Lecture 8 



                  MICROCIRCULATION AND THE LYMPHATIC SYSTEM 
                                                    GUYTON  -  Ch 16 

OBJECTIVES:  The student should; 
1.  Learn the basis of fluid movement through capillary walls. 
2.  Learn the different types of capillaries with the tissue types they are found in. 
3.  Learn the factors directly effect bulk fluid flow. 
4.  Learn the Starling hypothesis for bulk fluid flow through the tissues. 
5.  Learn the basic function of the lymphatic system and it's mechanisms of operation. 
6.  Learn the basic pathologies associated with changes in the factors determining bulk fluid flow or the lymphatic system. 

Microcirculation and Lymphatic System: Functional level of the circulatory system 

I.  Introduction: Exchange of fluid between blood and tissues 

    Exchange of gases, nutrients and metabolic wastes 

    Microcirculation is organized to serve the  metabolic needs of tissues 
  

            A. Pattern of flow 
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                        1. Nutrient artery  - branches 6 - 8 times to form arterioles 

                        2. Arteriole branches 2 - 5 times to form capillaries 
                                 a. true capillaries 

                                 b. preferential channels 

                        3. Metarterioles 

        B. Function of arterioles and capillaries 
                        1. arterioles 
                                a. highly muscular - control flow to capillaries by vasodilation or constriction 

                        2. metarterioles 
                                a. also called terminal arterioles 
                                b. do not have continuous muscular coat but smooth muscle fibers that circle 
                                    the vessel 

                        3. precapillary sphincter 
                                a. occurs where true capillaries branch from metarterioles 

                                b. controls flow through the true capillaries 

                        4. venules 
                                a. larger than arterioles 
                                b. weak muscular coat, less pressure 

                                c. some ability to contract 

              C. Structure of the Capillary Wall 
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                      1. capillary wall - 0.5 micrometers thick 
                                a. unicellular layer of endothelial cells 

                                b. basement membrane on the outside 

                        2. capillary "pores" 
                                a. intercellular cleft - thin slit that lies between adjacent cells 

                                b. plasmalemmal vesicles  ( may form channels) 

II. Flow of Blood in Capillaries - Vasomotion 
            A. Blood flow in capillaries 
                        1. intermittent flow caused by vasomotion 
  

                        2. intermittent contraction of smooth muscle associated with metarterioles, 
                            precapillary sphincters and sometimes small arterioles 

                        3. regulation of vasomotion 

        B. Average function of the capillary system 
                        1. flow is intermittent  - but large number of capillaries 

                        2. use averages for flow, pressure and transfer between blood and interstitium 

III.  Exchange of Nutrients and Other Substances Between the Blood and Interstitial Fluid 
          A.  Types of capillaries 
                        1.  Continuous capillaries 
                                low types seen in muscle, nerve and adipose tissue 

                                high types seen in the thymus gland and lymph tissue 
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                        2.  Fenestrated capillaries 
                                closed types are found in endocrine glands and intestinal villi 

                                open types found in renal glomeruli 
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                       3.  Discontinuous endothelium 
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            B.  Diffusion through a capillary membrane 
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                        1. most important mechanisms for transfer between plasma and interstitial fluid 

                        2. results from thermal motion of water molecules 

                        3. Diffusion 
                                   a. effect of solubility 
                                            1) diffusion of lipid-soluble substances through the cell membrane 
                                                of the capillary endothelium 

                                            2) diffusion of water-soluble, non-lipid soluble substances 
                                                though intercellular pores in the capillary membrane 

                                    b. effect of molecular size  on passage through the pores 
                                        (see chart in Guyton) 

                                    c. effect of concentration gradient on net diffusion through the capillary 
                                        membrane 

IV. The Interstitium and Interstitial Fluid 
    1/6 of body is spaces between cells or interstitium 
        fluid in space is interstitial space 

        A. Solid Structures 
                1. collagen fiber bundles - 

                2. proteoglycan filaments 

        B. "Gel"   in the interstitium 
                1. fluid in interstitium is from filtration and diffusion 

                2. has almost same constituents as plasma (except proteins) 

                3. interstitial fluid is trapped in spaces in the proteoglycan filaments 

                4. entrapped fluid has the characteristics of a gel 

                5. fluid diffuses through the gel 

       C.  "Free" fluid in the Interstitium 
                1. small rivulets of "free" fluid  and free fluid vesicles are present 

                2. "free" fluid is less than 1% of total interstitial fluid 

                3. in edema, pockets of "free" fluid expand 
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   V. Proteins in the Plasma and Interstitial Fluid are Especially Important in Controlling                    
Plasma and Interstitial Fluid  Volumes 

        A. Introduction 
                  1. Proximal end of a capillary - pressure tends to force fluid and dissolved 
                        substances out into interstitial space 

