HL IB Biology II: Transport System Topic 6 & Option H
I. Blood

a. Composed of fluid, cells, and fragments of cells

b. Fxn:  transportation of nutrients, oxygen, carbon dioxide, hormones, antibodies, urea, & heat

c. Formed elements (45%)

i. Red blood cells – erythrocytes
1. Erythropoiesis - negative feedback system)
2. Makes up 99% of the total volume of formed elements

3. Produced in red bone marrow
4. Transport oxygen and carbon dioxide

a. Anemia – low O2 delivery due to ---- blood loss, bone marrow failure, diet deficiencies, sickle cell, low O2 content in air
5. Lack a nucleus

6. Contains hemoglobin

a. Iron containing protein

b. Oxygen becomes loosely bound to the hemoglobin in blood cells

ii. White blood cells - leukocytes
1. Less than .1% of the total volume of formed elements

2. Large in size & contain nuclei 
3. Several different types
a. B cells & T cells

b. Basophil

c. Eosinophil

d. Neutrophil

e. Monocyte
4. Defense & immunity
iii. Platelets

1. Less than 1% of the total volume of formed elements

2. Cell fragments need for blood clotting
d. Plasma

i. Fxn: transports red and white blood cells, platelets, nutrients, enzymes, hormones, gases, and inorganic salts

ii. Liquid = 55% of blood

iii. Contains plasma proteins (7% of plasma)

1. Albumins: pH buffering & osmotic balance
2. Immunoglobulins (antibodies): defense
3. Fibrinogen: clotting system

iv. Contains solutes (1% of plasma)

1. Electrolytes

a. Na, K, Mg, Chlorides, & biocarbonates

2. Organic nutrients

3. Organic wastes

v. Contains water (90% of plasma)

1. carries substances

e. Injury – blood clotting from damaged area
i. Platelets adhere to damaged area and then there is a release of clotting factors from platelets & damaged cells

1. clotting factors are inactive proteins (prothrombin & fibrinogen)

2. platelets  are made in bone marrow with RBC’s and WBC’s (live 8-10 days)

ii. Results in the formation of thrombin (thrombin comes from prothrombin)
1. Thrombin - enzyme catalyses the conversion of fibrinogen into fibrin

iii. Thrombin catalyses the conversion of soluble fibrinogen into fibrous protein fibrin, which captures blood cells and makes a mesh like network to stabilize a plug
II. ABO Blood Groups

a. Typing

i. A, B, AB, and O

ii. Antigens 

1.  Stimulate an immune response in the body

iii. Antibodies

1. Are shaped to correspond with the different blood surface antigens

2. Example: Type A blood will have A antigens on you red blood cells and the anti-B antibody in your plasma

iv. Genetics of Blood typing with offspring

1. Review of punnett square, multiple alleles, codominant, genotype and phenotype

III. Pathway of Circulation

a. Three main types of blood vessels

i. Arteries (leads to arterioles)
1. Large & no exchange
2. Under high internal pressure

3. Thick walled & no internal valves
4. Muscular

5. Elastic blood vessel that carry blood away from the heart
ii. Capillaries 

1. Microscopic blood vessels

2. Walls are only one cell thick & no internal valves
3. Allows nutrients and gases to diffuse easily between cells and tissues (all exchange occurs)
4. Form a dense network that reaches every cell in the body & has low internal pressure
iii. Veins

1. Thin walled blood vessels that carry blood from the tissues back towards the heart

2. Not under pressure

3. Equipped with valves that prevent blood from flowing backwards (when traveling uphill against gravity)

iv. Coronary Arteries

1. fxn: supplies the heart with oxygen and nutrients

v. Flow of blood in heart & body
1. From heart to the body and back to the heart -----large artery -> smaller artery branches -> an arteriole -> capillary bed -> a venule -> larger vein 

2. Within the heart

a. Pulmonary circulation

b. Systemic circulation

vi. Cardiac Cycle : one complete sequence of pumping & filling (beats per min)
1. Heart Rate: number of contractions of the heart per minute

2. Cardiac Output: volume of blood pumped out by the heart per minute
3. Stroke volume: volume of blood pumped out with each contraction of the heart

4. Venous Return: volume of blood returning to the heart via the veins per minute 
5. Events – myogenic muscle contractions (needs to be controlled in order to keep the timing of the contractions unified) controlled by ANS (vagus nerve)
a. Atrium & Ventricular systole: contraction phase

b. Atrium & Ventricular diastole: relaxation phase

6. Terms

a. Sinoatrial (SA) node – pacemaker sets the rate & timing at which all cardiac muscle cell contractions & located in the upper wall of right atrium
b. Atrioventricular (AV) node: receives signal from the SA (relay point located in the wall between the right atrium & right ventricle)
7. Activity

a. SA node generates an electrical signal activity down the atrium walls & atrial activity begins ( Atrial systole & ventricular diastole)
b. Stimulus spreads across the atrial surfaces and reaches AV & sends out another electrical signal (atrioventricular) (slight delay here – 0.1 sec) This delay explains why the atria then the ventricles contract together
c. An action potential to ventricles by means of conducting fibres in septum (ventricular systole & atrial diastole)

d. AV valve opens and ventricles empty (all chambers in diastole)

8. Physiological factors of heart rate

a. Medulla controls involuntary heart rate and sends signal to the cardiac nerve to increase heart rate – senses the rise in carbon dioxide 
b. SA node receives signal  sets timing of heart beats
c. After exercise the levels of CO2 decreases and the vagus nerve sends this signal to the medulla
d. Hormones

i. Adrenaline “fight or flight” secreted by the adrenal gland = increases heart rate or SA node to fire more frequently 
ii. Body temperature

vii. ECG or EKG: electrocardiogram
viii. Clinical 

1. Neurological control

a. ANS – autonomic nervous system

2. Atherosclerosis

a. Plaque builds up over the years & narrows the arteries = stenosis (lipids, carbohydrates, cell debris & calcium)
b. Encourages the adhesion of platelets thus triggering clotting & interfering with circulation

3. Coronary thrombosis – when a coronary artery becomes blocked (heart attack)
a. Symptoms 

i. Chest pain often radiating out towards the left arm

ii. Constricting sensation in or around throat

iii. Breathing difficulties

iv. Severe dizziness 

4. Coronary heart disease – slow progression of plaque build up in arteries
a. Genetics

b. Age – decrease flexible blood vessels

c.      Gender – decrease in estrogen (males have a higher risk)
d. Smoking – raises blood pressure & decrease oxygen to heart which makes blood vessels to constrict (twice the risk)
e. Obesity – increases blood pressure and strain on heart
f. Diet – increase saturated fats & cholesterol & salt
g. Lack of exercise
5. Tachycardia

a. Increase heat beat that exceeds the normal range of resting heart rate
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