
Chapter 19: Blood Vessels

4.3 Blood Vessels

· blood vessels: delivery system of dynamic structures that begins and ends at the heart

· 3 Major type of blood vessels:

1) Arteries: carry blood away from the heart; oxygenated except for pulmonary circulation and umbilical vessels of a fetus; arterioles are smallest branches of arteries and feed into capillary beds of organs and tissues

2) Capillaries: contact tissue cells and directly serve cellular needs

3) Veins: carry blood toward the heart; carry oxygen-poor blood except during pulmonary circulation; venules smallest veins, blood drains into capillaries from venules

4.3.1 Structure of Blood Vessel Walls

· arteries --> arterioles --> capillaries --> venules --> veins

· walls of blood vessels have three distinct layers, or tunics, that surround a central blood-containing space, the vessel lumen
· arteries and veins

        Tunica intima (inner tunic), tunica media (middle tunic), and tunica externa (outer)

1) tunica intima: inner most tunic later; intimate contact with blood in the lumen; contains the endothelium, the simple squamous endothelium that lines the lumen of all vessels; barrier/exchange function; in vessels larger that 1 mm, a subendothelial connective tissue basement membrane is present

2) tunica media: meddle tunic; mostly circularly arranged smooth muscle cells and sheets of elastic; regulated by sympathetic vasomotor nerve fibres of ANS; vasoconstriction of vasodilation; bulkiest layer and bears responsibility for maintaining blood pressure and continuous blood circulation (regulated circulatory dynamics); smooth muscle (SMCs) and sheets of elastin

3) tunica externa (aka tunica advetitia): outermost layer of blood vessel wall; compose of loosely woven collagen fibres that protect and reinforce the vessel, and anchor it to its surroundings; in large vessels, the tunica externa contains a system of tiny blood vessels, the vasa vasorum (vessels of vessels which nourish most external tissue of blood vessel wall) and there is also elastin in larger vessels; infiltrated by nerve fibers and lymphatic vessels

· lumen: central blood-containing space

· capillaries: endothelium with sparse basal lamina

Structure of Blood Vessel Walls
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Blood Vessel Anatomy
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4.3.2 Elastic (Conducting) Arteries

· large, thick-walled arteries near the heart with elastin in all three tunics

· the aorta and its major branches (2.5- 1 cm diameter)

· large lumen offers low-resistance; conduct blood from heart to medium-sized arteries, sometimes referred to as conducting arteries
· elastic constructs concentric “holey” laminae (sheets) of elastic connective tissue that looks like slices of swiss cheese interspersed between layers of smooth muscle cells

· relatively inactive in vasoconstriction

· act as “pressure reservoirs”- expand and recoil as blood is ejected from the heart therefore blood flows continuously

· without pressure-smoothing effect of elastic arteries, the walls of arteries would experience high pressures and then the arteries eventually weaken, balloon out, or burst

4.3.2 Muscular (Distributing) Arteries

· distal to elastic arteries give way to the muscular or distributing arteries; deliver blood to body organs; 0.3 mm - 1cm diameter

· have the thickest tunica media with more smooth muscle and less elastic tissue than elastic arteries

· more active in vasoconstriction, less distensible (ability to be stretched)

· elastic lamina on each face of tunica media; inner and outer elastic lamina

4.3.2 Arterioles

· smallest arteries, 10μm - 0.3 mm lumen diameter

· tunica media mostly smooth muscle with a few scattered elastic fibers, one layer in smallest arterioles

· smaller arterioles (which lead into the capillary beds), are little more than a single layer of smooth muscle cells spiraling around the endothelial lining

· lead to capillary beds

· control flow into capillary beds from minute-to-minute via vasodilation and vasoconstriction (determine by arteriole diameter which is affected by hormonal, chemical and neural influences)

