Lecture 9 



  

                                            LOCAL BLOOD FLOW CONTROL 
                                                            Guyton  -  Ch 17 

OBJECTIVES;  The student should understand; 
1.  The concepts of local blood flow control including the current theories. 
2.  The mechanisms of local blood flow control, current theories. 
3.  The concepts and current theories as to the mechanisms of long term local blood flow control. 
4.  Hormonal regulation of the circulation, particular emphases on localized effects. 

Local Blood Flow Regulation 

I.   Introduction - 
            A.  The tissue determines the quantity of blood flow necessary to meet it's 
metabolic needs 
            B.  Variations in local blood flow - some flow based on metabolism, some on function 

           C.  Importance of blood flow control - minimizes flow to tissue, minimizes workload on 
                 heart 
           D.  Mechanism for regulation 

	Organ
	Percent
	Ml/min/100 gm
	Ml/min

	Brain
	14
	50
	 700

	Heart
	4
	70
	 200

	Kidneys
	22
	360
	1100

	Liver
	27
	95
	1350

	Muscle (Inactive)
	15
	4
	 750

	Skin  (Cool weather)
	6
	3
	300

	Adrenal Glands
	0.5
	300
	175


                    Q =  P/R 

                    1. to change Q must change P or R 
                            a. pressure regulation is more global 

                            b. to maintain appropriate Q to each tissue can change R 

                            c. ANS can control R in all vessels except capillaries and precapillary sphincter 
                                Inc. sympathetic = Inc. TPR 

                            d. Precapillary sphincters - local control 
                                Smooth muscle responds to local factors 

II.  Mechanisms of blood flow control 
       
     A.  Acute control - seconds to minutes - very rapid changes in blood flow 

                        1.  Effects of tissue metabolism 
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                         2.  Oxygen availability effect - The tissue has two methods of obtaining more 
                               oxygen 
                                    a.  Extract more oxygen from the blood       Inc.  AV-O2 difference 

                                    b.  Increase blood flow through the tissue
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                        3.  Vasodilator theory or metabolic byproduct theory 

                                    a. dec. in Q or inc. in metabolism = increase in metabolic vasodilators 
                                        most vasodilators related to oxygen deficiency 

                                    b. vasodilators affect precapillary sphincters, metarterioles and arterioles 
                                        to cause dilation and increase flow 

                                    c. Important metabolic vasodilators:  * adenosine & phosphate compounds 
                                        inc. carbon dioxide, lactic acid, histamines, inc. K, inc. H+
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       4.  Oxygen demand theory or nutrient demand theory 
                                a. oxygen and other nutrients are required to maintain muscle contraction 

                                b. vasomotion -cycling of metarterioles and precapillary sphincters 
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                        5.  Possible role of other nutrients 
                                glucose, fatty acids or amino acids 
                                B vitamin deficiencies 

                        6.  Special examples of metabolic control 
                                    a.  Reactive hyperemia
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                                   b.  Active hyperemia 
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   B.  Special acute control mechanisms 
                        1.  Autoregulation of blood flow when arterial pressure changes form      

                normal
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                                   a.  Metabolic theory- similar to the vasodilator and oxygen demand 
                                        theories 
                                    b.  Myogenic theory - related to characteristics of smooth muscle 


                        2.  Special mechanisms for controlling local blood flow in the kidney and brain 
                                    a.  Kidney - Q is regulated for renal filtration of blood 
                                         the kidneys autoregulated blood flow through the renal circulation 

                                    b.  Brain - vessels in cerebral circulation are dilated by dec. oxygen and 
                                        inc. in carbon dioxide or hydrogen ions 

                     


            3.  Endothelial control 
                                    a.  EDRF or EDNO - primary vasoactive component produced 
                                        by endothelium 
                                            1. produced by sheer stress &  in response to several 
                                                receptor-mediated vasodilators and constrictors 

                                            2. Works locally and in large arteries 
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                                            3. Functions 
                                                    a) potent inhibitor of platelet aggregation 

                                                    b) inhibits the adherence of neutrophils to endothelial cells 

                                                    c) reacts with oxygen radicals to protect the vasculature from 
                                                        damage 

                                                    d) relaxation of smooth muscle 

                                    b.  Endothelin - most powerful vasoconstrictor 
                                        usually released in response to tissue damage

                                    c.  Prostaglandins - no known role in circulation known - some constrict 
                                        and some dilate vessels 


     C.  Long term blood flow regulation - response to hypoxia 
                        1.  Change in tissue vascularity 

                        2.  Role of oxygen 

                        3.  Growth of new blood vessels -  new vessels are produced in 
                            response to * ischemia, * rapidly growing tissues and * tissues that have 
                            exceedingly high metabolic rates 
                                 

                                    a.  Angiogenesis 

                                    b.  Angiogenic factors - 
                                         ECGF - endothelial cell growth factor 
                                         FGF - fibroblast growth factor 
                                        Angiogenin 

                

  

4.  Development of collateral circulation
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III.  Hormonal regulation of the circulation 
            A.  Vasoconstrictor agents 
                        1.  Norepinephrine 

                        2.  Epinephrine 

                        3.  Angiotensin II 

                       4.  Vasopressin (Antidiuretic hormone - ADH) 

             B.  Vasodilator agents 
                        1.  Bradykinin 

                        2.  Serotonin 

                        3.  Histamine 

                        4.  Prostaglandins 


            C.  Effects of different ions on vascular control 


                    Ca++ 
                    K+ 
                    Mg++ 
                    Na+ 
                    Glucose 
                    Acetate 
                    Citrate 
                    H+ 
                    CO2 


