BLOOD VESSELS LECTURE
I. Circulatory System
A. Heart – serves as a pump that establishes the pressure gradient needed for blood to flow to tissues
B. Blood – transport medium within which materials being transported are dissolved or suspended
C. Blood Vessels – passageways through which blood is distributed from the heart to all parts of body and then back to the heart
II. Types Of Blood Vessels

A. Arteries
B. Capillaries
C. Veins
· The blood vessels of the body form an internal distribution system.  Blood flows through a network of arteries, veins and capillaries.  
· Capillaries are the only blood vessels whose walls permit exchange between the blood and interstitial fluid.  All chemical and gas exchange between the blood and the interstitial fluid occurs at the capillaries. 
· Arteries branch repeatedly, decrease in size until they become arterioles. 
· From the arterioles, blood enters the capillaries. 
· Blood flowing from the capillaries enters small venules which then merge to form larger veins. 
· Thus the sequence of vessels to supply any region of the body is:
arteries → arterioles → capillaries → venules → veins 

III. Functions Of Blood Vessels 

A. Arteries 

(ar = air; ter = to carry)

· Arteries carry blood away from the heart; usually carry oxygenated blood (exception: in the pulmonary circulation the pulmonary arteries carry deoxygenated blood from the heart to the lungs to be oxygenated)

B. Arterioles

· These are small arteries that deliver blood to capillaries 

C. Capillaries

· These are the blood vessels with the smallest diameter (many are only large enough for only one RBC to squeeze through at a time).

· Found between arterioles and venules in the tissue. 

· Their thin walls allow for exchange between blood and tissue cells.  At the arterial end of the capillary bed, plasma carrying oxygen and small solutes diffuse out of the vessels bathing surrounding tissues.  This fluid is called interstitial fluid.  Blood proteins are too large to pass through the capillary walls and are left behind.  The blood protein albumin is present at over 3 g / 100 cc of blood plasma.  Its function is to draw most of the interstitial fluid (now carrying nitrogenous wastes and carbon dioxide) back into the blood at the venous end of the capillary bed (albumin is osmotically active)
IV. Structure Of Blood Vessels
A. Arteries and Veins

The walls of arteries and veins contain 3 layers: the tunica interna, tunica media, and tunica externa. (tunica = layer) The tunics surround the lumen, a hollow center through which blood flows.  

1. Tunica Intima (Tunica Interna)

The innermost layer; consists of simple squamous epithelium called endothelium, a thin layer of areolar connective tissue called the subendothelial layer, and a layer of elastic tissue called the internal elastic lamina.   It provides a smooth surface for the passage of blood through the vessel. 

2. Tunica Media

The middle layer; made of circularly arranged layers of smooth muscle cells in a framework of elastic and collagen fibers.  Contraction of the muscle tissue is what allow the vessels to contract (vasoconstriction) which results in narrowing of the lumen which increases blood pressure.  The sympathetic nervous system causes vasoconstriction in an arteriole.  Relaxation causes an increase in the lumen of the blood vessel (vasodilation), which decreases blood pressure. 

3. Tunica Externa (Adventitia)

The outermost layer; made of areolar connective tissue that contains elastic and collagen fibers.  This layer helps anchor the blood vessel to other structures and protects the blood vessel.  Very large blood vessels require their own blood supply in the form of a network of small arteries called the vasa vasorum.  The vasa vasorum is found in the tunica externa.  

B. Capillaries

Capillaries only consist of a thin tunica intima (no smooth muscle or connective tissue), a layer of flat epithelial cells (simple squamous epithelium) and a basement membrane.  This allows them to exchange nutrients and gases.  Capillaries are called the functional units of the cardiovascular system.  Capillaries have thin spaces between adjacent cells in the tunica intima called intercellular clefts.  The lumens of arteries are only slightly larger than the lumen of a single red blood cell so the RBCs travel in  single file through a capillary. 

V. Structural Differences

A. Arteries have thicker Tunica Media and narrower Lumens
The walls of arteries are usually thicker than the walls of veins because arteries have a thicker tunica media.
B. Arteries have more Elastic and Collagen Fibers

Arteries and arterioles remain open and can spring back in shape because they have more elastic and collagen fibers in all of their layers.  The pressure in the arteries fluctuates due to the systole and diastole of the left ventricle during the cardiac cycle.  This allows us to measure pulse.  Some artieries that conduct blood flow from the heart to smaller arteries (called elastic arteries) have their elastic fibers spread throughout the tunica media. Examples: aorta, pulmonary arteries, brachiocephalic trunk, common carotid, etc.  Other arteries that distribute blood to body organs (called muscular arteries) have elastic fibers found superficial to the tunica intima (in a layer called internal elastic lamina) and superficial to the tunica media (in a layer called the external elastic lamina). Examples: brachia artery, inferior mesenteric artery etc. 

