS in both males and females
· This is because if we keep GnRH at a STEADY HIGH level, we will get down-regulation of the receptors…so we have to do it in PULSES
· Think about how this could be used in the treatment of cancers stimulated by androgens/estrogens
· What are some ENVIRONMENTAL factors that can affect the production of these hormones?
· Men: it's hard to monitor -- like, how can we?  The best we can do is look at sperm counts every so often
· Women: it's easier because we can check for uterine bleeding during the menstrual cycle to at least know where we're at.  And we find that…
· Stress
· Nutritional status
· Changes in the day-night cycle (this screws up the hormone MELATONIN)
 

Male Reproduction

· Introduction
· Quickly describe the ANATOMY of the male reproductive system.
· See Figure 26.8, pg. 805
· Well firstly, it consists of a) testes, b) accessory glands, and c) external genitalia
· The external genitalia consists of a) penis and b) scrotum
· Now, for the penis we have…
· Urethra, which is a common passageway for sperm and urine -- this runs through INSIDE the penis
· It is surrounded by a tissue layer called the corpus spongiosum and around that the corpora cavernosa
· These two guys are the ERECTILE TISSUE of the penis
· The TIP of the penis is called the glans
· It is surrounded by a layer of skin called the foreskin (removing this is called CIRCUMCISION)
· The scrotum is an external sac into which the testes migrate during fetal development
· We need the boys to be OUTSIDE because they have to be a few degrees lower than core body temperature in order for sperm production to be normal
· Sometimes the testes don't descend into these sacs, and we call this CRYPTORCHIDISM
· Usually we just leave it and it's fine…but if it LASTS…we become sterile
· Even while undescended they still produce hormones, which means that hormones aren't temperature sensitive
· Undescended testes are usually CANCEROUS, which is why we usually try to move them down somehow!
· The accessory glands include the PROSTATE GLAND, SEMINAL VESICLE, BULBOURETHRAL (COWPER'S) GLAND
· The Cowper's gland and seminal vesicles empty into the urethra through ducts
· However the prostate gland just kind of "opens up" into it
· The Testes Produce Sperm and Testosterone
· What do the testes produce?
· Sperm and testosterone…haha…
· Talk about the anatomy of the testes.
· See Figure 26.9, pg. 807
· They have a tough outer fibrous capsule
· Inside we have the seminiferous tubules contained in mini-compartments (250 to 300 total) 
· These are about 80% of the mass of the testes
· They would be 1 meter long if we stretched them out…and 2.5 football fields long if we stretch them ALL out
· Between the tubules there is interstitial tissue which consists of blood vessels and testosterone-producing Leydig cells
· The seminiferous tubules turn into the EPIDIDYMIS when they leave the testis - so they leave as a SINGLE DUCT
· The epididymis becomes the VAS DEFERENS, which empties into the urethra
· Talk more about the seminiferous tubules.
· It is composed of 2 types of cells:
· Spermatocytes on their way to becoming sperm
· Sertoli cells
· It's set up such that the spermatocytes are STACKED, starting from the outside of the tubule to the inside -- so they are stacked in columns
· And there is just ONE Sertoli cell between each column
· The cells are linked to each other so that nothing can get into the "lumen" of the tubule from outside (i.e. where the Leydig cells are)…only TESTOSTERONE can get in
· The tight junctions between the Sertoli cells are sometimes called the BLOOD-TESTIS barrier because they are similar to the one in the brain
· Talk about the compartments of the testes
· First we have the INTERSTITIAL FLUID surrounding the tubules
· Then we have the basal compartment in the tubules between the basement membrane and basal ends of the Sertoli cells
· Inner compartment that includes the lumen of the tubule
· It ends up that the fluid in the LUMEN has low glucose and high K/steroid hormones
· Talk about the lifetime of a sperm while inside the seminiferous tubule.
· Spermatogonia (germ cells that will become sperm) are in the aforementioned BASAL COMPARTMENT
· Here they either remain so as to undergo MITOSIS (not meiosis!) and create more of themselves
· Or they go into meiosis and become PRIMARY SPERMATOCYTES
· Those which become spermatocytes move INWARD into the tubule lumen
· The blood-testis barrier temporarily breaks, allowing them to do this
· They are dividing as they go, so they are SPERMATIDS by the time they are the LUMINAL END of the SERTOLI CELL
· So they remain EMBEDDED in the APICAL MEMBRANE of the Sertoli cells while they complete their transformation into sperm
· See Figure 26.10, pg. 808
· They lose most of their cytoplasm
· They get a flagellated tail
· A vesicle called an ACROSOME spreads out to cover the nucleus
· Mitochondria comes intot he middle of the sperm body to produce energy for movement
· After around 64 days, the sperm are released from the Sertoli cells into the tubule
· They are not yet capable of swimming - they gain this ability while in the epididymus
· What else do the Sertoli cells do?
· They secrete all sorts of proteins - inhibin, activin, etc.
· In particular they release ANDROGEN-BINDING PROTEIN, which binds to the testosterone in the lumen and concentrates it there
· Talk about the timeline of testosterone dev't by Leydig cells
· They are first active in the fetus - because we need testosterone then to direct development of the male characteristics
· But then they become inactive until puberty
· Spermatogenesis Requires Gonadotropins and Testosterone
· Discuss the hormonal control of spermatogenesis.
· OK as discussed before, we have pulsatile GnRH release which controls FSH and LH
· LH is more closely related b/c FSH is also influenced by inhibin and activin
· FSH hits the Sertoli cells and….
· Stimulates the mitotic replication of those sperm cells
· Stimulates production of androgen-binding protein
· Stimulates production of inhibin
· LH hits the Leydig cells…
· These guys encourage testosterone receptors
· See Figure 26.11, pg. 809
· Male Accessory Glands Contribute Secretions to Semen
· Talk about % volume of components of semen
· 99% of it isn't even sperm - it's fluid added from the accessory glands, bulbourethral glands, seminal vesicles, and prostate
· Know Table 26.3, pg. 810
· Androgens Influence Secondary Sex Characteristics
· Explain the difference between primary and secondary sex characteristics
· Primary ones are the internal sexual organs and the external genitalia that distinguish males from females
· Secondary ones are stuff like body shape, voice, behavioral stuff, body/beard hair, etc.
 

Female Reproduction

· The Female Reproductive Tract Includes Ovaries and Uterus
· Talk through the ANATOMY of the female reproductive tract.
· See Figure 26.12, pg. 812
· The external genitalia are COLLECTIVELY known as the vulva (also pudendum)
· From the outside in, the components of this vulva are:
· Labia majora (folds of skin; same embryonic tissue as the scrotum for the male)
· Labia minora (same embryonic tissue as the shaft of the penis for the male)
· Clitoris is erectile, sensory tissue at the ANTERIOR end of the vulva (enclosed by the labia minora)
· And then from the top down, we have:
· Clitoris
· Urethral opening (for urinating)
· Vagina
· The external opening of the vagina is partially covered with tissue called HYMEN at birth
· Talk about the path of sperm deposited in the vagina during intercourse.
· First it goes through the cervix, which is the "neck" of the uterus…it protrudes into the upper end of the vagina
· As the sperm goes through the cervical canal, it has to get past SECRETIONS from MUCOUS GLANDS that form a barrier between the uterus and the vagina
· Sperm which successfully navigate the canal get to the lumen of the uterus, or WOMB
· So this is where fertilized eggs implant and develop during pregnancy
· It has 3 tissue layers:
· Thin outer connective tissue
· Middle layer of smooth muscle (MYOMETRIUM)
· Inner layer (ENDOMETRIUM)
· This guy is really active during the menstrual cycle - it gets alternatively THICKER (cell proliferation) and THINNER (cell sloughing), a process accompanied by bleeding
· Then we leave the uterus and go into one of two FALLOPIAN TUBES (25 cm long, diameter of drinking straw)
· Their walls have two layers of muscle (longitudinal/circular, just like the GI tract)
· Also the epithelium is CILIATED (i.e. have cilia), which helps eggs to go through the Fallopian tubes in the direction of the uterus (remember that eggs are immotile on their own!)
· At the end of the Fallopian tubes, they divide into FINGERLIKE PROJECTIONS called FIMBRIAE that form a "fringe" around an ovary - this close association helps to ensure that eggs leaving the ovary get swept into the tube
· So now we have the ovaries -- they are ELLIPTICAL STRUCTURES about 2-4 cm long
· They have an outer layer of connective tissue
· And an inner connective tissue FRAMEWORK called the STROMA
· The inside of the ovary is the CORTEX, and it is filled with OVARIAN FOLLICLES in various stages of development
· At the very center we have a MEDULLA, which contains nerves and blood vessels
· The 7 million oogonia (stem cell ish) in the ovaries develop into 500,000 primary oocytes
· Each oocyte is contained in a PRIMARY FOLLICLE with an outer layer of GRANULOSA cells
· Soon after there becomes ANOTHER layer of cells, called the THECA
· A Menstrual Cycle Lasts About One Month
· Why do we call it menstrual?  Why do we call it a cycle?
· Cycle: because females produce gametes in monthly cycles (i.e. they are not always available!)
· Menstrual: because the cycles are marked by a 3-7 day period of bloody uterine discharge
· What 2 sub-cycles basically comprise the menstrual cycle?
· See Figure 26.13, pg. 814
· OVARIAN CYCLE: changes occurring to follicles in the ovary
· UTERINE CYCLE: changes in the endometrial lining
· Bonus: there are also PATTERNED FLUCTUATIONS in hormones, which we will be looking at
· Discuss the phases of the ovarian cycle.
· FOLLICULAR PHASE: this is when the follicles in the ovary are growing
· It is of variable length - can be 10 days to 3 weeks
· OVULATION: when the follicles are ripened, the ovary releases the eggs inside
· LUTEAL PHASE: now the REMNANTS of the follicle transform into the CORPUS LUTEUM, which is yellow thing with lipid deposits
· This bad boy secretes hormones to continue to prepare the female for pregnancy (NOTE THAT THIS OCCURS REGARDLESS OF WHETHER SHE GETS KNOCKED UP) -- it's just that if she doesn't get pregnant, the corpus luteum stops after 2 weeks
· Discuss the phases of the uterine cycle.
· MENSES: when the follicular phase begins in the ovary, there is MENSTRUAL BLEEDING from the uterus
· PROLIFERATIVE PHASE: later on (STILL in the follicular phase), the endometrium adds a new layer of cells in anticipation of pregnancy
· SECRETORY PHASE: remember how the corpus luteum secretes hormones?  Well, it secretes them and causes the endometrium to become a SECRETORY STRUCTURE
· Hormonal Control of the Menstrual Cycle is Complex
· What are the hormones which affect the menstrual cycle?
· From the HYPOTHALAMUS: gonadotropin releasing hormone (GnRH)
· From the ANTERIOR PITUITARY: FSH and LH
· From the OVARY: estrogen, progesterone, and inhibin
· Know Table 26.4, pg. 815
· What are the phases of the ovarian cycle we will be discussing?
· Early follicular phase
· Late follicular phase
· Ovulation
· Early to mid-luteal phase
· Late luteal phase and menstruation
· Know Figure 26.14, pg. 816
· Discuss the early follicular phase.
· We start the cycle here b/c it's associated with bleeding, which is easy to notice
· FSH increases and several follicles in the ovaries begin to mature
· For each follicle, both FSH and LH cause the granulosa cells/thecal cells to start producing steroid hormones
· In particular, thecal cells synthesize androgens that diffuse into neighboring granulosa cells, where aromatase converts them to estrogens
· Now that there is more estrogen, it NEGATIVELY FEEDS BACK on the pituitary's FSH/LH secretion.  This is GOOD because it PREVENTS the development of additional follicles in the same cycle
· However estrogen is also involved with a POSITIVE FEEDBACK MECHANISM: it stimulates the other granulosa cells to produce more and more estrogen
· The granulosa cells also secrete fluid with hormones, enzymes, etc. needed for OVULATION
· This fluid collects in the ANTRUM - a cavity in the ovary
· All throughout this time, ATRESIA is occurring - the cell death of follicles which are not meant to be
· Lastly, in the UTERUS, the endometrium beings to proliferate - increased cell number, enhanced blood supply to uterus
· Discuss the late follicular phase.
· Ovarian estrogen secretion PEAKS -- and only one follicle is still developing
· The granulosa cells are now secreting THREE THINGS: estrogen (as before), but also inhibin and progesterone
· FURTHERMORE, estrogen begins a POSITIVE FEEDBACK relationship with the pituitary
· Thus, immediately BEFORE ovulation, we have a SURGE in LH secretion - this is called the LH surge
· FSH surges too, but to a lesser degree since it is being suppressed by inhibin and estrogen
· The LH surge is ESSENTIAL for ovulation because it allows the final steps of oocyte maturation to take place:
· Meiosis recommences and we get primary oocyte -> polar body -> secondary oocyte (egg)
· In the UTERUS, the endometrium reaches a final thickness of 3-4 mm
· The cervical glands produce thin, stringy mucus to make it easier for sperm to enter
· Discuss ovulation.
· Ovulation occurs about 16-24 hours after LH peaks
· The mature follicle secretes collagenase, which breaks down the collagen in the connective tissue holding the cells together
· This causes leukocytes to release prostaglandins into the follicle, which causes smooth muscles in the thecal layer to contract
· This causes the wall to be ruptured at its weakest point, squirting out the egg and the antral fluid
· LUTENIZATION also occurs here: this is when the former granulosa cells as well as thecal cells (!?!) transform into the luteal cells of the corpus luteum
· Discuss the early to mid-luteal phase.
· The corpus luteum, as mentioned earlier, produces steadily increasing amounts of progesterone and estrogen
· Progesterone moreso; estrogen never quite gets back as high as it was before ovulation
· Now the feedback on the pituitary is FLIPPED AGAIN (confused yet?) -- estrogen and progesterone do negative feedback and also inhibin is a factor, so gonadotropin secretion is pretty much done for the rest of the cycle
· In the uterus, the endometrium continues to grow because of PROGESTERONE – more blood vessels, lipids/glycogen in the cytoplasm of the cell, etc.
· The role of the lipids/glycogen is to provide nourishment for the developing embryo
· Progesterone also causes cervical mucus to thicken – this so bacteria/more sperm cannot enter the uterus
· Notably, the BODY TEMPERATURE of the female also increases during this time
· Discuss the late luteal phase and menstruation.
· After 12 days, if there is no pregnancy, the corpus luteum undergoes apoptosis to become an inactive structure called a corpus albicans
· This causes progesterone and estrogen to DECREASE
· Thus there is no more negative feeback on the anterior pituitary, and we get FSH and LH again
· In the uterus, the blood vessels in the surface layer of the endometrium contract
· Surface cells die, are sloughed off, etc.
 

