Chapter 19: The Cardiovascular System Blood Vessels
· Blood vessels form a closed delivery system that begins and ends at the heart
Part 1:Blood Vessel Structure and Function
· Three major types: veins, arteries and capillaries
· Arteries->arterioles->capillaries->venules->veins
· Arteries carry blood away from the heart, while veins carry blood towards the heart
· In the systemic circuit, arteries carry oxygenated blood from the heart and veins carry deoxygenated blood to the heart
· In the pulmonary circuit, arteries carry DEOXYGENATED blood form the heart and veins carry OXYGENATED blood to the heart
· Arteries are said to diverge, fork or branch as they move away from the heart
· Veins are said to converge, merge or join when they move towards the heart
· Of all the vessels, capillaries have the most intimate contact with body tissue such as organs and skin
Structure of Blood Vessel Walls
· The wall of all but the smallest vessels have three coverings called tunics that surround the central part through which blood flows. This hole is called the lumen.
· The innermost layer is the tunica intima, followed by the tunica media and then the tunica externa
· Tunica Intima contains the endothelium that is continuous with the endocardial lining of the heart. The endothelium has simple squamous epithelium cells that lie flat and fit closely together, forming a slick surface that minimizes friction as blood moves through the lumen.
· In vessels with diameters larger than 1mm, the endothelium is supported by the subendothelial layer, which consists of a basement membrane and loose connective tissue
· Tunica Media mostly circularly arranged smooth muscle tissue and sheets of elastin that are innervated by vaso-motor nerve fibres of the ANS
· Motor nerve fibres play a role in vasoconstriction and vasodilation of the vessels as the body needs.
· The change in diameter of the smooth muscle is extremely important because small changes in diameter greatly influence blood flow and pressure.
· Tunica Externa composed largely of loosely woven collagen fibres that protect and reinforce the vessel and anchor it to surrounding structures.
· The tunica externa is infiltrated with lymph vessels and nerve fibres. Larger vessels also have VASA VASORUM that nourish the external tissues of the blood vessel walls. The luminal tissue is nourished by the blood flowing through the lumen.
Arterial System
· Arteries can be divided into three subsections: elastic (conductive), muscular (distributive) and arterioles. 
Elastic Arteries
· Thick walled arteries near the heart. Largest in diameter and are the most elastic
· They have large lumens which make them low resistance pathways.
· Contain more elastin C any other vessel and is elastin is present in all three tunics.
· Tunica media contains the most elastin where it constructs concentric “holey” sheets of elastic tissue. This “holey” elastic tissue is sandwiched between smooth muscle tissue
· Relatively inactive in vasoconstriction, which means that they remain relatively stable all the time.
· Pressure reservoirs that contract and relax as the ventricles pump blood into them. As a result, blood flows relatively continuously rather than stopping starting and stopping. When the arteries become inelastic, such as with atherosclerosis, blood flow is not as consistent.
· Without the pressure smoothing effect of arteries, the walls of arteries of the body would balloon out and burst.
Muscular Arteries
· Distally, the elastic arteries give way to the muscular arteries, which deliver blood to different body organs (sometimes called distributing arteries).
· Have the thickest tunica media of all vessels. Their tunica media contains more smooth muscle and less elastic tissue than elastic  arteries. 
· More active in vasoconstriction and vasodilation and less capable of distending (stretching)
· Muscular arteries have an elastic membrane surround each face of the tunica media.
Arterioles
· Larger arterioles have all three tunics, but their tunica media is predominantly smooth muscle with very little elastic fibre scattered throughout. 
· Smaller arterioles have very thin tunics and are little more than a single layer of smooth muscle cells spiralling around the endothelium
· Their diameter varies in response to neural connections, hormonal and chemical influences
· When arterioles constrict, blood flow to that organ is cut off, when they dilate, blood gushes into the organ.
Capillaries
· Smallest blood vessel
· Walls consist of just the tunica intima and in some cases, the endothelial cells that line the tunica intima are just one cell thick
· At strategic locations along the outer surface of the capillary wall, there are pericytes, which are smooth muscle cells that stabilize the capillary wall and control capillary permeability
· The lumen is just large enough for one red blood cell to pass through it. 
· Most tissues have a rich capillary supply with the exceptions of tendons and ligaments, cartilage and epithelia and the cornea and lens of the eye.  The cartilage and epithelia are nourished by blood vessels from nearby connective tissue and the eye is nourished by the aqueous humor. 
· Ideally suited for gas exchange, nutrient transfer, carry hormones around the body, between the blood and the interstitial fluid
· Three types of capillaries: continuous, fenestrated, and sinusoid
Continuous Capillaries
· Most abundant in the body (skin and muscle).
· Called continuous because their endothelial cells are joined tightly by tight junctions  and provide an uninterrupted lining.
· However, these junctions are sometimes incomplete and leave gaps of unjoined membrane called intercellular clefts.
· Intracellular clefts are often just small enough to let small solutions and fluids get out of the capillaries
