FINAL EXAM NOTES
BLOOD VESSELS
Function of blood vessels
· Arteries function to carry blood away from heart
· Veins carry blood towards the heart
· Capillaries serve cells directly by providing nutrients & gases, as well as removing wastes

Blood vessel structure
· all blood vessel walls are made of three layers except the thinnest vessels
· tunica intima: innermost layer, contains endothelium & simple squamous epithelium that lines the lumen, continuous with endocardial lining which minimizes friction
· thicker vessels have subendothelial layer which is a supportive basement membrane of CT and it supports the endothelium
· tunic media: middle and bulkiest layer, made of smooth muscle and sheets of elastin (important for stretching and recoiling to allow for large volumes of blood flow and for regulating vessel diameter)
· second elastic membrane in arteries: external elastic membrane
· tunica externa: outermost layer, made of collagen fibers that protect the vessel and anchor it
· capillary network in walls of arteries and in walls of large veins to nourish those tissues
· venous system has no external elastic membrane since it does not need to stretch/recoil

Types of arterial vessel

1. Elastic arteries
· thick-walled and largest diameter, located near the heart
· has the most elastin than other vessels, present in all layers but mostly in tunica media
· these arteries help maintain pressure & flow of blood by stretching and recoiling
2. Muscular arteries
· delivers blood to specific organs
· thickest tunica media of all vessels since there is more smooth muscle and less elastic tissue
· as a consequence, they are more active in vasoconstriction than stretching
3. Arterioles
· smallest artery
· tunic media mainly smooth muscle and some elastic fiber
· diameter of arterioles determines blood flow into capillaries

Types of capillaries
· capillary walls are just a thin tunica intima
1.  Continuous capillaries
· abundant in skin, muscle, lung, and CNS
· least permeable, allowing limited passage of fluids and small solutes to get through
2. Fenestrated capillaries
· found in areas of filtration/absorption (kidney & small intestine), and endocrine organs
· Fenestrations: Swiss cheese-like holes (pores) on endothelial cells that allow for increased permeability
3. Sinusoidal capillaries
· Found in bone marrow, liver, lymphoid tissues, endocrine organs
· Usually fenestrated, has large intracellular clefts making them very leaky, increased permeability for proteins & RBCs
· Fewer tight junctions between adjacent 	cells and epithelial cells
· Irregular shaped and larger lumens than other capillaries

Microcirculation: flow of blood from an arteriole to a venule through a capillary bed

Two types of vessels found in capillary bed:
1. Vascular shunt
· Area which blood from metarteriole flows into
· A short vessel that directly connects arteiole and venule at opposite ends of capillary bed
2. True capillaries
· Vessels in which respiratory gases are exchanged
· Precapillary sphincter surrounding the root of each true capillary helping to regulate blood flow into capillary

Structure and function of venules & veins

1. Venules
· Postcapillary venules made of endothelium and a few fibroblasts
· Larger venules made of a sparse tunica media and thin tunica externa
2. Veins
· 3 tunics but they have thinner walls and larger lumens than corresponding arteries
· Little elastin and smooth muscle in tunica media
· Tunica externa is the thickest wall layer made of thick longitudinal bundles of collagen and elastic
· Called capacitance vessels or blood reservoirs because they can hold up to 65% of the body’s blood at any time
· Venous valves and larger lumen diameter are structural adaptations that promote blood return to compensate for low-pressure in veins

Circulation

Blood flow: volume of blood going past a certain point per unit time (ml/min)
· Can be regulated independently for various tissues/organs

Blood pressure: force per unit area exerted on the wall of a blood vessel (mm Hg)
· Blood pressure refers to systemic arterial blood pressure in largest arteries near the heart … Average aortic BP = 90 mm Hg

· Blood flow occurs in response to a pressure gradient F=ΔP/R
· Resistance is the major determinant of blood flow… changes to blood vessel radius increases resistance to the 4th power
· Arterioles can regulate their diameters


