Okay, so we’ve seen how food is taken into the body and how the particle size is reduced until it finally is small enough to be absorbed into the bloodstream across the villi and microvilli.
**Remember the whole point of this digestive process is to get the energy stored in food into our cells so that they can keep us alive.

So, if it weren’t for the villi and microvilli in the small intestine, we wouldn’t be able to survive. 

Small Intestine:
1. Where most digestion takes place. 
2. The inner lining, or mucosa, is folded and covered with tiny finger-like projections called villi, a design that maximizes the absorptive surface area of the intestine.
3. Rhythmic contraction of the muscular walls moves food along = Peristalsis 
4. while bile, enzymes, and other secretions break it down. 
5. Nutrients absorbed into the intestine’s many blood vessels are carried to the liver to be distributed to the rest of the body. 

6. Non-digestible portions of the chyme are passed on into the large intestine and, eventually, out of the body.
Small Intestine:
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Large Intestine:
1. The final section of the digestive tract. 
2. Undigested material passes from the small  

            intestine as liquid and fiber (undigestable). 
3. The muscular walls of the large intestine push this      

           material through the intestine into the rectum.
4. Cells in the smooth walls absorb: 

1. Vitamins

2. Minerals

3. Water. 
5. Condensed waste, called feces, leaves the body         

             through the rectum and anal canal. 

_______________________________________________________________________________
Now that we have the glucose and other nutrients in the blood, 
we need to be able to deliver these nutrients to the cells.
The Circulatory System:

The set of organs and tissues responsible for moving blood throughout the body for the purpose of nutrient exchange with our cells.
Important components of the system:

1. Blood:

a. Adults have about 5 to 6 liters (1 to 2 gal) of blood (roughly 7 to 8 percent of total body weight).
b. About 55 percent of the blood is composed of a liquid known as plasma. 
i. 95 percent of plasma is water, also contains nutrients such as:
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   Glucose 

                    2.   Fats 

                    3.   Proteins,

                    4.   Amino acids needed for protein synthesis 

                    5.   Vitamins

                    6.   Minerals/salts

                    7.   Antibodies 
This test tube has been centrifuged to separate plasma and packed cells by density.

The rest of the blood is made of three major types of cells: 
i. Red blood cells (also known as erythrocytes) Carry O2 and CO2 
ii. White blood cells (leukocytes)  For immune system
iii. Platelets (thrombocytes). For clotting.
Red Blood Cells/Erythrocytes:
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1. The primary carriers of oxygen to the cells and tissues of the body. 
2.  The biconcave shape of the erythrocyte is an adaptation for maximizing the surface               

         area across which oxygen is exchanged for carbon dioxide. 
3.  Its shape and flexible plasma membrane allow the erythrocyte to penetrate the 
         smallest of capillaries.

White Blood Cell/Macrophage: 
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1.    A macrophage (in yellow) engulfs and consumes a green bacterium. 

2. Macrophages are large phagocytes, cells that wander through the body   

                consuming foreign particles such as dust and bacteria.
3. They help protect the body against infection.
4.     Also known as ‘Leukocyte’  (leuk = white or clear)
Platelets:
1. [image: image11.png]


Thrombocytes, or platelets, are the smallest cellular component of blood. 
2. They circulate inactivated, about 250,000 per cubic mm of blood, until they   

                    come into contact with a damaged blood vessel. 
3. At this point, the platelets form a clump, adhering to each other and to the

                    blood vessel wall. 
4. They secrete chemicals that alter a blood-borne protein, fibrinogen, so that 
                    it forms a mesh of fibers at the damage site.

5. A clot forms when platelets and red and white blood cells become trapped             

                    in the fibers.
6. Blood clotting begins within seconds of injury. 
7. The same process can produce unwelcome clots in undamaged blood vessels.
2.Blood vessels:

= 3 primary types:

1. Arteries  

2. Veins

3. Capillaries

________________________________________________________________________________________
Arteries: 

1. Carry O2 rich blood to the cells.

-One exception = pulmonary artery
                                   = Carries low O2 blood to the lungs.
2.    Have relatively thick, muscular walls (smooth muscle).

-This helps maintain blood pressure and flow.

3.    Branch into:

Arterioles and capillaries 


4.    All arteries carry blood away from the heart.
________________________________________________________________________________________
Veins:
1. Carry high CO2 blood back to the heart.


        -One exception = pulmonary vein
                                                    = Carries high O2 blood back to the heart from the lungs. 

2. Have relatively thin walls with valves.   

                    
-These help blood return to heart.
3. Branch into: 


= Venules and capillaries.

4. All veins carry blood back to the heart.
_________________________________________________________________________________________

Cappilaries:
1. Primary site of nutrient exchange between cells and blood.
a. Capillary beds:




   
= Where there are lots of cappilaries






(think alveoli and villi, organs and extremities)

2. Smallest of all blood vessels

= some are so small, red blood cells can pass only one cell at a time.



3.    Where arteries and veins connect.
                    

                    = one end has primarily arterial blood and the other has primarily venous blood.
Basic body blood flow:
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____________________________________________________________________________________________
Blood flow to body and lungs:
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Now that we have learned how food is digested and absorbed into our blood, it is time to see how the other product of photosynthesis is taken from the atmosphere and delivered to our cells through the process of respiration.
Like digestion, the primary goal of respiration is to get a requirement for life into our blood where it can then be used by our cells to help keep us alive.