· arterioles constrict= served tissues are largely bypassed

· arterioles dilate= blood flow into capillaries dramatically increases

4.3.3 Capillaries

· capillaries: microscopic blood vessels

· walls of thin tunica intima, one cell thick; sometimes, one endothelial cells from the whole circumference of the capillary wall

· pericytes: smooth muscle-like cells that help stabilize their walls and control permeability (support cells)

· size allows only a single RBC to pass at a time (length= ~1mm, diameter= 8-10μm)
· in all tissues except for cartilage, epithelia, cornea and lens of eye

· most tissues have a rich capillary supply except tendons and ligaments are poorly vascularized

· functions: exchange of gases, nutrients, wastes, hormones, etc

· 3 structural types:

1) Continuous Capillaries: least permeable, and most common (ie. skin, muscle)

· their endothelial cells provide an uninterrupted lining, adjacent cells being joined laterally by tight junctions

· the junctions are usually incomplete and leave gaps of unjoined membrane celled intercellular clefts; different for brain capillaries, they are continuous and complete (to stop things from getting into the brain)

· endothelial cell cytoplasm contains numerous pinocytotic vesicles that ferry fluids across the capillary wall


[image: image4]
2) Fenestrated Capillaries: some endothelial cells in fenestrated capillaries are riddle with oval pores or fenestrations which increase permeability

· more permeable than continuous capillaries to fluids an small solutes

· function in absorption or filtrate formation (ie. in small intestines, encoding glands, and kidney)

· fenestrations are usually covered by a delicate membrane or diaphragm (condensed basal lamina material)

· to facilitate passive transport, the pores allow solute passage directly from circulation to tissue (and vice versa)
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3) Sinusoidal Capillaries: highly modified, leaky capillaries found only in the liver, bone marrow, spleen, and adrenal medulla

· fewer tight junctions, larger intercellular clefts, large irregular lumens, usually fenestrated

· allow large molecules and blood cells to pass between the blood and surrounding tissues

· in liver, endothelium is discontinuous and contains large hepatic macrophages which move and destroy bacteria

· in other organs (ie. spleen), phagocytes stick cytoplasmic extensions through their intercellular clefts into the sinusoidal lumen to get at their “prey”
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· Capillary beds: interweaving networks

· microcirculation: interwoven networks of capillaries between arterioles and venules; flow of blood from an arteriole to a venule

· capillary bed consists of two types of vessels:

1) Vascular Shunt (metarteriole- thoroughfare channel): a short vessel that directly connects the terminal arteriole and a postcapillary venule

2) True Capillaries: the actual exchange vessels


--> 10 to 100 exchange vessels per capillary bed


--> branch off the metarteriole or terminal arteriole


--> a cuff of smooth muscle fibers, called a pre capillary sphincter, surrounds the 
roots of each true capillary at the metarteriole and acts as a valve to regulate 
blood flow into the capillary

· terminal arteriole feeding the bed leads into a metarteriole (a vessel structurally intermediate between an arteriole and a capillary), which is continuous with the thoroughfare channel (intermediate between a capillary and a venule) which joins the postcapillary venule that drains the bed

· when precapillary sphincters are open (relaxed), blood flows through the true capillaries and takes part in exchanges with tissue cells, when they are closed (contracted), blood flows through the shunts and bypasses the tissue cells

Capillary Beds
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4.3.4 Venules

· just a little point to keep in mind-- blood is carried from capillary beds to heart by veins; along the route the diameter of successive venous vessels increases, and their walls gradually thicken as they progress from venules to the larger and larger veins

· venules: formed when capillary beds unite; 8- 100 μm 
· very porous; allows fluids and WBCs into tissues

· postcapillary venules (smallest venules) consist of endothelium and a few pericytes; extremely porous and fluid and WBCs move easily from bloodstream through their walls

· larger venules have one or two layers of smooth muscle cells and thin externa

4.3.4 Veins

· formed when venules converge

· have thinner walls, larger lumens compared with corresponding arteries

· veins are usually collapsed and their lumens appear slitlike

· blood pressure is lower than in arteries therefore there is no danger of busting; low blood pressure demands adaptations