· Typically, the endothelial cells that line the lumen have pinocytic vesicles that allow fluids to cross the capillary wall. 
· Continuous capillaries in the brain have complete junctions and form the blood brain barrier. 
Fenestrated Capillaries
· Similar to the continuous variety except that they occur in area where filtration and absorption must occur. 
· Found in places like the kidneys and the intestines where nutrients need to be absorbed and wastes need to be filtered and secreted
· While fenestrated capillaries have tight junctions, there are small oval pores, or fenestrations. A delicate membrane, called a diaphragm, over the fenestrations
· More permeable than continuous capillaries
Sinusoid Capillaries (Sinusoids)
· Highly modified, leaky capillaries found only in the liver, spleen, bone marrow, and adrenal medulla.
· Large, irregularly shaped lumens with lots and lots of fenestrations
· Very few tight junctions and large intercellular clefts
· Allows for large molecules and blood cells to pass between the blood and the surroundings.
· In the liver, the capillary is discontinuous and includes large stellate macrophages, which remove and destroy bacteria.
· In the spleen, phagocytes located outside of the sinusoids stick cytoplasmic extensions through the intercellular clefts into the sinusoid to get their “prey.” Blood flow slowly here.
Capillary Beds
· the flow of blood from an arteriole to a venule, through the capillary bed, is called microcirculation
· in most body parts, capillary beds consist of 2 parts:
· 1) a vascular shunt (metarteriole thoroughfare channel) : short vessel that directly connects the arteriole and the venule at opposite ends of the bed.
· 2) True capillaries (that are the actual exchange vessels)
· the terminal arteriole feeding the bed leads into a metarteriole  which is continuous with the thoroughfare channel, which joins the postcapillary venule.
· Terminal arteriole: feeds the capillary bed
· Metarteriole: vessel structurally intermediate between an arteriole and capillary
· Thoroughfare Channel: intermediate between a capillary and a venule
· Postcapillary venule: drains the capillary bed and proceeds towards the heart
· True capillaries (10 to 100 per bed) usually branch off of the metarteriole and return to the thoroughfare channel.
· Precapillary Sphincter: ring of smooth muscle surrounds each true capillary at the metarteriole in order to act as a valve to regulate blood flow to the capillary.
· Blood may either go through the true capillaries or it may bypass them. It all depends on whether the smooth muscle rings (precapillary sphincter) is open or closed. When it is open, the blood proceeds to flow into the true capillaries. When it is closed, it bypasses the capillaries, goes through the shunts and proceeds straight to the postcapillary venule. 
· Chemical factors and vasomotor nerves dictate whether a capillary will be supplied with blood or not.
· When you’re exercising blood is rerouted from the capillaries of the digestive tract to skeletal muscles.
· When you’re eating blood circulates in the capillary beds in the digestive tract.
Venous System
· As venules move towards the heart, they gradually get larger
Venules
· Capillaries unite to form venules
· Postcapillary venules are the smallest of all venules and serve as collecting ducts from the capillary bed
· Postcapillary venules consist entirely of endothelium around which perictyes congregate.
· Extremely porous and white blood cells and fluid move easily from the bloodstream from the walls of the venule.
· Well recognized sign of inflammation is the adhesion of white blood cells to the postcapillary venule endothelium, followed by their migration through the walls of the inflamed tissue
· small venules like the postcapillary venules consist of ONLY the endothelium. 
· Larger venules have all three layers, but the tunica media consists of two layers of smooth muscles (scanty compared to other things) and a very thin tunica externa
Veins
· Venules join to form veins
· 3 distinct tunics, but their walls are much thinner than the lumen (when compared to their corresponding arteries), which means that the lumen is pretty large
· relatively little smooth muscle or elastin in the tunica media, which is poorly developed, even in the largest veins
· the tunica externa is the heaviest wall layer and consists of thick longitudinal bundles of collagen fibres and elastic networks
· often thicker than the tunica media
· in the VENA CAVA the tunica externa also has longitudinal bundles of smooth muscle as well, which makes it thicker
· veins can accommodate a fairly large volume of blood and are therefore called capacitance vessels or blood reservoirs because they can hold up to 65% of the body’s blood at any give time
· walls are much thinner than the arterial walls because they are not subject to as much pressure 
· low pressure conditions demand special things: one such is their large lumens and the other is venous valves.
VENOUS VALVES
· formed from the folds of the tunica intima and are similar to the SL valves of the heart
· abundant in the limbs where the force of gravity pulls downwards
· absent in the veins of the thoracic and abdominal cavities
· varicose veins are a result of leaky valves
· factors for varicose veins are: age, pregnancy, weight and standing in one position for too long
VENOUS SINUSES
· such as the coronary sinus of the heart and the dural venous sinuses of the brain
· extremely thin walls composed of ONLY endothelium and are supported by the tissues that surround them 
· dural venous sinuses receive cerebrospinal fluid and blood draining from the brain
SUMMARY TABLES AND IMPORTANT DIAGRAMS
	Name
	Components