Resistance: measures total of frictional forces that impede flow… flow and resistance are inversely related… usually called peripheral resistance since most friction is encountered in the peripheral circulation
-there are three factors that contribute to resistance:
1. blood viscosity: blood is more viscous due to the presence of formed elements and proteins
2. total blood vessel length: greater length = greater resistance
3. blood vessel diameter: fluid that touches walls encounter friction and move slower; larger diameter means less resistance and smaller diameter means greater resistance… R=1/(radius^4)

Pulse pressure = systolic BP – diastolic BP
· Indicates vigor of contraction of ventricle
· Provides info on elasticity of aorta & major arteries by a pulse that can be felt

Mean arterial pressure (MAP) = diastolic pressure + 1/3 pulse pressure
· Pressure that propels the blood to tissues 
· Not the avg of systolic and diastolic pressures because diastole last longer than diastole

MAP and pulse pressure decreases as you get further from the heart because there is more resistance

Capillary blood pressure
· Capillaries have low BP because they are fragile; high BP would rupture them
· Most capillaries are extremely permeable so filtrates can be forced from bloodstream to interstitial space

Venous blood pressure
· BP is steady and changes very little during cardiac cycle
· 2 factors that aid venous return:
· 1. Respiratory pump: moves blood up toward the heart as pressure changes during breathing, 
· 2. Muscular pump: skeletal muscles contract and relax, causing blood to go towards the heart; once blood passes each successive valve, it cannot go back

Pulse
· Pulse is the fluctuations in pressure (due to expansion and recoil) that you can feel in an elastic artery close to the heart
· Pulse points also called pressure points because they are compressed to stop blood flow into distal tissues during hemorrhage

Measuring Blood Pressure

Auscultatory method: measure systemic blood pressure indirectly in the brachial artery using sphygmomanometer

Sounds of Korotkoff: the louder and more distinct sounds that occur after the first systolic pressure sound

· 1. Cuff fully inflated  no sound due to pressure being greater than systolic pressure, artery is collapsed
· 2. Cuff pressure reduced  pressure is now just below systolic pressure at first sound that is heard… soft tapping sounds
· 3. Cuff pressure reduced the most  pressure is below diastolic pressure, meaning continuous flow of blood… therefore muffled/no sound
· Blood pressure = systole / diastole … AVERAGE BLOOD PRESSURE IS 180/20

Factors influencing blood pressure:

				Blood pressure = cardiac output × peripheral resistance

Cardiac output: determined by heart rate, stroke volume, and blood volume … increase in these any of these will result in increase in BP
Peripheral resistance: determined by blood vessel diameter (inversely proportional), blood viscosity, and blood vessel length … increase results in increased resistance
 
Short term regulation of blood pressure
2 main goals:
1: Maintain adequate MAP by altering blood vessel diameter
2: altering blood distribution to respond to specific demands

NEURAL CONTROLS
· Cluster of sympathetic neurons in medulla (called cardiovascular centre) includes the vasomotor centre which helps to control blood vessel diameter
· Vasomotor tone: state of moderate constriction that is constant, esp. to arterioles
· Increase in sympathetic activity increases BP and generalized vasoconstriction
· Vasomotor centre responds to inputs from:
· 1. Baroreceptor reflexes
· Stretch receptors that are activated when MAP is increased
· Found in carotid sinuses, aortic arch & other large arteries of neck and thorax
· Response is 
· dilation of arteries
· venodilation which shifts blood to venous reservoirs
· impulses sent to cardiac centres that stimulate PNS and inhibit SNS, which decreases heart rate and contractile force, meaning CO decreases which also means MAP decerases
· Decline in MAP results in reflex vasoconstriction 
· Useful for short term changes in BP (ie. standing, bending) but not effective long-term as baroreceptors get adapted to higher pressures
· 2. Chemoreceptor-Initiated reflexes
· Drop in O2 content of blood or pH, and rise in CO2 activate chemoreceptors in the aortic arch and large arteries of the neck to send impulses to vasomotor centre  reflex vasoconstriction
· Result is increase BP, which speeds the return of blood to heart & lungs
· More important in regulating respiration
· 3. Influence of Higher Brain Centres
· Fight or flight, stress, exercise increase BP