· thin tunica media with little smooth muscle or elastic (poorly developed) and a thick tunica externa which is the heaviest wall layer consisted of think longitudinal bundles of collagen fibers and elastic networks

· called capacitance vessels (blood resevoirs) because up to 65% of the body’s blood supply is found in the veins at any time
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4.3.4 Blood Volume Distribution
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4.3.4 Veins

· adaptations that ensure return of blood to the heart include:

1) large-diameter lumens: offer little resistance

2) venous valves: prevent backflow of blood

· most abundant in veins of the limbs (b/c upward flow is opposed by gravity)

· formed from folds of the tunica intima, and resemble semilunar valves of he heart in both structure and function

· venous sinuses: highly specialized, flattened veins with extremely thin walls (ie. coronary sinus of the heart and dural sinuses of the brain) 

· supported by the tissues that surround them rater than by additional tunics

Muscular Pump:
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4.3.4 Vascular Anastomoses

· vascular anastomoses: interconnections of blood vessels

· arterial anastomoses: most organs receive blood from more than one arterial branch, and arteries supplying the same territory often merge, forming arterial anastomoses

· arterial anastomoses provide alternate pathways (collateral channels) to a given body region (when one is blocked, or cut by a clot, the channel can provide the area with adequate blood supply)

· common at joints, in abdominal organs, brain and heart

· vascular shunts of capillaries are examples of  arteriovenous anastomoses

· venous anastomoses are common b/c veins interconnect much more freely than arteries, therefore, occlusion of a vein rarely blocks blood flow or leads to tissue death

4.3.5 Physiology of Circulation: Definition of Terms

1) Blood Flow: volume of blood flowing through a vessel, an organ, or the entire circulation in a given period (ml/min)

· equivalent to cardiac output (CO) for entire vascular system

· relatively constant when at rest

· varies widely through individual organs, based on needs

2) Blood Pressure (BP): the force per unit area exerted on the wall of a blood vessel by the blood

· expressed in mm Hg

· means systemic arterial BP n the largest arteries near the heart

· it is the pressure gradient (the differences in BP within the vascular system) which provides the driving force that keeps blood moving from higher to lower pressure areas
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3) Resistance (peripheral resistance): 

· opposition to flow

· measure the amount of friction blood encounters as it passes through the vessels

· generally encountered in the peripheral systemic circulation (away from the heart)

· three important sources of resistance

i) Blood Viscosity: formed elements, plasma proteins (therefore, blood is more viscous than water); related to thickness and “stickiness” of a fluid (higher viscosity= harder for molecules to slide past one another)

ii) Total Blood Vessel Length: longer= more resistance

iii)  Blood Vessel Diameter: site of regulation

· factors that remain relative constant:

i) blood viscosity: the “stickiness” of the blood due to formed elements and plasma proteins

ii)  blood vessel length: the longer the vessel, the greater the resistance encountered

· in a tube of a given size, the relative speed and position of fluid in the different regions of the tube’s cross section remain constant, this is called laminar flow or streamlining (smaller tube= greater friction)
· frequent changes alter peripheral resistance

· resistance varies inversely with the fourth power of vessel radius= 1/(radius)^4


ie. if the radius is doubled, the resistance is 1/16 as much

· small-diameter arterioles, which can enlarge or constrict in response to neural, hormonal or chemical controls, are the major determinants of peripheral resistance

· abrupt changes in diameter of fatty plaques from atherosclerosis dramatically increase resistance

· disrupt laminar flow and cause turbulence

· smooth laminar flow is replaced by turbulent flow (irregular fluid motion where blood from different laminae mixes)

4.3.7 Relationship Between Blood Flow, Blood Pressure, and Resistance

· blood flow (F) is directly proportional to the blood (hydrostatic) pressure gradient (difference in blood pressure) (ΔP)