	Tunica intima
	- contains endothelium (simple squamous epithelium that is continuous with the endocardial lining of the heart)
- flat cells that fit closely together, slick and reduce friction as blood flows through the lumen
- in larger vessels, the endothelial layer is supported by the subendothelial layer (consists of a basement membrane and loose connective tissue)

	Tunica media
	- mostly circularly arranged smooth muscle
- innervated by vasomotor nerve fibres of the ANS and can be activated by chemicals and hormones
- causes vasoconstriction and vasodilation 
- important because small changes in diameter greatly affect blood flow and pressure

	Tunica externa
	- composed largely of loosely woven collagen fibres that protect and reinforce the vessels
- infiltrated with nerve fibres, lymphatic vessels and the vasa vasorum
- vasa vasorum: tiny blood vessels that provide nourishment to tunica externa of larger vessels



	Name
	Characteristics

	Elastic arteries
	- thick walled arteries near the heart
- large lumens make the low resistance, useful for conducting blood from larger arteries to smaller ones called conducting arteries
-contain more elastin than any other  vessel. It’s contained in all three layers but the tunica media has most of it
-relatively inactive in terms of vasoconstriction and vasodilation 
-pressure reservoirs  & expand and recoil as the heart pumps
-stiffening of the arteries causes blood to “spurt”

	Muscular arteries
	- “distributing arteries”
-distal to elastic arteries
-contain more smooth muscles and have the thickest tunica media
-more active in vasoconstriction and vasodilation & are less descendible (less capable of stretching out
-elastic membrane on each face of the tunica media

	Arterioles
	-smallest arteries
- all three tunics, but the tunica media is chiefly smooth muscle and a few scattered elastin fibres
-smaller arterioles, such as those in capillary beds are generally one cell thick


            
	Name
	Components

	Continuous Capillaries
	-abundant in skin and muscles
- endothelial cells are joined together by tight junctions, but there are still some intercellular clefts that allow fluids and small molecules to escape the bloodstream
-endothelial cell cytoplasm contains pinocytic vessels that also allow for the transportation of molecules from the blood

	Fenestrated Capillaries
	-endothelium in fenestrated capillaries is riddled with little oval holes called fenestrations
- diaphragm (made up of the basal lamina material) covers the capillary
-still more porous than continuous capillaries
-occurs in places that need to filter and absorb materials (kidneys, small intestine, etc)

	Sinusoid Capillaries
	-highly modified, leaky capillaries
-very few tight junctions
- have stellate macrophages (white blood cells that help to destroy viruses and foreign particles in the body)
-in the spleen, phagocytes stick finger like extensions through the intercellular clefts to catch their “prey”
-found only in very special areas (spleen, bone marrow, liver)
-blood flows very slowly here so that it has enough time to be captured



VASCULAR ANTASTOMOSES
· Vascular anastomoses: special connections between blood vessels that give blood different paths to travel
· Arteries supplying the same area often merge and are called arterial anastomoses
· Arterial anastomoses for collateral channels, which provide an alternate pathway for the flow of blood to organs. They are found mostly in joints and places that are prone to movement. 
· If clots form, it is easier to bypass them and supply the tissue with adequate blood
· Arterial anastomoses are also found in the abdominal organs, the heart and the brain
· Arteries that supply the eyes, spleen and kidneys do not have anastomoses
· Arteriovenous anastomoses:  veins connect much more freely to arteries and most often occurs in capillary bed at places such as the thoroughfare channel 
· Veins connect much more freely than arteries, and the places where they connect are called venous anastomoses
· EXTREMELY common
	Name
	Characteristics

	Venules
	-capillaries unite to form venules
- postcapillary venules are the smallest
-consist mainly of endothelium around with perictyes stick
- extremely porous to allow white blood cells to move between blood and the interstitial fluid
- classic sign of inflammation is when WBCs adhere to the post capillary venule

	Veins
	-poorly developed tunica media with relatively little elastin and smooth muscle
-tunica externa is the largest and heaviest with longitudinal bundles of collagen fibres and elastic networks. In larger veins (vena cava), the tunica media also consist of longitudinal bundles of smooth muscle
-called capacitance vessels and blood reservoirs because of their ability to store large amounts of blood
-low pressure

	Venous Valves
	-structural adaptation for low pressure blood reservoirs
-found in the extremities
-absent in veins of the abdominal and thoracic cavities



