BLOOD
Very simplified but nice looking:   https://www.youtube.com/watch?v=VSVYgivfs9c
I have no idea what he is, but since he makes me wonder what the animator was thinking and I like his voice and it is informative, I’ll link to it:  https://www.youtube.com/watch?v=qrE6Y0Se8bw

What is in blood? Well there is the fluid component, the blood plasma. Floating in that blood plasma is ‘stuff’.
Big ‘stuff’, medium sized ‘stuff’ and small ‘stuff’. 
What would be the big ‘stuff’? 
Well, how about the cells. Inside a blood vessel the cells are huge. What are those cells? Well, the RBC’s (erythrocytes), white blood cells (WBC’s) (leukocytes), and platelets (thrombocytes). All of these blood cells are made in the bone marrow. That process of making all of the blood cells is called hematopoiesis or hemopoiesis. One thing about hematopoiesis, it is complicated. In the bone marrow there are cells that divide and give rise to all of the blood cells. Well, there are RBCs and Platelets and WBC’s, but we’re about to find out that there are 5 different types of WBC’s. So that is a total of 7 different types of cells made in the bone marrow and each one of these 7 different types of blood cells do very different things. So if one were to look into the bone marrow with a microscope you would see 7 different types of cells being made each with its younger, more immature forms. As the books would say, seven different lineages of cells being made. A crowed confusing mess of cells in the bone marrow. Worth remembering is that all of these very different cells come from one original ‘mother’ cell called a ‘stem cell’ or ‘progenitor cell’. Now getting back to the fact that the cells are huge inside the blood vessels.
[image: ]              [image: Blood cells moving through blood vessel. - Stock Video Footage ...]   
You can see that inside the smallest blood vessels, the capillaries, the RBC’s are huge. The capillary is just a tiny bit larger than the RBC’s. The RBC’s can only travel one at a time, single file because the space is so small for them to flow. I think of the bolder rolling down the cave in the Indiana Jones ride at Disneyland when I think of RBC’s traveling through blood capillaries.
[image: Indiana Jones Adventure - Night Vision (HD POV : Full Ride ...]
Skip to 4:40:   https://www.youtube.com/watch?v=--x4MzxyyeU
Red blood cells (RBC’s) have a unique shape as you’ve now noticed. They are round and not spherical but pushed in on both sides. They look like a candy or breath mint.
 [image: What are the functions of human red blood cells? | Socratic]
So how would you describe that characteristic shape with words? It is round but curved inward on both sides. So a RBC is described as being ‘a biconcave disc’. It has no nucleus. It contains a famous protein called hemoglobin which actually is four protein chains wrapped together so the hemoglobin (Hb) protein is very large. As you probably already know the job of the RBC’s is to transport oxygen in the blood. If you think about it, oxygen is a gas molecule and we know that oxygen enters the blood at the lungs. So why doesn’t the blood look like it is full of little oxygen bubbles? That is because once the oxygen enters the blood stream the oxygen enters the RBC’s because the oxygen is attracted to and attaches to the hemoglobin proteins what are located inside the RBC’s. So in order to transport the maximum amount of oxygen so all your cells can get as much oxygen as they need (neurons to think, muscle cells to exercise) you have a lot of Hb inside each RBC and in your blood you have millions of RBC’s. So since Hb is keeping you alive right now and is so famous let’s look at it. The hemoglobin molecule has four proteins in it. Two sets of identical proteins. Two ‘alpha’ proteins and two ‘beta’ proteins for a total of for proteins. Each one of these four proteins have at its center the famous ‘heme’ group of atoms. This ‘heme’ group can be found in other molecules. This heme-group has at its center an iron atom surrounded by a ring of carbons and nitrogens. Yep, that’s the heme portion of the hemoglobin protein. It is the iron and the heme group that attracts the oxygen molecule. So four heme groups in a hemoglobin molecule so one hemoglobin molecule can transport four oxygens. 
[image: Iron: Guidelines to improve your child's intake]   
  [image: Hemoglobin levels and its significance – #Thinkhealth blog]
[image: Possible Causes of High or Low Red Blood Cell Count - SelfHacked]
[image: Oxygen Transport Cycle — Stock Vector © edesignua #269579094]
Let me quickly mention the platelets (thrombocytes). Platelets, also called thrombocytes, are a component of blood whose function is to react to bleeding from blood vessel injury by clumping, thereby initiating a blood clot. Another name for a blood clot is to call it a thrombus. In the bone marrow the platelets are formed from megakaryocytes. Interestingly the megakaryocyte does not go through mitosis, cell division, to make more platelets but instead a portion of the megakaryocyte pinches off and that pinched piece of the megakaryocytes cytoplasm and plasma membrane is the platelet. 
The third type of cell in the blood are the five different types of white blood cells. All five types of WBC’s are involved in keeping you protected from invading bacteria and viruses and parasites and you name it. The WBC’s make up your immune system. 
[image: Human Anatomy: Blood - Cells, Plasma, Circulation, and More]
The five different types of WBC’s are the: neutrophils; basophils; eosinophils; monocyte (macrophage); and lymphocytes (T-lymphocytes and B-lymphocytes).
We will be responsible for knowing how to identify each one under the microscope (histology of blood cells). Check the website for ‘assorted histology images of ….’.