HORMONAL CONTROLS
· Can help regulate BP in short term via peripheral resistance and long term via changes in blood volume
· 1. Adrenal medulla hormones
· Stress  Epinephrine and norepinephrine released to blood, increasing sympathetic response
· Increased CO
· Generalized vasoconstriction
· 2. Angiotensin II
· Low blood pressure/blood volume  renin released which generates angiotensin II
· Intense vasoconstriction  rapid rise in systemic BP
· Stimulates release of aldosterone and ADH which helps long-term by enhancing blood volume
· 3. Atrial natriuretic peptide (ANP)
· Produced by atria of heart
· Hormone leads to reduction in blood volume and BP
· Generalized vasodilation
· 4. Antidiuretic hormone (ADH)
· Produced by hypothalamus/posterior pituitary
· Stimulates kidney to conserve water, long term effect
· Not important short term unless BP drops very low, then much more ADH is released causing vasoconstriction

Long-term regulation of blood pressure

· These controls regulate ph by altering blood volume via the kidneys
·  Baroreceptors adapt quickly to prolonged/chronic high/low blood pressure
· Change in blood volume  change in blood pressure
· Increase in blood volume  kidneys secrete more salt & water

· 1. Direct Renal Mechanism
· Increased blood volume/pressure = increased rate of filtrate formation, leads to not enough time to reabsorb water so more filtrate leaves the body
· Decrease blood pressure = more time to reabsorb filtrate and urine formation decreases, which helps to restore blood volume slightly
· 2. Indirect Renal Mechanism
· Via renin-angiotensin-aldosterone mechanism
· MAP decrease  kidney cells senses this and release renin  cascade of reactions yield angiotensin II (potent vasoconstrictor), which increases BP to restore renal perfusion
· Angiotensin II stimulates secretion of aldosterone which increases renal absorption of Na+… water follows sodium, leading to conserved blood volume
· Angiotensin II stimulates release of ADH, promoting more water reabsorption by kidneys
· ADH and aldosterone is both needed to regulate blood volume and BP

Autoregulation – Local Blood Flow
· Blood flow to each organ is regulated to meet needs	
· Resting vascular tone: in resting state, smooth muscle of arterioles is somewhat contracted, SNS can stimulate vasodilation to allow more blood flow
· organs regulate blood flow by varying diameter, hence resistance, of local arterioles
· blood follows path with least resistance so vasoconstriction to local arterioles of an organ means reduced blood flow to that area
· small change in blood vessel diameter  drastic change in blood flow through that vessel
· 1. Metabolic Controls:
· Low blood flow  oxygen levels decline and metabolic byproducts increase
· Accumulation of CO2, adenosine, H+, K+, heat, inflammatory chemicals
· Increased byproducts because of harder working tissue serve as stimuli that lead to automatic increase in blood flow by inducing vasodilation and increased perfusion
· Active hyperemia: increased metabolic activity, vasodilation, blood goes to harder working tissues, CO decrease during physical activity
· Reactive hyperemia: stimulated by buildup of waste product and lack of oxygen due to compressed vessels (ie. crossing legs)
· Active and reactive hyperemia are similar in that the blood flow to brain stays the same
· Active hyperemia  more blood flow to skin to cool down since player is getting hot, 10x increase to skeletal muscles since they have greater metabolic activity by sending less blood flow abdomen (less digestion), kidney (less active urine formation), and other areas of body
· 2. Myogenic Controls:
· Vascular smooth muscle responds to increased stretch with increased tone, resisting stretch and causing vasoconstriction
· Decreased stretch promotes vasodilation and increase blood flow 
· These controls ensure homeostasis (myohomeostatic mechanism) is achieved and capillaries are not damaged
· Intrinsic mechanisms use metabolic or myogenic controls to regulate blood flow
· Extrinsic mechanisms use neural or hormonal mechanisms to cause vasoconstriction / vasodilation in order to maintain MAP