Part 2:Physiology of Circulation
Introduction to Blood Flow, Blood Pressure, and Resistance 
Definition of Terms
· Blood Flow the VOLUME of blood flowing through a vessel, organ or entire circulation during a given period of time (mL/ min).
· in the entire CV system, the blood flow is equivalent to cardiac output
· blood flow through an individual organ at any given time varies according to their needs
· Blood Pressure the force per unit area exerted on a vessel wall by the contained blood (mmHg)
· Unless stated otherwise, BP means systemic arterial pressure in the largest arteries near the heart (the aorta and those that come off of it)
· Pressure gradient: the differences in blood pressure within the vascular system
· Pressure gradient provides the driving force that keeps blood moving (area of high pressure to area of low pressure)
· Resistance opposition to flow and is a measure of the friction that blood encounters while flowing through the lumen of a vessel
· Peripheral resistance: resistance encountered in the systemic circuit
· Three important sources of resistance: vessel length, vessel diameter, blood viscosity
· Blood Viscosity: the internal resistance to flow is related to viscosity or “stickiness” of a fluid. The more red blood cells present in blood, the “stickier” it will become or the more viscous it will become. The greater the viscosity, the more difficult it is for molecules to flow past each other
· Total Blood Vessel Length: the longer the vessel, the greater the resistance
· Blood Vessel Diameter: the greater the diameter, the lesser the resistance. The smaller the diameter, the greater the resistance. This is due to a phenomenon called streamlining or laminar flow. Fluid closer to the walls of the vessel will stick to the wall, where is fluid in the middle will flow freely. If the vessel diameter is very small, then more of the fuild will stick to the walls
· Resistance varies inversely with the fourth power of the radius
· Turbulent flow: irregular fluid motion where blood from the different laminae mixes. Drastically increases resistance.
Relationship between Flow, Pressure and Resistance
· Blood flow (F) is directly proportional to the difference in blood pressure (delta P) between two points in circulation (the pressure gradient)
· Blood flow (F) is inversely proportional to the peripheral resistance (R) in the systemic circulation
· Relationship can be expressed with the following formula





SYSTEMIC BLOOD PRESSURE
· The nearer the fluid is to the pump (heart) the greater the force that is exerted on it (greater pressure)
· The pumping action of the heart generates blood flow. Pressure results when flow is opposed by resistance.
· BP is the highest in the aorta and declines constantly until it is 0mmHG in the right atrium
· Steepest drops are in the arterioles, which offer the greatest resistance to blood flow
· As long as the pressure gradient exists (no matter how small), the blood will continue to flow
Arterial Blood Pressure
· Reflects two facts : 1) how elastic the walls of the arteries near the heart are and 2) the volume of blood forced into them at any time
· If the volume of blood entering and leaving the heart were equal, then the arterial pressure would be constant. HOWEVER, that is not the case, as pressure steadily declines as you more farther away from the heart
· When blood leaves the heart, it has velocity (kinetic energy) which causes the walls of the aorta to stretch
· Pressure generated by ventricular contraction is called the systolic pressure.
· During ventricular diastole, the valves of the aorta close and the walls of the aortal recoil maintains sufficient pressure to keep the blood flowing
· Diastolic pressure: when the pressure in the aorta drops to the lowest level
· Difference between systolic and diastolic pressure is called the pulse pressure
· Increased SV and faster blood flow raise the pulse pressure temporarily
· Aortic pressure fluctuates with every beat, so the pressure that matters is mean arterial pressure (MAP) and is the pressure that propels the blood to the tissues
· Diastole lasts longer than systole so MAP is not the value halfway between systolic and diastolic pressure. Instead, it is roughly equal to the diastolic pressure plus 1/3 of the pulse pressure