C. Veins have Larger Lumens and have Valves

Vein walls are thinner than arteries and they have larger lumens.  Blood pressure is lower in veins than in arteries.  The inner endothelial layer of veins folds inward to form valves (to prevent backflow of blood).  The endothelial layer of valves is strengthened by elastic and collagen fibers.  Veins also pass between groups of skeletal muscles; when these muscles contract, venous pressure is increased.  Valves, muscles contracting, and the respiratory pump help the relatively low venous pressures propel blood toward the heart. 
VI. Types Of Capillaries
A. Continuous Capillaries

Continuous Capillaries have a continuous lining and are connected by tight junctions.  These have small gaps or clefts between the endothelial cells (large enough to allow limited passage of fluids or small solutes.  Most common type – abundant in skin and muscles, thymus, lungs and the CNS. 

B. Fenestrated Capillaries 

Fenestrated Capillaries have holes (fenestrations) within each endothelial cell but the basement membrane is continuous.  These capillaries have more permeability to fluids and small solutes than the continuous capillaries.  Found in small intestine, endocrine glands, kidneys, and ciliary process of the eye.
C. Sinusoids 
Sinusoids have larger gaps than fenestrated capillaries and the basement membrane is either discontinuous or absent.These capillaries have large clefts and fenestrations; allow large molecules (proteins) and even blood cells to pass out of the vessel; blood moves sluggishly through sinusoids allowing blood to be processed and modified.  Found in liver, bone marrow, lymphoid tissues, some endocrine glands

Capillaries form networks called capillary beds. Most beds consist of 2 types of vessels:
1. Shunt Capillary (straight shot capillary)

2. True Capillaries (actual exchange vessels); number 10-100
A cuff of smooth muscle called a precapillary sphincter acts as a valve to regulate the flow of blood into the capillary bed. Blood flowing into a bed may take 2 routes – through the shunt or through the true capillaries. 
VII. Major Pathways in Pulmonary and Systemic Circulations

A. Pulmonary Circulation 
Consists of blood vessels that take the blood to and from the lungs for the purpose of gas exchange. 

B. Pulmonary Trunk
Oxygen-poor blood leaves the right ventricle of the heart via the pulmonary trunk.  This large artery branches into the right and left pulmonary arteries. 
C. Pulmonary Arteries
The pulmonary arteries take the blood to the lung where oxygen is picked up and CO2 is left off. 
D. Pulmonary Veins
The blood returns to the heart via four pulmonary veins that go to the left atrium. 

VIII. Systemic Circulation 
The systemic circulation consists of blood vessels that extend to and from the body. 

A. Vena cavaes (superior and inferior)

Returns blood from the systemic veins to the heart

B. Aorta

Larger artery that take blood away from the hear to be distributed to all parts of the body. 

C. Hepatic Portal System

(hepato = liver; porta= gate)

A portal system is a network of portal vessels (veins to capillaries to veins 
instead of arteries to capillaries to veins) that carries blood from one capillary bed 
to another, and in the process prevents its contents from mixing with the entire 
bloodstream.  

The hepatic portal system delivers compounds from the digestive tract 
(pancreas, gallbladder, spleen, stomach, small intestine, and large intestine.) This 
allows the liver to absorb nutrients for storage, metabolic conversion, or excretion 

through the sinusoids of the liver; rid the blood of bacteria and other foreign matter 

that has penetrated the digestive mucosa; receive the products of RBC destruction 

from the spleen so that the liver can recycle some of these components. 

The hepatic portal vein is a large vein formed from the merging of the superior and 

inferior mesenteric veins and the splenic vein.  After passing through the liver

 capillaries, blood collects in the hepatic veins, which empty into the inferior vena 

cava. 

mesenteric veins and splenic vein → hepatic portal vein → liver → hepatic veins → inferior vena cava
D. Cerebral Arterial Circle (Circle of Willis)

Blood flow to brain is so critical that it is supplied by more than one artery.  The subclavian arteries give rise to the vertebral arteries which give rise to the basilar artery.  Then the Circle of Willis begins. 

The Circle of Willis surrounds the pitutitary gland and optic chiasma.  The circle is formed from 

1. posterior cerebral arteries

2. posterior communicating arteries

3. internal carotid arteries

4. anterior cerebral arteries

5. anterior communicating arteries

This “circle” equalizes blood pressure in the brain and can provide alternative channels should one vessel become blocked. 
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