CARDIOVASCULAR SYSTEM: Vessels and Circulation (Chapter 21)

Relationship of blood and lymphatic vessels:
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Six Main Classes of Blood Vessels:
1. Arteries - carry blood away from heart, branch and decrease in diameter

2. Arterioles - smallest arterial branches, connect to capillaries

3. Capillaries - tiny vessels where diffusion occurs between the blood and interstitial 
                        fluid

4. Venules - smallest veins, connect to capillaries

5. Veins - return blood to heart, converge and increase in diameter

6. Anastomoses (arteriovenous anastomoses) - bypass connections between vessels
Wall structure of arteries and veins

[image: image2.emf]
Three main layers or tunics:
1. Tunica intima / tunica interna = inner most layer


-endothelial cells with basal lamina of loose connective tissue containing elastic fibers 

             (elastin) 

-(endothelium = simple squamous epithelial-like cells connected by tight junctions) 

-in arteries, the outer edge has extra layer of elastic fibers called the internal elastic 
   
 membrane
2. Tunica media = middle layer


-smooth muscle cells in loose connective tissue with sheets of elastin 
· Vasoconstriction-

· Vasodilation-


-in arteries the outer edge has extra layer of elastic fibers called the external elastic 
 
 membrane

3. Tunica externa / tunica adventitia = outer most layer


-collagen rich external connective tissue sheath 

-infiltrated with nerve fibers and lymphatic vessels 

-large vessels contain vasa vasorum-

-in arteries there is more collagen and scattered elastic fiber bands 

-in veins there is extensive elastic fiber networks and bundles of smooth muscle cells
Comparison: Arteries vs. Veins:
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Arteries vs Veins Comparison
Arteries 







Veins

-Thicker walls 






-Thinner walls

-More elastin and smooth muscle in tunica media

- Less

-Thickest tunic = tunica media 




-Thickest = tunica externa

-Elastic walls recoil constricting lumen without BP 

-Open lumen, no recoil

-Circular in cross section 





-Collapse flat in cross 










section

-No valves







 -Valves = flaps of tunica 









           intima prevent 










backflow

-Pleated endothelium 





-Smooth endothelium

-Internal and external elastic membranes 


-No elastic membranes

Vessel Types and Structures (histology):
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Types of Vessels:
Arteries: designed to change diameter, elastic and muscular, thick walls


Tunica externa contains collagen


Sympathetic stimulation = vasoconstriction


Smooth muscle relaxes = vasodilation

1. Elastic arteries a.k.a. conducting arteries



Transport large volumes away from heart



Diameter up to 2.5cm



Elastin in all three tunics



Stretch (ventricular systole) and rebound (ventricular diastole)



Not involved in systemic vasoconstriction
[image: image5.jpg]it ST NGt 1N 1S e, ok, Pt ot for racsntion or diseg:

Tunica
adventitia
(a) Elastic arteries. The tunica media
is mostly elastic connective tissue. Tunica media
Elastic areries recoil when 5 (elastic tissue
stretched, which prevents blood and smooth muscle)
pressure from falling rapidly.

Lamina propria

Endothelium and intima
basement membrane.





2. Muscular arteries a.k.a. distribution arteries



Transport blood to organs and tissues



Diameters 10mm-0.3mm



More smooth muscle and less elastin in tunica media than elastic arteries



Involved in systemic vasoconstriction via sympathetic stimulation
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3. Arterioles a.k.a. resistance vessels



Connect blood supply to capillary beds



Diameters 300μm-10μm



All three tunics thin with few elastic fibers



Involved in local vasoconstriction via endocrine or sympathetic stimulation

Capillaries: designed to allow diffusion to/from the tissues


Consist of tunica intima only (endothelium + basal lamina)


Diameter 8μm

1. Continuous capillaries


Normal diffusion to all tissues except epithelium and cartilage



Complete endothelium, tight junctions
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2. Fenestrated capillaries



