Circulation and Blood

PLO J1 ( 240, 241 )

Arteries

Structure

· largest:  Aorta -- 25 mm in diameter

· The wall of an artery has 3 layers:  

· Inner layer is a simple squamous epithelium (single layer, flat cells) with connective tissue & basement membrane called the endothelium.

· Middle layer is thick layer of smooth muscle.

· Outer layer is a connective tissue layer that is quite fibrous underneath, but is loose on the outer surface.

Functions

· Carry blood away from the heart to the arterioles.

· regulate blood flow and blood pressure with the muscular layer.

Arterioles (small arteries)

Structure

· The same structure as arteries except limited in diameter to 0.5 mm

· Middle muscle layer has some elastic tissue. 

· Muscular layer encircles the arteriole and when constricted the vessel has a smaller diameter. When relaxed, the vessel is dilated.

Function

· Carry blood from the arteries to the capillaries

· Blood pressure is controlled by the level of constriction/dilation.
· Shunting of blood through constriction/dilation is possible.
Capillaries

Structure

· Extremely narrow at 8-10(m wide.

· The wall of a capillary is only 1 cell thick.  Only the endothelium is present with a basement membrane.

· Form vast networks and therefore have enormous surface area.

· Are found in all regions of the body.

Function

· Exchange of substances with surrounding tissues (ex. O2, CO2, glucose)

· Can be open and have blood going through to the venules or can be closed in which case the blood is shunted from arterioles directly to the venules.

Venules (small veins)

Structure

· Same structure as the arteries except that the muscular layer is much less significant.  There is also less connective tissue.  

· They are much more elastic and blood can ‘pool’ more easily.

Function

Carry blood from the capillaries to the veins.

Receive blood that has been shunted by a capillary bed.

Veins

Structure

Same as venules, except larger in diameter.

Valves are present in veins which deliver blood against the force of gravity to prevent backflow of blood and ‘pooling’ of blood.

Function

Carry blood from the venules back to the heart.

Hold approximately 70% of the blood at any one time (a reservoir for blood)

Can constrict under nervous stimulation to push blood to the rest of the body.

Circulatory System Anatomy (Game Day Prep)

PLO J2, K1 (242, 243, 246, 247)

Major vessels

	Part Name
	Accepts Blood from:

(May be more than 1)
	Delivers Blood to:

(May be more than 1)
	O2 rich?

	Subclavian arteries
	
	
	

	Subclavian veins
	
	
	

	External jugular vein
	
	
	

	Internal jugular vein
	
	
	

	Carotid Arteries
	
	
	

	Mesenteric Arteries
	
	
	

	Anterior(superior) vena cava
	
	
	

	Posterior (inferior) vena cava
	
	
	

	Pulmonary veins
	
	
	

	Pulmonary arteries
	
	
	

	Hepatic vein
	
	
	

	Hepatic portal vein
	
	
	

	Renal artery
	
	
	

	Renal vein
	
	
	

	Iliac artery
	
	
	

	Iliac vein
	
	
	

	Coronary arteries
	
	
	

	Coronary veins
	
	
	

	Aorta
	
	
	

	Brachiocephalic artery
	
	
	

	Common carotid artery
	
	
	

	Pulmonary trunk
	
	
	

	Left/right cardiac vein
	
	
	

	Femoral artery
	
	
	

	Femoral vein
	
	
	


Note:  Italicized parts are PLO parts

Internal heart anatomy

	Part Name
	Accepts blood from:
	Delivers  blood to
	O2 rich?

	Left atrium
	
	
	

	Right atrium
	
	
	

	Left ventricle
	
	
	

	Right ventricle
	
	
	

	
	Location
	Function
	

	Atrioventricular valves
	
	
	

	Tricuspid valve
	
	
	

	Bicuspid (Mitral) valve
	
	
	

	Chordae tendineae
	
	
	

	Semilunar valves
	
	
	

	Aortic semilunar valve
	
	
	

	Pulmonary semilunar valve
	
	
	

	septum
	
	
	

	Papillary muscles
	
	
	

	apex
	
	?
	

