BIO 100 Exam III Notes

I. Introduction to Physiology 

Studies of how the bodies of organisms react to their environment is the field of physiology.  Physiology is the branch of biology that deals with how organisms maintain favorable conditions within their bodies. 
  How do they keep O2 levels high? 
  How do they keep each cell of their body supplied with nutrients? 
  How do they eliminate wastes? 
  How does your body defend itself against invaders? 
  How do they maintain an appropriate temperature in their bodies?  Many animals regulate their temperature very carefully, maintaining a nearly constant temperature.  How do they do it? 

Homeostasis is the central concept of physiology: self-regulated constancy of conditions.  This is a specific example of a more general phenomenon known as a feedback process.  A feedback process is where information about the state of the system affects the state of the system. 

Humans maintain a fairly constant temperature of 98.6( F.  So now let us consider how the body does this. 

The body has a number of sensors that measure the internal temperature of the body.  And there is a set point that is 98.6( F.  If it is cold outside, the body temperature drops (which is recorded by the sensors). 

How does the body raise its temperature? 

· shivering (your brain tells your muscles to contract to generate heat) 

· body shrinks size of blood vessels near the surface and at the extremities to conserve heat (your toes and fingers get cold as a result, but your brain stays a toasty 98.6 degrees) 

· brain tells body to burns more energy to create more heat 

What if your body is too hot? 

· sweating (high specific heat of water does an excellent job cooling the body: heat required to evaporate water comes from your body, thus cooling you off.) 

· direct more blood to surface of body and extremities (you get flushed: this radiates heat, cooling you off) 

· slow down body's metabolism to reduce heat produced (you feel tired when too hot) 

So what are components of this feedback system? 

· sensor (measures the state of the system) 

· integrator (the 'brain': determines the appropriate action needed to return to the desired state)

· effector (instructed by integrator to affect the state of the system) 

What are the components of the temperature feedback system in the human body? 
  sensor: nerves 
  integrator: brain 
  effector: circulatory system, sweat glands, muscles, etc. 

This type of feedback system is called negative feedback, since it tends to maintain constant conditions: it operates to correct the system.  (like a home furnace and AC unit)


· Called negative feedback because it causes changes that reverse the changes that are causing the state if the system to change. 

· Negative feedback systems may also act to conserve things by reducing losses.

Now let’s consider a different situation that does not use negative feedback, using a strange home furnace system as an example.  The furnace does not do anything when the temperature is at the set point.  But if the temperature rises slightly, it causes the furnace to go on.  As the temperature rises more, the furnace gets turned up more.  What will happen to your house?  It will continue to get hotter and hotter, until it bursts into flames, since the furnace turns up continuously as the temperature rises.  This process is called positive feedback. A deviation from the system gets amplified, pushing the state of the system further away from its set point. 

So a positive feedback system does NOT counteract deviations, it amplifies them.  It always leads to a change in the system.  The dynamics of a positive feedback system tend to push the state of the system further from the set point, either up or down. 

This house thermostat example is fictional, but positive feedback systems do exist in nature. 
Biological example: childbirth 
The baby starts to move down the birth canal, causing the woman to have contractions.  The contractions cause the baby to get pushed further down the birth canal, causing more frequent and more intense contractions, etc.  The intensity and frequency of the contractions increases until the baby emerges from the birth canal. 

Positive feedback systems can also work in the other way.  Many populations of endangered species have such low densities that it is hard to find mates.  If few individuals are mating, then there are even fewer individuals in later generations.  This is happening now with some whale species.  Even though the whales are not yet extinct, we know they will be a few years down the road without some sort of intervention, even if they have no mortality due to hunting or predation!! 

The concept of negative feedback (homeostasis) is central to physiology and we will be revisiting this idea often in the next few lectures.  Positive feedback systems are seldom important in physiology, because the principle central to physiology is maintaining the status quo.  (Whereas positive feedback systems tend to lead to a change in the state of the system.)  Many psychological problems are positive feedback (vicious circles). 

Sample Exam Questions 

The ocotillo is desert plant that grows leaves just after a rain.  It then photosynthesizes quickly with its non-waxy leaves, losing a lot of water in the process.  After water levels get too low, it drops the leaves and waits for the next rain.  (http://www.desertusa.com/nov96/du_ocotillo.html) 

The water conservation mechanism in this plant is an example of a 
  a. negative feedback system        b. positive feedback system 

Answer: A, since it is a mechanism to conserve water.  The water level will never get very low in this plant because whenever the water level drops to a certain point, the plant drops its leaves, preventing further water loss. 

The effector is 
  a. the mechanism by which the plant measures its water balance 
  b. the mechanism that holds the leaves on the plant 
  c. the mechanism by which the plant makes the decision on whether to send out leaves or drop the leaves 
  d. the mechanism by which the plant sends out leaves 
  e. both b and d 

Answer: E, since both b and d are ways that the plant affects its water balance.  Answer A is incorrect since it is the sensor, while answer C is incorrect since it is the integrator. 