Pregnancy and Parturition

· Fertilization Requires Capacitation
· What is capacitation?
· It is the final maturational step that sperm go through when they are in the vagina
· It allows them to swim rapidly and fertilize an egg
· Talk about the process of actually getting into the egg.
· See Figure 26.17, pg. 822
· The first two barriers around the egg encountered by the sperm are the CORONA RADIATA (granulosa cells) and the ZONA PELLUCIDA (glycoprotein)
· The sperm deals with these bad boys by releasing POWERFUL ENZYMES from the ACROSOME in the sperm head - this is called the acrosomal reaction
· Then the sperm FUSES to the membrane, and the membrane opens up and allows the sperm nucleus to get in there
· This causes the egg to resume the SECOND DIVISION of meiosis and create a thing which combines with the egg's 23 chromosomes to make a ZYGOTE NUCLEUS
· While this happens, the CORTICAL REACTION occurs otuisde, which is when cortical granules outside the egg release their contents into space in order to alter the egg membrane and prevent POLYSPERMY
· The Developing Zygote Implants in the Endometrium
· See Figure 26.18, pg. 823
· How long does it take to move from the far (distal) end of the Fallopian tube into the uterine cavity?  What allows it to move?
· About 4 days…
· Progesterone relaxes the smooth muscle of the tube and allows transport to proceed slowly
· Explain how the embryo changes as it moves through the Fall tube to the uterus.
· See Figure 26.19, pg. 823
· Cells divide and the embryo is a 100-cell BLASTOCYST by the time it reaches the uterus
· Some of the outer layer of blastocyst cells become the CHORION, which encloses the entire embryo and eventually turns into THE PLACENTA
· The inner cells do stuff too:
· Amnion -> secretes amniotic fluid
· Allantois -> forms umbilical cord
· Yolk sac -> degenerates early
· Discuss the implantation process.
· This happens 7 days after fertilization
· The otuer cells of the blastocyst secrete enzymes that allow them to penetrate the endometrium
· The endometrial cells grow out around the blastocyst to engulf it
· The chorionic cells start placenta ofrmation -> they form CHORIONIC VILLI which penetrate into the vascularized endometrium
· Mother-baby blood DOES NOT mix, but these villi allows exchange of nutrients, gases, wastes, etc.
· Talk about placenta size and resource use.
· It grows steadily during pregnancy until about 20 cm in diameter by delivery
· Gets as much as 10% of maternal cardiac output, which is why you are SCREWED if the placenta abnormally separates from the uterine wall
· The Placenta Secretes Hormones During Pregnancy
· Why do we care about the corpus luteum at this point?
· Because it's nearing the end of its 12-day life span, and if it dies -- we will lose progesterone and estrogen and the embryo is screwed
· So THE PLACENTRA secretes different hormones to PREVENT this from happening:
· Human chorionic gonadotropin
· Human placental lactogen
· Estrogen
· Progesterone
· Discuss Human chorionic gonadotropin
· It is structurally similar to LH receptors on the corpus, so it keeps it going
· Most importantly it continues to produce progesterone, which keeps the endometrium intact
· However, by the SEVENTH WEEK of development, the placenta makes its own progesterone so the CL can die -- we don't need it anymore
· Discuss Human placental lactogen
· This is also known as HUMAN CHORIONIC SOMATOMAMMOTROPIN
· Theorized purposes for this are breast development and altered glucose metabolism (i.e. we move glucose to the baby, sometimes inducing a state of diabetes mellitus)
· Discuss Estrogen 
· This is produced continuously during pregnancy
· It negatively feedbacks on the pituitary so that more follicles don't get produced
· And it causes the development of the milk-secreting ducts in the breasts
· Discuss progesterone
· It mainatins the endometrium
· It suppresses uterine contractions
· What else does the placenta make?
· It also makes INHIBIN, PROLACTIN, and PRORENIN
· Pregnancy Ends with Labor and Delivery
· See Slide 16, Lecture 10.pdf for some crap
· Talk about hormones during parturition
· Progesterone decreases, which is logical b/c it INHIBITS uterine contraction
· Oxytocin produced, which causes uterine muscle contraction
· This is why we sometimes induce pregnancy by adding oxytocin
· Relaxin softens the cervix and loosens ligaments holding the pelvic bones together
· OK walk through the actual birth process.
· See Figure 26.21, pg. 826
· OK normally we see this around 38-40 weeks…so good times…
· The baby drops lower in the abdomen and pushes on the cervix
· This causes secretion of oxytocin, which makes the cervix stretch more, and on and on…so this is a POSITIVE FEEDBACK CYCLE
· Prostaglandins are also produced in response to oxytocin, which causing uterine muscle contractions
· The Mammary Glands Secrete Milk During Lactation
· Describe the mammary gland.
· See Figure 26.22, pg. 827
· We basically have 20 milk-secreting LOBULES in each mammary gland
· Each lobule is made up of DUCTS of secretory epithelium (this is where the milk comes from)
· The secretory epithelium is surrounded by MYOEPITHELIAL CONTRACTILE CELLS
· Explain how estrogen and progesterone prepare the mammary gland for use.
· Throughout puberty, estrogen causes the milk ducts to grow and branch, and fat is deposited behind them
· Progesterone converts the duct epithelium into a structure capable of SECRETION
· Talk about hormones and milk release.  
· Estrogen and progesterone actually INHIBIT milk production
· It's PROLACTIN that is responsible for initaiting milk production
· The weird thing about prolactin is that it is controlled from the hypothalamus by an INHIBITING HORMONE (some think it's dopamine)
· But during the later stages of pregnancy and after delivery, PIH secretion FALLS and so we get TONS of prolactin
· However before delivery, estrogen and progesterone are still high!  So the breast doesn't secrete milk -- instead it pumps out this stuff called COLOSTRUM
· Explain how suckling can induce milk release.
· Basically it's a mechanical stimulus that inhibits the release of PIH from the hypothalamus and causes milk to be produced
· That is why Mrs. Mirecki may be able to breast-feed Nathan!
· What is the role of oxytocin in all of this?
· Oxytocin initiates smooth muscle contraction NOT ONLY IN THE UTERUS, but also the BREASTS
· Thus the LET-DOWN REFLEX occurs: the ejection of milk from the glands: myoepithelial cells previously discussed contract and create a high-pressure environment that causes milk to squirt out
 

Growth and Aging

· Puberty Marks the Beginning of the Reproductive Years
· [Skipped; not covered in lecture]
· Menopause and Andropause are a Consequence of Aging
· Discuss menopause.
· After about 40 years of menstrual cycles, a woman's periods become irregular and finally cease
· This is because the ovaries can no longer respond to gonadotropins
· This means that it doesn't produce as much ESTROGEN anymore, which can cause hot flashes, atrophy of breasts, osteoporosis, etc.
· Discsuss andropause.
· We logically link this to a decline in testosterone level…but we have not confirmed a link between less testosterone and the stuff we see in men as they age
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Chapter 22 - Metabolism and Energy Balance

