Blood 

· Blood is slightly basic – (pH= 7.35- 7.45)- if it goes past this range enzymes stop working
· Blood is made of blood plasma and formed elements (living cells)
· Enterocytes- 45% 
· Leukocytes and platelets - <1%
· Plasma- 50%
· Blood temperature is approximately 38  somewhat higher than body temperature constriction and dilation of arterioles to maintain body temp  important in maintaining core body temperature
· The composition of blood plasma is similar to interstitial fluid except that there is a difference in carbon dioxide, oxygen and protein concentration 
· 8% body weight 5-6 L in males and 4-5L has to do with the gender 
· Endurance athletes have a higher blood volume  adaptation to for sweating – positive 

Functions of Blood 

Transport
· Oxygen, nutrients
· CO2, metabolites, nitrogenous, waste products 
· Hormones
· The lungs get rid of C02 - kidneys and liver get rid of waste
Regulation
· Body temperature
· pH- works with the respiratory system
· Fluid volume
Protection
· Prevent blood loss- platelets
· Prevention of infection- antibodies
· Blood is mainly made of plasma which is made of water and with a great amount of solutes- proteins should never leave the blood 

*Only white blood cells are typical cells  red blood cells are made of hemoglobin with no organelles  platelets don’t have organelles either mature platelets and RBCs don’t have the ability to divide

Red Blood Cells

Standard values of red blood cells
	Test
	Normal Value 
	Significance

	RBC count
· Men
· Woman 
	
4.5-5.4x106/uL
3,6-5.0 x106/uL
	Number of red blood cells in the blood

	Reticulocytes
	1-1.5% of total RBC
	Rate of red blood cell productio**

	Hemoglobin
· Men 
· Woman
	
14-16.5 g/dL
12-15g/dL
	Hemoglobin content in the blood 

	Hematocrit
· Men
· Woman
	
40-50%
37-47%
	Volume of cells in 100mL of blood

	Mean corpuscular Volume
	85-100 fL/redcell
	Size of red blood cell

	Mean corpuscular Hemoglobin concentration
	31-35g/dL
	Concentration of hemoglobin in the cell

	Mean cell hemoglobin
	27-34 pg/cell
	Red cell mass


*Reticulocytes are immature RBCs and RBCs remain as reticulocytes for a few days- Gives good indication if there is an increase in the number of RBCs being formed- internal hemorrhage

Structure
· Biconcave shape gives ability to bend shape 
· Large surface area
· Protein spectrin  allows RBC to squeeze through capillaries 
· 98-99% of interior is hemoglobin 
· Get energy through anaerobic metabolism spare oxygen consumption

Hemoglobin (Hb)
· Hemoglobin is made of four protein globin subunits each bound to the iron binding red heme pigmenttwo alpha and two beta  can’t carry oxygen when one chain is mutated
· Each iron atom can combine reversibly with one molecule of oxygen (4 per Hb molecule; each RBC contain 250 million Hb molecules) tremendous ability to carry oxygen 
· Oxyhemoglobin oxygenated hemoglobin 
· Hemoglobin carrying carbon dioxide  carbaminohemoglobin 
· Oxygen combines with heme group and co2 combines with globin
· Hypoxia when cells don’t get enough oxygen- don’t die immediately, but they will eventually after a period  which is why oxygen is crucial to life 
· Mean have greater number of RBCs
· Reticulocytes RBCs just released from bone marrow when there is an increase it shows that there is a need for RBCs ex. Hidden hemorrhage 
· Hematocrit is the test that shows whether you have anemia or polycythaemia (when you have to many red blood cells- smaller and paler cells)