Label the following as positive or negative feedback. 
  a. A female becomes amenorheic (stops the menstrual cycle) when her body is deprived of food. 
  b. A runner breathes more heavily when exercising. 
  c. Lower unemployment causes increased labor costs, which rises the prices on goods, causing inflation, which causes wages to increase more, which leads to increased inflation. 

Answers: 
A is negative feedback.  When her body is deprived of food, it will respond by terminating the menstrual cycle as a way to conserve energy.  Whenever you're 'conserving' anything, it will always be negative feedback because you're trying to maintain the status quo. 
B is negative feedback.  When you exercise, you use up oxygen quickly, and so your body increases your breathing in an attempt to rapidly replace the oxygen supply.  It's trying to get the oxygen levels back where they once were. 
C is positive feedback.  As time goes on, the inflation will get worse and worse in a vicious circle. 

More Principles of Physiology.

I. Cells are limited in their size.

A. The surface area to volume ratio decreases as their size increases, resulting in less membrane to pass nutrients across per unit size.  We will be revisiting this important relationship (SA/V) throughout our study of physiology.
B. Increased cell size also makes the membrane weaker.

II. Multicellular organisms are hierarchically organized.

A. Cells that perform the same function are grouped together into tissues, which perform similar functions.  More complex organisms have more tissue types (jellyfish: just a few, humans: over 200).

B. There are four main types of tissues:

1. Epithelial: covers surfaces in the body for protection.  The three general types of epithelial tissue are columnar, cuboidal, and squamous (flattened, like your cheek cells).

2. Connective: composed of living cells surrounded by nonliving matrix.  Examples of connective tissues include cartilage, bone, tendons, ligaments, adipose (fat) and blood.

3. Muscle: Muscle tissues are contractile and are used to move things.  There are three types: 

a. Skeletal muscle (striated): under voluntary control.  Used to move skeletal muscle, which is what you think of when you hear the word muscle.

b. Smooth muscle: not under voluntary control.  Used to move things inside your body, such as food in your digestive tract.

c. Cardiac muscle: not under voluntary control.  Used to make the heart beat in unison.

4. Nervous: comprised of neurons (long cells which send messages) and glial cells (support cells for neurons that nourish and insulate them and are involved somewhat in memory).

C. Tissues are organized into organs.  Organs are groups of tissues that perform a similar function.  They are usually surrounded by connective tissue.  Examples include skin, your leg, your brain, your heart, your aorta, etc.

D. Organs are organized into organ systems.  Examples of organ systems include digestive, respiratory, circulatory, excretory, skeletal, muscular, endocrine, nervous, and reproductive.

Respiratory and Cardiovascular Systems

I. Introduction

The study of the circulatory system (heart and blood vessels) is part of the branch of biology dealing with physiology.  Thus it is important in keeping certain conditions in our body constant.  In today's lecture, we will cover the history of the study of the circulatory system and give examples of negative feedback processes that maintain constancy in your body.  Then I will explain the evolution of the vertebrate heart to a more efficient form required for organisms that have a high metabolism (birds and mammals).  I will then explain one of the principle uses of the circulatory system, how the blood delivers oxygen to and removes carbon dioxide from the cells.  Finally, I will cover dysfunction of the circulatory system: heart disease. 

II. History 

A. Early ideas about blood flow: Cladius Galen (100 AD)

1. Blood ebbed and flowed through the veins, arteries and heart like the tides.

2. Blood flowed both directions in the blood vessels, going from the heart to the lungs.

3. Blood seeped through non-visible pores in the ventricular septum separating the right and left ventricles of the heart.

4. Most blood that traveled to the extremities was 'used up' there.

5. New blood was made by mixing "spirits" from the heart, lungs and liver. 

6. Galen’s hypothesis was based largely on anatomical evidence (dissection of corpses)

B. But later people began to think of CIRCULATION.

1. They found a certain symmetry with this new idea of planets circulating around the sun. 

2. Giordano Bruno (1548-1600) was impressed by the Copernican idea and applied it in several other places including the circulatory system.  Unfortunately, it just got him burned at the stake as a heretic, primarily because he didn’t have enough data to support his hypothesis. 

C. William Harvey was also influenced by the Copernican notion. 

1. But he was much more exacting in his logic (after all, one could get burned at the stake!) 

2. Harvey's hypothesis is the first real hypothetical-deductive piece of work in biology.

a. Blood flows in a circular path:  heart to arteries to capillaries to veins to the heart 

b. Right side of the heart to the lungs to the left side of the heart 

c. From the left side of the heart to the body and then back to the right side of the heart.

d. Remember that capillaries were not visible, but Harvey's hypothesis predicted that they existed. 