 

Introduction

· The Brain Controls Food Intake
· What kind of factors affect hunger and satiety (satisfaction)?
· Not only physiological factors!
· There are also psychological, environmental, social factors, etc.
· Discuss the hypothalamic centers controlling food intake.
· Firstly, there is a FEEDING CENTER that is tonically active (you should know what that means…)
· Secondly, there is a SATIETY CENTER that stops food intake by INHIBITING the feeding center
· What happens when we destroy each?
· Destroying the feeding center causes the animals to CEASE eating
· Destroying the satiety center will cause animals to OVEREAT and become obese
· Explain the 2 classic theories for regulation of food intake.
· GLUCOSTATIC THEORY:
· This says that glucose utilization by hypothalamic centers regulates food intake
· Thus when blood glucose concentrations DECREASE, the satiety center is SUPPRESSED and the feeding center is dominant
· And of course vice versa (when glucose utilization is up, the satiety center will inhibit the feeding center -- so the other way around now)
· LIPOSTATIC THEORY:
· This says that a signal from the body's FAT STORES to the brain modulates eating behavior in order to cause the body to maintain a particular weight
· i.e. When fat is low, eating goes up…and vice versa
· As you might conclude, OBESITY results from a disruption of this pathway
· What proof do we have for one of the theories?  What is the counter?
· The discovery of LEPTIN supports the lipostatic theory because this is a protein hormone synthesized in ADIPOCYTES (i.e. fat cells) that contacts the BRAIN
· Leptin is synthesized by the "ob" gene…
· Thus mice which lack the gene (and thus the protein as well) become obese
· Of course, so do mice with defective leptin receptors
· The WEIRD part is that…only a small percentage of OBESE people have leptin deficiency - the others actually have ELEVATED LEVELS!  What's up with that!?
· Explain the significance of neuropeptide Y.
· It is a BRAIN NEUROTRANSMITTER that seems to be the stimulus for food intake
· Thus it makes sense that in NORMAL animals, leptin inhibits NPY in a negative feedback pathway (think about why)
· See Figure 22.1, pg. 696
· And how about ghrelin?
· Ghrelin is a peptide secrete by the STOMACH that increases hunger when infused into human subjects
· Know Table 22.1, pg. 696
· Talk about the other factors that can affect appetite and eating.  
· Sensory factors can be in play here!
· Even the acts of swallowing and chewing food can help create a sensation of fullness!
· As well, the sight/smell/taste of food can either stimulate or suppress appetite
· A study showed that chocolate craving can be satisfied by eating chocolate that does NOT have the cocoa in it…so just the aroma/taste was good enough!
· Also, there are psychological factors…
· For example, we may either eat or not eat when we are stressed…so that's a factor!
· Or think about anorexia - there is certainly a psychological component to it
 

Energy Balance

· [Skipping this WHOLE SECTION…make for darn sure that he doesn't plan to cover it on the final!]
 

Metabolism

· Introduction
· What is metabolism?
· It is the sum of all chemical reactions in the body
· These reactions:
· Extract energy from nutrients
· Use energy for work
· Store excess energy for later use
· Some reactions are endergonic (take up energy), some are exergonic (release energy)
· Explain the different between anabolic and catabolic pathways.
· Anabolic pathways are metabolic pathways that synthesize small molecules into LARGER ONES
· Catabolic pathways are those which break large molecules down into smaller ones
· Talk about the 2 states of metabolism in the human body.
· There is the FED, OR ABSORPTIVE state:
· This happens during the period of time following a meal, when the products of digestion are being absorbed, used, and stored
· We call this an ANABOLIC state because during this state we are transferring the energy for nutrient biomolecules to high-energy compounds or the chemical bonds of other molecules
· And the FASTED, or POST-ABSORPTIVE state:
· This is the state we are in when nutrients from a recent meal are no longer in the bloodstream, meaning also that it is no longer available for use by the tissues
· We call this a CATABOLIC state because since cells can't pick up nutrients from the blood anymore, they have to BREAK DOWN their own large molecules into smaller molecules for use
· Energy from Ingested Nutrients May be used Immediately or Stored
· What are the 3 fates of the biomolecules we eat?
· ENERGY: when we break down their bonds, we release energy that we can use to make ATP and other high-energy compounds
· SYNTHESIS: sometimes we use the biomolecules to SYNTHESIZE stuff that we need for the growth and maintenance of cells and tissues
· STORAGE: if the food ingested exceeds the body's requirements for energy and synthesis, then we store extra energy as GLYCOGEN and FAT so that we can use it when we're fasting
· Talk about the different "fates" of carbs, proteins, and fats.
· See Figure 22.2, pg. 700
· OK the basic idea is that once we ingest these 3 things through the diet, they end up in "NUTRIENT POOLS", which are stores of these nutrients which are IMMEDIATELY AVAILABLE to any tissue that wants it
· The pools are normally located in the PLASMA
· Now to talk about each pool…
· FAT POOL:
· The pool is pretty much made up of FATTY ACIDS
· These guys can be used as ENERGY by most tissues
· They are also stored as FAT (triglyceride) in adipose tissue
· CARB POOL:
· The important thing about this is that it is set up such that when glucose falls BELOW a certain level, all tissues except the BRAIN, STOP using it…this is because the brain cannot used other normal energy sources such as FAT
· When glucose is TOO HIGH (i.e. the brain has enough, and all the other tissues have enough as well), TWO things happen:
· It is made into GLYCOGEN (process is GLYCOGENESIS), which is stored in the liver
· But when the liver's stores give out, we make it into FAT: lipogenesis
· Glycogenolysis also occurs when the glucose levels start to dip - it's basically the body breaking down the glucose it had previously stored for use by the body
· AMINO ACID POOL:
· This guy is mostly used for PROTEIN SYNTHESIS
· Although when glucose levels are low, not only do we do glycogenolysis but we also do GLUCONEOGENESIS, which is making glucose from amino acids
· Note that we can also do this using GLYCEROL from triglycerides (i.e. that stored fat we were talking about earlier)
· Hormones Control Metabolic Pathways by Changing Enzyme Activity
· Know Figure 22.3, pg. 701
· Why is it important to focus on the INTERSECTIONS of the different metabolic pathways?
· Because these are the places where metabolism is CONTROLLED!
· Explain what push-pull control is.  Why is it useful?
· Push-pull control is basically when we use different enzymes to control forward and reverse reactions
· This allows us to control how much of one product we get compared to the other (because otherwise, the reaction would just rest at equilibrium amounts)
· This is useful when we are considering the glucose <--> glycogen interchange
· INSULIN, which stimulates glycogen synthesis, would cause the glucose -> glycogen enzyme to be active but the glycogen -> glucose enzyme not so much
· Anabolic Metabolism Dominates in the Fed State
· Know Table 22.2, pg. 702
· What happens to glucose after a meal?
· It goes into the circulation of the HEPATIC PORTAL SYSTEM and goes directly to the liver
· 30% of ingested glucose is metabolized IN THE LIVER
· i.e. lipogenesis, glycogenesis as was discussed earlier
· 70% keeps moving in the bloodstream for distribution to the brain, muscles, and other organs/tissues of the body
· What happens at those cells?
· Well firstly, it gets into the cells via GLUT transporters
· Then most of it goes into GLYCOLYSIS to make ATP
· What happens after amino acids are eaten?
· Again they go through the HEPATIC PORTAL SYSTEM - i.e. the liver first (THIS IS IMPORTANT because it's not the same for all nutrients!)
· The liver uses them to synthesize lipoproteins, plasma proteins (i.e. albumin), etc.
· What happens when the cells use the aa's?
· They use them to make proteins, first and foremost!
· Structural proteins
· Functional proteins
· Enzymes
· Hormones
· If there is TOO MUCH amino acids, we make fat
· OK, talk through fats.  What happens?
· See Figure 22.5, pg. 703
· While STILL IN THE INTESTINE, they are made into lipoprotein complexes called chylomicrons
· So we have the chylomicrons traveling through the blood…and while in the blood, LIPOPROTEIN LIPASE breaks the triglycerides into the chylomicron into FFA's and monoglycerides
· And these guys then diffuse into cells - either to be remade into triglycerides or to be oxidized for energy
· But then there are also CHYLOMICRON REMNANTS, which are the parts of the chylomicrons not taken up by cells -- cholesterol and fatty acids
· We take it up into the liver by RECEPTOR-MEDIATED ENDOCYTOSIS
· At this point, CHOLESTEROL has 2 fates:
· Excess cholesterol is secreted as bile
· The rest is joiend with fatty acids and packaged into LIPOPROTEIN COMPLEXES for secretion BACK INTO the blood
· Talk about the different kinds of lipoproteins.
· They are divided on the basis of density: there is VLDL (very low-density lipoprotein), HDL (high-density lipoprotein), etc.
· This is based on the varying ratios of protein, triglyceride, phospholipids, and cholesterol
· Most of the lipoprotein in the blood is LOW-DENSITY LIPOPROTEIN (LDL)
· Usually when cells get cholesterol, it is in this form (as we said earlier, through receptor-mediated endocytosis)
· It is sometimes known as "lethal cholesterol" because elevated concentrations of plasma LDL are associated with the development of atherosclerosis
· The SECOND MOST common lipoprotein is HIGH-DENSITY LIPOPROTEIN (HDL)
· This is the HEALTHY CHOLESTEROL, because it takes cholesterol INTO THE LIVER CELLS, where we metabolize or excrete it (i.e. we are getting RID of cholesterol)
· Catabolic Metabolism Dominates in the Fasted State
· What is the "signal" for switching from absorptive state to post-absorptive state?
· It is when plasma concentrations of glucose begin to fall!
· What is the goal of the fasted state?
· It is to maintain plasma glucose concentrations within an acceptable range so that the brain and neurons have acceptable fuel!
· Know Figure 22.6, pg. 704
· What does the liver do in the fasted state?
· It is the PRIMARY SOURCE of glucose production
· It has enough glycogen (which it breaks down into glucose) to last 4-5 hours
· How about the muscles?
· They have glycogen as well, which can be broken down to form glucose
· But they can't do it directly b/c they lack an enzyme -- hence they convert glucose-6-phosphate to pyruvate (aerobic conditions) or lactate (anaerobic conditions) and send those guys to the liver
· We can also use muscle PROTEINS: we take the amino acids and do DEAMINATION, which is the removal of the amino acid component of the acids
· The amino acid component is excreted as urea
· The rest can either:
· Become CAC intermediates so as to save glucose
· Or be converted to pyruvate and go to the liver to make more glucose
· And finally, how about that adipose tissue?
· OK it takes its triglycerides and breaks them down to fatty acids and glycerol
· Glycerol goes to the liver to make glucose
· Fatty acid goes into the blood and can be used by many tissues a source of energy
· What happens with fatty acids during PROLONGED PERIODS OF FASTING?
· We take them and chop them into TWO CARBON UNITS -- this process is called β-oxidation
· This eventually results in the creation of KETONE BODIES by the LIVER, which is used by cells to make acetyl CoA, which allows the CAC to run and make ATP
· The gangster thing is that these ketone bodies are MODERATELY STRONG ACID, so we can get a kind of acidosis called KETOACIDOSIS - fruity breath, etc.
 

