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BLOOD

Hematology = the study of blood

Functions of Blood
1. Blood transports:
oxygen

carbon dioxide

nutrients

wastes

hormones

enzymes

electrolytes

heat

2. Blood regulates:
pH

body temperature

water content of cells

3. Protection:
prevents blood loss by clotting

fights microbes and disease (WBC's do phagocytosis and produce plasma antibodies

________________________________________________________

PHYSICAL PROPERTIES OF BLOOD

1. viscous (thicker than water)

2. temperature (38 degrees C, 100.4 degrees F)

3. pH = 7.35-7.45

4. Blood volume:  male = 5-6 liters, female = 4-5 liters

COMPOSITION OF BLOOD

1. 46-63% (55% ave) plasma and 37-54% (45% ave) formed elements

plasma = 92% water and 8% solutes.

Solutes
Proteins:
Albumin = 60%

Globulins = 35%

Fibrinogen = 4%

Enzymes and hormones = < 1%
Electrolytes (eg. Na+, K+, Cl-)
Organic nutrients and organic waste products

Respiratory gases (O2 and CO2)
FORMED ELEMENTS (blood cells):

Erythrocytes (red blood cells, RBC's)

FX= carry oxygen and some hemoglobin

Red blood cells are approximately 1/3 of all cells in the body.

Male has 4.5-6.3 (5.4 ave) million per cubic millimeter

Female has 4.2-5.5 (4.8 ave) million per cubic millimeter

Life Span = 120 days

(No nucleus in mature human RBC's)

About 1% are replaced each day.  Every second, approximately 3 million new RBC’s enter the bloodstream and 3 million per second are destroyed and recycled due to wear and tear after doing their job for 120 days.
Erythropoiesis = red blood cell formation.

(occurs in red bone marrow)

Erythropoiesis is stimulated by:

1. hypoxia

2. erythropoietin (a kidney hormone)

Reticulocytes = immature RBC that enters the blood circulation from bone marrow.

Normal value = 0.5 - 1.5% of total RBC's

Increased number indicates a higher than normal rate of erythropoiesis which may be caused by blood loss or anemia.

Anemia = decreased oxygen carrying capacity of blood.

May be due to:

1. decrease in RBC number or size

(normal size = 7-8 microns in diameter)

2. decreased hemoglobin content

OTHER RBC NORMAL VALUES:

Hematocrit = packed cell volume (Hct or PCV).

Male = 47 +/- 7% (Range = 40-54%)
Female = 42 +/- 5% (Range = 37-47%)
Hemoglobin concentration

Male = 14-18 grams per 100mls of blood (grams %)

Female = 12-16 grams %

(paper test is called the Tallquist hemoglobin test)

Polycythemia = increased number of RBC's

__________________________________________________________

Macrophages phagocytize worn out RBC's and hemoglobin is recycled.  Globin is reused for protein synthesis.  Iron in heme is reclaimed and the rest of the heme is broken down and excreted:

Heme>>>biliverdin>>>bilirubin>>>urobilinogen>>>urobilin and stercobilin.  
DEVELOPMENT (MATURATION) OF RBC's:

Pluripotent stem cell

>>>myeloid stem cell

>>>proerythroblast

>>>erythroblast

>>>reticulocyte

>>>mature erythrocyte

Note:  red blood cells are produced (and destroyed) at the rate of about 3 million per second.

_________________________________________________________

OTHER FORMED ELEMENTS:

Thrombocytes = platelets

Usually smaller than RBC's.  Fragments of megakaryocytes that form a plug and release vasoconstrictors during hemostasis.

FX = Hemostasis (stopping bleeding) (A small puncture wound typically stops bleeding in 1-4 minutes).

Lifespan = 7-12 days

Normal value = 150,000 to 500,000 (350,000 ave) per cubic millimeter

Size = 2-4 microns in diameter

____________________________________________________
Leukocytes = white blood cells (WBC's)

Normal value = 5,000 to 10,000 per cubic millimeter 

Types:

1. Neutrophils

a) have a segmented nucleus (polymorphonuclear)

b) phagocytic

c) granular cytoplasm

d) normal value = 60-70% on Differential WBC count

Band Neutrophil = young, immature neutrophil with a band or rod shaped nucleus.

Normal value = 0-1% (Diff WBC)

Increase in the number of band neutrophils suggests bacterial infection.