D. Evidence to support Harvey's hypothesis 

1. Quantitative evidence

a. Suppose the left ventricle holds 2 oz of blood

b. Suppose the left ventricle beats 72/min. 

c. Thus in 1 hour 2 x 72 x 60 = 8,640 oz. = 540 lbs. of blood produced 

d. From where did all this blood come?  And where did it go? 

2. Observational evidence

a. Studied medicine at a University in Italy; his teacher, a surgeon, pointed out the existence of one-way valves between atria and ventricles, but couldn't understand what they were for.  Harvey did!! 

b. Examined the septum: no pores (but Galen supporters said they were too small to see)

c.  These observations led Harvey to argue that blood passed from the right ventricle to the left (not through the septum) but indirectly through the lungs.

d. His greatest contribution:  recognition of two circulatory systems (Figs 23.3 & 23.4, pp.507, 508): 
    (1) Heart to lungs and back (pulmonary) 
    (2) Heart to the rest of the body and back (systemic)

3. Comparative evidence 

a. Animals with lungs and right and left ventricles have the left ventricle larger.  This is consistent with the greater size of the systemic circulation (has to deliver the blood further).

b. Harvey studied the 2, 3 and 4 chambered heart (I'll get to that in a second).

4. Experimental evidence 

a. Tested seepage between right and left ventricles: found none.

b. Mechanical probe from the right ventricle easily went to the lungs.

c. Mechanical probe from right atrium easily went to right ventricle.

d. Did same with water. Tried to force water "backwards" (at least according to his hypothesis), e.g. from the lungs back into the right side of the heart: the artery simply swelled (because the pulmonary semilunar valve wouldn’t let the water enter the heart).

e. Humans have one-way valves in their veins (Fig. 23.10, p. 512).  You can see evidence of one-way valves in your forearm by pressing down firmly on a vein and then sliding your finger down toward your hand, pressing all the way.  You should see bulges in your veins that mark sites of one-way valves.  Veins require one-way valves to return blood back to the heart against the force of gravity.  Normal muscle contractions squeeze the blood in veins, and since the blood cannot move down (a one-way valve will impede its progress), the blood squirts upward through another one-way valve.  If you must stand for extended periods of time, make sure you move around a bit to help the blood return from your feet to your heart.  The guards at Buckingham Palace used to faint because they never moved when on duty.  To stop this embarrassing occurrence, guards are now taught to discreetly flex their legs (which is hidden by their loose pants), aiding the return of blood to the heart and thus reducing their chance of fainting.

f. Garlic on toes on man placed in a hole in the wall of a room (How would you control this experiment?  Hint: Maybe the garlic smell is actually just wafting through the small holes in the wall.  Answer: rub garlic on the other side of the wall, but don't rub it on the person at all.  If the person smelling the breath cannot smell garlic when you aren't rubbing it on the subject's feet, then the wall has a tight seal and the experiment is controlled.)

III. Evolution of the vertebrate heart (see lab handout on heart)
Heart comparison image

A. William Harvey was sensitive to this issue (see above); what can we learn about circulatory system function by studying its evolution?

B. Fish: two chambers 

1. Atrium:  Collects blood from the systemic capillaries 

2. Ventricle:  pumps through gills on to systemic capillaries. 

3. Propulsive force of the blood lost in the gill capillaries, so blood flow is SLOW. 

4. OK for a fish, since it has a slow metabolism.

C. Amphibians 

1. Beginnings of a double system:  2 atria; 1 ventricle

2. Nonetheless, blood mixes (deoxygenated blood mixes with oxygenated blood). 

3. OK for a cold-blooded organism (temperature conformer); not OK for a warm-blooded organism (temperature regulator) since they have a higher metabolism and so need more oxygen and produce more wastes (carbon dioxide).  Also, amphibians breathe through their wet skin.  They get about 50% of their oxygen through their skin, so they rely less on their lungs than other creatures with lungs. 

4. Kids with a "hole in their heart": blue baby syndrome 
     a. Fetuses do not use their lungs, as they get there oxygen from the umbilical cord.  Thus their heart has holes between their ventricles so that the blood can bypass the lungs.  If these holes do not close at birth, very little blood enters the lungs, and so the babies appear blue due to the lack of oxygen. 

D. Birds and mammals (Temperature regulators)
1. Fully functional double system:  2 atria; 2 ventricles 

2. An efficient system is required since these animals have metabolisms and thus high oxygen requirements. 

IV. Gas transport

A. Oxygen is poorly soluble in blood 

1. Assisted by increasing the surface area of the respiratory tract (large bag-like lungs are filled with small sacs called alveoli) and the protein hemoglobin 

2. There are about one-quarter billion hemoglobin molecules per red blood cell (we have 25 trillion red blood cells) 

3. Grabs O2 when O2 is in high concentration (lung capillaries—alveoli interface)

4. Releases O2 when O2 is in low concentration (body capillaries)

5. Some things attach and won't come off (CO, Hg, cyanide), thus they impede the delivery of oxygen to the cells and are thus toxic. 