In pulmonary (lung) circulation: 
1.   Deoxygenated blood returns from the organs and tissues of the body.
2.   To the right atrium of the heart
3.   To the right ventricle. 
4.    From there it is pushed through the pulmonary artery to the lung.
5.    In the lung, the pulmonary artery divides, forming the pulmonary capillary region of the lung.
6.    At this site, microscopic vessels pass adjacent to the alveoli, or air sacs of the lung,

7.    Gases are exchanged across a thin membrane

8.    Oxygen crosses the membrane into the blood while carbon dioxide leaves the blood through this same membrane. 
9.    Newly oxygenated blood then flows into the pulmonary veins 
10.  To the left atrium which serves as collecting pool for the left ventricle. 
11.  The contraction of the left ventricle sends blood into the aorta, completing the circulatory loop. 
12.  On average, a single blood cell takes roughly 30 seconds to complete a full circuit through both the pulmonary and systemic circulation.
**Know this!!!
In the digestive system we had the capillary bed in the villi, which was the primary site for nutrient exchange.

In the respiratory system the primary site for nutrient exchange are the alveoli.

In the alveoli (tiny air sacs) the capillaries get so close to the surface that only a thin membrane separates them from the air space inside the lung.

Across this thin membrane layer, O2 and CO2 can easily exchange places. 

O2  enters the blood and binds to hemoglobin on the red blood cells, while CO2  leaves the blood to be exhaled into the atmosphere to be used by plants to make more glucose.
In order to get to the alveoli, air must first travel through:

1. The nose or mouth 

2. The pharynx

3. The larynx (voice box)

4. The cartilaginous trachea  (Wind pipe)

5. The bronchi pronounced ‘bronky’ or ‘bronki’ (branched trachea)

6. The bronchioles (branched bronchi)

7. To the Alveoli

Human Lungs

[image: image4.png]At
ot Eronchioles

air enters Aol
Trachea ]

arterias

Superior

<apillary|
network





1. The right lung has three lobes  (See above diagram)

2. The left lung, with a cleft to accommodate the heart, has only two. 
3. The two branches of the trachea, called bronchi, subdivide within the lobes into smaller and smaller air vessels. 
4. They terminate in alveoli, tiny air sacs surrounded by capillaries. 
5. When the alveoli inflate with inhaled air, oxygen diffuses into the blood in the capillaries to be pumped by the heart to the tissues of the body, and carbon dioxide diffuses out of the blood into the lungs, where it is exhaled.
Once the O2 is bound to the hemoglobin, it is then carried back to the heart through the…


Do you remember?







Turn the page…





… The Pulmonary vein!
To the left atrium, to the left ventricle, and out to the body.
Once the red blood cell with the O2 enters a capillary, the thin walls once again allow gas exchange to take place across the cell membrane.  This time, however, the hemoglobin releases O2 into the cell and picks up a CO2 before heading back to the lung where it can be re-oxygenated and begin the process all over again.

Important:

We have seen how CH2O and O2 get to the cell, now its time to learn a little about 

  how they get into the cell.  
So far, we have learned:

1. How matter is converted into energy on the sun.

2. How the photons produced comprise the electromagnetic spectrum.

3. How photons travel in waves (but have some characteristics of particles)

4. How the Earth’s molten iron core produces the magnetosphere.

5. How the magnetosphere deflects the deadliest of the Electromagnetic Rays.

6. How the atmosphere is organized and that its 78% Nitrogen and 21%Oxygen. 
7. How the atmosphere blocks much of the Ultraviolet light from reaching the earth.
8. How the reaming sunlight drives the water cycle.

9. How plants use this water along with CO2 and light to make CH2O and O2.

10. How we digest the plants and get this CH2O into our bloodstream across the intestinal villi.

11. How we get the O2 from the atmosphere into our bloodstream across the alveoli.
12. How the body pumps the blood through our bodies and into capillaries where nutrient exchange takes place across the membranes of our cells.

This brings us to our cells, which is where all the really exciting stuff takes place!

Cell Anatomy:

You are basically a whole bunch of cells all put together, and each doing their own little job.  
Did you know that when you feel sick, its actually because your cells get sick?  And that cancer is caused from just one cell going wacky?  Or that when you feel hungry its really your cells telling you they need energy?

Basically you are a giant ‘cell rancher’ a lot like a sheep rancher or a cattle rancher, but you just have to take care of your cells instead of sheep or cows.

Now, if you were going to go into ranching with some type of animal wouldn’t you first like to know what types of things your animals require?

Well, since you are already raising trillions of cells, don’t you think you should learn a little about how they work and how to take care of them?

First, let’s take a look at few of the basic requirements for raising a hamster:

1. Food

2. Air
3. Water

4. Waste disposal 
If we look at our cells, they have the same basic requirements.
1. Food

2. Air 

3. Water

4. Waste disposal
In fact, your cells are what determines your requirements.
Let’s say that again…

Your cells are what determines your requirements.
In fact, you have no requirements for food, air, or water… your cells do!

So, lets take a closer look at these little fellas and see what makes them tick…
If I were to shrink you and inject you into someone’s bloodstream and tell you to get into a cell, the first obstacle you 

would encounter would be the cell membrane.

Cell membranes are composed mostly of phospholipids.

Phospholipids are made of two different parts:

1. A Phosphate ‘head’

2. 2 lipid ‘legs’

The phosphate portion has a positive charge that is attracted to water (hydrophillic).

The lipid legs have no charge and are repelled by water (hydrophobic). Fig. 1
Fig. 1
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Fig. 2
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__________________________________________________________________________________________________
Therefore, what we end up with is something like the figure below:
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 1.   Two layers of phospholipids

               2.   Polar (hydrophilic) heads oriented


            toward the more watery sides.

3.   The hydrophobic legs pointing



away from the water.
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