Red Blood Cell Production hematopoiesis
· Red blood cells are renewed by the production of cells in bone marrow (reticular connective tissue bordering on large capillaries called blood sinusoids)
· Produced by pleuripotent cells can become RBC, WBC or platelets
· You need the hormone erythropoietin (produced by kidneys when there is a reduction in the number of RBC), iron, folate (folic acid- in dark green leaf vegetables), vitamin B12- (in animals)
· Red bone marrow is located in portions of the vertebra, ribs, skull, pelvis, and proximal limb bones. 
· Stem Cell (erythropoietin) Erythroblast Reticulocytes RBC 
· Hemocytoblastproerthroblasterythroblast normoblast-->reticulocyte erythrocyte 
· Cells that are committed to become committed to become RBC have receptors that cause changes  process takes 15 days
· Early erythroblast (ribosome synthesis for production of hemoglobin)- Blue hue- gets more red when more hemoglobin is produced
· Late erythroblast
· Normoblast gradual expulsion of organelles and nucleus is pinched off
· Reticulocyteslightly bluish because there is some ribosomes
· Erythrocyte
· The Kidneys are the main producer of erythropoietin  strict homeostatic process for example increase in the number blood cells when you have a cut acclimatization to high altitudes  sickle cell anemia hemolytic (when cells burst easy) anemia  , (walls are weak)  many types of diseases and deficiencies 
· The kidneys are able to detect low tissue oxygen levels and then release erythropoietin which causes the proliferation and maturation of cells in the bone marrow to red blood cells 
· The liver also detects reduction levels in the blood to a small extent
· Erythropoietin binds to receptors on cells and then goes through maturation 
· The life span of RBC is only 100-120 because they don’t have organelles and nothing can be replaced old
· When they burst it is called cell lyse 
· The spleen is the cemetery of RBC because that’s where they are broken down

Erythropoietin (EPO) mechanism for regulating erythrocytes
· Stimulated when the oxygen falls (a heme protein) stimulates transcription of EPO
· Decrease in oxygen availability 
· Insufficient hemoglobin per red blood cell
· Kidney produces 85%-90% of EPO 
· Other stimulators of EPO
· Catecholamine’s
· Androgens
· Alkalosis
· Athletes inject erythropoietin into their blood illegal and can cause to problems ( increases number of blood cells but not more volume-stick together - leads to heart attack, hyperpoxia, polycythaemia)

Life cycle of RBC
· Most hemoglobin degradation- happens in macrophages of the spleen
· Iron in red blood cells is reduced
· In the large intestine heme is reduced to bilirubin and eventually converted to urobilinogen metabolized by bacteria stercobilin (gives the brown colours  excreted in feces) 
· Some hemoglobin and urobilins (made into bile by the liver) are excreted by the kidneys 
· Also broken down into amino acids which stays in the body
· Macrophages monitor the condition of circulating RBC, engulfing them before they hemolyze (rupture)  macrophages break down red blood cells in the liver spleen and bone marrow 

Iron in the blood

· Iron is stored in the liver and in the cells that line the gastrointestinal tract
· Iron is transported by transferrin and stored inside cells as protein-iron complex ferritin (has to do with anemia people with it are monitored for their iron level) and hemosiderin) elemental iron is toxic
· We  get rid of excess iron  it is stored temporarily in the gastro intestinal cells 
· 10-20 mg consumed 75% goes to bone marrow 10- 20% goes to liver and heart for storage 5-15% other processes
· There are two types of iron heme iron (comes from animals) non heme iron
· Heme iron is more easily consumed more heme iron in organ meats 
· Organ meats
· Red meat
· Fish very high amounts of iron 
· Poultry 
· Strong coffee, bran and other foods can inhibit the consumption of non-heme iron 
· Dietary strategies to meet iron needs
· Eat hem rich foods 
· Enhance the absorption of non-heme iron by including vitamin C at the same meal
· Be aware that some foods interfere with non-heme iron absorption (excess bran, strongly brewed tea, oregano)
· Only take iron supplements at the advice of a physician- you can’t have to much iron because it can accumulate in the body
· Cook foods in black cast iron pots and pans 
· We also need folic acid and vitamin B12 necessary for the nucleic acids and nuclear maturation of red blood cells  vitamin B12 requires a intrinsic factor for effective absorbtion