High volume fluid or large solute transfer



Pores/fenestrations span endothelium



ex. choroid plexus, endocrine organs, intestine, kidney
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3. Sinusoids


Cell or large protein exchange



Gaps between endothelial cells



ex. liver, bone marrow, lymphoid tissues
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Organized into capillary beds between arteriole and venule


Controlled by precapillary sphincters: vasomotion (cycle of contraction/relaxation) 




-sphincter relaxed = flow in capillary bed




-sphincter constricted = capillary bed empty, flow through anastomoses
Veins: designed to return blood to heart, can serve as blood reservoir, thin walls but large 


lumens


Thin tunica media with little smooth muscle or elastin


Tunica externa contains elastin and smooth muscle


Tunica intima contains valves to prevent back-flow
[image: image10.jpg]g 18 T M Cmr A 1 i, Wik, Pt recy st Sor: repeiintion o diening

Valve closed

(d) Folds in the endothelium form Vein
the valves of veins, which allow
blood to flow toward the heart but
not in the opposite direction.

Valve open

Direction of
blood flow




[image: image11.emf]
1. Venule



Collect blood from capillary beds



Average diameter 20μm (range 8μm –1.5mm)



Small ones lack tunica media

2. Medium vein


Diameters 2-9mm

3. Large vein


Diameters up to 3cm
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Anastomoses: bypass routes between vessels


Not present in retina, kidney, or spleen


More common in veins
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Note:
-Pressure from heart drives blood flow in arteries, but pressure in veins often too low to oppose 

 gravity
pressure points: can be pinched off to control bleeding (muscular arteries)
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Health Problems with Arteries:
- aneurysm: pressure of blood exceeds elastic capacity of wall, causes bulge or weak spot   

  
        prone to rupture, casued by chronic high BP or arteriosclerosis

- arteriosclerosis: variety of pathological conditions causing changes in walls that decrease 
  

     elasticity (“thickenings”):

-focal calcification: smooth muscle degenerates, replaced by calcium salts

-artherosclerosis: lipid deposits

-stroke = cerebrovascular accident (CVA): interruption of arterial supply to portion of brain 
  




        (embolism, artherosclerosis), brain tissue dies and 





        function is lost
Health problems with veins:
-resistance to flow (gravity, obesity) causes pooling above valves, veins stretch out:


-varicose veins


-hemorrhoids
-Blood reservoir:

venous system contains 65-70% total blood volume; can constrict during hemorrhage to 
keep volume in capillaries & arteries near normal
Physiology of Circulation:
Blood flow = volume of blood flowing through a vessel in given period (total body flow = CO)
Blood pressure = force per unit area exerted on vessel by blood (mmHg) 


     blood flows from high pressure → low
Resistance = opposition to blood flow, friction

↑ blood viscosity = ↑ resistance

↑ vessel length = ↑ resistance

↓ vessel diameter = ↑ resistance

Vasoconstriction = ↓flow, ↑BP, ↑resistance

Vasodilation = ↑ flow, ↓ BP, ↓ resistance
-blood pressure changes throughout body: greatest in arteries leaving heart, lowest in veins 
  returning to heart

-person’s BP measured at arteries near heart: 

  systolic pressure / diastolic pressure (from ventricles, squeeze / rest)

“normal” = 110/70 mmHg
Hypertension -arterial pressure >150/90mmHg

-causes ↑ workload for heart

-untreated = enlarged left ventricle, requires more O2, heart can fail
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-As arteries branch, area for blood increases, pressure decreases and becomes constant.