· MAP and pulse pressure decrease with increasing distance from the heart
Capillary Blood Pressure
· Blood pressure drops to approximately 35mmHg in capillaries and by the end of the capillary beds is only 17 mmHg
· Desirable because:
· Capillaries are only one cell thick and high pressures would ruin them
· Most capillaries are EXTREMELY permeable and thus even the low capillary pressure can force solute containing fluids (filtrate) out of the bloodstream
Venous Blood Pressure
· Stead and changes very little during the cardiac cycle
· Pressure gradient is only about 15mmHg from the venules to the vena cava
· Low pressure in the venous system reflects the cumulative effects of peripheral resistance (dissipates the energy in blood as heat during each cycle)
· Despite various adaptations to promote blood flow, the pressure in veins is normally too low to promote adequate venous return. For this reason, there are three functional adaptations to help blood return.
· Muscular Pump: consists of skeletal muscle activity. As skeletal muscles contract and relax, the “milk” blood towards the heart and once it passes through the pumps, there can be no backflow of blood
· The Respiratory Pump: moves blood towards the heart as pressure changes in the ventral body cavity during respiration
 inhalation: abdominal pressure increases, local veins squeeze, blood moves towards heart
· Sympathetic Venoconstriction: reduces the volume of blood in veins. As smooth muscle surrounding the veins constricts under sympathetic control, venous volume is reduced 
MAINTAINING BLOOD PRESSURE
· BP varies directly with cardiac output (CO) and resistance (R)
· BP also varies directly with blood volume because CO depends on blood volume
· The above three things are what keeps things pretty constant
· In theory then, if the CO increased or decreased or the R increased or decreased, then it would have a huge impact on blood pressure. However, this is not the case. Other mechanisms kick in to keep it relatively constant. 
· CO= SV x HR
· Main factors determining cardiac output are blood pressure, end diastolic volume and end systolic volume
· Venous return and neural & hormonal factors  also determine cardiac output
· Cardioinhibitory center of the medulla is in charge of the heart rate and via the vagus nerve maintains the resting heart rate
· During the resting phase, venous return (EDV) maintains stroke volume
· During stress, the cardiacceleratory center takes over and activates the sympathetic nervous system and increases the HR (by activating the SA node) and SV (by enhancing contractility.
· Enhanced CO means a larger MAP
· Short-term regulation is caused by the nervous system and blood pressure by changing peripheral resistance and CO
· Long-term regulation alters blood volume via the KIDNEYS
Short-Term Regulation: Neural Controls
· Two main goals:
· Maintaining adequate MAP by altering vessel diameter on a minute- to- minute basis, as small changes in diameter can have large impacts on the volume of blood flowing through the vessel
· Altering blood supply to fit the changing needs of different organs
· Most neural controls operate via reflex arcs involving baroreceptors and associated afferent fibres
· Reflexes are integrated in the CV center of the medulla and their output travels via autonomic fibres to the heart and vascular smooth muscle
· Sometimes, chemoreceptors from the brain also influence neural control mechanisms
ROLE OF THE CARDIOVASCUALR CENTER
· In the medulla oblongata
· The cardiovascular center is composed of the cardiac centers (cardioinhibitory and cardiacceleratory centers) and the vasomotor venter that controls the diameter of the blood vessels
· Vasomotor center transfers impulses via vasomotor fibres (exit from T2 through L2 levels of the spine) 
· Innervate the smooth muscles of blood vessels, mainly arterioles
·  Vasomotor tone: arterioles are almost always in a state of moderate constriction
· vasomotor tone varies from organ to organ
· arterioles of the skin and digestive tract receive impulses more frequently than those of skeletal muscles
· increase in symp. activity produces generalized vasoconstriction and raises blood pressure
· decrease in symp. activity produces generalized vasodilation and decreases blood pressure
· CV center activity is modified by inputs from:
· Baroreceptors (pressure sensitive mechanoreceptors that respond to arterial pressure &stretch)
· Chemoreceptors (respond to changes in levels of CO2, O2 and H= in the blood)
· Higher brain centers
BARORECEPTOR REFLEXES
· Based on pressure in arteries
· Located in the carotid sinus (dilations in the carotid arties which supply blood to the brain), aortic arch, and every large artery of the neck and thorax
· when stretched, baroreceptors send a rapid stream of impulses to the CV center, inhibiting the cardiacceleratory center and the vasomotor centers and stimulating the cardioinhibitory center. This decreases blood pressure
Stretching of walls baroreceptor impulse signal sent to CV centerinhibits vasomotor and cardiacceleratory centers stimulates cardioinhibitory center BP drops
· three mechanisms to activate baroreceptor reflexes
· arteriolar vasodilation: decreased output from the vasomotor center allows arterioles to dilate more blood flows throughperipheral resistance falls MAP falls
· Venodilation: decreased output from the vasomotor center allows veins to dilateshifts blood to venous reservoirs decreases venous return and CO
· Decreased cardiac output: impulses to the cardiac centers inhibit sympathetic activity and stimulate parasympathetic activity, reducing HR and contractile force. As CO falls, so does MAP.
· In the opposite situation, when MAP decreases, it initiates reflex vasoconstriction and increases cardiac output, which increases the pressure
· Baroreceptors respond to regulate short-term changes in blood pressure
· Carotid sinus reflex: protect blood supply to the brain
· Aortic reflex: help maintain an adequate blood pressure in the systemic circuit as a whole
·  Baroreceptors are ineffective in protecting against sustained pressure changes
CHEMORECEPTOR REFLEXES
· work when CO2 levels rise or pH falls or O2 levels drop
· located in the aortic arch and large arteries of the neck
· chemoreceptors in the aortic arch and arteries of the neck transmit impulses to the cardiacceleratory center, which then increases CO.
· Also transmits signals to the vasomotor center which causes vasoconstriction blood pressure risesblood returned to heart and lungs quickly
· Most commonly located in the aortic arch (aortic bodies) and in the carotid arteries (aortic bodies) and are found near the baroreceptors
INFLUENCE OF HIGHER BRAIN CENTERS
· Integrated in the medulla oblongata of the brain stem
· Cerebral cortex and hypothalamus are not involved in routine controls, but THESE higher control centers can modify arterial pressure via relays to the medullary centers. 
· Hypothalamus mediates redistribution of blood flow and other CV responses  that occur during exercise and changes in body temp.
Short-Term Regulation: Hormonal Controls 
· Hormones help to keep a steady BP both in the long term and short term
· Long term  changes in blood volume 
· Short term changes in peripheral resistance
· Paracrines work to match blood flow to an organ’s need
· Hormones and their effect on BP:
· Adrenal medulla hormones:: released during stress (epinephrine and norepinephrine). Enhance  the sympathetic response. Increases BP by increasing CO (contractility and HR). Also promotes generalized vasoconstriction.
· Angiotensin II: kidneys release renin, which acts as an enzymegenerates angiotensin II intense vasoconstriction rapid rise in BPstimulates the release of ADH and aldosteronelong-term regulation of BP by enhancing blood volume
·  peripheral resistance (vasoconstriction) and effects arterioles 
· Atrial natriuretic peptide (ANP): made by the atria of the heart. Leads to a reduction in blood volume and therefore BP. ANP antagonizes aldosterone and makes the kidneys excrete more sodium and water  (reduces blood volume). Also causes generalized vasodilation.
· ADH: produced by the hypothalamus. Stimulates the kidneys to retain water, thus increasing the blood pressure. Causes INTENSE vasoconstriction
	HORMONE
	EFFECT ON BP
	VARIABLE EFFECTED
	SITE OF ACTION