V. Dysfunction of the circulatory system

A. Deaths due to heart disease exceed deaths from car accidents, other accidents, and cancer!!  What causes heart disease?  Hypertension 

B. So what causes hypertension?  Hypotheses include: 

1. Heredity: some people are predisposed to have high blood pressure due to their genes. 

2. Race: Blacks have higher blood pressure than other races. 

3. Exercise: consistent exercise reduces blood pressure. 

4. Obesity: the more there is of you, the more capillaries through which your heart must pump the blood. 

5. Smoking: Nicotine causes blood capillaries to contract, so the heart must beat harder to circulate blood.  (Also, CO poisons the hemoglobin, not allowing it to carry O2.  Cigarettes are designed to smolder so they stay lit, and CO (carbon monoxide) is a byproduct of incomplete combustion.) 

6. Alcohol and other drugs: effect depends on drug: alcohol thins blood, allowing easier circulation, but excessive drinking adds fat (since alcohol is high in calories) which can lead to obesity. 

7. Diet: sodium: increases fluid in blood, directly increasing blood pressure.  (about 25 percent of population have sensitivity to Na (sodium). 

8. Diet: cholesterol: essential for cell membranes and hormones (e.g., sex hormones) found in red meat, eggs, and fatty dairy products and you can synthesize your own from saturated fats.  Two types of protein carriers affect cholesterol (Low and High Density Lipoproteins: they transport cholesterol in the blood) 

a. LDL: ‘bad’ carrier: carries cholesterol in the blood and deposits it on arterial walls

b. HDL: ‘good’ carrier: picks up cholesterol from around the body and carries to your liver to be destroyed 

c. Your liver can modify cholesterol levels and synthesizes cholesterol if necessary. 

d. At high cholesterol levels, it stops synthesis but does not reduce level either.

e. Excess cholesterol gets deposited on arterial walls by LDL, forming plaques.  Extensive plaque build-up is atherosclerosis (hardening of the arteries). 

C. Problems due to high blood pressure take years to develop, but may eventually lead to: 

1. Stroke: blood vessel in the brain is blocked by a clot (cerebral ischemia) or bursts due to high blood pressure (cerebral hemorrhage).

a. A stroke is more likely if vessels are constricted and less flexible due to atherosclerosis (cholesterol and fatty plaques on artery walls, Fig. 23.14, p. 516). 

2. Heart attack: clot plugs coronary artery leading to heart, depriving the heart of oxygen (Fig. 23.13, p. 515).  

a. Bypass operations use a vein from your leg to bypass a clogged coronary artery feeding your heart. 

b. In angioplasty, a small tube with a little balloon is inserted into your blood vessels and guided into your clogged arteries.  Then the balloon is inflated and presses the plaques back into the artery wall.  (This often must be repeated every 6 months or so.)

VI. Structure of Respiratory System (Fig. 23.17, p. 520),
A. When you inhale the diaphragm (a muscle at the floor of the thorax) contracts, going from concave to flat (Fig. 23.19, p. 521).  This sucks airs into your body and down into your chest cavity to your lungs.

1. The air travels from your nose or mouth down your windpipe (trachea) to your lungs.

2. At the lungs, the trachea breaks into two bronchi, with each bronchus feeding one lung.

3. The bronchus leads to still smaller air passages (bronchioles) that eventually lead to blind sacs called alveoli (Fig. 23.18, p. 520).  This arrangement (many alveoli instead of a big lung sac) increases the surface area of the respiratory area, increasing the rate of diffusion of oxygen into the lung capillaries.

B. Dysfunction of the Respiratory System

1. In people with asthma, the bronchi and bronchioles constrict, decreasing air flow to the lungs.

2. In people with cystic fibrosis, the lungs fill with mucus, decreasing air exchange in the lungs.  (FYI: About 40% of children with cystic fibrosis live beyond age 18. The average life span for those who live to adulthood is 30-33.)
Digestion and Absorption

I. Why do we eat? 

II. How do we break down foods into small enough pieces to travel in the bloodstream? 

III. How do we get the food particles into the bloodstream? 

IV. Sample exam questions 

I. Why do we eat? 

We eat to get materials and energy.  But for the materials and energy to get to our cells, they must travel through what?  (the bloodstream) 

So we must find a way to break down our food into small enough pieces so they can be distributed by the circulatory system.  This occurs through the process of digestion. 

Strangely enough, our gut is really outside of our body; it's just a hole that extends from our mouth to our anus.  So much of the material we eat never gets absorbed into the body; it just passes on through.  The materials that have been digested must then enter the body itself by passing through the gut wall. 

II. How do we break down foods into small enough pieces to travel in the bloodstream? 

  A. We chew.  That helps by breaking down the food into smaller pieces, which has an added benefit.  What is it?  (Creates a larger surface area on which digestion can occur.) 

