Lecture 10 



                                NERVOUS REGULATION OF THE CIRCULATION 
                             RAPID CONTROL OF ARTERIAL BLOOD PRESSURE 
                                                        Guyton, Chapter 17 

Objectives:  Completion of this material should provide a basic understanding of 
1.  How the autonomic nervous system regulates various parts of the cardiovascular system 
2.  Review the interrelationship between cardiac output, vascular resistance, and arterial pressure 
3.  How peripheral nervous mechanisms control arterial blood pressure 
4.  How central nervous mechanisms control arterial blood pressure 
5.  How the hormonal system provides control of arterial blood pressure 
6.  A comparison of rapid and long term arterial blood pressure regulation 

Nervous Regulation of the Circulation 
Rapid Control of Arterial Blood Pressure 

    The cardiovascular system 
            a. provides all organs with constant perfusion pressure but allows each organ to regulate 
               flow 

            b. since almost all capillaries perfusing tissues are in parallel then MAP is approximately 
               the same for each tissue 

            c. it is important to regulate the MAP so that local flow changes do not 
                significantly change blood pressure 

            d. two mechanisms exist for regulation of MAP 
                    Neural reflexes which regulate in seconds 

                    Renal-hormonal which regulates in hours to days                                                                   
      


               MAP = C.O. x TPR                                                                                                                                                                                        
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I.  Nervous Regulation of the Circulation 
        ANS is not very effective at local flow regulation 
                 is efficient for:: 
                        a. redistribution of blood to areas or compartments 

                        b. increase pumping effectiveness of heart 

                        c. rapid control of arterial blood pressure 

            A.  ANS - Most important in control of circulation 

                       Sympathetic -----heart - b-1 adrenergic receptors ---inc. HR & contractility 
                                            -----vessels - a-1 adrenergic  receptors ---vasoconstriction 

                       Parasympathetic----heart ---muscarinic receptors --dec. HR & contractility 

                        1.  Sympathetic nervous system 
                                    a.  Nerve fibers   T 1-12,  L  1-2 
                                    b.  Two routes 
                                                1) Chains to vasculature of internal viscera and heart 

                                                2) Spinal nerves - vasculature of peripheral areas 

                        2.  Sympathetic innervation of blood vessels 
                              All vessels EXCEPT capillaries, sphincters, and metarterioles 


                                    a.  Small arteries and arterioles (altered resistance to blood flow) 

                                    b.  Large arteries and veins (altered volume - storage) 

            B.  Vasomotor Center - Sympathetic vasoconstrictor system 
                  Innervation : primarily vasoconstrictor fibers to almost all segments of circulation. 

                 The number of fibers vary in different compartments of the circulation. 

                 Vasodilator fibers in sweat glands and vessels in skeletal muscle do not participate 
                 in regulation of blood pressure. 

                        1.  Location - found in the reticular substance of the medulla and pons. 
                            Anatomy and functional organization complex and not completely understood.                            
                            Considered to have four functional areas. 

                        2. Organization 
                                    a.  C1 or vasoconstrictor area 
                                         tonally active emitting 1/2 to 2 impulses/second to maintain 
                                         vascular smooth muscle tone 

                                         10 impules/sec = max. physiological effect 

                                    b.  A1 or vasodilator area 
                                         axons go to C1 and are inhibitory 

                                         inhibition of C1 causes vasodilation 

                                    c.  A2 or sensory area 
                                         sensory input from cranial nerve IX (glossopharyngeal) and X (vagus) 

                                         output to both A1 and C1 to provide reflex control including the 
                                        baroreceptor reflex 

                                    d. Cardiac center 
                                        depressor area ----parasympathetic 

                                        accelerator area ---sympathetic
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            C.  Sympathetic vasomotor tone - vascular tone 
                  general contractile state of a vessel or vascular region 

                  normal conditions is maintained by continuous firing of C1 area 

                  sympathetic vasoconstrictor tone in the vasomotor area maintains vasomotor tone 
                   in the blood vessels 

            D.  Control of heart by vasomotor tone 

                Vasoconstriction --via lateral vasomotor area ----excitatory impulses to heart 
                                                                                            inc. HR, contractility 

                Vasodilation --via medial vasomotor area ---inhibitory impulses to heart 
                                                                                     dec. HR, contractility (to lesser extent)
           


E.  Control of vasomotor center by higher nervous centers 
                        1. reticular area of pons, mesencephalon & diencephalon 

                        2. hypothalamus 
                            hypothalamus and limbic area 

                        3. cortex 

            F.  Norepinephrine and Adrenal Medullae - see chart below on Mass Sympathetic 
                 Response 

            H. Sympathetic Vasodilator System 
                   1. Exercise - anterior hypothalamus 

                            vessels in skeletal muscle 

                            effective primarily at the beginning of exercise 

                       2. Emotional fainting  - vasovagal syncopy 
                            two important centers in hypothalamus -- "defense" and "depressor" 