	(Nor)adrenaline
	Increase
	Increased CO (HR and contractility)
	Heart

	Angiotensin II
	Increase
	Increased peripheral resistance (vasoconstriction)
	Arterioles

	ANP
	Decrease
	Decreases peripheral resistance (vasodilation)
	Arterioles

	ADH
	Increase
	Increase blood volume (less water loss)
	Kidney tubules

	Aldosterone
	Increase
	Increase blood volume (less water and salt loss)
	Kidney tubules


Long-Term Regulation: Renal Mechanisms 
· Alter blood volume
· Baroreceptors quickly adapt to chronic changes in blood pressure
· Renal mechanisms tend to keep blood volume to 5L
· Increase in blood volume = increase in blood pressure. Anything that increase blood volume (excessive salt intake) also increases blood pressure = raised MAP
· Decrease in blood volume = decrease in blood pressure. Sudden drop in blood pressure is caused by excessive bleeding and that blood volume is too low to support normal circulation
· Kidneys act directly and indirectly to regulate arterial pressure and provide the major long-term mechanisms of blood pressure control
Direct Renal Mechanism
· Alters blood volume independently of hormones
· When either blood volume or blood pressure rises, the rate at which fluid filters from the bloodstream into the kidney tubules speeds up. As a result, blood pressure decreases. When either blood volume or blood pressure drops, the rate at which fluid filters from the bloodstream into the kidney tubules slows down and retains more water. As a result, blood pressure increases. 
Indirect Renal Mechanisms
· Via renin-angiotensin-aldosterone mechanism.
· BP dropsrenin (an enzyme) cleaves angiotensinogen (plasma protein made by the liver) makes angiotensin Iangiotensin converting enzyme (ACE) converts angiotensin I to angiotensin II & angiotensin II serves 4 functions
· Stimulates the adrenal cortex to secrete aldosterone  reabsorbs sodium (and water follows) to increase blood volume and consequently blood pressure. It also DIRECTLY stimulates reabsorption of Na+ by kidneys
· Makes the posterior pituitary to release ADH
· Triggers sensation for thirst by activating the hypothalamic thirst center  encourages water consumption
· Potent vasoconstrictor increases peripheral resistance increases BP

Blood pressure drops
Certain kidney cells release renin (enzyme)
Renin cleaves angiotensinogen (plasma protein made by the liver) to make it angiotensinogen I











Using ACE(angiotensin converting enzyme) angiotensin I becomes angiotensin II




Angiotensin II has four functions





Potent vasoconstrictorincreased peripheral resistance increased BP
Triggers the sensation for thirst by activating the hypothalamic thirst center encourages water intake
Causes posterior pituitary to release ADH increased water retention BP rises
Prompts the release of aldosterone from the adrenal cortex. This prompts the reabsorption of sodium, which increases blood volume  increased BP. Also DIRECTLY stimulates reabsorption of sodium by kidneys