Capillary exchange
· Capillaries: major point of communication between interstitial fluid and blood
· Cells are very closely located to capillary, usually within 0.02 mm, which allows diffusion to work
· Capillary walls are only 1 cell thick, mix of diffusional, osmotic, & hydrostatic forces
· Precapillary sphincter: cuff of smooth muscle at beginning of capillary, capillary walls themselves have no smooth muscle
· Vasomotion: contraction and relaxation of the precapillary sphincter that causes intermittent flow of blood through capillary
· 1. Vesicle Transport:
· For large, lipid-insoluble molecules (ie. insulin, antibody molecules)
· Shuttling via endocytosis, then exocytosis
· Mechanism used for antibody molecules going from maternal to fetal circulation
· 2. Diffusion
· Primary mechanism for dissolved gases and solutes (ie. O2, CO2, glucose)
· Follows gradients
· Heat moves via convection down a thermal gradient
· Water-filled pores for Na+, K+, Cl-, glucose , or through bilayer (O2, CO2, urea)
· Pores are <1% of capillary SA whereas lipid soluble substances have 100X more SA since they can go across plasma membrane
· 3. Blood Flow
· Fluid forced out of capillaries through clefts at arterial ends but most returns to bloodstream at venous end
· Direction and amount of flow across capillary walls reflect the balance between hydrostatic pressure and osmotic pressure
· Arterial end: net filtration
· Hydrostatic pressure in capillary pushes fluid out of capillary
· Osmotic pressure in capillary pulls fluid into capillary
· Hydrostatic pressure in interstitial fluid pushes fluid into capillary
· Osmotic pressure in interstitial fluid pulls fluid out of capillary
· NFP (net filtration pressure) = outward pressure – inward pressure (answer is positive number since filtration occurs, meaning net outward pressure)
· Venous end: net reabsorption
· Hydrostatic pressure in capillary pushes fluid out of capillary... decreased pressure due to resistance along capillaries	
· Osmotic pressure in capillary pulls fluid into capillary
· Hydrostatic pressure in interstitial fluid pushes fluid into capillary
· Osmotic pressure in interstitial fluid pulls fluid out of capillary
· NFP = outward pressure – inward pressure (answer is negative number since reabsorption occurs, meaning net inward pressure)
· Increased arteriole pressure means increased filtration pressure, leading to more fluid loss to tissues, causing edema
· Hemorrhage reduces BP, hydrostatic pressure, so it favours reabsorption since there is a weaker push outwards




















LYMPHATIC SYSTEM

Structure of lymphatic system:
· 2 parts:
· Lymphatic vessels: network of vessels that collect the excess protein-containing interstitial fluid and returning it to bloodstream 
· begins with microscopic blind-ended lymph capillaries (lacteals) that pick up fluid and merge into larger diameter vessels that eventually pour back into bloodstream
· located everywhere except bones, teeth, bone marrow, CNS
· lymph capillaries are very permeable
· not firmly attached to one another but tiny filaments anchor endothelial cells to surrounding structures (ie. capillary bed)
· increased fluid pressure causes the gaps b/w endothelial cells to open a little more to facilitate movement of fluids + dissolved substances into those lacteals
· Lymphatic tissues/organs: essential for body defense mechanism/ resistance to disease
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Right side: entrance of lymphatic duct  handles entry of fluid from right upper limb and right side of chest, right side of head and neck  less workload
Left side: entrance thoracic duct  handles all the rest of the body
· fluid flows through several lymph nodes before it reaches ducts, giving several opportunities to examine the fluid before dumping into bloodstream
· -inguinal nodes (groin area)
· -axillary nodes (armpit area)
· -cervical nodes (neck region)