                            depressor area causes strong sympathetic inhibition and vasodilation in 
                            vessels in skeletal muscle = hypotension and bradycardia

                 Cortex ---depressor area ----vagal centers-------spinal cord ( vasodilator nerves of 
                                 hypothalamus        medulla                                        muscles)
II.  Role of the Nervous system - Rapid arterial pressure control (Short term) 
     One of the most important functions of nervous system is to control blood pressure. 
                  MAP = C.O. x TPR 
       When the entire vasoconstrictor and cardioaccelerator functions of the sympathetic 
       nervous system are stimulated as a unit it is called the mass sympathetic response. 

This response can vary from a low level response to a maximum response that could be                        seen  during hemorrhage and loss of adequate blood pressure. 
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                        1.  Constrict arterioles - increased TPR 

                        2.  Constrict large blood veins- increased V.R. & C.O. 

                        3.  Increased heart rate and contractility - increased SV and HR lead to 
                             increased  C.O. 

            A.  Increased arterial pressure during exercise and stress 

                        1. Exercise -------vascular beds in skeletal muscle 
                                   -------reticular activating system 

                          Result: Inc. in flow to skeletal muscle 
                                      Up to 30-40% increase in blood pressure 
               
                         2. Stress
            B.  Reflex Mechanisms for maintaining normal arterial pressure 
                        1.  Baroreceptor reflexes - Arterial Baroreceptor Control System 

                                    a.  Stretch receptors - mechanoreceptors that respond to stretch

                                    b.  Location: walls of the large systemic arteries especially neck 
                                        and thorax ( carotid sinus and aortic arch) 

                                    c.  Mode of action:


          increase pressure = increase stretch of receptor = increase in number of impulses 

                                    d.  Feedback to medulla 

                   Carotid Sinus ---Hering's nerve --Cranial IX ---tractus solitarius --medulla 
                   Aortic Bodies ----vagus ---medulla                   
                   

[image: image4.png]Response 1o an increase
in arteria blood
pressure

BARORECEPTORS

D)

Aoriic arch
Baroreceptors

C T

Nucteus tractus solitarius

" |-
[Cardiac Cardxc |Vasoconsaicior]
Jaecelertor accelerator





                  



   d.  Response to pressure changes 
                                         Carotid Sinus - response to pressures from 60 - 180 mm. Hg. 
                                         Aortic Bodies - respond to pressures from 90 - 210 mm. Hg. 

                                                1) increase in the number of impulses is greatest around the MAP 

                                                2) responds primarily to rapidly changing pressure 

                                                3) very sensitive

                                                4) greater response to an inc. in pressure than a dec. in pressure 

                        2.  Reflex action initiated 
                                    a.  Increased pressure 
                                                1)  Vasodilation - reduced TPR 

                                                2) Decreased heart rate and contractility - reduced C.O. 

                           


     


   b.  Decreased pressure 
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  1) Vasoconstriction - increased TPR 
               2) Increased heart rate and contractility - increased C.O. 

                        3.  Postural changes 

                        4.  "Buffer" action of baroreceptors 

                        5.  'Resetting" of baroreceptors 
                              Not effective in long-term regulation of blood pressure 

           C. Chemoreceptor Influence 
               Carotid and Aortic bodies- chemoreceptors 
               respond to :  Dec. oxygen, Inc. hydrogen ions and carbon dioxide 

                Not effective in normal blood pressure ranges 

                Become significant at pressures below 80 mm. Hg. 

           D. Atrial and pulmonary artery stretch reflex 
               Low pressure receptors that respond to stretch 


   Location: atria and pulmonary artery 
                        1.  Volume reflex - Atrial reflex to kidneys 

             Atrial stretch ---1. dilation of afferent---------inc. filtration -----increase in urine output 
                                           arterioles in nephron 

                                        2. hypothalamus --------------dec. ADH ---------increase in urine output 

             Result:  An increase in urine output = decrease in blood volume 

                        2.  Bainbridge reflex - atrial reflex of heart rate 

                            Inc. HR by stretch (intrinsic) = 15% 
                            Inc. HR by Bainbridge reflex = 40 - 60% for a total of up to 75% 

                            Reflex: Atrial stretch ----vagus ----medulla -----pacemaker 

            E. Central nervous system control 
                        1.  CNS ischemic response 

                        2.  Cushing reaction 

                        3.  Prolonged ischemia 

           F. Special nervous control of arterial pressure 
                        1.  Abdominal compression reflex 

                        2.  Skeletal muscle contraction 
                                    a.  Muscle spindle bodies and Golgi tendon neurons 

                                    b. Chemoreceptors



                                    c. "muscle pump" from compression 

