Anatomy & Physiology II

Chapter 19:  The Cardiovascular System:

Blood Vessels

2. Blood Vessels
Figure 19.1
3. Blood vessel structure
Figure 19.1
· 3 layers (tunics) surround lumen

· Tunica intima (intimal layer)

· Tunica media (medial layer)

· Tunica externa (adventitia)

4. Intimal layer

· Single cell layer

· Simple squamous epithelium = endothelium

· Lines all blood vessels 

· Continuous with endocardium 

· lines heart’s chambers

· Very smooth lining produces very little friction

· Many arteries supported by very thin layer of basement membrane (subendothelial layer)

5. Medial layer

· Vascular smooth muscle

· Thickest layer usually

· Innervated by the sympathetic nervous system

· Vasomotor fibers

· Stimulation produces vasoconstriction

· No stimulation results in vasodilation

6. Vasoconstriction

· Lumen of blood vessel decreases in size

· Increases vascular resistance

· Peripheral resistance

· This increases the resistance to blood flow

· To maintain blood flow the heart must pump more forcefully

· more pressure needed to open semilunar valve

· Peripheral resistance is a major determinant of blood pressure

7. Adventitia

· Outer connective tissue

· Mostly collagen

· Contains nerve fibers and lymphatic vessels

· Contains capillaries that service outer vessel wall = vasa vasorum

8. Vessel types

· Arterial system

· Conduct blood away from heart

· Capillaries

· Exchange vessels: nutrients, wastes, gases

· Venous system

· Return blood to heart

9. Arterial system

· Conducting (elastic) arteries

· Nearest heart, thick walls

· Very low resistance to blood flow

· Very large lumen

· Distensible and compliant due to elastin

· Smooth muscle is mostly relaxed

10. Arteries

· Distributing (muscular) arteries

· Lumen diameter: 1cm – 0.3mm

· Less elastic and more muscular that 1

· Vasoconstriction strongly affects blood pressure

11. Arteries

· Arterioles

· Lumen diameter: 0.3mm - 10μm

· Vasoconstriction may completely stop blood flow to downstream capillaries

12. Capillaries

· Endothelial cells surrounded by a very thin basement membrane

· No medial or adventitial layers

· Pericytes form incomplete outer layer

· Lumen diameter: 8-10μm

· May be smaller than erythrocytes

· Average length: 1mm

· Present in almost all tissues

· Poorly vascularized: ligaments & tendons 

· Avascular: cartilage, lens, cornea, & epithelia

13. Capillaries

Figure 19.3
· Continuous

· Most common: found in muscles, dermis, & CNS

· No intercellular clefts in CNS: blood-brain barrier

14. Capillaries

Figure 19.3
· Fenestrated 

· Located in intestines, endocrine glands, kidneys

· Have “fenestra” through the endothelial cells

· Increases permeability
15. Capillaries

Figure 19.3
· Sinusoidal  

· Located in marrow, liver, lymph tissues

· Large intercellular clefts, fenestra, & large irregular lumens

· Plasma proteins and sometimes cells can pass through

16. Capillaries

· Terminal arterioles branch into a unit of capillaries called a “bed”

· 10–100 capillaries/bed

17. Capillary bed
Figure 19.4
· Pre-capillary sphincters controlled by sympathetic innervation and local conditions (in response to need)

· Paracrine hormones

18. Venous system

· Venules

· Primarily just an intimal layer

· Larger venules may have a little smooth muscle

· Lumen diameter: 8-10μm

· Very porous – much like capillaries

19. Venous system

· Veins

· Have all 3 tunics

· Larger lumens and thinner walls that arteries

· Hold most of the total blood volume (up to 65%)

· Capacitance vessels

· Valves prevent backflow of blood

· Necessary due to very low pressure on blood

20. Blood flow

21. Blood pressure
Figure 19.5
22. MAP

· Systolic: 120mm Hg

· Diastolic: 80mm Hg

· Pulse pressure = 120 – 80 = 40mm Hg

· MAP = 80 + 40/3 = 93mm Hg

23. Venous blood pressure
Figure 19.6
· Muscular pump

· Respiratory pump

24. Arterial blood flow

25. Arterial blood flow

· Arterial blood flow = cardiac output

26. Blood pressure and resistance

· Blood pressure = CO x R

· R depends on length of vessel and vasomotor tone

· Degree of contraction of vascular smooth muscle

· Radius of vessel is inversely related to resistance

27. Radius and resistance

28. Blood pressure and cardiac output

· Blood pressure = CO x R

· Cardiac output = SV x HR

· SV = EDV – ESV

· EDV is a function of preload (venous return)