-Blood at arteriole ~35mmHg → capillary → Blood at venule ~18mmHg

-Pressure continues to decline as veins increase diameter
Capillary Exchange:
-functions to feed tissues and remove wastes
-due to filtration and diffusion
-dependent on good blood flow and pressure

1. Filtration - pressure forces substances through a membrane

-Blood hydrostatic pressure in capillaries drives water and solutes out of plasma to 
 
  tissues, 24 L/day

-Most recollected by osmosis (plasma proteins) back into capillary (filtered at arteriole 
   
  end, absorbed at venule end)

- 3.6 L/day flows through interstitial spaces, recollected by lymphatic system:



-accelerates distribution of nutrients



-flushes out toxins and pathogens (will be removed/detoxified by immune cells in 


  lymphatic system)
2. Diffusion - movement of substances from an area of high concentration to low

- small ions transit through endothelial cells (e.g. Na+)

- large ions & small organics pass between endothelial cells (e.g. glucose, amino acids)

- lipids pass through endothelial membranes (e.g. steroid hormones)

- large water soluble compounds diffuse only at fenestrated capillaries (e.g. in intestine)

- large plasma proteins diffuse only at sinusoids (e.g. in liver)

Edema = buildup of fluid in the tissues, due to too much diffusion or filtration, not enough 
               
   osmosis, or blocked lymphatics

Cardiovascular Regulation:
-flow, BP, & resistance must be controlled to insure delivery of nutrients and removal of wastes 
  in tissues
1. Autoregulation


single capillary bed: action at a precapillary sphincter


Local vasodilators: (increase blood flow)




Increased CO2 or decreased O2




Lactic acid




Increase K+ or H+




Inflammation: histamine, NO




Elevated temperature



Prostaglandins



Local vasoconstrictors: (decrease blood flow)




Thromboxanes




Endothelins
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2. Neural Mechanisms

A. Cardiovascular centers in medulla oblongata



Cardiac centers




Cardioacceleratory center: sympathetic = increase CO




Cardioinhibitory center: parasympathetic = decrease CO


Vasomotor centers = sympathetic




NE = vasoconstriction
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B. Baroreceptor reflexes



Monitor BP and trigger cardiovascular centers
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C. Chemoreceptor reflexes



Monitor blood and CSF, CO2, O2, and pH and trigger respiratory and cardiac 


centers
3. Hormonal Regulation

A. Antidiuretic Hormone (ADH)



From pituitary gland in response to low blood volume



Causes vasoconstriction and water conservation at kidney
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B. Angiotensin II



From kidney in response to low BP



Causes: 
Na+ retention and K+ loss at kidney,





Stimulates release of ADH, Stimulates thirst, Stimulates CO





Stimulates arteriole constriction
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C. Erythropoietin



From kidney in response to low O2



Stimulates production and maturation of RBCs

D. Atrial Natriuretic Peptides (ANP)



From atria in response to stretching



Causes: 
Increased Na+ and H2O loss at kidney,





Reduced thirst





Blocks ADH release





Stimulates vasodilation
Cardiovascular Response to Hemorrhaging:
- Short Term (aimed at ↑BP and ↑flow: blood flow to brain kept constant while other systems 
  adjust, can compensate for ~20% blood loss)
1. ↑C.O., trigger peripheral vasoconstriction to ↑BP
2. Venoconstrict to mobilize venous reserve to ↑blood volume
3. Release NE, ADH, Angiotensin II to ↑BP
- Long Term (aimed at restoring normal blood volume after hemorrhage)
1. Recall fluid from interstitial spaces
2. Release ↑ADH for fluid retention at kidney
3. Increase thirst
4. Release EPO to ↑RBCs
Causes:
a. Shock = low BP and inadequate blood flow

Due to: -loss of >30% blood volume



-damage to heart



-external pressure on heart



-extensive vasodilation

   Results in:

   -hypotension, rapid weak pulse, clammy skin, confusion, ↑heart rate ↓urine production, ↓blood 
    pH

   -Body focuses on supplying blood to brain at expense of other tissues

b. Circulatory collapse - blood flow stops completely as muscles in vessels no longer contract  

    due to lack of oxygen, no blood flow = death
Aging and the Cardiovascular System:
- decreased hematocrit

- increased thrombus formation

- venous valves ↓function, blood pools in legs

- reduction in max CO

- increased arteriosclerosis
*Anatomical locations of individual major blood vessels will be examined in detail
  in lab!