- if ΔP increases, blood flow speeds up (and vice versa)

· blood flow is inversely proportional to the peripheral resistance (R)

· if R increases, blood flow decreases: F= ΔP/R

· R is more important than ΔP in influencing local blood flow because it is easily changed by altering blood vessel diameter


ie. when the arterioles serving a particular tissue dilate (thus decreasing the 
resistance), blood flow to that tissue increases, even though the systemic pressure 
is unchanged or may actually by falling

4.3.7 Systemic Blood Pressure

· the pumping action of the heart generates blood flow

· blood flows through the vessels along a pressure gradient, always moving from higher- to lower- pressure areas

· pressure results when flow is opposed by resistance

· systemic pressure:

· is highest in the aorta

· declines throughout the pathway

· is 0 mm Hg in the right atrium

· the steepest drop occurs in arterioles, which offers the greatest resistance to blood flow
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4.3.8 Arterial Blood Pressure

· reflects two factors:

1) how much the elastic arteries close to the heart can be stretched (compliance or distensibility)

2) the volume of blood forced into them at any time (arterial pressure is constant when amount leaving and entering elastic arteries are equal)

· systolic pressure: pressure exerted during ventricular contraction (avg. 120 mmHg in heathy adults)

· diastolic pressure: lowest level of arterial pressure; during diastole, the aortic valve closes, preventing blood from flowing back into the heart, and the walls of the aorta recoil (70- 80 mm Hg in healthy adults)

· pulse pressure: difference between systolic and diastolic pressure; felt during systole when the elastic arteries are expanding by the blood being forced into them by ventricular contraction

· increased stroke volume and faster blood ejection cause temporary increase in pulse pressure; it is chronically increased by arteriosclerosis because the elastic arteries become less stretchy

· mean arterial pressure (MAP): pressure propels the blood to the tissues

· MAP= diastolic pressure + (pulse pressure / 3)

· MAP and pulse pressure both decline with increasing distance from the heart

4.3.9 Capillary Blood Pressure

· ranges from 15 to 35 mmHg

· low capillary pressure is desirable because:

· high BP would rupture fragile, thin-walled capillaries

· most are very permeable, so low pressure forces filtrate into interstitial spaces

4.3.9 Venous Blood Pressure

· changes little during the cardiac cycle

· small pressure gradient (from venules to the termini of the venae cavae), ~15 mmHg

· low pressure is due to cumulative effects of peripheral resistance

· Factors Aiding Venous Return:

1) Respiratory “Pump”: pressure changes occurring in the ventral body cavity during breathing create the respiratory pump that moves blood up toward the heart by squeezing abdominal veins as thoracic veins expand

2)  Muscular “Pump”: contraction and relaxation of skeletal muscles “milk” blood back toward the heart and valves prevent backflow

3) Vasoconstriction of veins under sympathetic control, increasing venous return

4.3.10 Blood Pressure

· maintaining a steady flow of blood from the heart t the toes is vital for organs to function properly and requires:

· cooperation of the heart, blood vessels, and kidneys

· supervision by the brain

· the main factors influencing blood pressure are:

· Cardiac Output (CO)

· Peripheral Resistance (PR)

· Blood Volume

· F= ΔP/ PR and CO= ΔP/ PR

· Blood pressure= CO x PR (and CO depends on blood volume)

· blood pressure varies directly with CO, PR, and blood volume

· changes in one variable are quickly compensated for by changes in the other variables

· Cardiac Output (CO)-- SV (ml/beat) x HR (beats/min)

· determined by venous return and neural hormonal control

· resting heart rate is maintained by the cardioinhibitory center via the parasympathetic vagus nerve

· during “resting” periods, stroke volume is controlled by venous return (EDV)

· during stress, the cardioacceleratory center takes over, activating the sympathetic NS and increasing both heart rate (acting on SA node) and stroke volume (enhancing cardiac muscle contractility, which decreased end systolic volume)--> the enhanced CO increases MAP (ESV decrease= MAP increase)
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· Control of Blood Pressure