Clinical Monitoring of Circulatory Efficiency
· Vital signs: resp. rate, body temperature, pulse and blood pressure
Taking A  Pulse
· Pulse: expansion and recoil of arteries during each cardiac cycle transmitted through the arterial tree
· Radial pulse is found at the base of the wrist
· Pulse points are also called pressure points because they are compressed to stop blood flow into distal tissue during hemorrhage
Measuring Blood Pressure
· Blood pressure is measured most commonly  in the brachial artery of the arm
· Measured using the auscultatory method
1. Wrap the blood pressure cuff SUPERIOR to the elbow
2. Inflate the cuff until cuff pressure EXCEDES systolic pressure. At this point, blood flow to the arm stops
3. Reduce the cuff pressure slowly and gradually while listening carefully with a stethescope. 
· The first tapping sounds are heard is the systolic pressure
· The tapping sounds are called the sounds of Korotkoff, which become louder as you release the pressure 
· When the sounds of Korotkoff can no longer be heard, that is the diastolic pressure
BLOOD FLOW THROUGH BODY TISSUE: TISSUE PERFUSION
· Blood flow through body tissues BLOOD PERFUSION
· Involved in:
· Delivering oxygen and nutrients to tissue cells and removing wastes from them
· Exchanging gases in lungs
· Absorbing nutrients from the digestive tract
· Forming  urine in the kidneys
· Brain13% of total flow  Heart 4%  Kidneys20%  abdominal organs24%  skeletal muscle 20%
Velocity of Blood Flow
· Velocity is inversely related to cross-sectional area 
· Fastest in the large arteries( like the aorta), and slows down as it approaches the smaller vessels (slowest in the capillaries)
· Slowest in the capillaries for three reasons:
· Their membrane is VERY thin. Quick flowing blood would rupture it
· Fast flowing blood would allow filtrates to filter out of the bloodstream at the capillary level since they are very porous
· Their total cross sectional area is very large
· Picks up speed as capillaries become veins
Autoregulation: Local Regulation of Blood Flow
· Autoregulation: automatic adjustment of blood flow to each tissue in proportion to the tissue’s requirements at any instant.
· Local conditions regulate autoregulation independent of hormones or neural controls.
· MAP is the same everywhere
· Changes in blood flow through individual organs are controlled intrinsically by modifying the diameter of the arterioles that feed capillaries 
· Local conditions in arterioles feeding the capillaries have little affect on pressure in the main arteries feeding the organ
· Organs regulate their own blood supplies by varying the resistance of their arterioles. 
METABOLIC CONTROLS
· When blood flow is too low to meet an organ’s metabolic needs, oxygen levels decline and metabolic products accumulate (which act as paracrines) in the blood.
· Metabolic factors that regulate blood flow are low O2 levels, an increase in H+ levels (from CO2 and lactic acid), K+, adenosine and prostaglandins
· Some work to relax smooth muscle while other cause vascular endothelial cells to release NO
· NO is a powerful vasodilator and acts via GMP
· NO effects are very brief
· Able to over-ride sympathetic vasoconstriction
· Endothelium releases endothelins (most potent vasoconstrictors known)
· Endothelins and NO are released in a dynamic balance, but NO is favoured when blood flow is insufficient
·   The net result of metabolically controlled autoregulation is immediate vasodilation of the arterioles serving the capillary beds of “needy” organs and dilation of their precapillary sphincters. Blood flow to the area rises temporarily, allowing blood of surge through the true capillaries and become available to tissue cells.
· Inflammatory chemicals (histamines, kinnins and prostaglandins) released in injury, infection, or allergic reactions also cause vasodilation. 
MYOGENIC CONTROLS
· Myogenic controls: muscular control
· Inadequate blood perfusion through an organ is quickly followed by a decline in the organ’s metabolic rate and if it goes on for a while, organ death.
· High arterial pressure would cause the vessel to rupture
· Vascular smooth muscles respond directly to passive stretch (caused by increased intravascular pressure) with increased tone, which resists stretch and causes vasoconstriction.
· I.E: vascular smooth muscles respond to passive stretch by increasing vasomotor tone, causing vasoconstriction and resisting stretch.
· Reduced stretch promotes vasodilationmore blood to the organ
· Hyperemia: drastically increased blood flow to an organ after blood supply to the area has been temporarily blocked.
LONG TERM AUTOREGULATION
· When an organ needs increased blood supply chronically, a long term autoregulation mechanism will develop over a weeks or months
· Number and size of vessles increase angiogenesis
· Angiogenesis is common in the heart when a coronary vessel is partially occluded
· occurs throughout the body for people who live in high altitude areas
Velocity of Blood Flow
SKELETAL MUSCLES
· varies with fibre type and activity level
· when muscles become active, blood flow increase in direct proportion to their greater metabolic activity  called active or exercise hyperemia
· occurs almost entirely in response to decreased oxygen concentrations and accumulated metabolic factors
· systemic adjustments by the vasomotor venter must also occur so that blood delivery is both faster and safer for the body.
· In skeletal muscles, the symp. nervous system and local metabolic controls have opposing effects on arteriolar diameter. 
· During exercise, vasoconstriction is overridden and blood flow to the muscle increases by a ten fold.
THE BRAIN
· Maintained at a constant level because it is necessary for neurons. They are totally intolerant of ischemia
· Unable to store essential nutrients and therefore needs to be constantly supplied by blood
· Brain tissue is extremely sensitive to declining pH and increased CO2 levels (which results in acidic conditions for the brain)
· Low O2 levels don’t do anything in terms of autoregulation but the brain is more sensitive to high levels of CO2
· Brain also has myogenic controls
· When MAP declines, cerebral vessles dilate to ensure adequate brain perfusion
· When MAP rises, cerebral vessels constrict , protecting the smaller, more fragile vessels farther along the path from excessive pressure