  B. What chemicals in the body break down larger molecules into smaller ones?  (enzymes) 

    1. So we would predict to find enzymes throughout the digestive system that break down different types of molecules (remember that each enzymes is designed to do a specific function, so we would predict that there would be different enzymes required for each different digestive reactions.) 

  C. Where does digestion begin?  (the mouth) 

    1. How can we determine what enzymes are being releases in the mouth? 

      a. Place different types of food in saliva and see what breaks down into smaller molecules. 

(You can do this at home by chewing up (unsalted) saltine crackers and then taking them out of your mouth and letting them sit for a few minutes.  When you place them back in your mouth (if you dare) they will taste sweet!!  The starch (amylose) in the cracker has been converted into a sugar (maltose) by the enzyme amylase.) 

      b. After the food has been wet by saliva, it travels down the esophagus to the stomach.  Food is pushed down by contractions of the smooth muscle surrounding the esophagus (a process called peristalsis).  Thus you can even swallow upside down.

  D. Stomach: we secrete HCl (hydrochloric acid) in the stomach which breaks down meats (proteins). The stomach also churns the food and this physical process aids the chemical process of the enzymes.   (The stomach acid also kills most foreign invaders before they enter your intestines.)

    1. When you throw up, your stomach acid burns your throat and mouth.  Repeated vomiting degrades your esophagus and can lead to throat cancer.  Bulimics beware!

    2. Proteins (long chains of amino acids too big to cross gut wall) get broken into peptides (short chains of amino acids) by proteases. 

    3. Peptides are still too big, so they get broken into amino acids (the building blocks of proteins) by peptidase. 

    4. Amino acids are finally small enough to be transported across the gut wall into the bloodstream, but they won’t be absorbed until they reach the small intestine.  They only things absorbed in the stomach are alcohol and water.  That’s why drinking on an empty stomach gets you drunk so fast.  It’s also bad for your stomach.

    5. Eventually the food is churned into a liquid goo called chyme and then squirted into your small intestine for further digestion and then absorption.

  E. Small intestine: enzymes released here finish digestion.  The first that happens is that the acidity of the chyme is reduced by a buffer (bicarbonate) released by the pancreas.  

    1. Amylase (from the pancreas) breaks starch (i.e., amylose) into maltose, then maltose is broken into glucose (building blocks of carbohydrates) by maltase (pancreas).  Glucose is small enough to pass through the gut wall through absorption. 

    2. Bile salts (produced in the liver) break down fats into fat droplets (smaller) and lipase (pancreas) breaks the small droplets into fatty acids (the building blocks of fats (lipids)).  Fatty acids are then small enough to be transported across the gut wall.  The gall bladder stores bile because your liver constantly produces it.  It only releases it when you eat.

    3. Protein digestion (started in the stomach) is completed here as well.

    4. Most digestion occurs in the first few feet, although your small intestines are about 25 feet long.

III. How do we get the food particles into the bloodstream? 

  A. Can occur by diffusion (the net transfer of a something from a high concentration to a lower concentration).  Diffusion is just random molecular motion.  Molecules will diffusion from areas of high concentration to areas of low concentration as well as from areas of low concentration to areas of high concentration.  But since there are more molecules in areas of high concentration, there are more molecules that move from areas of high concentration to areas to low concentration than there are molecules that move from areas of low concentration to areas of high concentration.  Because of this fact, the NET flow of diffusion is always from high concentration to low concentration.  Fatty acids can enter the capillaries by diffusion.

  B. Food particles can also cross the gut wall by absorption (active transport), but this requires energy.  Amino acids and glucose must enter the capillaries with the aid of protein carriers.

  C. Diffusion and absorption occur in the small intestine.  How can the rate of this process be accelerated?  (By increasing the surface area of the small intestine) 

    1. How to increase the surface area 

      a. Increase length of small intestine (It's about 25 ft. long.)
      b. First couple of feet release the enzymes, the rest of it is used to acquire the nutrients. 

      c. Many invaginations (villi and microvilli, Fig. 22.15, p.494) in the small intestine help to increase surface area. 

      d. These invaginations are heavily imbedded with capillaries.

  D. What is the function of the large intestine? 

    1. It reabsorbs the water that is required for digestion (a gallon is required for digestion!). 

    2. Problems with the large intestine lead to diarrhea and subsequent dehydration. 

    3. Bacteria here also aid absorption of fat soluble vitamins!

Frequently Asked Question 

  A. Why don't we digest our own stomach? 

    1. Our stomach is constantly releasing mucus so acids have problems actually getting to the stomach wall.  The mucus buffers the stomach acid before it degrades the stomach lining.

    2. If we don't eat but still produce stomach acid, we can get ulcers (holes in the stomach lining).  However, most ulcers are probably started by bacterial infections.