1) Short-term neural and hormonal controls

· counteract fluctuations in blood pressure by altering peripheral resistance

· mediated by the nervous system and bloodborne chemicals, counteract moment-to-moment fluctuations in blood pressure by altering peripheral resistance (and CO)

2) Long-term renal regulation

· counteracts fluctuations in blood pressure by altering blood volume

1) Short-Term Mechanisms: Neural Control

· neural controls of peripheral resistance have two main goals:


i) maintain MAP by altering blood vessel diameter

ii) alter blood distribution in response to specific demands

· neural controls operate via reflex arcs that involve:

· baroreceptors and associated afferent fibers

· vasomotor center of the medulla and vasomotor fibers

· vascular smooth muscle

· The Vasomotor Center
· a cluster of sympathetic neurons in the medulla that oversee changes in the diameter of blood vessels

· part of the cardiovascular center, along with the cardiac centers

· transmits impulses at a fairly steady rate along the sympathetic efferents called vasomotor fibers
· maintains vasomotor tone (moderate constriction of arterioles)

· receives inputs from baroreceptors (pressure-sensitive mechanoreceptors that respond to changes in arterial pressure and stretch), chemoreceptors (receptors that respond to changes in blood levels of CO2, H+, and oxygen), and higher brain centers

· arterioles of the skin and digestive viscera receive vasomotor impulses more frequently and tend to be more strongly constricted than those of skeletal muscles

· Baroreceptor-Initiated Reflexes
· when arterial blood pressure rises, it stretches baroreceptors (neural receptors) located in:

i) carotid sinuses: dilations in internal carotid arteries, provide major blood supply to the brain

ii)  aortic arch

iii) walls of large arteries of the neck and thorax

· increased blood pressure stimulated baroreceptors to increase input to the vasomotor center

· inhibits the vasomotor center, causing arteriole dilation and venodilation

· stimulate the cardioinhibitory center

· the function or rapidly responding baroreceptors is to protect the ciruclation against short-term (acute) changes in blood pressure

· baroreceptors taking part in the carotid sinus reflex protect the blood supply to the brain

· baroreceptors taking part in the aortic reflex help maintain adequate blood pressure in the systemic circuit

· when PR is substantially reduced, venodilation shifts blood to the venous reservoirs, causing a decline in both venous return and cardiac output
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· Chemoreceptors-Initiated Reflexes

· chemoreceptors are located in the:

i) carotid sinus

ii)  aortic arch

iii) large arteries of the neck

· chemoreceptors respond to rises in CO2, in pH or O2

· increase in blood pressure via the vasomotor center and the cardioacceleratory center

· the more important in the regulation of respiratory rate (chap. 22)

· Influence of Higher Brain Centers

· reflexes that regulate BP are integrated in the medulla oblongata of the brain stem

· higher brain centers (cortex and hypothalamus) can modify arterial pressure via relays to the medullary centers (ie. the fight or flight response)

· Short-Term Mechanisms: Hormonal Controls

· hormones help regulate blood pressure, both in short term via changes in peripheral resistance and in the long term via changes in blood volume

· paracrines (local chemicals) serve to match the amount of blood flow to the metabolic need of a particular tissue
i) adrenal medulla hormones: norepinephrine (NE) and epinephrine cause generalized vasoconstriction and increase cardiac output (during periods of stress)

ii)  angiotensin II: generated by kidney release of renin, causes vasovconstriction, promoting a rapid rise in systemic blood pressure

iii)  atrial natriuretic peptide: causes blood volume and blood pressure to decline, causes generalized vasodilation

iv)  antidiuretic hormone (ADH aka vasopression): causes intense vasoconstriction in cases of extremely low BP and helps restore arterial blood pressure by causing intense vasoconstriction

2) Long-Term Mechanisms: Renal Regulation

· counteract fluctuations in blood pressure by not altering peripheral resistance but rather by altering blood volume