· Sometimes, brain ischemia is caused by increased pressure (such as in the case of a tumor) , but the brain regulates its own blood flow
THE SKIN
· Serves 3 functions:
· Supplies nutrients to cells
· Helps regulate body temperature
· Provides a blood resevoir
· Autoregulation serves the first function, but the other two require neural intervention
· Primary function of cutaneous circulation is to help maintain body temperature
· Venous plexuses network of intertwining bessels bleow the skin
· Tiny arteriovenous shuts are located mainly in fingertips and are richly supplied with SYMPATHETIC nerve endings
· Their reflexes are initiated by temperature receptors or signals from higher CNS centers
· Arterioles dilate even more when we sweat because an enzyme in sweat acts on a protein in a tissue to produce bradykinin which stimulates the vessel’s endothelial cells to release NO.
· Chilled skin blood almost entirely passes capillaries skin stays rosy because some blood remains trapped in the superficial capillary loops as shunts swing into operation. Trapped blood stays red because frozen cells require very little O2
THE LUNGS
· Unusual
· Short and arteries are arterioles are generally like veins and venules structurally (thin walls and large lumens)
· Low pressure
· Low pulmonary oxygen levels cause local vasoconstriction and high levels promote vasodilation
· When the air scas of the lungs are flooded with oxygen, the pulmonary capillaries become flushed with blood and ready to receive the oxygen load
· If the air sacs are collapsed or blocked with mucus, oxygen content in those areas is low, and blood largely bypasses those nonfunctional areas.
THE HEART
· [bookmark: _GoBack]When the ventricles contract and compress the coronary vessels, blood flow through the myocardium stops. 
· As the heart relaxes, the high aortic pressure forces blood into coronary circulation
· Normally, myoglobin stores oxygen efficiently, but in certain conditions, such as when the heart beats rapidly, there is a serious reduction in the myoglobin’s ability to receive adequate nutirtion and oxygen during diastole
· Resting condition  250 ml/min
· Blood flow remains relatively constant despite wide variationsin coronary perfusion pressure.
· During strenuous exercisecoronary vessels dilate in response to local accumulation of vasodilators (adenosine, NO, etc.) and blood flow increases three to four times
· Any event that decreases the oxygen content of the blood releases vasodilators that adjust O2 supply with O2 demand
· Increased blood flow to the heart is important during activity because when in resting state,it uses as much as 65% of the oxygen avaible. Increasing bloodflow is the only way to provide more oxygen to heart tissue
Blood Flow Through Capillaries and Capillary Dynamics
CAPILLARY EXCHANGE OF RESPIRATORY GASES AND NUTRIENTS
· O2, CO2, most nutrients and metabolic wastes pass between the blood and the interstitial fluid via diffusion
· Oxygen and nutrients pass from the blood, through the interstitial fluid, into tissue cells
· CO2 and metabolic wastes leave the cells and diffuse into capillary beds
· Four different routes across capillaries for different molecules
· Lipid soluble moleculese.g. resp. gases. Diffuse through the lipid bilayer of the endothelial cell plasma membranes. 
· Fluid filled intercellular capillary clefts small water soluble solutes pass through them 
· Fenestrations small water soluble solutes pass through them
· Pinocytic vesicles or caveolaefor larger molecules
FLUID MOVEMENTS: BULK FLOW
· Fluid is foced out of the capillaries through the clefts at the arterial end of the bed, but most of it returns to the bloodstream at the venous end
· Extremely important in determining the relative fluid volumes in the bloodstream and the interstitial space (almost 20L of it filters out of the blood before being reintorduced into the bloodstream)
· Direction and amount of flow across capillary walls reflects the balance between two dynamic and opposing forces—hydrostatic and colloid osmotic pressures
· Hydrostation Pressure
· Force exerted by a fluid pressing against a wall
· In capillaries, the HP is the same as the capillary blood pressure (pressure exerted by blood on capillary walls)
· Capillary hydrostatic pressure (HPc): tends to force filtrates through capillary walls in a process called filtration, leaving behind cells (red, white) and other proteins
· Blood pressure drops as blood flows through a capililarry bed, so HPC is higher at the arterial end (35 mmHg) than the venous end(17 mmHg)
· In theory BP (forces fluid out of the capillaries) is opposed by interstitial fluid hydrostatic pressure (acts outside capillaries to keep/push fluids in)
· However, the above statement is not completely true since there is very little interstitial fluid in the interstitial space (the lymphativ vessels constantly withdraw it)
· Colloid Osmotic Pressure
·  The force opposing hydrostatic prssure created by large, nondiffusible molecules that are unable to cross capillary walls
· these molecules draw water towards them encourage osmosis because water concentration in the vicinity of large molecule is lower than it is on the opposite side of the capillary wall
· “hydrostatic pressure pushes and osmotic pressure pulls(or sucks)”
· abundant large molecules (such as plasma proteinsprimarily albumin) develop a capillary colloid osmotic pressure (oncotic pressure)
· Interstitial fluid contains few proteins, so its colloid osmotic pressure is ;pwer.
· Does not vary from one end of the capillary bed to the other
· Hydrostatic-Osmotic Pressure Interactions
· Net filtration pressure (NFP) consideres all the forces acting at the capillary bed
· Filtration is occuring at the  arteriolar end of the capillaru, negative value for NFP at the venous end of the capillary indicates that fluid is moving INTO the capillary bed. As a result, the net fluid flow is out of the circulation at the arterial end of the capillary and into circulation at the venous end of the capillary
· Lympatic vessels pick up leaked solutes and fluids and return it to the vascualr system, which accounts for the relatively low levels of both fluids and proteins in the interstitial spave
· NFP= (HPC+ OPIF) – (HPIF+OPC)
· 
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