Red blood cells easy to recognize: no nucleus; naturally look reddish; biconcave disc shape.
In order to actually see the WBC’s color must be added to them. They naturally look clear. So back in the days when the microscope was newly discovered and people started to look at everything under the microscope they looked at animal and human blood. They could see clear cells. They wanted to be able to see them better so they added colored dyes and then washed the colored dye away. Some of these clear cells picked up the color and became stained with the color and were now easy to see. One such dye that was used was a red dye called eosin. It is still used today. Some of the clear WBC’s picked up the red eosin dye and looked red when the dye was washed away. For that reason they are called ‘eosinophils’. It would take decades to pass before anyone could figure out what the eosinophils did. Another colored dye that was then tried was a blue dye that had not acidic but basic chemical properties. Some other clear cells picked up this blue, basic dye and so were henceforth called ‘basophils’. Another type of clear cell that did not pick up the red dye or the blue dye was then called ‘neutrophils’. All three had one thing in common, their cytoplasms looked spotted or you could call it ‘granular’. There are the three granulocytes. Eosinophils stain pink to red, have a grainy cytoplasm and have a uniquely shaped nucleus. The nucleus of the eosinophil looks like it has two lobes or bilobed. Here are some pictures of eosinophils.
[image: ]      [image: Histology of Eosinophil |Histology| | Virtual Medic]     [image: Image result for eosinophilia histology | Anatomy and physiology ...]
Your eosinophils are mostly involved in attacking parasites that might get into your blood or body. If a person were to have a parasitic infection the number of eosinophils would be elevated.
Next let’s talk about the basophils. They too have a granular cytoplasm, stain blue to purple and their nucleus is special also. The nucleus of a basophils looks dented. Here are some pictures of basophils.
[image: Histology of Basophil |Histology| | Virtual Medic]  [image: Blood Histology | Science Department | Doña Ana Community College]
The role of the basophils as part of the immune system is that they release chemicals that bring other immune cells (white blood cells) to where the basophil is. The basophils can identify the foreign invader (bacteria, viruses, parasites) and once they have found a foreign invader they release their chemicals and that trail of chemicals attracts other immune cells (WBC’s) to those foreign invaders to destroy them. The basophils do not do any killing directly, they release chemicals to bring the immune cells (WBC’s) that do the killing.
Next let’s look at and talk about the neutrophils. They do not stain pink or blue; have a granular cytoplasm and have the craziest, super easy to recognize nucleus of them all. Their nucleus looks like it is several different lobes that are strung together. A ‘multilobed’ nucleus. Look below and see that very famous multilobed nucleus of some neutrophils.
[image: Neutrophil]    [image: Neutrophil | leukocyte | Britannica]
The function of the neutrophils is to attack the foreign invaders (bacteria, viruses). The endocytose (engulf) the foreign invader and destroy it. They will phagocytose a bacterial cell and destroy it. Notice how much your neutrophil is compared to a single bacterial cell.
[image: Science Source - Macrophage engulfing bacteria, artwork]   [image: Alveolar Macrophage Phagocytosis Of E. Coli Photograph by Dennis ...]
Neutrophils are generally the first immune cells to get to where the bacteria are. The first immune cells to travel to a cut in the skin for instance. They produce your ‘acute’ immune response. 
There are two other types of WBC’s: the monocyte (macrophages) and the lymphocytes (B-cells and T-cells). Both of these types of cells have a clear cytoplasm. They are not granulocytes, but are called agranulocytes. The monocyte travels in the blood but can leave the blood and engulf bacterial like the neutrophil can. Once the monocyte leaves the blood and enters the tissue spaces it is then called a macrophage. Let’s take a look – clear cytoplasm and dented looking nucleus.
[image: Blood: The Histology Guide]     [image: Normal Histology]
Finally we can mention the lymphocytes, the B-lymphocytes or B-cells and the T-lymphocytes or T-cells. If you remember from the very beginning of this lecture I called the WBC’s leukocytes. There are 5 types of leukocytes. The leukocytes are the 5 types of immune cells. Another name for your leukocytes is to call them your WBC’s. I mention all of that because it is easy to make the mistake in calling a leukocyte a lymphocyte. But notice here and now that there are 5 types of WBC’s or leukocytes. One of the 5 types of leukocytes are the ‘lymphocytes’. These lymphocytes come in two types, the T-cells and the B-cells. Each does very different things for the immune system. Both work very differently. But they look identical under the microscope. You can see a lymphocyte underneath the microscope but you cannot tell with that light microscope if it is a T-cell or B-cell. You’d need a much mor sophisticated microscope to tell them apart. So what do they look like? Well, it is easy to tell a lymphocyte because it looks like one big, dark staining nucleus. They look like large purple dots. See for yourself.
[image: Blood: The Histology Guide]   [image: Histology images of Blood cells by PathPedia.com: Pathology e-Atlas]
A very thin, clear rim of cytoplasm around a dark staining nucleus. 
[image: Pin on AP2]
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[image: 17.10 Leukocytes surrounded by erythrocytes. Visible cytoplasmic ...]