Homeostatic Control of Metabolism

· The Pancreas Secretes Insulin and Glucagon
· What does the pancreas secrete?  Discuss.
· It secretes insulin and glucagon, which control the use of glucose in the body
· These guys have to be secreted CONTINUOUSLY because they have a short half life in the bloodstream
· Which cells in the pancreas are responsible for this madness?
· Only 2% of the pancreatic cells are responsible…i.e. only 2% are endocrine cells
· They exist in CLUSTERS which are called the ISLETS OF LANGERHANS
· See Figure 22.7, pg. 706
· Within these clusters there are 4 distinct cell types:
· 75% are β cells: produce insulin and amylin
· 20% are α cells: glucagon
· Remaining are D-cells: secrete somatostatin
· VERY RARE PP cells: pancreatic polypeptide
· The Islets of Langerhans are CLOSELY ASSOCIATED with both:
· Capillaries: for fast distribution of hormones
· Neurons: so that the nervous system can control them
· The Insulin-to-Glucagon Ratio Regulates Metabolism
· So in the different states, what happens to insulin and glucagon?
· Well the first thing to realize is that insulin and glucagon have an ANTAGONISTIC RELATIONSHIP: they are always present…it's just the RELATIVE AMOUNTS of each that determine the body's overall behavior
· FED STATE:
· Insulin dominates and the body undergoes net anabolism, meaning that it is taking glucose up from the blood and metabolizing it
· FASTED STATE:
· Glucagon predominates and the goal is to get glucose INTO the blood (i.e. breaking down glycogen, doing the other stuff we discussed earlier)
· Explain Figure 22.9, pg. 707
· Stuff to notice:
· Plasma glucose is usually around 90 mg/dL
· After each meal, plasma glucose goes up but decreases back to normal due to the release of glucose (you can see glucose going up after each meal accordingly)
· Note that glucagon is basically steady throughout the whole day…so basically glucose moves up and down AROUND the glucagon level
· Insulin is the Dominant Hormone of the Fed State
· Know Table 22.3, pg. 707
· How does insulin get synthesized/released?
· Well you should know that insulin is synthesized as an INACTIVE PROHORMONE
· Then it just gets activated prior to secretion
· What factors affect insulin secretion?
· Increased glucose concentrations: basically when we get over 100 mg/dL it gets going
· This is because glucose goes to the beta cells in the pancreas, which thus make more ATP, which closes K channels, which OPENS Ca channels, and Ca entry initiates exocytosis of insulin
· Increased amino acid concentrations: so not only glucose but also amino acids, I guess…
· Feedforward effects of GI hormones: many GI hormones have a feed-forward effect - i.e. they are preparing the body for glucose because they know that the body has just eaten food
· These hormones include: GIP (glucose-dependent insulinotropic peptide), CCK, gastrin, GLP-1 (glucagon-like peptide-1)
· The general effect is that there isn't a HUGE increase in plasma glucose right after a meal is taken
· Parasympathetic activity: parasympathetic activity to the Gi tract and pancreas increases during/after meals, which stimulates insulin secretion
· Sympathetic neurons: OK somehow…this also stimulates insulin release from the pancreas
· Epinephrine and norepinephrine DO THE OPPOSITE: see Table 22.4, pg. 708
· Insulin Promotes Anabolism
· What happens at the cellular level when insulin comes?
· See Figure 22.10, pg. 708
· It binds with a membrane receptor (like other peptide hormones do -- you should know that!)
· The receptor has tyrosine kinase activity that causes cascades to launch
· One of the cascades causes the phosphorylation of proteins called INSULIN-RECEPTOR SUBSTRATES
· And these guys change transport, cell metabolism through inhibiting/activating enzymes
· What are the normal target cells for insulin?  What is the normal cell response?
· The normal target cells are the liver, adipose tissue, and skeletal muscles
· The normal response is increased glucose metabolism as well as changing the GLUT transporters that allow the uptake of glucose
· What are the 4 ways in which insulin lowers plasma glucose?
· See Figure 22.11/22.12, pg. 709
· Insulin increases glucose transport into most, but not all, insulin-sensitive cells
· Insulin enhances cellular utilization and storage of glucose
· Insulin enhances utilization of amino acids
· Insulin promotes fat synthesis
· Talk about the first way.
· This is because adipose tissue and resting skeletal muscle REQUIRE insulin to recruit their GLUT-4 transporters to the membrane so that glucose can be transported (if not, they are simply stored in cytoplasmic vesicles)
· The transporters take the glucose in by FACILITATED DIFFUSION
· OK notice we said RESTING skeletal muscle…interestingly enough, EXERCISING skeletal muscle doesn't need insulin
· As for LIVER CELLS, glucose interaction is affected by insulin, but not directly
· This is because liver always has glucose transporters (GLUT-2) in its membrane
· But the thing is that the enzyme which converts glucose to G-6-P and effectively traps it in the liver is HEXOKINASE - and this is what is controlled by insulin
· So when we are in the fasted state, the GLUT-2 transporters are used in REVERSE - glucose goes OUT to the blood using them
· Talk about the second way.
· Basically this is all about inhibiting/activating enzymes:
· Enzymes for glycolysis, glycogenesis, and lipogenesis all get activated
· Enzymes for glycogenollysis, gluconeogensis, and lipolysis get inhibited
· See Figure 22.13, pg. 710
· Talk about the third way.
· Again it's just enzyme activation: we activate the enzymes for protein syntehsis and inhibit those for protein breakdown
· Talk about the fourth way.
· Insulin inhibits β-oxidation of fatty acids and promotes conversion of excess glucose or amino acids into triglycerides (i.e. lipogenesis)
· Glucagon is Dominant in the Fasted State
· Know Table 22.5, pg. 710
· Know Figure 22.14, pg. 711
· What is the goal of glucagon action?  What is the stimulus for its release?
· It is to PREVENT HYPOGLYCEMIA
· It is when glucose concentrations fall BELOW 100 mg/dL
· What is glucagon's primary target?  What does it do there?
· The liver is the primary target tissue
· There it stimulates glycogenolysis and gluconeogenesis to increase glucose output
· Explain why plasma amino acids also stimulate glucagon release.
· OK well firstly, the purpose for this is to prevent HYPOGLYCEMIA after a full protein meal (i.e. not that much glucose, but tons of protein)
· And so the thing is, AS WE DISCUSSED EARLIER, amino acids in the blood will stimulate insulin secretion -- and so glucose will get taken up by the blood even though there has been no addition of glucose!
· Thus it is good that amino acids ALSO cause the release of glucagon so that insulin is not taken up as much…
· Diabetes Mellitus is a Family of Metabolic Diseases
· What is diabetes characterized by?  What can it cause?
· It is characterized by abnormally elevated plasma glucose levels due to inadequate insulin secretion, abnormal target cell responsiveness, or BOTH
· It can cause damage to blood vessels, eyes, kidneys, and the nervous system
· Give a brief overview of the two types of diabetes.
· Type I:
· This is insulin-dependent, which means that we have an insulin deficiency
· It is an AUTO-IMMUNE disease because the body can't recognize the β-cells as its own and so it destroys them (ummm…what are beta cells…)
· Type II:
· This is "insulin-resistant diabetes"
· The idea is that OBESITY causes problems that prevent the receptors on cells from recognizing insulin
· Type 1 Diabetics are Ketosis-Prone
· See Figure 22.15, try to make some sense out of it...
· Type 2 Diabetics Often Have Elevated Insulin Levels
· Why is it less severe than Type I?
· Because insulin is at least PRESENT…and the cells do SOME glucose metabolism, meaning that we don't have to do KETONE PRODUCTION so we don't get ketosis
· What are the different types of insulin resistance we can see here?
· PRE-RECEPTOR RESISTANCE: insulin is abnormal, or there are anti-insulin anti-bodies that destroy it
· RECEPTOR RESISTANCE: low numbers of receptors or low binding of insulin
· POST-RECEPTOR RESISTANCE: insulin is unable to ACTIVATE the receptor to do stuff -- this is the MAJORITY
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Chapter 23 - Endocrine Control of Growth and Metabolism

 

