Lecture 18 




 
  

   REGULATION OF RESPIRATION 

OBJECTIVES: 
1. To learn the location and function of the neuronal pools that regulate respiration. 
2. To study the effect of stretch reflexes on inspiration and expiration. 
3. To review the effect of carbon dioxide and hydrogen on the central chemoreceptors. 
4. To learn the role of oxygen, carbon dioxide and hydrogen on 
the peripheral chemoreceptors. 
5. To learn how respiratory regulation responds to exercise. 

Regulation of Respiration 

I.  Introduction 

    basic elements of respiratory control 
    sensors, central control, effectors 
    2 types of control 
    metabolic, behavioral 

II. The Respiratory Center 

Neurogenic control 
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Alveolar Ventilation controlled by: 
       1. frequency of discharges 
       2. duration of discharges 
       3. # of motor units activated 



   Respiratory Center = 3 groups of neuronal pools 
      DRG, VRG, Pneumotaxic center 
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A. Dorsal Respiratory Group - DRG 

Main regulator - "inspiratory center" 
1. Location - most of length of medulla 
         nucleus of tractus solitarius & adjacent reticular formation 

2. Sensory input - from vagus and glossopharyngeal 
    peripheral chemoreceptors, baroreceptors, stretch receptors 


3. Inspiratory action potentials 
    intrinsic action potentials, determine the basic rhythm 


4. "Ramp" signal - specific type of action potential 
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B. Ventral Respiratory Group 

1. location - medulla 
             nucleus ambiguus 
             nucleus retroambiguus 
2. almost totally inactive during quiet breathing 

3. receives input from DRG with increase in resp. drive 

4. Causes both increase inspiration and expiration but 

                PRIMARILY expiratory center.  Inc. use of accessory muscles 

   causes steady inspiration, not inspiratory gasps

C. Pneumotaxic center - control of "Ramp" signal 
    upper pons - nucleus parabrachialis 

1. Continuous input to DRG 

2. Limits inspiration 

3. shortens "ramp" signal  = increase in rate 
4. lengthens "ramp" signal = decrease in rate 
5. MAIN control for tidal breathing 

 D. Apneustic Center ???? 
      apneusis - prolonged inspirational gasps 


  E. Alternate Mechanism for Respiratory Control 


  F  Cortex - voluntary control 
           hyperventilation 
           breath holding 


  G. Other Brain areas 
       Limbic and hypothalamus


III. Reflex Control 

    A. Stretch receptors 


    B. Hering-Breuer Inspiration Reflex 
      limits inspiration

IV. Chemical Control 

    A. Types of receptors 

       1. central chemoreceptors 
           responds  to [H+] in cerebrospinal fluid 


       2. peripheral chemoreceptors 
          primary response to very low oxygen pressures 
          very fast response to inc. in carbon dioxide and hydrogen ions


    B. Central receptors 
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  "chemosensitive area" of the medullary respiratory center 
  separate neuronal area from DRG, VRG, and Pneumotaxic area

       1. Sensitive to cerebrospinal [H+] 

           Source of H+ is plasma CO2 and H+ 

           Hydrogen - direct effect 

           Carbon dioxide - indirect effect
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       2. Effect of Carbon dioxide on stimulating the chemosensitive area 

  accommodates in 1-2 days 

       3. Quantitative Effects of Blood PCO2  and H+ on alveolar ventilation 
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       4. Role of OXYGEN - none, no direct effect on the chemosensitive area


   V. Peripheral Chemoreceptors 

    Role of oxygen in respiratory control 
    Carotid bodies--Hering's nerve --glossopharyngeal --DRG 
    Aortic bodies --vagus --DRG (more cardiovascular) 

    A. Decrease oxygen levels, below 60 mm. Hg. 
         particularly between 60 and 30 mm. Hg. 


    B. Hydrogen ions - metabolic acidosis 


    C. Carbon dioxide 

    D. Low oxygen environments
      1. Effect of low O 2  when CO 2 and H+ ions are normal 

          Lung diseases: pneumonia, emphysema 
          poor diffusion across the respiratory membrane 
    

   2. Effect of chronic breathing of low oxygen


   E. Quantitative Effect of Low Arterial PO2 on Alveolar Ventilation 

                 1. Increase in respiration = decrease in arterial PCO2 & H+ 

                 2. Respiratory center is depressed 
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  F. Effect of Low Arterial Oxygen when Arterial CO2 and H+ remain normal 
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VI. Regulation of Respiration during Exercise 

    A. Brain---vol. muscles ---respiratory center 

    B. Proprioceptors in joints 

    C. Input directly from muscles 

    D. Memory - learned response 
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VII. Other receptors 

    A. irritant receptors 


    B. C fibers or J fibers
VIII. Periodic Breathing - Cheyne-Stokes Breathing 
         Abnormal breathing patterns
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