Folate deficiency anemia 
· Folate coming from the folium meaning leaf 
· Involved in metabolism of DNA, amino acids and their derivatives 
· Often works other with vitamins B12 and B6 and produces deficiency syndromes often identical to B12 deficiency
· Folate is necessary for the formation of all new cells including RBC
· For Women in their fertile years they have to have an increased amount of folic acid because it is crucial for development of the embryo/fetus
· Can result with insufficient intake and absorption  (alcoholism, Crohn’s disease)
· Increased requirements (pregnancy, lactation)
· Insufficient utilization due to other factors such as vitamin B12 deficiency
· The RBC’s bigger macrocytic anemia (iron deficiency is the opposite)
· Dietary improvements:
· Found in dark green, leafy vegetables
· Milk increases folate absorption
· Cooking and storage destroy 50-90% of folate in foods
· 400 micrograms per day

Vitamin B12
· Vitamin B12 can still occur even if you have a good diet because it occurs in the case of the absence of R protein, pancreatic proteases, or intrinsic factor produced in the stomach as well as defective binding of the intrinsic factor 
· B12 is required for the production of red blood cells found in meat (organ meats)
· Pernicious anemia is an autoimmune disorder related to the decrease in production of intrinsic factor)
· Decreased absorption of vitamin B12 can be caused by 
· Absence of R protein, pancreatic proteases or intrinsic factor (produced in stomach)
· Absence of much or all of the stomach and ileum
· Bacterial overgrowth
· Tapeworm infestation
· Some ulcer medication
· Chronic malabsorption (Chrohn’s disease, AIDS)
· Celiac disease- you can’t process gluten certain foods destroy microvilli 
· Vitamin B12 or Folate difiency can cause megaloblastic anemia the cells are too large because they can’t divide

RBC disorders

Anemia
· Caused by deficit of RBC, low hemoglobin levels, low ferritin levels, abnormal hemoglobin
· Signs of anemia:
· High heart beat
· Increased respiration
· Fatigue
· Decreased activity tolerance
· Pallor 
· Murmur
· Causes of Anemia
· Insufficient numbers of RBC ehmoorahic anemias, aplastic anemias (destruction or inhibition of red marrow)
· Low hemoglobin content microcytic anemia (iron deficiency anemia/ vitamin B6 deficit)- megaloblastic anemia (folate or vitamin B12 deficiency)
· Abnormal hemoglobin—thallasemias and sickle cell anemia
· Stages of iron deficiency depletion of stores and iron deficiency without anemia
· Reduces ability to undertake physical activity
· Cause disturbance in brain metabolism
· Cause disturbance in muscle metabolism
· Impair immunity and temperature control 
· Sports anemia- Athletes  increase in red blood cells and volume  can make people think you have anemia but no cure cause it is not real – mainly due to expanded plasma volume 
· Diagnosis of Iron deficiency 
· Found through hematocrit (% of blood volume occupied by RBC below 34-37% suggest iron deficiency- hematocrit is found by centrifuging the blood)
· The production of red blood cells can be disrupted by chemotherapy 
· Marginal deficiency anemia is not detected by hematocrit so blood ferritin measurements or transferrin (protein that transports protein in blood) receptors measurements are required  may cause weakness and decreased exercise performance
· We always have storage of iron, but sometimes are diet just not give enough 
· In anemia you have more plasma than RBC and in polycythemia is when you have more RBC than plasma 

Polycythemia
· High red blood cell count 
· High altitudes
· Injecting Erythropoietin
· Two many white blood cells polycythemia vera ( very serious)
· Can occur due to dehydrations

Thalassemia- underproduction of one the globin chains leading to abnormal hemoglobin and decreased RBC survival rates
· Commonly inherited in the Mediterranean transmitted as a autosomal recessive fashion
· For normal functioning hemoglobin you have a balance of alpha and beta alpha thalassemia = insufficient alpha chains
· Alpha thalassemia prevalent in Asian population
· Beta thalassemia I found mainly in people of Mediterranean decent  Greek islands Italy  more severe
· Can lead to the formation of tumors
· Thalassemia major- when you have homozygous recessive of the gene  
· Thalassemia minor
· Two factors contribute to thalassemia- related anemia’s
· Reduction in the synthesis of hemoglobin
· Imbalance in the production of the hemoglobin 
· Treatment
· Blood transfusions
· Spleenectomy 
· Iron supplements should be avoided
· Bone marrow transplants