· baroreceptors quickly adapt to chronic high or low BP

· increased BV --> increased BP --> increased MAP

· increased BV that causes increased BP stimulates the kidneys to eliminate water which reduces BV and consequently BP

· long-term mechanisms step into control BP by altering blood volume

· kidneys act directly and indirectly to regulate arterial blood pressure

· direct renal mechanism

· indirect renal (renin-angiotensin) mechanisms

· Direct Renal Mechanism

· alters blood volume independently of hormones

· increased BP or blood volume causes kidneys to eliminate more urine, thus reducing BP (kidneys cannot process filtrate quickly enough and it leave the body through urine)

· decreased BP or blood volume causes the kidneys to conserve water, and BP rises

· Indirect Mechanism: the renin-angiotensin mechanism

· decreased arterial blood pressure= release of renin from kidneys into the blood

· renin triggers series of reactions--> production of angiotensin II

· Angiotensin II is a potent vasoconstrictor

· Angiotensin II stimulates adrenal cortex--> aldosterone secretion

· aldosterone enhances renal absorption of sodium and decreases urine formation

· Angiotensin II prods the posterior pituitary to release ADH --> promotes water reabsorption
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4.3.8 Monitoring Circulatory Efficiency

· vital signs: pulse and blood pressure, along with respiratory rate and body temperature

· pulse: pressure wave caused by the expansion and recoil of arteries felt at a number of “pressure points”

· radial pulse (taken at the wrist) routinely

Pressure Points: compressed to stop blood flow into distal tissues during hemorrhage
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4.3.10 Measuring Blood Pressure

· systemic arterial BP

· measured indirectly in the brachial artery of the arm by the auscultatory method using a sphygmomanometer; it is wrapped snugly around arm just superior to the elbow 

· pressure is increased in the cuff until it exceeds systolic pressure in the brachial artery (at this point, blood flow into the arm has stopped and brachial pulse cannot be felt or heard)

· pressure is released slowly and the examiner listens for sounds of Korotkoff (become louder and more distinct) with a stethoscope

· pressure at which the sounds disappear is the diastolic pressure
· the pressure read when the first soft tapping sounds are heard (first point at which small amount of blood is spurting through the constricted artery) is systolic pressure
· sounds first occur as blood starts to spurt through the artery (systolic pressure, normal is 110-140 mm Hg)

· sounds disappear when the artery is not longer constricted and blood is flowing freely (diastolic pressure, normally 70-80 mm Hg)

· extrinsic factors also play a role: blood pressure varies with age, sex, weight, race, mood, physical activity, posture, and socioeconomic status

4.3.10 Variations in Blood Pressure

· blood pressure cycles over a 24-hour period

· blood pressure peaks in the morning due to levels of hormones

4.3.10 Alterations in Blood Pressure

· Hypotension: low blood pressure

· systolic pressure below 100 mmHg

· often associated with long life and lack of cardiovascular illness

· elderly people are prone to orthostatic hypotension: temporary low blood pressure and dizziness when they rise suddenly from a reclining or sitting position

· chronic hypotension: high at poor nutrition; often anemic and have inadequate levels of blood proteins both of which lower blood viscosity which lowers their blood pressure below normal; warning sign for Addison’s disease and hypothyroidism

· acute hypotension: important sign of circulatory shock; threat to patients undergoing surgery and those in intensive care units

· Hypertension: high blood pressure; may be transient or persistent

· sustained elevated arterial pressure of 140/90 of higher

· may be transient adaptations during fever, physical exertion, and emotional upset

· often persistent in obese people; may be because of hormones released from adipocytes both increase sympathetic tone and interfere with the ability of endothelial cells to induce vasodilation

· prolonged/chronic hypertension is a major cause of heart failure, vascular disease, renal failure, and stroke; causes heart wall to become flabby and it becomes weakened