Bonus sample exam questions 

1. To determine which process (diffusion or active transport) is responsible for acquiring glucose in the small intestine, a scientist isolates a section of the small intestine of a dog and manipulates the concentration of glucose both in the intestine and the blood just across the gut wall.  If she sets the concentration in the small intestine at 1.5% and the blood at 1%, what should happen to the concentration in both sites under the diffusion hypothesis? 

a. it should decrease in the blood and increase in the gut 

b. it should increase in the blood and decrease in the gut 

c. it should remain the same in both sites 

Answer: B.  The net diffusion will be glucose molecules flowing from the gut into the blood, since the net flow of diffusion is from areas of high concentration to areas of low concentration.  Remember, however, that glucose molecules will be diffusing BOTH ways. 

2. What should happen under the active transport hypothesis?  (a, b, or c) 

Answer: B.  Active transport always pulls things from the gut into the bloodstream, regardless of differences in concentration between the gut and the blood.  The one drawback is that it requires energy. 

3. What if both sites were set at 1% glucose under the diffusion hypothesis?  (a, b, or c) 

Answer: C.  There should be no NET diffusion, so both sides should maintain constant concentrations. 

4. What if both sites were set at 1% glucose under the active transport hypothesis?  (a, b, or c) 

Answer: B.  See question #2 for explanation.

The Nervous System

Overview

The nervous system is responsible for rapid communication.  (The endocrine, or hormonal system is responsible for less rapid communication.)

There are two regions of the nervous system (Fig. 27.2, p. 586). The central nervous system (CNS) is comprised of the brain and the spinal cord.  The peripheral nervous system is comprised of all the neurons (nerve cells that send messages) that deliver messages to (called sensory neurons) and from (called motor neurons) the central nervous system. Bundles of neurons are called nerves.  

Again, sensory neurons deliver information from the outside world to the CNS.  The CNS sends messages through motor neurons to tissues and organs to elicit a response.  Thus both sensory neurons and motor neurons are components of the peripheral nervous system.

The brain is responsible for higher thought processes in the body.  Here billions of neurons form complex networks, about which we still know very little.  

Reflex arcs are responsible for moving your hand away from the stove before you even feel that you’re burning it.  The sensory neurons quickly send the message to your CNS.  Then the spinal cord makes a decision based on the severity of the burn.  If you’re really torching yourself, it sends an immediate message to move your hand and at the same time sends a message to the brain indicating the pain.  That’s why you drop a really hot mug before you have time to say to your fingers, “No, just put it on the table!  I like this mug…”

Neurons

Neurons are nerve cells and a typical nerve cell is shown in figure 27.3 (p. 586).  The cell body is the fat part of the nerve cell.  It houses the nucleus, mitochondria, etc.  Extended like roots from the cell body are dendrites, which receive incoming signals.  The axon is longer and extends back away from the cell body and dendrites.  The axon carries the outgoing message to another nerve cell’s dendrite or an effector.  Note that dendrites and axons are both one-way – dendrites receive signals and axons deliver them.  The messages are passed using electrical currents.  A type of glial cell called Schwann cells increase the speed at which these messages are sent by wrapping themselves around the axons forming myelin sheaths that insulate the axons.  That allows multiple neurons carrying different messages to be next to one another.  In multiple sclerosis, the myelin sheaths deteriorate or are improperly formed, blocking nerve transmission.

All cells of the nervous system either deliver messages (neurons) or support those cells that deliver messages (glial cells).  As mentioned above, Schwann cells are glial cells, as are the cells that support neurons by supplying minerals and energy.

Action Potentials

There are many details here about how nerve impulses are passed, but there are very few details for which I will hold you responsible.  Here’s what you should know:

1. Nerve messages are passed through neurons using electrical currents.

2. The electrical current is set up using Na+ and K+ ions.  Remember that ions are charged particles.)  The Na+ concentration is high outside the cell, while the K+ concentration is high inside the cell.

3. When a neuron receives a stimulus, some Na+ leaks in.  If the stimulus is strong enough to cause a lot of leakage, Na+ gates open, allowing facilitated diffusion to quickly increase the Na+ concentration inside the cell.  This causes K+ gates to open, which allow only K+ to escape.  This response (Na+ entering, K+ leaving) is called the action potential, and it causes an electrical impulse to be passed down the neuron.

4. Neurons fire whenever their threshold is reached.  Otherwise, they do not fire.  Different neurons have different thresholds.  For example, some touch receptors in your skin are highly sensitive, others mildly sensitive, and some very insensitive.  If enough neurons fire, that message will get passed to another neuron (through a synapse) that sends the message to the CNS.  

Synapses

1. Synapses are junctions between neurons (Fig. 27.6, p. 590).  When neurons meet, the axon of one must get its message to the dendrite of the next neuron.  To get the message across this gap, axons release substances called neurotransmitters.  The neurotransmitters cross the gap to another nerve’s dendrite or an effector (gland, muscle, etc.).  Neurotransmitters are often mimicked by pain medication, psychological medication, and recreational drugs.

