BLOOD LECTURE

I. General Introduction

A. Cardiovascular System

· Cardiovascular System is made up of blood vessels, blood, and heart. One of the major functions of this system is to transport nutrients, gases, and hormones to the cells of the body and to pick up wastes from the cells to transport them to areas of the body where the wastes are excreted.

B. Lymphatic System

· Lymphatic System is a network of vessels that return the fluid that has escaped from the blood vessels back to the bloodstream.  The lymphatic system also includes lymphocytes, lymphoid tissue (such as tonsils), and lymphoid organs (such as the spleen, lymph nodes, and thmus) which fight infections and give immunity to disease. 
C. Circulatory System

· Circulatory System is the sum total of the Cardiovascular system and the Lymphatic System. . 
II. Functions of Blood

A. Transportation

The blood transports dissolved gases, nutrients, hormones, and metabolic wastes

· Blood picks up O2 from the lungs and drops off CO2.

· Blood picks up nutrients from the digestive tract.

· Blood picks up hormones from endocrine glands.

· Blood picks up wastes and carries it to the kidneys, lungs, and other organs of excretion

B. Protection

· The blood restricts fluid losses through damaged vessels. Platelets in the blood and clotting proteins minimize blood loss when a blood vessel is damaged.

· The blood also defends against pathogens and toxins. White blood cells (leukocytes) in the blood help defend against infection

C. Regulation

· Blood regulates the pH and electrolyte composition of the interstitial fluids. Buffers in the blood stabilize the pH of the fluid surrounding cells (extracellular fluid). 

· The blood also regulates body temperature. Blood vessels in the skin are dilated (relaxed) or constricted so that heat from the body can be given off or conserved.

III. Composition of Blood 

· Adult males have about 5-6 liters of blood in the body. Adult females have about 4-5 liters.

· Blood is made of a liquid matrix called plasma and 3 types of formed elements (cells or cell fragments).  There are no visible fibers in plasma but there are proteins that can be converted to fibers under certain conditions (e.g. blood vessel damage). 

· About 55% of the volume of blood is plasma and 45% of the volume is the three blood cells. 

· The pH of blood is about 7.35 – 7.45.

A. Plasma

· Plasma is made up of water, proteins, and other solutes (includes proteins, electrolytes, urea, glucose, and other molecules.

1. Water 

92% of plasma is water; water facilitates the transport of materials in the plasma

2. Proteins
The liver produces most of the plasma proteins, except antibodies (globulins), which are mad by plasma cells of the immune system. The proteins in plasma include albumins, globulins, fibrinogens, and regulatory proteins.
a. Albumins (60% of proteins) 

These proteins maintain the osmotic pressure of the blood.  This pressure is important in driving fluid into capillaries from the interstitial space.  Albumins also buffer blood, contribute to the thickness (viscosity) of blood and can transport lipids and steroid hormones. 

b. Globulins (35% of proteins)

These proteins include antibodies (immunoglobulins) which attack foreign bodies and pathogens.  There are also smaller globulins that bind, support, and protect certain water-insoluble or hydrophobic ions, hormones and other compounds that might otherwise be filtered out of the blood at the kidneys or have very low solubility in water. 

c. Fibrinogens (4% of proteins)

Fibrinogens are proteins important in the clotting of blood following trauma to the blood vessels.  They are converted to another protein called fibrin during clotting. Serum is the clear liquid that can be separated from clotted blood.
d. Regulatory Proteins (about 1% of proteins)

These are enzymes involved in the chemical reactions that occur in the blood and hormones that are being transported throughout the body to their target cells.

3. Electrolytes
The electrolytes in plasma include Na+, K+, Ca2+, Cl-, HCO3-, and others. Electrolytes are necessary for membrane transport, blood osmolarity, and nerve functioning. 

4. Nutrients

The nutrients in plasma include glucose, amino acids, lipids, cholesterol, vitamins, and trace elements. 

5. Dissolved Gasses

The dissolved gases include O2 and CO2. 

6. Waste Products

Other protein wastes such as urea and bilirubin are also found. 