                    2. Distal end of capillary - osmotic pressure caused by plasma proteins 
                        (colloid osmotic pressure) causes osmosis from interstitial spaces to blood 

                    3. Lymphatic system returns small amounts of protein and fluid from the interstitium                        to blood 
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    B.  Factors affecting bulk fluid flow across the capillary endothelium 

                    1.  Capillary hydraulic pressure - Pc 
                         outward force - averages 17.3 mm.Hg 

                     2.  Tissue hydraulic pressure - Pi 
                          when + it is an inward force 
                          when - it is an outward force 
                          averages - 3.0 mm. Hg 

                     3.  Capillary osmotic pressure -c  or plasma colloidal or oncotic pressure 
                          determined by plasma proteins 
                          averages 28 mm.Hg. 

                     4.  Tissue osmotic pressure - i 
                          determined by the proteins in the interstitial fluid 
                          averages 8 mm. Hg. 

                     5.  Filtration coefficient of the tissue - Kt 
                                a. based on capillary permeability 

                                b. states ml. of fluid/minute/ mm. Hg. 

                                c. Kt for entire body is 6.67 ml. of fluid/minute/mm.Hg. 

    C.  Starling Equilibrium for Capillary Exchange 
             Balance of forces moving fluid in and out of the capillary 

                1.        Q = Kt [ (Pc + i) - (Pi +c)] 
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           2.   Disturbances in hydraulic - osmotic balance 


                        a.  changes in capillary or tissue hydraulic pressures 
  

                        b.  changes in capillary or tissue osmotic pressures 
  

                        c.  capillary fluid shift 
                                    1) rise or fall in venous pressures 

                                    2) rise or fall in arterial pressures 

                                    3) physiological consequences 
V.  Lymphatic System 
    route of fluid flow from the interstitial space to blood 
    can carry proteins, particulate matter and water 

        A.  Lymph channels of the body 
                   1. almost all tissues have lymph channels, exceptions are superficial portions 
                        of the skin, CNS and endomysium of muscles and bones 

                    2. lymph from lower part of the body flows through the thoracic duct to the venous 
                        system 

                    3. lymph  from the left side of the head, left arm and parts of the chest region also 
                        empty into the thoracic duct 

                    4. lymph from the right side of the head and neck, right arm and parts of the right 
                        thorax go to the right lymphatic duct 

    B. Terminal lymphatic capillaries and their permeability 

                   1. approximately 1/10 of capillary filtrate enters lymphatic capillaries and returns to 
                        blood  (2 -3 L/day) 

                    2. substances of high molecular weight such as proteins cannot be reabsorbed 
                        any other way 

                    3. structure of lymphatic capillary 
                            a. endothelial cells 

                            b. anchoring filaments 

                            c. endothelial cell junctions 

                    4. lymphatic vessels have one-way valves 
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        C.  Formation of lymph 
                        1. lymph - derived from interstitial fluid that flows into the lymphatic vessels 

                        2. almost the same composition as interstitial fluid 
                                a. differences in protein content - ave. 3 - 5 g/dl 

                                b. fats - % after a meal 

                                c. bacteria - 

                         3. rate of lymph flow - 2-3 L/day 
                                a. effect of interstitial pressure on lymph flow 

                                        1) any factor that increases interstitial pressure inc. lymph flow 
                                        2) factors: 
                                                    inc. capillary pressure 

                                                    dec. plasma colloidal osmotic pressure 

                                                    inc. interstitial fluid colloidal osmotic pressure 

                                                    inc. permeability of the capillary membrane 

                                        3) Interstitial pressure 1-2 mm.Hg above atmospheric pressure 

                                            compresses lymphatic vessels and impedes flow 

                                b. lymphatic pump increases flow 

                                        1) filling of a segment of vessel between valves causes automatic 
                                            contraction of smooth muscle 

                                        2) causes "pumping" of lymph from one segment to another 

                                        3) large lymph vessels can generate high pressures 

                                c. pumping caused by external intermittent compression 
                                        contraction of surrounding muscles 

                                        movement of body parts 

                                        pulsation of arteries adjacent to lymphatics 

                                        compression of tissues by objects outside of the body 
                                        effect of exercise 

                                        effect of rest 

                                d. summary of factors that determine lymph flow 

                                      Q = interstitial pressure x lymphatic pumping 
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            D.  Role of the lymphatic system in Controlling Interstitial Fluid Protein 
                 Concentration, Interstitial Fluid Volume and Interstitial Pressure 

                        1. Lymphatic system returns excess protein and fluid from tissue spaces 

                        2. control of protein in interstitial space important in controlling interstitial 
                            fluid volume and pressure 

                        3. very important in maintaining a negative interstitial fluid pressure 
                            negative pressure is actually a partial vacuum 

                        4. effect of loss of the negative interstitial pressure 
  