The Human Nervous System

The human nervous system is composed of both sensory (receives information) and motor (reacts to information) branches (Fig. 27.10. p. 593).  The motor division is split into the somatic nervous system (voluntary control) and the autonomic nervous system (not under voluntary control).  The autonomic nervous system is further split into the sympathetic nervous system (emergency center, e.g., fight or flight response) and the parasympathetic nervous system (house-keeping functions, e.g., homeostasis, immune system).  The two subdivisions of the autonomic nervous system are antagonistic to each other, i.e., they say different things to different organ systems.  Usually, the sympathetic nervous system overrides the parasympathetic when danger is near.  When things are OK, the parasympathetic holds down the fort.  Thus if you are really stressed, your immune response drops because too much energy and resources are being devoted to the sympathetic nervous system, not allowing the parasympathetic to do its job.

Your Immune System

Generalized Defense Systems

Skin: Your skin does a fantastic job of preventing most organisms from ever entering your body.  When this first line of defense is broken, however, how body may be infected.  (That’s why we first wash cuts and then use Bactine on them.) 

Mucus: The only weak spots are areas that require contact with the outside environment, such as the nose and eyes.  In these spots the body secretes mucus to help prevent infection.  The mouth is well protected as well, so most pathogens cannot enter through the mouth.  You will seldom get infections from sticking your hands in your mouth.  While your fingers may have pathogens on them, your saliva and stomach acid kill most organisms.  Your nose and eyes are the easiest way for infectious organisms to enter your body.  Always wash your hands before rubbing your eyes or your nose. 

Iron-binding compounds: Bacterial infection requires large amounts of iron, so your body has mechanisms to make iron less available in your body. 

Lactoferrin (found in breast milk, saliva, tears) 

Transferrin (found in blood) 

How do you fight infection?

Generalized response: Once an organism has entered the body, you won’t necessarily get sick.  Your body has defenses that are usually effective.  Of course your body has to recognize a foreign particle in order to attack it, so your immune system must have some way to tell whether the particle is foreign or part of you.  It does this by ‘reading’ the outside of a particle.  All particles (cells, viruses) have little proteins on them called antigens (ID tags).  Your immune system reads these antigens, and if the antigen is our own, it does nothing.  If it is foreign, your body then takes steps to eliminate the particle, since it realizes that the particle is foreign (non-self).  Some white blood cells like neutrophils and macrophages attack foreign particles and destroy them by eating them.  This is part of your generalized defense system.  

Antibody-mediated (humeral) response 

Macrophages and neutrophils (like police officers) attack particles that have foreign antigens, and in destroying the particle, it saves the antigen of the invader.  We also have B-cells in our body that carry antibodies, which match (in a lock and key arrangement) with a foreign antigen.  They attach onto foreign particles and that makes it easier for a macrophage to spot the foreign particle and destroy it (like attaching a beacon onto the foreign particle or having a barking dog following the criminal around, without the criminal ever knowing he has been spotted).  When a macrophage encounters another type of cell called a helper T-cell, the T-cell takes the antigen and does one of several different things: 

1. Makes more macrophages. 

2. Changes B-cells (specific to the antigen) into plasma cells, which then create a huge number of antibodies that float around the bloodstream and attach to that new foreign pest, making it easier for macrophages to hunt them down.  Unfortunately, these antibodies do not stay in the system very long. 

3. Tells B-cells specific to the antigen to increase in number (reproduce), making more copies of B-cells that can recognize the new invader (and thus attach to the invader’s antigen and signal macrophages to come destroy the new invader).  These B-cells remain in the system for a long period of time so they can prevent a new infection years later, since they respond very quickly to a new invasion, attacking the invader before they have a chance to increase in number in the blood.  This is how vaccinations work.  You add a dead or weakened form of the invader to the body, and your body responds by creating these 'memory' B-cells and thus your body is well equipped to respond quickly to any new invasion of the particle, eliminating it before it grows to such numbers that it adversely affects the body (i.e., your immune destroys the invader before you 'feel' sick). 

Cell-mediated response

Note that the antibody-mediated response is only effective in fighting invaders that are "out in the open" in the blood stream and tissues.  What about invaders, like viruses, that inject their genetic material right inside the cells in our body?  These are handled by the cell-mediated response.  Remember the helper T-cell?  Well the helper T-cell can also form something called killer T-cells.  These are the Terminators of the immune system; they actually have the specificity of a Terminator.  Each killer T-cell is specific to a particular antigen.  It will seek out that antigen and its job is made easier if the antigen has an antibody on it (then it is marked for termination, if you will).  As antibodies can only flow in the bloodstream and cannot enter cells, they cannot actually follow viruses that have entered a cell.  But they can still find which cells are infected since the outer coat of the virus (and its antigen) is left outside the cell.  So the antibody is "barking below the ladder that the virus left outside" and that alerts the Terminator-like killer T-cell.  The killer T-cell then takes no chances and just destroys the whole cell (instead of trying to eliminate just the viruses and thus saving the cell).  Killer T-cells also suppress cancer and other growth problems, since sometimes when the cells are reproducing very quickly (as occurs in cancerous tumors), the antigens get messed up and so the cancerous cells are considered foreign and are "terminated". 