Sickle cell anemia
· Hereditary, chronic form of hemolytic anemia, characterized by RBC with an abnormal, rigid, sickle shape that decreases cells’ flexibility and results in their restricted movement though blood vessels and restricted delivery of oxygen 
· Complications: vascular occlusion (more serious occlusion means increase in hypoxia insufficient oxygen people with sickle cell feel terrible pain because there is a build up of lactic acid because there is not enough oxygen for aerobic acid) , venous thrombosis, arterial emboli, cardiac failure, renal failure, frequent often serious infections (splenic atrophy), retinopathies (microthrombosis, pregnancy accidents)
· Hemolytic or vascular
· There can be temporary sickled cells can happen in the cold 
· Treatment
· No available cure
· There are treatment for the symptoms and complications
· New treatment strategies  bone marrow transplants, inhalations of nitric oxide (dilate blood vessels); switching back on fetal hemoglobin production
· Avoidance of dehydration, infections, fever, acidosis, hypoxemia and cold exposure
*bonus points: blood groups 

Platelets 

Hemostasis – regulated by system of activators and inhibitors that maintain blood fluidity and prevent blood from leaving vascular compartment- process to stop bleeding
· Vasospasm thromboxane A2 is the most important hormone and they cause vasoconstriction 
· Formation of platelet plug
· Factor 8 combined with Von Willebrand factor causes the formation of clots 
· When there is a damage to the blood vessel and the collagen fibers are exposed platelets sticks to the collagen platelets become activated and begin to swell, become spiky, sticky degranulation (release chemicals ADP, serotonin and thromboxane )
· More platelets stick to them
· Serotonin (enhances vascular spasm) and ADP (attracts more platelets) stimulated by thromboxane A2
· Platelets from a plaque
· PGl2 (prostacyclin): produced by endothelial cells; inhibits platelet aggregation 
· Von wil- lebrand factor  hemophilia is where not enough factor is produced
· Development of fibrin clot (coagulation)  know steps 
· The plug is not enough it is reinforced by coagulation
· There are two pathways that lead to blood clot formation
· Extrinsic clotting factor 10 will lead to prothrmobin and that will eventually lead to the formation of a fibrous net damage of surrounding tissues faster 
· Clotting of blood associated with body and blood vessel damage release of tissue factor bypass may steps of intrinsic pathway faster pathway to factor Xa and PA
· Prothrombin activator (prothrombianse) is rate limiting step once achieved clot formation in 10-15 seconds via phase 2 and 3 common pathways 
· Intrinsic occurs when there is a injury to the endothelium exposure to collagen fibers  longer and more complicated more clotting factor 
· Associated with endothelium rapture exposure of collagen clotting of blood outside body- slower pathway to factor X and PA
· You usually have both intrinsic and extrinsic damage 
· For both you need clotting fibers (vitamin K, calcium), platelets, tissue, PF3 (platelet derived factor)
· Factor 10 is activated by intrinsic or extrinsic and this then activates of prothrombin 
· You need calcium and pathway 8 to form the mesh like net 
· PF3, calcium and factor Va is needed for the moration fibrin 
· Clot retractions 
· Clot dissolution (fibrinolysis)
· Fibrinolysis within two days and continues until clot is dissolved
· Plasminogen plasmin degrades fibrin 
· Given when you have a stroke or myocardial infraction
· Homeostasis procoagulation factors> anticoagulants
· Healthy vessels: anticoagulation factors> procoagulation factors
· Thrombin binds 
· Normally flowing blood washes away procoagulants and as thrombin forms  it limits clot size 
· Antithrombin III (in plasma) inactivates any escaping thrombin 
· Antithrombin III and protein C (liver) inactivate many intrinsic pathways procoagulants
· Haprin (basophils and mast cells) enhance activity of Antithrombin III
· Smooth endothelial linin of undamaged blood vessels ( also endothelial derived heparin, nitric oxide and prostacyclin)
· Vitamin K is formed in the bacteria or it can be eaten in banana’s
· Removal of clots swift removal of coagulation factors and inhibition of activating clotting factors
· Hiruidin produced by leaches inhibits conversion of prothrombin into thrombin and platelets stick together