B. Erythrocytes – Red Blood Cells (RBCs) 
(erythros = red; cytes = cells)

· There are about 25 trillion RBCs in the body’s 5 liters of blood.  99% of formed elements = RBCs; Platelets and WBCs = 1%.  New RBCs are made in the red bone marrow in long bones, cranial bones, ribs, sternum, and vertebrae. RBCs have an average lifespan of about 120 days. Old RBCs are destroyed in the liver and spleen. 

1. Structure 

As RBCs mature, they lose their nucleus and most organelles.  Once they are mature, RBCs are flexible, biconcave cells that are full of hemoglobin, a protein that transports primarily oxygen but also some carbon dioxide.  Each RBC has about 280 million hemoglobin molecules.  Each hemoglobin is made up of 4 protein subunits (recall quaternary structure of proteins).  Each protein subunit has an organic pigment called heme.  Each heme can hold an iron atom that can loosely bind an oxygen or carbon dioxide molecule.  Thus each hemoglobin can carry 4 molecules of oxygen or carbon dioxide.  RBCs can bend and flex and squeeze through capillaries.  An abnormally low red blood cell count is called anemia and results in the inability of the blood to carry and deliver sufficient oxygen to the body cells. 
2. Function

RBCs pick up oxygen from the lungs and unload it to all cells in the body.  They also pick up some of the CO2 produced as a waste product in cellular respiration and take it to the lungs where it is eliminated. 

C. Leukocytes – White Blood Cells (WBCs) 
(leuko = white; cyte = cell)

· WBCs have a nucleus and are larger than RBCs.  Most of them are produced in the bone marrow.  They have a lifespan of 12 hours to several years. 
1. Function

WBCs are involved in fighting infections.  This is done by phagocytosis or by producing antibodies and other molecules.  WBCs also remove toxins, wastes, and abnormal or damaged cells.  When problems are detected, WBCs leave the circulation and enter the damaged area. 

2. Division (based on their appearance after staining)

a. Granulocytes
Lots of stained granules which are secretory vesicles and lysosomes; includes Neutrophils, Eosinophils and Basophils

b. Agranulocytes
No stained granules but the secretory vesicles and lysosomes are there, just not able to be seen with a microscope; include Monocytes and Lymphocytes

	Type Of White 
Blood Cells
	% By Volume Of WBC
	Description
	Function

	Neutrophils
	60 – 70 %
	Nucleus has many interconnected lobes; has blue granules. Granules pick up acidic and basic stains

	Phagocytize and destroy bacteria



	Eosinophils
	2 – 4 %
	Nucleus have bilobed nuclei; has red or yellow granules that contain digestive enzymes


	Play role in ending allergic reactions, parasitic infections


	Basophils
	<1 %
	Bilobed nuclei but it is hidden by the large purple granules that secrete histamines

	Function in inflammation mediation, similar to function in mast cells 

	Lymphocytes (B cells and T cells)
	20 – 25 %
	Dense, purple-staining round nucleus, little cytoplasm
	Most important cells of the immune system; effective in fighting infectious organisms; act against specific foreign molecules (antigen); T Cells attack foreign cells directly while B Cells multiply to become plasma cells that secrete antibodies 


D. Platelets  

1. Structure

Small cellular fragments (not entire cells) that originate in the bone marrow from a giant cell called a megakaryocyte.  Form platelets by pinching off bits of cytoplasm.   Platelets also contain several clotting factors – calcium ions, ADP, serotonin, and various enzymes that all play a role in blood clotting (hemostasis).

2. Function

Involved in stopping bleeding when a blood vessel is damaged. Process is called hemostasis. 

IV. Hematopoiesis

     (haima = blood; poiesis = making or formation)

· All formed elements are made from stem cells in a process called hemopoeisis or hematopoeisis.  Stem cells divide to form all of the types of blood cells. This process takes place in the red bone marrow of the humerus, femur, sternum, ribs, vertebra, and pelvis. The hormone called erythropoietin stimulates hematopoiesis in the bone marrow. Hormone is produced by kidneys when low oxygen concentrations are detected. 
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