· primary or essential hypertension: 90% of hypertensive conditions; due to several risk factors including heredity, diet, obesity, age, stress, diabetes mellitus, and smoking

· systolic pressure is a better indicator of the likelihood of future problems in those older than 50

· secondary hypertension: accounts for 10% of cases; due to identifiable disorders such as obstruction of renal arteries, kidney disease, and endocrine disorders such as hyperthyroidism and Cushing’s syndrome

4.3.13 Blood Flow Through Body Tissues: Tissue Perfusion

· blood flow (tissue perfusion) is involved in:

1) delivery of oxygen and nutrients to, and removal of wastes from, tissue cells

2) gas exchange in the lungs
3)  absorption of nutrients from the digestive tract
4) urine formation in the kidneys

· rate of flow is precisely the right amount to provide for proper function (just in time delivery)
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4.3.13 Autoregulation

· autoregulation: the automatic adjustment of blood flow to each tissue in proportion to its requirements at any instant (at a given point in time)

· controlled by local conditions and largely independent of MAP, which is controlled as needed to maintain constant pressure

· changes in blood flow are controlled intrinsically by modifying the diameter of local arterioles feeding the capillaries

· what is happening in the arterioles feeding the capillary beds of a given organ have little effect on pressure in the muscular artery feeding the organ, or in the large elastic arteries

· as long as the circulatory feedback mechanisms maintain relatively constant MAP, local demand regulates the amount of blood delivered to various areas

· Two types of autoregulation:

1) metabolic

2)  myogenic

1) Metabolic Controls (Local)

· declining levels of oxygen and accumulation of other substances released by metabolically active tissues serve as autoregulation stimuli

· increasing levels of CO2, adenosine, K+, K+, heat, inflammatory chemicals

· end result= immediate vasodilation in “needy” tissues (also relaxation of capillary sphincters)= active or reactive hyperemia

· ** better summary** vasodilation of arterioles and relaxation of precapillary sphincters occur in response to:

· declining tissue O2

· substances from metabolically active tissues (H+, K+, adenosine, and prostaglandins) and inflammatory chemicals

· effects:

· relaxation of vascular smooth muscle

· release of NO from vascular endothelial cells

· NO is a powerful vasodilator (major factor causing vasodilation) which acts via a cyclic GMP second-messenger system; it is quickly destroyed and its effects are very brief

· vasoconstriction is due to sympathetic stimulation of endothelins (endothelins: among the most potent vasoconstrictors known)

· sympathetic nervous system’s main vascular role is vasoconstriction

· net result= immediate vasodilation of arterioles serve the capillary beds of the “needy” tissues and dilation of their precapillary sphincters

2) Myogenic Controls (Local)

· vascular smooth muscle response to increased stretch with increased tone --> stretch is resisted --> vasoconstriction

· increased stretch results in vasodilation and increases blood flow into the tissue
· result: tissue perfusion homeostasis so cells not deprived/ capillaries not damaged

· myogenic responses of vascular smooth muscle keep tissue perfusion constant despite most fluctuations in system pressure

· passive stretch (increased intravascular pressure) promotes increased tone and vasoconstriction

· reduced stretch promotes vasodilation and increases blood flow to the tissue

· Long-Term Autoregulation:

· ie. increases in number/diameter of tissue blood cells (angiosensis)

· ie. if coronary vessels become occluded, living at high altitude

· develops when the nutrient requirements of a tissue are greater than the short-term autoregulatory mechanism can supply

· Angiogenesis

· occurs when short-term autoregulation cannot meet tissue nutrient requirements

· the number of vessels to a region increases and existing vessels enlarge

· common in the heart when a coronary vessel is occluded, or throughout the body in people in high-altitude areas

· endothelial cells can be stimulated to undergo angiogenesis in vitro
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4.3.14 Forces That Act to Influence Capillary Exchange

· capillaries: major point of communication between interstitial fluid and blood

i) most cells in body within 0.02 mm of a capillary --> diffusion works

ii)  capillary walls only 1 cell thick: mix of diffusional, osmotic and hydrostatic forces