Mechanisms
· Platelets  produced in bone marrow, approximately 30% stored in the spleen and released when needed slide 6
· Platelets are bits of megakaryocyte membrane contain cytoplasm and various organelles but no nucleus covered in glycocalyx there are 150 000 to 400 000 in each microliter of blood
· Platelets circulate for 8 to 9 days 
· Production is stimulated by thrombopoietin  made by kidneys, liver, muscle and bone marrow  causes proliferation and maturation of megakaryocytes
· Platelets bind to thrombopoietin and when platelet count fall thrombopoietin is available to stimulate bone marrow production
· Von Willebrand factor (produced by vessels endothelium) and plasma clotting factors (synthesized in the lifer, use vitamin)
· Naturally occurring anticoagulants (plasminogen converted to plasmin when activated) that digest the fibrin  prevent inappropriate clot formation
· Inherent properties of blood vessels themselves (Smoothness of the endothelium vascular neural reflexes and humoral factors (cause vessel smooth muscle contractions when needed)

Clot Retraction and Repair 
· When clots travel from the site of formation to somewhere else  embol very dangerous
· Occurs within 20-60 minutes; platelets contract (contain actomyosin), exerting pull on surrounding fibrin strands
· Serus squeezed out from clot and ruptured edges of blood vessels pulled closer
· PDGF (platelet derived growth factor) released during degranulation stimulates smooth muscle cells and fibroblasts to divide and rebuild wall; endothelial cells multiply to fill gap in lining 
· VEGF (vascular endothelial growth factor) stimulate rebuilding of the endothelium
Disorders
· The inappropriate formation of blood clots 
· The failure of blood to clot in response to a stimulus
· These disorders may be related to platelets or clotting pathology
· Thrombocytopenia generalized bleeding
· Thrombocytosis can lead to thrombosis
· Primary (ex. Polycythemia vera)
· Secondary (inflammation)
· Hemophilia 
· Genetic: a group of diseases transmitted in a recessive fashion; associated with sex chromosome X; affects boys only (hemophilia C exception)
· Transmitted by women apparently healthy it is observed in daughters of a hemophiliac father and a carrying mother or in women presenting a deletion of the normal chromosome X
· Signs symptoms:  easing bruising, serious bleeding episodes, in particular hemarthroses (join hemorrhage) in the case of sever hemophilia 
· Etiology: lack or abnormal function of factor VIII (hemophilia A) or factor IX (hemophilia B)

Blood Groups
· Humans have 30 varieties of naturally occurring RBC antigens 
· Antigens of the ABO and Rh blood groups cause vigorous transfusion reactions 
· Other blood groups are weak agglutinogens
· Types A, B, AB and O presence or absence of two agglutinogens (A and B) on the surface of RBCs
· Blood may contain anti-A or anti B antibodies that act against transfused RBCs with ABO antigens not normally present anti A or anti B form at 2 months of age
· There are 45 differten Rh factors C,D, E are most common 
· [bookmark: _GoBack]Rh positive indicates presence of D
· Anti-Rh antibodies are not spontaneously formed in Rh- individuals
· Anti-Rh antibodies form if an Rh- individual Rh+ blood
· A second exposure to Rh+ blood will result in a typical transfusion reaction


	Blood type 
	RBC agglutinogens 
	Serum Reaction
	 Blood that can be Received

	AB
	A and B
	+
	+
	A, B, AB, O universal recipient 

	B
	B
	-
	+
	B, O

	A
	A
	+
	-
	A, O

	O
	None 
	-
	-
	O  “universal donor”
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