[image: Basic Histology -- Introducing Red Blood Cells]
What would be the small ‘stuff’? 
How small can we get? 
How about atoms? The elements? 
Those are about as small as you can get. Remember the atoms/elements in your body, not in a chemistry class, are charged and so are called ions. What sort of ions are we talking about here? I’m confused? Well, we have mentioned calcium, Ca++, being used by your cells. There will be calcium ions floating in the blood. You will find sodium, Na+, ions in your blood especially after you eat your bag of popcorn. There are potassium, K+, ions in the blood. And the list goes on. You will study them in more detail in physiology. Here are some examples and their normal concentrations in your blood.
[image: ]

What is the medium sized ‘stuff’? 
‘Stuff’ larger than ions and smaller than cells. 
That would be molecules. Some examples would include the hormones that travel in your blood. Your blood sugar, the amount of the molecule glucose you have circulating in your blood. Also there would be your cholesterol, triglycerides and so forth.
https://www.khanacademy.org/science/health-and-medicine/advanced-hematologic-system/hematologic-system-introduction/v/what-s-inside-of-blood

What is hematocrit (Hct)?
Bleed some blood into a test tube. Separate the cells from the fluid (plasma). How? Wait long enough and the cells, the densest components of the blood sample will settle to the bottom of the test tube. Rather than wait, just spin the tube at an angle and the centrifugal force of spinning the blood with throw the cells to the bottom of the tube in a couple of seconds. 
https://www.youtube.com/watch?v=9u4azf206T0
Ah, a video that shows and explains how we used to do this in class way back in the day. We no longer can draw blood in lab so we don’t do this lab anymore. 
[image: Components of blood (article) | Khan Academy]
[image: Hematocrit - a review of different analytical methods]			[image: Hematocrit - a review of different analytical methods]     
If you were to simply take our a ruler and measure from the bottom of the tube to the top of the total sample of blood and compare that measurement to the distance from the bottom of the tube to the top of the RBC pellet, that ratio would be the hematocrit. Let’s do it, it is so easy. 
[image: ]
See above a test tube that was filled with whole blood and then spun to make the pellet of cells at the bottom. Measure from the bottom of the tube to the top of the entire blood sample and it measures 10 inches. Measure from the bottom of the tube to the top of the red pellet of RBC’s and that is 5 inches. So 10 inches is the entire sample. Of that 10 inches sample, 5 inches is RBC’s. So the RBC’s makes up 5 out of 10, or 5/10, which would be ½ or 50%. Of that sample of whole blood you bled into the test tube, 50% is RBC’s. That’s a lot of RBC’s. That is the hematocrit, Hct. 
Now let me revise this somewhat with some explanations. The pellet that is red in color is ALL the blood cells: RBC’s, WBC’s and platelets. When people talk about measuring the Hct, the call that pellet of ALL of the cells the RBC-pellet. They seem to ignore the fact that in that red colored pellet are also the WBC’s and platelets. We ignore the WBC’s and platelets because they take up so little space in the pellet. 
Now I lied to you. If this were a real example the red cell pellet would measure more around 4.2 or 4.5 inches. I originally said 5 out of 10 because that is a very easy calculation to do in your head: 5 out of 10; 5 over 10; 5/10 all equals 50%. But in the real world the red cell pellet would measure 4.2 inches so our calculation for a real Hct would be 42% or maybe 45%. Either way, 42% and 45% are quite close to 50%. Almost ½ of all of your blood volume is RBC’s. That’s a lot of oxygen transport capabilities. 
[image: Blood Ch 17 Flashcards | Quizlet]
[image: Associate Degree Nursing Physiology Review]
https://www.youtube.com/watch?v=nHnJmxNOu0I	(First two minutes only.)
Blood types:
Like every cell in your body your RBC’s have cell surface proteins and glycoproteins and glycolipids. Some people genetically make what is actually called the “A” cell surface molecule (a glycolipid actually) and they are said to have ‘type-A’ blood. Other people genetically make and display on the surfaces of their RBC’s another cell surface molecule called the “B” cell surface molecule and they are said to have ‘type-B’ blood. Some people genetically make and display both the “A” and the “B” cell surface molecule and so their blood type is called ‘type-AB’ blood. Some people do not make either the “A” or the “B” cell surface molecule. They do not have either one. They are sort of the ‘zero’ type, but we are using letters like “A” or “B” so rather than say ‘zero’ we say ‘type-O’ blood for the case where that person does not make the “A” or the “B” cell surface molecule. 
Now here is the important part. A person who has the “A” molecule on the surfaces of all of their RBC’s will make antibody to the molecule they do not make and in this case they would make antibody to the “B” molecule. So they display the “A” molecule and make antibody to the “B” molecule (Ab-B). And a person who has the “B” molecule on all of their RBC’s would make antibody to the “A” molecule. Notice the antibodies these people make will never react with their own cell surface molecules since they make the antibody to the cell surface molecule they do not have. A person who is “AB” will not make any antibody since if they make antibody to “A” or antibody to “B” those antibodies would react to their own cell surface proteins. And a person who is type-O blood can make antibody to both the “A” molecule and the “B” molecule.
So what if a type-A person receives a unit of type-B blood? The donated type-B blood will enter the type-A person’s circulatory system and that person has antibodies to the “B” molecule and those antibodies will attach to the type-B blood cells. Remember that once an antibody attaches to something the rest of the immune system attacks and destroys it. So these donated type-B cells in a type-A person who carries antibodies to the “B” molecule would be destroyed (rejected). 
If a type-B person received a unit of type-A blood, those type-A RBC’s would be attacked by the anti-A antibodies this type-B person has and they would be destroyed.
If a type-AB person receives type-A blood what happens? A type-AB person has no antibodies so the donated type-A cells would be just fine. Same case if this type-AB person receives type-B blood. No rejection since this type-AB person has no antibodies to either “A” or “B”.
If a type-O person were to receive a unit of type-A blood what would happen?  A type-O person has antibodies to “A” and has antibodies to type “B”. So those type-A RBC’s would be attacked by the antibodies and be destroyed. Same for any type-B RBC that might be infused. Type-O can only receive blood from other type-O people. Yet notice type-O blood works in the other three blood types.
https://www.khanacademy.org/science/health-and-medicine/advanced-hematologic-system/hematologic-system-introduction/v/blood-types
[image: ABO blood group system - Wikipedia]

[image: ABO blood types diagram]

[image: ABO blood group transfusions]

What about the ‘positive’ and ‘negative’? That has to do with a different molecule you can find on the surface of your RBC’s. It is a protein on the surface of the RBC. Some people genetically make this protein and have it on the surface of their RBC’s. Some people genetically do not make this protein and so do not have it on the surface of their RBC’s. You either have it or you do not have it. If you have it, you are ‘positive’. If you do not have it, you are ‘negative’. This protein is also found on the surface of Rhesus monkey RBC’s and some of us also have it. For this reason it is called the Rh-Factor. If you have the Rh-Factor on the surface of all of your RBC’s, then you are considered Rh-positive. If you do not have the Rh-Factor protein on the surfaces of all of your RBC’s then you are Rh-negative. 
You can now combine both the ABO system and the Rh-factor systems. 
[image: Science Inspiration: Rh Factor]

https://www.youtube.com/watch?v=5a3z9XQ3eME
https://www.youtube.com/watch?v=gkpKyiuhIhU
The end.
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