Adrenal Glucocorticoids

· Introduction
· Talk about the adrenal gland.
· Like the pituitary gland, it is two embryologically distinct tissues that fused during development
· It secretes MULTIPLE HORMONES (both neurohormone and classic)
· It is made up of:
· Adrenal medulla:
· 25% of mass
· Composed of modified sympathetic ganglia that secrete catecholamines for fight-flight situations
· Adrenal cortex:
· 75% of mass
· Forms the OUTER part of the gland
· Secretes steroid hormones
· The Adrenal Cortex Secretes Steroid Hormones
· What are the 3 types of steroid hormones secreted by the adrenal cortex?
· Aldosterone (also called a mineralocorticoid because of its effects on sodium and potassium -- you should know this from earlier!)
· Glucocorticoids
· Sex hormones
· Talk about the anatomy of the adrenal cortex.
· See Figure 23.1, pg. 728
· It is made up of 3 layers, or "zones":
· Outer zone (aka "zona glomerulosa") only secretes aldosterone
· Middle section (aka "zona fasciculata") secretes mostly glucocorticoids, i.e. cortisol
· Glucocorticoids increase plasma glucose concentration
· Inner layer (aka "zona reticularis") secretes mostly androgens
· Talk about crossover activity between hormones.
· Because they are all so similar structurally, they can bind to each other's receptors!
· In general the synthetic pathways are linked and so in many endocrine pathologies, patients may exhibit symptoms related to more than one of the hormones
· Cortisol Secretion is Controlled by ACTH
· See Table 23.1, pg. 728
· Quickly run through the secretion pathway for cortisol.  Also how does it get to its target after being synthesized?
· See Figure 23.3, pg. 729
· Briefly, we go corticotropin-releasing hormone (CRH) -> adrenocorticotropic hormone (ACTH) -> cortisol
· It is carried through the plasma on a carrier protein called corticosteroid-binding globulin
· What are some stimuli for its release?
· Secretion peaks in the morning and diminishes during the night
· Secretion increases with stress
· Cortisol is Essential for Life
· Talk about some general physiological effects of cortisol.
· Well first of all, it mediates LONG-TERM stress (unlike the catecholamines also from the adrenal gland that deal with SHORT-TERM issues)
· But MOST IMPORTANTLY, it is to protect the body against HYPOGLYCEMIA
· Yes I know -- glucagon does this too…but glucagon ALONE is ineffective!
· Cortisol allows glucagon and the catecholamines to exert their FULL effect - so we say that it has a "permissive effect"
· Cortisol is overall considered to be catabolic (do you know why?)
· Now specifically, what does cortisol do in the body?
· Gluconeogenesis
· Promotes gluconeogenesis in the liver
· Breaks down skeletal muscle proteins to be used for gluconeognesis
· Enhances lipolysis
· Suppresses the immune system (more on this later)
· Causes negative calcium balance - meaning that we absorb less of it from the intestine and excrete more of it from the kidneys
· One consequence of this is that we break down bone tissue for the calcium!  (So in this way at least, cortisol is catabolic)…however this means that we get more broken bones than normal!
· Influences brain function: mood changes, alteration in memory/learning
· Cortisol is a Useful Therapeutic Drug
· How does cortisol affect the immune system?  Is this good or bad?
· It SUPPRESSES the immune system by preventing cytokine release and antibody production by white blood cells
· It also inhibits the INFLAMMATORY RESPONSE by decreasing leukocyte mobility and migration
· This is GOOD because we can use it to prevent swelling from bee stings, poison ivy, etc…even rejection of transplanted organs!
· What are the bad issues we have to keep in mind though?
· Firstly, they have potentially serious side effects so we now prefer using NSAID's (NON-STEROIDAL anti-inflammatory drugs)
· Also, if we administer glucocorticoids EXOGENOUSLY -- we will set off the negative feedback system and ACTH production will shut down, causing the adrenal gland's cortisol producing cells to atrophy
· Cortisol Pathologies Result form Too Much or Too Little Hormone
· Discuss hypercortisolism.
· This is when we have EXCESS cortisol in the body
· Commonly known as CUSHING'S SYNDROME
· The effects are predictable if we think about what cortisol does normally and just magnify those effects:
· Excess gluconeogenesis occurs, causing hyperglycemia and a diabetic condition
· Too much muscle protein breakdown causes muscle wasting
· Ironically, extra fat in the trunk and face (may be due to increased appetite and food intake)
· Initial mood elevation followed by depression
· There are 3 common causes:
· Primary hypersecretion: adrenal tumor causes uncontrollable cortisol secretion
· Secondary hypercortisolism: pituitary glands tumor causes excess ACTH and causes the adrenal gland to oversecrete cortisol
· Iatrogenic hypercortisolism: this is when a PHYSICIAN administered excess cortisol to treat some condition
· Discuss hypocortisolism.
· This is much less common than Cushing's syndrome
· It can be caused by Addison's disease, which generally kills production of all steroid hormones due to destruction of the adrenal cortex
· Also we can have hereditary defects in enzymes which mean that androgens cannot be converted into cortisol -- so in these people we see excess androgen
· CRH and ACTH have Additional Physiological Functions
· [Doesn't seem to be in PPT…]
 

Thyroid Hormones

· Quickly describe the thyroid gland.
· See Figure 23.7, pg. 733
· It is a butterfly shaped gland
· It lies across the trachea at the base of the throat, just below the larynx
· It has 2 types of endocrine cells:
· "C" cells secrete a calcium-regulating hormone called CALCITONIN
· Follicle cells secrete thyroid hormones
· Thyroid Hormones Contain Iodine
· Overall comments on thyroid hormones?
· They have LONG-TERM effects
· They are NOT essential for life
· However, they are essential for normal growth and development in children -- thus we check for thyroid deficiency in children
· Chemical comments?
· Thyroid hormones are amines derived from the amino acid tyrosine
· They contain the element IODINE, for some reason
· Synthesis comments?
· See Figure 23.7, pg. 733
· Synthesis takes place in the thyroid FOLLICLES -- spherical structures whose walls are a single layer of epithelial cells
· The center of each follicle has a protein mixture called COLLOID that holds a 2-3 month supply for thyroid hormone
· OK now give a detailed description of synthesis.
· See Figure 23.9, pg. 734
· The follicular cells manufacture enzymes for thyroid hormone synthesis and a glycoprotein called THYROGLOBULIN -- and these proteins are secreted into the center of the follicle
· Follicular cells absorb dietary iodide using a sodium-iodide cotransporter…and then move the iodide into the colloid using an anion transporter
· Enzymes combine iodide with tyrosine ON the thyroglobulin molecule to make the thyroid hormones T3 and T4
· Thyroglobulin with T3/T4 attached moves back into the follicular cells by endocytosis
· Intracellular enzymes free T3 and T4 from the protein
· Then they just diffuse out of the follicular cells and into the plasma
· How does different stuff add up to make T3 and T4?
· Tyrosine + 1 iodine: monoiodotyrosine (MIT)
· Tyrosine + 2 iodine: DIT
· MIT + DIT = T3 (triiodothyroNINE)
· DIT + DIT = T4 (thyroxine) (tetraiodithyroNINE)
· Talk about the balance of T3/T4 in the blood and in tissues.
· Most plasma hormone is in the form of T4!
· But the thing is, T3 is 3-5 times MORE ACTIVE biologically - and so what happens is that once T4 gets to the target tissue cells, DEIODINASE is used to convert it to T3
· 85% of T3 is made this way! (as opposed to in the thyroid gland)
· Thyroid Hormones Affect Quality of Life
· Thyroid excess/deficiency can cause decreased tolerance to heat/cold
· Can cause mood disturbances as well…
· The overall affect of thyroid hormones is to provide substrates for oxidative metabolism -- i.e. they INCREASE oxygen consumption and are THERMOGENIC (cause heat, due to the metabolic process)
· Thyroid hormones also interact with other hormones to modulate protein, carbohydrate, and fat metabolism
· For children, they are necessary to fully express growth hormone -- so they affect stuff like myelin and synapse formation
· Discuss hyperthyroidism.
· As expected, it increases oxygen consumption and metabolic heat production --- so all the heat makes the patients warm and sweaty, and intolerant of external hot conditions
· Protein catabolism is increased and so we get weaker and lose weight
· Afffect the nervous sytem so as to cause hyperexcitable reflexes and pschological disturbances ranging from irritability and insomnia to psychosis
· Affect β-adrenergic receptors in the heart which causes rapid heartbeat and increased force of contraction
· Discuss hypothyroidism.
· It's just everything reversed!
· Slower metabolic rate, slower oxygen consumption decreases body heat and causes cold intolerance
· Protein synthesis decreased, which causes brittle nails, thinning hair, etc.
· Causes accumulation of mucopolysaccharides under the skin which attract water and cause a puffy appearance
· Slow bone and tissue growht
· Nervous system slows -- slowed reflex, slow speech, CRETINISM -- decreased mental capacity in infancy
· Bradycardia in the heart (slowed heart rate)
· TSH Controls the Thyroid Gland
· What is the control pathway here?
· See Figure 23.12, pg. 736
· Thyrotropin-releasing hormone (TRH) -> thyrotropin aka thyroid-stimulating hormone (TSH) -> thyroid hormones
· What is goiter?  How can it be caused?
· Goiter is when the thyroid gland increases as a result of the follicular cells enlarging due to too much TSH action
· Both hypothyroidism and hyperthyroidism can cause it!
· PRIMARY HYPO: OK this is when we have a lack of iodine in the diet
· Thus we cannot make T3/T4, thus there is no negative feedback on the anterior pituitary and hypothalamus
· Thus we get tons of TSH stimulation which enlarges the thyroid gland
· HYPER: This can happen when we get something called GRAVES' DISEASE, where the body produces antibodies called thyroid-stimulating immunoglobulins (TSI)
· They combine with TSH receptors on the thryoid gland and activate them, causing EXCESS THYROID HORMONE (i.e. hyperthyroidism) to result
· It doesn't matter that the excess T3/T4 is feeding back negatively on the Hypothalamus/Anterior pituitary, because it isn't TSH that's causing it!
· How do we treat thyroid disorders?
· Hypo: we just do oral thyroxine
· Hyper: surgically remove all or part of the gland, destroy thyroid cells with radioactive iodine, or block hormone synthesis with drugs
 

Growth Hormone

· Introduction
· What does normal growth depend on?
· Growth hormones and other hormones
· Although note that non-growth hormones like thyroid hormones, insulin, and sex hormones have direct and permissive roles in this as well
· Adequate diet
· We need protein, energy, vitamins, minerals
· Food protein for bodily proteins/enzymes
· Minerals i.e. calcium are important
· Absence of stress
· Because if we are stressed, then lots of cortisol will be released and it has CATABOLIC effects as we were discussing
· This is the cause of the condition "failure to thrive" in children
· Genetics
· Growth Hormone is Anabolic
· Explain the growth hormone pathway.  What's another name for GH anyway?
· See Figure 23.16, pg. 738
· GH is also known as SOMATOTROPIN!
· The pathway is:
· The hypothalamus releases 2 GH-related antagonistic (?) hormones -- growth hormone-releasing hormone (GHRH) and growth hormone-inhibiting hormone, aka SOMATOSTATIN
· Then the AP releases growth hormone, which binds to GROWTH HORMONE BINDING PROTEIN (creative name!)…the binding proteins are important because:
· It protects plasma GH from being filtered into the urine
· It extends its halflife from 7 to 18 minutes
· It acts as a GH reservoir in the blood
· The genetic determination of binding protein concentration plays a role in determining adult HEIGHT (!)
· How do IGF's play into this?
· IGF's are insulin-like growth factors (aka SOMATOMEDINS) from the liver and other tissues
· They act together to stimulate bone and soft tissue growth
· They are ANABOLIC for proteins -- i.e. they cause protein synthesis
 

Tissue and Bone Growth

· Tissue Growth Requires Hormones and Paracrines
· [No]
· Bone Growth Requires Adequate Dietary Calcium
· Know Figure 23.19, pg. 741
· What does bone growth require?
· It requires hormones, protein, and calcium
· Discuss the role that calcium plays in all this.
· Calcium phosphate crystals (aka HYDROXYAPATITE) form a calcified MATRIX around the bone and attach to a COLLAGEN LATTICE
· Discuss the make-up of a bone.
· It is a DYNAMIC tissue - it is constantly being broken down (aka RESORBED) then reformed 
· There are TWO layers of bone:
· Outer layer of DENSE COMPACT bone
· Inner layer of SPONGY TRABECULAR BONE
· (Sometimes there is a central cavity of bone marrow)
· Explain how bone growth occurs.
· See Figure 23.19, pg. 741
· It's simple: if the matrix is deposited faster than it is resorbed, then we have bone growth!
· OSTEOBLASTS produce:
· Enzymes
· OSTEOID - a mixture of collagen and other proteins that the aforementioned HYDROXYAPATITE can bind to
· The bone can grow in 2 ways:
· DIAMETER: it's easy -- matrix just deposits on the outer surface of the bone
· LINEAR: deposits happen at a special place called the EPIPHYSEAL PLATE, which is between the end and shaft of the bone
· We also have CHONDROCYTES, which are continusouly divding cells that secrete CARTILAGE to help this process
· Eventually the chondrocytes die, and osteoblasts go there and lay down matrix so as to harden the bone
· When osteoblasts are done, then become a less active form called OSTEOCYTE
· Which hormones affect bone growth, and how?
· GH and IGF do…
· Sex steroids as well…they inactivate the epiphyseal plate when it is time to stop growing
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Chapter 10 Addendum - The Eye and Vision