	
	
	
	


Circulation and Blood

PLO J4 (246, 247)

PLO J5 (452-454)

There are 2 circuits that your heart pumps blood through.  The pulmonary circuit circulates blood through the lungs.  The systemic circuit pumps blood through all other body tissues.

The pulmonary circuit

· Blood from body tissues ( right atrium ( right ventricle ( pulmonary trunk ( right and left pulmonary arteries ( pulmonary arterioles ( pulmonary capillaries ( pulmonary venules ( pulmonary veins (4) ( left atrium.

· Blood moving to the lungs in pulmonary arteries is O2-poor and is O2-rich in the pulmonary veins.  All other arteries in the body carry O2-rich blood and all other veins in the body carry O2-poor blood.

The Systemic Circuit

· Blood from the lungs ( left atrium ( left ventricle ( aorta ( “branch of aorta” (ex. mesenteric artery) ( region (ex. stomach, small/large intestine) ( “vein returning blood to vena cava” (ex. mesenteric vein) ( vena cava (ex. inferior vena cava) ( right atrium.

· When blood reaches a region, capillary exchange occurs and oxygen/nutrients are unloaded into the tissues AND CO2/wastes are removed from the tissues and loaded into the blood.

Oddball systemic circuits.

Coronary Circuit

· The heart itself has a branch of the systemic circuit; the coronary arteries branch off the aorta immediately after the aortic semilunar valve and branch out over the surface of the heart.  These feed capillary beds throughout the heart muscle and then converge into venules, then into the cardiac veins, then finally empty into the right atrium.

Hepatic Portal System

· The liver is fed by a hepatic artery which contains O2-rich blood from the aorta, BUT it also receives blood from the capillary beds of the small intestine (villi).  Blood from the villi capillaries ( venules ( hepatic portal vein ( liver capillaries ( hepatic vein ( inferior vena cava.  This is called the hepatic portal system
Fetal Circulation

· The fetus does not use its lungs for gas exchange and therefore has a few different structures and circulation pathways as compared to the adult.

· There is an opening in the wall between the right atrium and the left atrium called the oval opening or foramen ovale.  Little blood goes from the right atrium into the right ventricle, and if it does it is shunted from the pulmonary trunk into the aorta through the arterial duct or ductus arteriosus.
· Blood returning to the fetal heart from the placenta also goes through a special vessel called the venous duct.
· Blood leaves the fetus’ heart by the aorta ( iliac arteries ( umbilical arteries (through cord)( placenta ( umbilical vein (through cord)( fetal liver ( venous duct ( inferior vena cava ( right atrium

· It is at the placenta that the fetal blood comes in close contact with maternal blood and exchanges gases, nutrients, and wastes.

· At birth, a flap covers the foramen ovale.  Umbilical arteries/veins and arterial duct constrict closed within the first few minutes after birth and then turn to connective tissue within the first few days as endothelial cells divide. 

Circulation and Blood

PLO J6 (248)

PLO J12 (254)

Blood Pressure/Flow in the systemic circuit.

· In the systemic circuit, blood pressure is high on the arteriolar side of the circuit and decreases as the blood moves into arterioles, capillaries, venules and then veins.

· Normal blood pressure is 120/80 (systolic/diastolic) in the brachial artery of the upper arm.

· In other words, blood pressure decreases as distance from the left ventricle increases.  

· This decrease in pressure is due to the increase in the total cross sectional area of the vessels as you move from the heart to the capillaries.  Across a capillary bed, blood pressure can drop from 30 mm Hg to 15 mm Hg

· With this decrease in pressure comes a decrease in the velocity of blood so that at the capillaries, where total cross sectional area is maximum, there is time for gases to be exchanged and nutrients/wastes to be exchanged.

· On the venous side of a capillary bed blood pressure can range from 0 to 20mm Hg.  If 0 mm Hg what causes blood to move back to the heart?