Cells have another defense against viruses.  When infected with a virus, a cell releases interferons (Fig. 24.5, p. 530), which warn nearby cells of the viral threat.  When the nearby cells receive the warning, they create antiviral particles that prevent viral reproduction in their own cells.  Unfortunately, the interferons cannot save cells already infected, including the cell that produced them.

Epidemiology

The study of disease outbreaks

Related to the size of three pools in the population 

1. people infected 

2. people who never had the disease 

3. people who had the disease but are now immune 

As pool #3 increases in size, the population is less vulnerable to a disease.  If pools 1 and 2 are large, the population is very vulnerable.  

What factors affect the rate that a disease is passed on?

1. the degree of contact between members of a population 

2. communicability: how easily it is passed from one individual to another given contact occurs)

3. virulence: how fatal the disease is (very virulent diseases kill the host so quickly that they cannot survive long enough to infect many others) 

AIDS

AIDS is Acquired Immuno-Deficiency Syndrome.  Acquired means that you acquire it within your lifetime, as opposed to being born with the condition.  The fact that it is a syndrome means that the disease is characterized by a suite of symptoms.  Once a person has a preponderance of the symptoms, it is said that he/she has AIDS.  With your present understanding of the immune system, you can now understand the severe effects of the HIV virus in the human body.  AIDS is caused by a retrovirus, a virus that invades cells and inserts its genetic material into the host cell's DNA.  Whenever the host cell tries to function and/or reproduce, the retrovirus' genetic material is transcribed and more virus is produced.  HIV debilitates the immune system because it preferentially attacks the "lynch pin" of the immune system, the helper T-cell.  When the body attempts to respond to infections of any kind, helper T-cell function is impaired and more HIV virus is produced.  The consequences of this are loss of immune function (and thus susceptibility to infections that are normally no problem for a healthy person), susceptibility to unusual cancers (Karposi’s sarcoma), pneumonia, nerve damage, and digestive tract wasting and infection (esp. in Africa). 

How to fight AIDS

The best way to fight AIDS to prevent infection. 

1. Abstinence prevents sexual contact and thus does not allow disease transmission

2. Having few sexual partners also reduces the number of encounters
3. Wearing a condom reduces the chance of disease transmission, given a contact with an infected individual. 

AZT: prevents the HIV virus from reproducing.  Also, it inadvertently affects mitochondrial metabolism (the mitochondria is the site of aerobic respiration in cells), so AZT cannot be administered in high doses.  It also makes you feel as if you have less energy.
Protease inhibitors: Specific proteases cut up mass-produced HIV proteins into small enough pieces so that they can assemble.  If they cannot cut up the pieces, they cannot form into viruses.  Protease inhibitors bind to these specific proteases and prevent them from causing infection. 

Please be careful.  The fastest growing segment of the population getting infected with HIV is heterosexuals. 

1. The easiest way for an individual to get a cold would be 

a. to rub one’s eyes. 

b. to put unwashed hands in one’s mouth. 

c. to eat without washing one’s hands. 

d. to ingest food prepared by someone with a cold. 

Answer: A  (You have a thin skin layer covering your eyes and nose. If you rub it, you push aside the mucus layer that protects it and then you are susceptible to infection.) 

2. A person is born with a genetic deficiency which does not allow the individual to create killer T-cells.  This individual would be especially to: 

a. skin rashes 

b. mucus dysfunction 

c. bacterial infection 

d. viral infection 

Answer D.  The main function of killer T-cells is killing viruses. 

3. Which of the following is NOT a function of macrophages? 

a. attacking bacteria in the bloodstream 

b. inducing the formation of killer T-cell 

c. attacking viruses in the bloodstream 

d. delivering captured antigens to the helper T-cell. 

Answer B.  Only helper T-cells can induce killer T-cell formation.  Macrophages can attack anything foreign in the bloodstream. 

4. If we have memory B-cells, how come we can get the flu every year?
a. The memory B-cells don’t last an entire year (they die), so you need to refresh them every year with a flu shot.

b. Killer T-cells (which prevent infection) get killed by HIV in our blood.

c. The flu is different every year, as it mutates, so you need a flu shot to increase your protection.

d. God punishes us for our wickedness.

Answer C.  You have resistance to all illnesses that you’ve previously caught, but the flu virus has many forms (due to mutation – its DNA gets copied incorrectly).  It is antigens from these newly mutated forms that are present in flu shots.
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