 

The Eye and Vision

· Introduction
· How does vision work?  How is this related to the way a camera works?
· Because light enters the eye through the PUPIL and is focused by a LENS on a light-sensitive surface -- the RETINA
· Just as with a camera, the pupil can adjust to control how much light gets in
· Then the photoreceptors of the retina transduce light energy into an electrical signal
· Then the signal goes through various neural pathways
· The Eye is Protected by the Skull
· Discuss the EXTERNAL anatomy of the eye.
· See Figure 10.27, pg. 350.
· It's pretty basic…we have a bony cavity in the face called an ORBIT that is formed by the facial bones of the skull
· There are 6 EXTRINSIC EYE MUSCLES which attach to the outer surface of the eye and control its movement
· The eyelids close over the top part of the eye
· The LACRIMAL APPARATUS is a system of glands and ducts that keeps a flow of tears washing over the cornea so that it is moist and clean
· The NASOLACRIMAL DUCT drains these tears into the nasal cavity
· Discuss the INTERNAL ANATOMY of the eye.
· See Figure 10.28, pg. 351
· There are 2 compartments of the eye, and they are separated by a LENS
· FRONT COMPARTMENT:
· This is mostly filled with AQUEOUS HUMOR, a low-protein plasma-like fluid
· BACK COMPARTMENT: this is mostly filled with the VITREOUS BODY, which is a matrix that helps maintain the shape of the eyeball
· Talk about the path of light through the eye.
· It comes through the CORNEA, which is a transparent disk continuous with the SCLERA
· Light goes through the aqueous humor, through the opening of the pupil, and hits the LENS
· The light rays are bent so that they focus on the RETINA
· There is a spot on the retina called the OPTIC DISK, from which neurons of the visual pathway exit the eye as the OPTIC NERVE
· Right next to this optic disk is the FOVEA surrounded by the MACULA, which together are the regions of the retina with the MOST ACUTE vision
· Light Enters the Eye Through the Pupil
· After entering the eye, what are the two ways in which light is modified before it strikes the retina?
· FIRSTLY: changes in the size of the pupil controls HOW MUCH light hits the photoreceptors
· The pupil has PUPILLARY REFLEXES, which involve enlargement in dark environments and shrinking in bright ones to try and have a consistent amount of light hitting the eye
· CONSTRICTION: this happens in bright light, when a PARASYMPATHETIC PATHWAY constricts the circular pupillary muscles
· DILATION: this happens in dark light, when SYMPATHETIC NEURONS cause the RADIAL MUSCLES to contract
· SECONDLY: the light is FOCUSED in a process controlled by the shape of the lens
· What is "depth of field"?  Explain also how it is created.
· A "depth of field" is related to HOW MUCH of a picture is in focus -- i.e. just the front, or the whole thing
· And the pupils control this by determining how much light enters the eye
· The Lens Focuses Light on the Retina
· Talk through some quick physics stuff that will help us to understand the light-focusing process.
· The idea is that the lens of the eye is a convex (converging) lens, and so when light passes through it, it focuses onto a FOCAL POINT
· Ideally this focal point will be EXACTLY where the retina is, in which case we will see the object with perfect clarity
· In what kind of situations do we need to make adjustments?
· The above points only hold true if the objects are more than 20 feet away and thus emit essentially parallel light rays into the eye
· If they are much closer, this will not be the case and so the refracted image will NOT be on the retina - it will be behind it, and so the LENS must adjust to change its focal distance accordingly
· We call this process ACCOMMODATION
· How does the lens change shape (i.e. ACCOMMODATE) if it has no muscles?
· See Figure 10.32, pg. 354
· It's because the lens is attached to the CILIARY MUSCLE of the eye by inelastic ligaments called ZONULES
· When the ciliary muscle CONTRACTS, the muscle ring (the ciliary muscle is a muscle ring that surrounds the lens) gets (somehow) smaller, and so the tension on the zonules is DECREASED and the lens becomes more round -- good for CLOSE VISION
· And of course the opposite is true - relaxed ciliary muscle means bigger ring, more tension on zonules, and FLATTER lens for distance vision
· Explain how glasses play into this.
· See Figure 10.33, pg. 355
· As people get older (i.e. after 10 years), they LOSE the ability to accommodate because their lens gets stiff
· This condition is called PRESBYOPIA
· Either it is the sub-category of MYOPIA (near-sightedness) where the focal point falls in FRONT of the retina
· Or HYPEROPIA (far-sightedness), when it falls BEHIND the retina
· Phototransduction Occurs at the Retina
· Talk about photoreceptors and their friends.
· See Figure 10.35, pg. 356
· PHOTORECEPTORS are the cells in the retina which transduce light energy into electrical signals
· But there are LAYERS of neurons in the retina, and the photoreceptors are actually at the BACK
· Well…at the VERY BACK is actually a dark pigment epithelium layer which absorbs light rays that the photoreceptors don’t catch so that they don't reflect back into the eye and distort stuff
· The only place in the eye where the light doesn't have to go through all the other neuronal layers to hit the photoreceptors is the FOVEA - because here the intervening neurons are pushed off to the side
· What happens after the light hits the photoreceptors?
· The photoreceptors send the appropriate signals BACK THROUGH the neuronal layers which the light had to come through - they go through a layer of BIPOLAR NEURONS and then GANGLION CELLS
· The ganglion cells form the optic nerve which leaves the eye and the optic disk (discussed earlier!) and forms the BLIND SPOT
· Explain convergence.
· Just as with sensory receptors, we also here have CONVERGENCE, where light from multiple photoreceptors can combine at a single bipolar neuron, several of which will converge onto a signal ganglion cell, etc.
· This happens the LEAST at the fovea (that's why it's so clear!) and the MOST at the edges of the retina
· What interesting insight does Figure 10.3, pg. 357 give us?
· It tells us that the image we see is actually projected onto the retina UPSIDE DOWN (think about how a converging lens works)…but not to worry -- subsequent VISUAL PROCESSING reverses back the image for us
· Photoreceptors Transduce Light into Electrical Signals
· Quickly compare/contrast rods and cones.
· Rods and cones are the 2 kinds of PHOTORECEPTORS in the eye
· Rods are OVERALL more numerous (20:1 ratio), but cones are more concentrated in the FOVEA
· Rods are more for mono-chromatic night-time vision and low-light environments, while cones are good for HIGH-ACUITY and COLOR vision during the daytime
· Discuss the structure of rods and cones.
· See Figure 10.38, pg. 358
· OK there are THREE main segments:
· Outer segment that touches that PIGMENT EPITHELIUM of the retina
· Inner segment that holds the major organelles like nucleus, ATP/protein synthesis, etc.
· Base segment that synapses with the bipolar cells
· Talk about visual pigments.  How do they work?
· These are bound to the cell membranes in the OUTER SEGMENTS of the photoreceptors
· Their job is to do the ACTUAL TRANSDUCTION from light energy to a change in membrane potential
· Rods have ONLY ONE kind of visual pigment: RHODOPSIN
· Cones have 3 different kinds but they are all closely related to rhodopsin
· Each of the 3 cone pigments absorbs a particular wavelength of light the most - RED, GREEN, or BLUE (these are the basic colors of light, as you know)
· So how is all this related to color blindness?
· Because if someone inherits a defect in one or more of these 3 kinds of cones, they are SCREWED because they now have trouble picking out colors
· OK let's get into the nitty-gritty of phototransduction now.  How does it work?
· See Figure 10.40, pg. 359
· Well firstly, realize that the visual pigment is composed of 2 sections:
· OPSIN (protein embedded in the membrane of the rod disks)
· RETINAL (vitamin A derivative which is the light-absorbing portion of the pigment)
· When there is NO light, retinal BINDS ONTO a spot on the opsin
· But when there is a bit of light, retinal changes shape and no longer fits on the opsin, so it is RELEASED - this is a process called BLEACHING
· At the same time, a second messenger cascade within the photoreceptor cell is initiated through TRANSDUCIN
· The concentration of cGMP decreases, and Na channels (which were BOTH PREVIOUSLY OPEN) close, leaving ONLY K channels open
· You have to realize that previously, both Na and K channels were open and since Na (POSITIVE CHARGE) was leaving the cell more quickly than K (ALSO A POSITIVE CHARGE) was entering the cell, the cell was de-polarized to around -40 mV, enough to allow a TONIC LEVEL of neurotransmitter release onto the bipolar ganglion cell
· But now that all we have is those K channels open, they are going to move out of the cell and cause it to be negative -- or HYPERPOLARIZED, which will cause the CESSATION of neurotransmitter release onto the bipolar neuron
· And so when the light is super bright, there will be NO NEUROTRANSMITTER RELEASE…when it is slightly dimmer, there will be a little bit of neurotransmitter, etc.
· And this whole time, retinal (which was changed to an "ACTIVE" form upon leaving opsin and going into the pigment epithelium) is inactivated and comes back to recombine with opsin to form RHODOPSIN (i.e. the visual pigment for rods)
· How does this play into one's adjustment to different shades of light?
· It's because a SECOND MESSENGER SYSTEM (transducin) is involved here, which is going to take longer than a simple neural reflex
· Signal Processing Begins in the Retina
· Explain what happens to the signal after all that hyperpolarization stuff occurs.
· Well first of all, the neurotransmitter released from the photoreceptor cell to the bipolar neuron is GLUTAMATE
· Glutamate EXCITES some bipolar neurons but inhibits others (perhaps we have a RECEPTOR ISOFORM thing going on here)
· And then the bipolar neurons synapse onto the ganglion cells and we have the same deal -- some are excited, some are inhibited
· Discuss visual fields.
· OK this is just like receptor field with touch receptors, except it is a particular area of the RETINA that the ganglion cell is linked to
· As mentioned earlier, sometimes the receptor:ganglion cell ratio is close to 1:1, like near the fovea
· At the edge of the visual field, it is multiple receptors per ganglion cell…
· They have a thing where there are TWO kinds of visual fields - one where the middle section responds to light by sending a series of action potentials while the surrounding circle stops firing action potentials when it is exposed to light, and the other when it is reversed
· With either kind of visual fields, if they experience DIFFUSE DIM LIGHT across the whole field, it will give a weak action potential response
· The ULTIMATE RESULT is that the retina uses CONTRAST rather than absolute light intensity to recognize objects in the environment…this allows it to detect weak stimuli BETTER
· See Figure 10.41, pg. 360
· Discuss the 2 kinds of ganglion cells in the retina.
· M CELLS (aka magnocellular): they carry information about movement, location, and depth perception
· P CELLS (aka parvocellular): transmit signals that pertain to color, form, and texture of objects
· Talk about brain connections from the eyes.
· See Figure 10.42, pg. 361
· OK well once they leave the ganglion cells, the signals go through an OPTIC NERVE from EACH EYE which meet at the OPTIC CHAISM, which is when the fibers cross eacho ther so that the left brain is seeing right eye stuff, and vice versa
· After this, SOME fibers go to the midbrain so as to coordinate eye movement and also BALANCE by combining with somatosensory and auditory information
· But MOST go to the LATERAL GENICULATE BODY of the thalamus, where the fibers synapse onto neurons leading to the visual cortex in the occipital lobe
· Talk about organization of neurons.
· Both the lateral geniculate body and the visual cortex ORGANIZE the neurons -- they are in 6 layers grouped into vertical columns, and FURTHER sorted by form, color, and movement
· Explain the binocular and monocular zones.
· Binocular zone is that CENTRAL PORTION of one's field of vision that BOTH EYES can see
· Since the eyes have slightly different views of objects in this region, it can see them in 3D
· Monocular zone is where only one eye can see -- here we see things in 2D
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Digestion