· 1. Lymphoid cells: fight infectious microorganisms that have penetrated epithelial layer & are starting to proliferate in underlying loose CT
· Lymphocytes: T-cells that manage immune response, some directly attack and destroy infected cells, B cells that protect against antigens by producing plasma cells which are daughter cells that secrete antibodies into the blood or other body fluids
· Macrophages: phagocytize foreign substances and activate T cells
· 2. Lymphoid Tissue: 
· composed of loose CT called reticular connective tissue, which is a fine meshwork of fibers where macrophages live on and also with a lot of attachment places for lymphocytes so that they can take a look at lymphatic fluid
· located in all lymphoid organs except thymus
· found in lamina propria of mucous membranes as microorganisms can enter
· lymphocytes temporarily occupy spaces in the network before patrolling body again
· main functions are to house and provide proliferation side for lymphocytes, and it is an ideal surveillance point for lymphocytes and macrophages
· 3. Lymph Nodes: sites of surveillance of lymphatic fluid, where B cells and T cells reside
· Discrete, encapsulated collections of diffuse lymphoid tissue + follicle
· About 2.5 cm long, divided into compartments by trabeculae (CT strands)
· Cortex: follicles with germinal centers, sites of proliferation of T cells and B cells
· Medulla: medullary cords (thin inward extensions from cortical lymphoid tissue) and large lymph sinuses (lymph capillaries spanned by reticular fibers)
· Fluid comes in through afferent vessels, is examined by T and B cells, and leaves through efferent vessels to another node until fluid reaches a duct
· More afferent pathways than efferent pathways allow for more time for fluid to flow slowly through lymph nodes so more time for T and B cells to examine fluid
· Other lymphoid organs: also composed of reticular CT but they do not filter lymph … only have efferent vessels
· 1. Spleen:
· Largest lymphoid organ located right under diaphragm
· 1) site for lymphocyte proliferation; immune surveillance & response
· 2) blood cleansing (old red blood cells, old platelets, debris)
· 3) stores RBC products (iron) for recycling
· 4) may be a site of RBC production in fetus
· 5) stores blood platelets and monocytes
· white pulp: houses cells of immune system, more associated with immune system functions of spleen
· red pulp: getting rid of old RBCs and keeping RBC component of circulatory system functioning
· capsule that covers spleen is quite thin and therefore can be damaged
· 2. Thymus (primary lymphoid organ):
· Located in between left and right lungs
· Where T lymphocytes mature to become immunocompetent lymphocytes that are able to defend against specific pathogens
· 3. Tonsils
· ring of lymphatic tissue at entrance to pharynx 
· palatine tonsils: either side at posterior end of oral cavity, largest and most often infected
· lingual tonsils: lumpy collection of lymphoid follicles at the base of the tongue
· pharyngeal tonsils: located in posterior wall of nasopharynx
· tubal tonsils: surround the opening of the auditory tubes into the pharynx
· *palatine and tubal tonsils are paired*
· 4. Aggregates of Lymphoid Nodules
· 1. Peyer’s Patch: lymph node clusters located in wall of ileum 
· 2. Appendix: lymph nodules forming offshoot of cecum
· MALT= mucosa associated lymphatic tissue, consists of Peyer’s Patch, appendix, tonsils, nodules in walls of bronchi, areas of GI tract & genitourinary system
· MALT is lymphoid tissue in mucous membrane, goal is to protect from pathogens that want to enter body
Origin and transport of lymph
· Inflamed tissue  lymphatic capillaries develop openings that allow uptake of debris, pathogens, and cancer cells
· Lymph detours through lymph nodes so that it can be examined before being sent back to blood
· Lacteals transports absorbed from small intestine to bloodstram
· Lymphatic collecting vessels have the same 3 tunics as veins but are thinner-walled, more valves, more anastomoses
· Lymphatic trunks: these structures are paired lumbar (back), bronchomediastinal (lung and bronchi, mediastinal structures and thoracic wall), subclavian (collarbone), jugular  (head and neck region) trunk and the single intestinal trunk

· No pump, same return aid as for veins (muscles, respiratory pressure changes, valves)
· Rhythmic contractions of smooth muscle in walls of lymphatic trunks and ducts, helping to move lymph along
· Lymph transport is slow… speed increased by movement of adjacent tissues in order for lymph to flow faster
· [bookmark: _GoBack]Severe local edema occurs when lymphatics is blocked/removed during surgery… drainage restored by regrowth from remainng vessels
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