· skeletal muscle contraction

· valves which prevent backflow

· Inhalation produces negative pressure in thoracic cavity which sucks blood back into the heart

· As blood gets closer to the heart, there is an increase in velocity due to the decreasing cross-sectional area of all vessels as compared to the capillaries and the venules.

Capillary Exchange (see figure 13.15 pg. 254)

Two forces control capillary exchange of gases, nutrients, wastes.

1. osmotic pressure:  tends to cause water to move from tissue fluid to blood.  the blood is hypertonic to the tissue fluids.  It is generally constant from throughout a capillary bed.

2. blood pressure:  tends to cause water to move from blood to tissue fluid.  Blood pressure drops as you move from the arteriolar side to the venous side of a capillary bed.

Arteriolar End of Capillary Bed

· Blood pressure exceeds osmotic pressure and water exits the blood and moves into the tissues.

Midway of Capillary Bed

· At the midway point, osmotic pressure equals blood pressure, and substances move according to their concentration gradients.  In a capillary bed of a muscle for example:

· oxygen moves from the blood to the tissue

· carbon dioxide moves from the tissue into the blood

· amino acids & glucose move into the tissue

Venous End of Capillary Bed

· Osmotic pressure exceeds the blood pressure and therefore most water in tissue fluid moves back into the capillary

Excess tissue fluid is removed through the lymphatic vessels and is referred to as lymph.  Lymphatic vessels eventually drain into the subclavian veins and mixes in with the blood returning to the heart.  (See pg. 254 figure 13.16 and pg. 262 figure 14.1)

Red Blood Cells

Have no nucleus or organelles.

White Blood Cells –WBC’s (Leukocytes)

Structure

· Almost twice as big in diameter as erythrocytes.  More spherical in overall shape yet have an irregular surface.  They do have a nucleus, lack hemoglobin and colour.

· Two basic categories (see table below):

· Granular:  filled with spheres that contain various enzymes and proteins.  Ex. neutrophils have multi-lobed nucleus – most abundant, phagocytize bacteria

· Agranular:  Ex. monocytes and lymphocytes have a bean shaped or spherical nucleus.  monocytes take up residence in tissues and become macrophages phagocytize and stimulate other WBC’s to defend the body.  Lymphocytes may be the B-type and the T-type

	Granular
	Agranular

	Neutrophils, eosinophils,

basophils

(most abundant)
	Monocytes 

(become macrophages)
	Lymphocytes

	
	
	T-type
	B-type

	multi-lobed nucleus
	bean/spherical nucleus
	bean/spherical nucleus
	bean/spherical nucleus

	phagocytize bacteria
	· phagocytize bacteria

· stimulate other WBC’s to defend the body
	· attack non-self cells

· regulate immune response
	produce antibodies


Function

· Fight infection and help develop immunity

Origin

· Originate in the bone marrow ultimately from the same stem cells that erythrocytes do.  These undergo differentiation into the various types of WBC’s:

· There are approximately 5,000 to 11,000 cells per cubic millimetre.

Platelets (Thrombocytes)

Structure

These cells are fragments of larger cells.  They are smaller than erythrocytes, have no nuclei, have irregular shapes.

Function

· Involved in process of blood clotting.  Platelets and 12 clotting factors in blood cause blood clotting (including fibrinogen and prothrombin)

· Clotting mechanism:

· Platelets accumulate at the site of a broken vessel to partially seal

· Then platelets release an activator that changes prothrombin to thrombin.

· Thrombin is an enzyme that splits fibrinogen into two short aa chains.

· The two short chains join end to end to make threads of fibrin.

· Threads of fibrin wind around platelet plug and provide framework for clot.

· RBC’s get trapped in clot making it red.

· Soon after the vessel has begun to repair, plasmin destroys the fibrin framework and plasma becomes liquid again.

Origin

Produced in the bone marrow at a rate of 200 billion per day.

150 000 to 300 000 per cubic millimetre.