· Cell to cell junctions vary -- not only due to health status, but also due to WHERE in the GI tract we are talking: stomach has tight junctions (probably b/c not much absorption happens here) and the intestine has leaky junctions…
· More about the lamina propria:
· Contains nerve fibers
· Wandering immune cells - macrophages and lymphocytes
· And PEYER'S PATCHES: collections of lymphoid tissue
· More on tonic/sustained contractions:
· They occur in the 7 sphincters in the GI tract (makes sense that these guys are tonic b/c they are usually closed!)
· Lower esophageal, pyloric, iloececal valve, etc…
· 5 sphincters are smooth muscles
· 2 sphincters are SKELETAL MUSCLES: upper esophageal and external anal
· More on peristalsis:
· We have the "peristaltic reflex" which is triggered when the GI tract wall is distended
· It is influenced by the enteric NS, hormones, paracrines, autonomic NS…
· More on mucus release:
· It is signaled by:
· Parasympathetic innervation
· Neuropeptides in the enteric NS
· Cytokines from immunocytes
· More on breaking down CHO:
· Not only do we have salivary amylase in the mouth which breaks starch down to maltose…
· But we also have DISACCHARIDASES in the brush border of the small intestine to finish the job and break into monosaccharides
· Also, here is how glucose is absorbed:
· On the apical side: Na/Glucose symport
· On the basolateral membrane: facilitated diffusion
· And for fructose: facilitated diffusion both ways
· More on protein absorption:
· Sometimes instead of being broken down into small peptides or amino acids before being absorbed, large peptide fragments are absorbed WHOLE into the blood system by TRANSCYTOSIS - a combination of endocytosis, vesicular transport across the cell to the BM, then exocytosis
· A lot of times these peptide fragments can act as antigens and attract antibodies to kill them which is the essence of an ALLERGIC REACTION
· More on fat digestion:
· It is helped not only by bile, but also by COLIPASE
· Phospholipids specifically are handled by the enzyme PANCREATIC PHOSPHOLIPASE
· All fats are absorbed by simple diffusion
· Except cholesterol, which uses energy dependent transporters
· Everything except for the shorter chain FA's form a chylomicron in the cells and goes into the lacteal and then into the lymphatic system
· The shorter chain FA's are small enough to get into the blood
· More on vitamins and minerals:
· Fat soluble vitamins (ADEK) are absorbed just like fats
· Water soluble vitamins require active/mediated transport
· Minerals also require active transport
· Talk about Digestive hormones.
· They control GI function, metabolism and eating behavior
· They are not secreted by discrete glands
· How are they classified?
· the gastrin family: gastrin and cholecystokinin (CCK)
· the secretin family: secretin, VIP, glucose-dependent insulinotropic peptide (GIP)
· hormones not included in the above two families: motilin
· Where are they synthesized?
· stomach : gastrin

· intestinal mucosal cells: secretin, CCK, GIP, motilin

· enteric neurons: VIP

· Ummm…Immunohistochemical localization:
1. CCK and VIP: in the brain

2. Enteroglucagons: related to pancreatic glucagon

3. Pancreatic polypeptide: isolated in the endocrine pancreas

· What are they Physiological effects of GI hormones?
· Excite or inhibit motility and secretion
· Motility - peristalsis, gall bladder contraction, gastric emptying
· Secretion: enzymes, pancreatic juices
· Trophic effects: glucose - GIP - insulin
· Behavioral effects: CCK - enhance satiety
· What are the signals for hormone release?
· Food: 
· fatty food - CCK - fat digestion
· glucose - GIP - glucose metabolism
· acid - secretin - pancreatic bicarbonate secretion
· nervous system: gastrin release - parasympathetic activity following a meal
· How about paracrines in the GI tract?
· They have a diverse effect on digestion
· eg: procolipase: split into colipase and enterostatin - satiety signal for fat ingestion
· histamine: basolateral side - multiple effects - including acid secretion
· serotonin: increased luminal pressure - stimulates peristaltic reflex
· How are the digestive activities of the stomach regulated?
· See Figure 21.17, pg. 678
· The steps are:
· Food or cephalic reflex initiate gastric secretion --> gastrin is released by G cells -> this stimulates acid secretion by parietal cells -> acid stimulates secretion of pepsinogen, which is converted to active pepsin in the presence of acid --> but the acid stimulates the negative feed back pathway by causing the release of somatostatin by D cells, which shuts down G cell and parietal cell production
 

 

The digestive system: secretes substantial amounts of fluids and ions

· water and ions (Na+, K+, Cl-, HCO3-, H+) - majority of the fluid secreted
· sodium, potassium and chloride movement:
· basolateral membrane (BM): contains pumps, transporters and channels
· sodium movement between cells – leaky junctions except in the stomach
· sodium concentration same as plasma
· sodium reabsorbed by cells
· electrochemical gradient: epithelial cells pump Cl- from ECF to lumen
· passive movement of sodium
· BM contains Na+,K+,2Cl- symport – brings Cl- into the cell
· Apical membrane – CFTR (cystic fibrosis transmembrane conductance regulator) chloride channel allows Cl- to be secreted into the lumen
· Net effect: secretion of NaCl solution – because of osmotic gradient
· Intestine: mechanisms for K+ and Cl- secretion 
· K+ enters the lumen via leak channels
· Some bacterial toxins enhance KCl secretion – diarrhea
 

 

 

Hydrogen ion and bicarbonate ion transport:

· Stomach: acid secreted into the lumen and bicarbonate reabsorbed into the blood
· Pancreas, intestine, mucus secreting stomach cells: bicarbonate secreted and acid absorbed
· Parietal cells: secrete gastric acid
· convert CO2 and water into H+ and HCO3- - carbonic anhydrase
· apical membrane: uses proton ATPase - H+ to lumen; K+ to cell
· BM: chloride-bicarbonate exchanger - HCO3- to blood; Cl- to parietal cell
· Intestine: bicarbonate secreted by pancreas for neutralization
· requires carbonic anhydrase
· Apical membrane: Cl-/HCO3- antiport protein – secretes HCO3- into the pancreatic duct
· BM: Na+/H+ antiport – transports H+ into ECF
· Na+ also secreted through leaky junctions – water follows – resulting in sodium bicarbonate solution 
 

 

Role of bile and colipase: 

· Bile components: salts (fat digestion), pigments (bilirubin), cholesterol, bile acids (steroid detergents)
· Bile salts coat lipid emulsion in duodenum - micelles
· Colipase - protein cofactor from pancreas - allows lipase to break through the bile salt coating of the emulsion
· Bile salts are not altered during fat digestion - reabsorbed in the ileum - cycles 2-5 times for each meal
 

Kidneys

· A clearer division/classification for how GFR is regulated:
· AUTOCRINE regulation is just myogenic response: i.e. the blood vessels constrict/dilate themselves according to blood pressure
· PARACRINE regulation is just tubuloglomerular feedback, since paracrines are the way in which the macula densa communicates with the juxtaglomerular cells!
· More on other GFR regulators (neural/hormonal):
· Angiotensin II --> CONSTRICTION, decreased GFR
· Prostaglandins --> DILATOR, increased GFR
· What is "bashful bladder"?
· OK normally…the reason why we are able to NOT urinate involuntarily is because parasympathetic neurons from our brain INHIBIT the signals that normally cause us to urinate involuntarily
· But "bashful bladder" is when, in the presence of other people, we are unable to REMOVE this PARASYMPATHETIC INHIBITION
 

Fluid/Electrolyte Balance

· More on ADH regulation
· Recall that this is controlled by a) stretch receptors for blood volume in the atria, b) baroreceptors in carotid artery and aortic bodies for blood pressure, and c) osmoreceptors in the hypothalamus for blood osmolarity (this is the most important one)
· Anyways, the point is that as well as affecting ADH output, these guys also affect THIRST
· More on how aldosterone release is controlled…it's just that we can CLASSIFY it into 2 categories:
· DIRECT CONTROL: this is when the adrenal cortex REACTS to certain conditions and controls aldosterone secretion by synthesizing it and releasing it (recall steroids and cytokines are synthesized on DEMAND)
· So this is triggered by K levels (recall that aldosterone -> increased Na reabsorption -> increased K SECRETION)
· Also by blood osmolarity (aldosterone -> more Na in ECF -> higher osmolarity)
 

Reproduction

· More on a sex steroid pathway:
· Testosterone --> dihydrotestosterone ---aromatase---> estradiol (E2)
· More on sperm:
· It consists of (besides semen): mucus for lubrication, buffers for neutralization, and nutrients for metabolism
· More on androgen-binding protein:
· It's role is…to…
· Bind testosterone - mechanism for T sequestration close to spermatocytes
· Accumulate T within Sertoli cells
· Transport T to the epididymus
· What are some hormonal methods of CONTRACEPTION?
· Estrogen overdose:
· This suppresses FSH and LH so much that ovulation cannot occur (recall that the LH surge is necessary)
· This causes endogenous estrogen levels to decrease (I think…because…there is no FSH and LH to induce its natural production?)
· Progesterone overdose:
· Again this suppresses LH and FSH production
· Also it causes the formation of cervical mucus plugs to prevent sperm entry (this is also what NATURALLY happens in the luteal phase, right…)
· It also modifies the endometrial lining so that implantation is impossible
· GnRH agonists:
· Recall the earlier discussion about how GnRH release is pulsatile because anything more frequent would shut down the anterior pituitary receptors -- well this is the same deal
· RU 486 (aka mifepristone):
· This is an anti-progesterone drug which blocks ovulation and prevents implantation
· More on parturition/pregnancy:
· The placenta is well established and fully operational by 5 weeks
· Blood volume increases 30%
· Respiratory activity increases by 20%
 