2.  Eosinophil 

a) granulocytic cytoplasm (large bright orange granules)

b) normal value = 2-4% (Diff WBC)

c) increased numbers during allergy attacks or parasitic worm infections

3. Basophil

a) granulocytic cytoplasm (large dark blue/black granules)

b) develop into mast cells that intensify inflammatory response by releasing histamine, heparin and serotonin

c) normal value = 0-1% (Diff WBC)

4. Monocyte

a) non-granulocytic cytoplasm

b) phagocytic

c) largest WBC

d) called a macrophage when outside of the peripheral circulation (phagocytic and amoeboid)

e) normal value = 3-8% (Diff WBC)

5. T-Lymphocyte

a) non-granular cytoplasm

b) destroys viruses, cancer cells and transplanted cells by directly attacking them with a toxin.  (eg. killer T-cell).

6. B-Lymphocyte

a) non-granular cytoplasm

b) develop into plasma cells that secrete antibodies which neutralize SPECIFIC foreign invaders.

c) combat infection and provide immunity

Normal value for lymphocytes = 20-30% (Diff WBC)

_________________________________________________________

BLOOD CLOTTING PATHWAYS

1. Intrinsic Pathway:

Damaged cells in blood vessel

>>>vascular spasm (smooth muscle contracts)

>>>platelet adhesion

>>>platelet aggregation

>>>platelet plug

>>>activated Factor XII and Ca++

>>>clotting Factors VIII and IX

>>>Factor X

>>>PROTHROMBINASE

2. Extrinsic Pathway:

Tissue trauma

>>>damaged cells in tissue

>>>release tissue factor (TF)

>>>tissue factor leaks into blood

>>>clotting factor VII and with Ca++ 

>>>Factor X

>>>PROTHROMBINASE

EXTRINSIC/INTRINSIC COMMON PATHWAY

Begins with:

Activated Factor X

>>>PROTHROMBINASE

>>>prothrombin 

>>>thrombin

>>>fibrinogen

>>>fibrin threads

>>>clot retraction (tightening of the fibrin clot which usually takes 30 – 60 minutes)

***KNOW Common Pathway of Hemostasis*** ____________________________________________________

CLOTTING FACTOR NOTES

All three pathways require Calcium ions.  Vitamin K is REQUIRED for the liver to synthesize clotting factors including Prothrombin.  Vitamin K deficiency will lead to the breakdown of the common pathway due to lack of clotting factors and the entire clotting system will be inactivated.
_____________________________________________________

Hemophilia affects approximately 1 in 10,000 people, with 80-90% being males.

Hemophilia A lacks Factor VIII

Hemophilia B lacks Factor IX (Christmas Factor)

Hemophilia C lacks Factor XI

Hemophilia A is the most common type.  It affects mostly males and is an X-linked recessive disorder.

Symptom = spontaneous hemorrhaging

Treatment = transfusion, or injection of Factor VIII concentrate.  Note: Factor VIII concentrate was contaminated with HIV between 1982 and 1985.

_______________________________________________________

ABO BLOOD GROUPS 
AA AND AO = Type A blood (U.S. ave = 40%)

BB and BO = Type B blood  (U.S. ave = 10%)

AB = Type AB blood  (U.S. ave = 4%)

OO = Type O blood  (U.S. ave = 46%)

Interesting note:  Native South Americans are 100% Type “O” and Rh positive.

Antigen (Isoantigen, Agglutinogen) on Red blood cell:

Type A = A

Type B = B

Type AB = both A and B

Type O = none

Antibody (Isoantibody, Agglutinin) in Plasma:

Type A blood = has Anti-B

Type B blood = has Anti-A

Type AB blood = has NO antibodies in the plasma

Type O blood = has BOTH Anti-A and Anti-B

_______________________________________________________

Rh FACTOR

Rh+ = "D" antigen (recognition protein) on red blood cell

DD and Dd = Rh+

dd= Rh-  (no "D" antigen on red blood cell)

Note: In the U.S. population, 85% are Rh positive.

________________________________________________________

Erythroblastosis fetalis = (Hemolytic Disease of the Newborn):

Rh- mother and Rh+ father >>> Rh+ baby

Rh - mother will produce antibody against Rh+ cells which will result in an antibody/antigen reaction with the next Rh+ baby.

RhoGam is given to Rh- mother.  It blocks recognition of any fetal RBC's by the mother's immune system.

Rh- mother and Rh- father = no problem

Or 

Rh- mother and Rh+ father >>> Rh- baby = no problem

_____________________________________________________

See online syllabus for selected clinical terminology.  _____________________________________________________
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