· precapillary sphincter: cuff of smooth muscle at beginning of capillary; capillary walls themselves have no smooth muscle

· vasomotion: contraction and relaxation of precapillary sphincter --> sporadic flow through each capillary; reflects the on/off opening and closing of precapillary sphincters in response to local autoregulatory channels
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4.3.14 Capillary Exchange of Respiratory Gases and Nutrients

· Diffusion of:

· O2 and nutrients from the blood to tissues

· CO2 and metabolic wastes from tissues to the blood

· in diffusion, movement always occurs along a concentration gradient (area of higher concentration to lower concentration)

· 4 different routes across capillaries for different types of molecules:

1) lipid-soluble molecules diffuse directly through endothelial membranes
2)  water-soluble solutes pass through fluid filled intercellular capillary clefts or fenestrations
3) larger molecules, such as proteins, are actively transported in pinocytotic vesicles or caveolae
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4.3.14 Fluid Movements: Bulk Flow

· bulk flow is extremely important in determining the relative fluid volumes in the bloodstream and the interstitial space

· bulk flow is going on when nutrient and gas exchanges are occurring across the capillary walls by diffusion

· fluid is forced out of clefts at arterial end but most returns to bloodstream at venous end
· direction and amount of fluid flow depends on two opposing forces: hydrostatic and colloid osmotic pressures

1) Hydrostatic Pressures

· the force exerted by a fluid pressing against a wall

· capillary hydrostatic pressure (HPc) is the same as capillary blood pressure

· tends to force fluids through capillary walls (filtration)

· is greater at the arterial end (35 mm Hg) of a bed than at the venule end (17 mmHg)

· interstitial fluid hydrostatic pressure (HPif)

· opposes blood pressure

· acts outside the capillaries and pushes fluid in 

· usually assumed to be zero because of drainage by lymphatic vessels

· net effective hydrostatic pressures at the arterial and venous ends are essentially equal to HPc

2) Colloid Osmotic Pressures

· the force opposing hydrostatic pressure

· capillary colloid osmotic pressure (oncotic pressure) (OPc)

· created by nondiffusible molecules, such as plasma proteins, that are unable to cross capillary walls, which draw water toward themselves (encourage osmosis)

· oncotic pressure= ~ 26 mmHg

· interstitial fluid osmotic pressure (OPif)

· lower, (~1 mmHg) due to low protein content

· Net Filtration Process (NFP) (hydrostatic-osmotic pressure interactions)

· NFP: comprises all the forces acting on a capillary bed

· determines whether there is a net gain or loss of fluid from the blood

· if net HP > net OP, fluids will enter the capillary if net OP exceeds net HP

· NFP= (HPc - HPif) - (OPc - OPif)

· at the arterial end of a bed, hydrostatic forces dominate

· at the venous end, osmotic forces dominate

· excess fluid is returned to the blood via the lymphatic system

· negative pressure value mean that the NFP is driving fluid into the capillary bed (reabsorption) --> net fluid is out of circulation at arterial ends and into circulation at venous ends
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^^ Bulk Flow

· HP= hydrosatic pressure (=BP in capillaries)

· OP= colloid osmotic oressure (aka oncotic pressure)

· NFP= Net filtration pressure= net HP- net OP

Systemic Circulation

· blood leaves heart via one vessel (aorta) and returns via two vessels (V.C) plus the coronary sinus

· deep arteries vs deep and superficial veins; deep vessels tend to share names

· numerous anastomoses make veins harder to follow
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*Size relationships are not proportional. Smaller vessels are drawn relatively
larger so detail can be seen. See column 2 for actual dimensions.
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Key to pressure values:
HP_ at arterial end = 35 mm Hg HP; =0 mmHg OP; =1 mm Hg
HP_ at venous end = 17 mm Hg OP_ =26 mm Hg
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