Hormonal Control Of…

· What is the CCK theory?
· It's another theory for hunger control that is based on the release of CCK in response to fats and amino acids in the small intestine
· Thus it is regulated by fat and protein content in the diet
· More on neuropeptide Y (NPY):
· It is the MOST ABUNDANT brain peptide…
· It is 36 amino acids long
· It stimulates over-eating (hyperphagia) of carbohydrates and fat
· It reduces energy expenditure
· Its production is stimulated by:
· Food restriction
· Diabetes
· Negative energy balance
· NPY injections lead to obesity
· More on leptin…
· It is (as you know) secreted by the adipose tissue but ALSO SEEN in the GI tract and placenta
· It causes…
· Inhibition of food intake
· Stimulates energy expenditure
· It is related to obesity because…
· Obese people have a mutation in leptin or have messed up leptin receptors
· More on the somatostatin produced by the pancreatic D cells…
· They are high after a PROTEIN meal
· They lower triglyceride levels and promote the movement of nutrients from the gut
· More on the metabolic response to glucose…
· OK we know that it increases glucose uptake in adipose/skeletal muscle cells (but NOT THE LIVER!) and after that enhances things such as glycogenesis, lipogenesis, protein synthesis, etc…
· But note that it ALSO increases K+ uptake and can therefore cause hypokalemia!
 

Cortisol/Thyroid Stuff

· More on the differences between cortisol and catecholamines, which are BOTH synthesized/released by the adrenal gland
· Cortisol: is a steroid hormone, so we know that…
· It lasts longer in circulation
· Binds to cytosolic receptors
· Results in the creation of new proteins
· Has longer-term effects
· Catecholamines: are amine hormones, so we know that…
· They have a very short half-life
· They are metabolized very quickly
· They bind to membrane receptors
· They have quick-acting effects
· More on what hypercortisolism can cause:
· Atrophy of the immune system
· Vascular derangements
· Gastrointestinal ulcers
· More on Addison's and Cushing's disease:
· Addison: weakness, increased melanin pigmentation of skin, weight loss, hypotension, salt craving, and hypoglycemia
· Cushing: hypertension, obesity, glucose intolerance, osteoporosis, polyuria, polydipsia
· More on the thyroid hormones T3 and T4:
· They are lipophilic and thus not very soluble in plasma
· Therefore they are carried by the binding protein TBG
· And when they get to the cell, they diffuse into it and go to nuclear receptors
 

Hormonal Control of Growth

· What are the 3 processes involved in growth?
· Hypertrophy (enlargement of cells)
· Hyperplasia (increase in number of cells)
· Extracellular matrix growth
· What do these orderly processes require?
· Substrates from EXOGENOUS sources
· Substrates from STRUCTURAL components
· Talk about growth hormone -- failures, release patterns, etc.
· It is a peptide released from the pituitary
· GHRH stimulates its release, and GHRH's stimulus itself is not well known
· It is important for somatic growth
· If it fails, we can get:
· Children: dwarfism (deficiency) or gigantism (excess)
· Adults: acromegaly (excessive growth)
· It is released:
· Throughout life!  But the amount and nature of its release changes…
· Teen years: peak release
· Adult years: pulsatile daily release
· What are the physiological effects of GH?
· There are both direct effects and indirect (mediated through somatomedins) effects:
· Direct:
· Anti-insulin effects: carbohydrates are metabolized to glucose; fat cells have lipolysis occurring, etc.
· Indirect: these are almost OPPOSITE to its direct effects
· Recall that it does all of its indirect effects through somatomedins (IGF-1, IGF-2) released from the liver:
· Amino acid incorporation into muscle protein (i.e. it is anabolic for proteins)
· Extracellular collagen deposition (i.e. bone growth)
· Positive nitrogen balance (think HLTH 346 -- this means that we are building up proteins)
· Talk more about the IGF's.
· They are structurally similar to pro-insulin (the inactive form of insulin)
· IGF-1 acts on the liver by a tyrosine kinase mechanism that is very similar to the way insulin acts on the liver
· Talk about the role of binding proteins in all of this.
· 50% of GH in the blood is complexed to binding proteins, and this level controls the overall effect of GH
· IGF's are also complexed to binding proteins -- there are very few free IGF's floating around
· What are some other hormones involved in growth?
· Prolactin, placental lactogen, thyroid hormones, insulin, sex hormones
 

Glucocorticoids and the General Adaptation Syndrome

· How does the body respond to stress?
· It activates the sympathoadrenal system…which has multiple phases:
· Phase 1: alarm reaction
· Here we have the activation of epinephrine and norepinephrine, which causes:
· Basal metabolic rate to increase
· Blood flow increase
· Glycogen broken down to glucose
· Phase 2: resistance/adaptation phase
· Here the body adapts in a more long-term way to the stressors, and so cortisol is released (that's why we say it is responsible for long-term maintenance of stress):
· Permissive for sympathoadrenal actions
· Increase the lipolytic action of catecholamines
· The FFA's produced provide metabolic substrate in the absence of glycogen
 

Diabetes

· What are the 2 kinds of diabetes?  Discuss each generally.
· Type 1: insulin-dependent DM (IDDM)
· Only 10% of diabetics are of this type
· The issue is that it is a failed autoimmune response: the body thinks that the beta cells in the pancreas which produce insulin are foreign, and so it kills them
· Sometimes the onset of diabetes I can be preceded by a viral infection
· In general, the treatment for this disease is insulin supplementation
· They used to try and use cow’s milk/pancreas to replace the lost insulin
· Type 2: non-insulin dependent DM (NIDDM)
· This affects 90% of all diabetics
· Often brought on by obesity
· It is insulin resistant diabetes, meaning that we HAVE insulin but we can't use it
· Talk more about IDDM.
· OK well…digestion and absorption of glucose-containing foods happens normally because this is an insulin-independent process
· But then we get decreased glucose transport/diffusion into liver cells, creating a state of hyperglycemia
· The body responds as if it were fasting - so there is catabolism (of protein, fat, etc.) and due to the glucostatic theory (remember?) we experience polyphagia, which is excessive eating
· In the kidneys, we also experience glucosuria (glucose excreted in the urine) which leads to:
· Polyuria (large urine volume)
· And more importantly, osmotic diuresis (loss of water through the urine because it can't be absorbed as much due to excess glucose)
· In the circulation, we experience:
· Decreased blood volume and pressure since we are losing water
· This leads to dehydration and polydipsia, which is a state of constant thirst caused by the body in an effort to replace lost water
· We also get metabolic acidosis, for which there are 2 sources:
· Anaerobic glycolysis causing lactic acid (happens if blood pressure decreases so much that oxygen cannot reach the tissues)
· β-oxidation of fatty acids to produce ketones, which leads to ketosis (happens since there is not enough glucose getting to the tissues)
· The grand result is that the combination of acidosis and hypoxia (deficiency of oxygen to the tissues) can cause coma or death
· We TREAT IDDM through: insulin replacement, fluid and electrolyte therapy
· Talk more about NIDDM.
· It is not as severe as NIDDM, mainly because enough glucose metabolism still occurs that ketone production does not need to happen
· Complications of NIDDM include: atherosclerosis, neurological changes, eye and kidney problems
· This is due to different problems:
· PRE-RECEPTOR RESISTANCE: insulin is abnormal, or there are anti-insulin anti-bodies that destroy it
· RECEPTOR RESISTANCE: low numbers of receptors, or mutated receptors, etc.
· POST-RECEPTOR RESISTANCE: insulin is unable to ACTIVATE the receptor to do stuff -- this is the MAJORITY
· This includes a down-regulation of glucose transporters or the development of anti-bodies which kill them
 

Calcium

· Where is calcium mostly found in the body?
· 99% of it is in the bones, as the calcified matrix
· 0.1% of it is in the ECF for things like release of neurotransmitters at synapses, etc.
· 0.9% of it is in ICF for things like being a signal in second messenger pathways, muscle contraction, etc.
· Thus if we want to move calcium out of the cell, it has to be ACTIVE TRANSPORT since we're going against a concentration gradient
· So all in all, what are the functions of calcium?
· It is a signal in second messenger pathways:
· It can cause exocytosis of stuff (recall how insulin is released from beta cells)
· Muscle contraction (bind to troponin, shift position of tropomyosin, etc.)
· Alter the activity of enzymes and transporters
· Change the excitability of neurons
· Talk about how calcium level in the body is regulated.
· See Figure 23.20, pg. 742
· It is absorbed in the SI under HORMONAL CONTROL
· It is FREELY filtered at the glomerulus
· It is reabsorbed along the nephron (in the distal nephron there is hormonal control)
· Explain how the bone is a calcium reservoir.
· See Figure 23.21, pg. 742
· The hydroxyapatite crystals making up the extracellular matrix of bone form the largest reservoir of Ca in the body
· Osteoclasts dissolve - or RESORP - bone, which frees calcium to enter the blood
· They do this by attaching to the bone and secreting acid and protease enzymes
· Discuss the endocrine control of calcium balance.
· There are three key hormones:
· Parathyroid hormone (PTH) - parathyroid gland - monitors calcium levels
· See Figure 23.22, pg. 743
· This responds to low plasma Ca levels by:
· Mobilizing calcium from bone (i.e. more resorption by osteoclasts)
· More renal reabsorption of calcium
· Influences vitamin D3 so as to increase intestinal absorption of calcium (more on this later)
· Vitamin D3 aka calcitriol
· This is made from Vitamin D (either obtained through the diet or made in the body using sunlight) 
· Then Vitamin D3 is modified in the liver and then the kidney to become calcitriol
· See Figure 23.23, pg. 744
· PTH and prolactin encourage production of calcitriol:
· PTH enhances the modification step at the kidney
· Prolactin enhances production since calcium is needed for breast milk, which is prolactin's main job
· Its action is similar to PTH: facilitate renal reabsorption, increase bone resorption, but MOST OF ALL increase Ca uptake in the small intestine
· Calcitonin
· Recall that it is produced by the C cells of the thyroid gland
· It has a minor role and it OPPOSES PTH action: decreases bone resorption, increase renal calcium excretion
· Thus it can be used to treat Paget's disease, which is a genetic condition where osteoclasts are overactive and cause the weakening of bones