· ESV is a function of afterload and contractility

29. Blood pressure and cardiac output
Figure 19.7
30. Control of blood pressure

· Short-term mechanisms

· Primarily regulate HR, contractility, and/or vasomotor tone

· Neural

· Chemical

· Long-term mechanisms

· Primarily regulate blood volume

· Renal 

31. Neural regulation of BP

· Sympathetic discharge

· “fight or flight” response

· Increases HR, contractility, & vasoconstriction
· Chemoreceptor-mediated reflex

· Carotid and aortic bodies respond to high CO2, low pH, low O2 in blood

· Primarily regulated rate of respiration

· Also increase vasomotor tone to increase vasoconstriction resistance

32. Neural regulation of BP

· Baroreceptor-mediated reflex

· Stretch receptors in aorta, carotid, large neck arteries

· Increased pressure leads to increased stretch

· Inhibits vasomotor center leading to vasodilation

· Leads to decreased resistance

· Act on cardiac centers to increase PNS and decrease SNS

· Leads to decreased HR and contractility

· Decreased pressure leads to decreased stretch

· Release vasomotor center leading to vasoconstriction

· Leads to increased resistance

· Act on cardiac centers to decrease PNS and increase SNS

· Leads to increased HR and contractility

33. Baroreceptor-mediated reflex
Figure 19.8
34. Baroreceptor-mediated reflex

· Aortic arch: maintains total systemic BP

· Carotid sinus: postural reflex

· Both are fast-acting

35. Chemical regulation of BP

· 1. Atrial natriuretic peptide(ANP)

· Secreted by specialized cardiac muscle cells in response to stretch (high BP)

· Increases vasodilation

· Increases Na+ and H2O loss in urine

· Decrease blood volume thus decreases venous return

36. Chemical regulation of BP

· 2. Antidiuretic hormone (ADH)

· Secreted at high levels in response to very low blood pressure (blood loss)

· A potent vasoconstrictor

· Decreases H2O loss in urine 

· Increases blood volume thus increases venous return

37. Chemical regulation of BP

· 3. Renin/angiotensin system

38. Chemical regulation of BP

· 4. Endothelin 

· Produced by endothelial cells in response to low blood flow

· Increases vasoconstriction

· 5. Nitric oxide

· Produced by endothelial cells in response to high blood flow

· Increases vasodilation

39. Long-term regulation of BP

· Kidney controls blood volume by constantly filtering blood and producing urine

· Control rate of urine formation to control blood volume

· 40.  1. Direct renal control of BP

· Higher BP leads to higher renal blood flow

· Higher renal blood flow leads to more blood filtered and more urine produced

· Thus, blood volume decreases

41.  2. Renin controls BP

· Decreased renal blood flow lead to increase renin secretion

· Increased renin secretion leads to increased aldosterone production

· Aldosterone increases reabsorption of Na+ and H2O from urine

· Increases blood volume

42.  3. ADH controls BP

· Increased blood solute concentration leads to increased ADH secretion

· ADH increases reabsorption of H2O from urine

· Increases blood volume

43. Hypertension 

· Causes unknown but risk factors are clear

· Obesity

· Genetics (familial and racial)

· Stress

· Smoking

· Diet 

44. Capillary exchange
Figure 19.14
45. Capillary dynamics

· Fluid moves between capillaries and tissues

· Net filtration pressure (NFP)

· Controlled by:

· Hydrostatic pressure (blood pressure)

· HPc: Within capillary

· HPif: Interstitial fluid (negligible)

· Osmotic pressure (due to dissolved molecules)

· OPc: Within capillary

· OPif: Interstitial fluid (very low vs. capillary)

· NFP = (HPc – HPif) – (OPc – OPif)

46. Capillary dynamics
Figure 19.15
