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slide sequence: • the physiology P

hi I’m  Denis de Castro, the title of today’s lecture is ‘the control of breathing’ or in formal terms, ‘the control of respiration’

• control of respiration

• may be reviewed at... 

we start with something unpleasant, you may wish to close your eyes...

• death by hanging

‘death by hanging’
• breathing ceases

neck contains important structures, for example the windpipe, the trachea (which can be compressed=? choking or suffocation) and the carotid arteries (=?strangling).  But these are both strong structures; there is another kind of injury which can cause death with neck injury ?=the spinal cord—the fracture of the neck itself  [mouseover] isn’t  so important; its the injury to the cord that’s fatal by causing breathing to stop...   so,

• lung action requires

so the action of the lungs, which depends on muscle movements, comes from the brain...   so let’s look at this in general terms as and example of the control systems of the brain....

• a centre in the brain

the ‘black box’ indicates some sort of information processing device: and there is a signal sent out (here through nerves but it could be endocrine signals) to control this activity in the body.     The brain has many of these control systems...

what they tend to do is integrate information—they gather information to make one output signal (‘make one’)

• multiple inputs

and  some of the most  important  information streams they gather are those that come from the system they’re controlling—“feedback” signals 
• feedback inputs

and  now let’s look at how this actually works in the case of the respiratory control system... 
so  first we take a look at the anatomy...

• anatomy

(this lecture today is not about the respiratory system, its about the control of the respiratory system) but to understand the control system you need to know a bit about the lungs themselves, so I’m just going to mention some features and if you’re not familiar with some of these terms you can ask now or might want to look up  what they mean later. 
• anatomy of the respiratory system

here is some of the terminology used in discussing the subject of the lungs...
• anatomy

and now we get on to the system that we’re interested in, that actually controls the  lungs... 

•background anatomy 

if  we put the anatomy of the lungs in the background... notice the brainstem continues into the cervical enlargement of the spinal cord here...

• anatomy of the respiratory control  system

the black box you saw before that does the information processing is in the brainstem.  We can consider a control system like this as having two parts—and  “afferent” side and an “efferent” side and we’ll look at these one at a time.  

“Afferent” just means ‘carrying in to’  (latin ‘ad’) [mouseover], and  in this case these are sensory input s to the processor.  


there are receptors in the lungs which detect foreign bodies in the larger bronchi, and detect stretch in the tissue, and impulses from these receptors travel centrally in the great “vagus” nerves (tenth cranial nerves).  


and there are receptors on blood vessels: one in the neck where the carotid artery divides detects the level of oxygen in the blood: and  this information is carried back to the brain in the ninth cranial nerve.


and not shown here are  receptors within the brain close to the processor itself which monitor the level of carbon dioxide: the so-called ‘chemoreceptors’. 

[mouseout]

And then we can consider [mouseover ]the output side of this system, and we can call these ‘motor’ pathways: ‘efferent’ is a general word meaning ‘carry away from’. 


and this is pretty simple really; most breathing is carried out by movement of just one big muscle, the diaphragm between the chest and the abdomen, which becomes more flat in inspiration drawing air into the lungs. And the diaphragm is driven by the phrenic nerves, which have their cell bodies in the cervical enlargement of the spinal cord  (at the 3rd, 4th and  5th segments).  And  these motoneurons are driven by axons projecting from cells in the brainstem (and when this pathway is disrupted breathing stops). 


the motor neuron in the spinal cord is called a  ‘lower motor neuron’; its the neuron that supplies a terminal right at the neuromuscular junction.  There’s a condition that attacks lower motor neurons: luckily there’s not much of it about at the moment—its called poliomyelitis.  And occasionally it attacks these particular neurons the person can’t breathe.  Their lungs are fine and they just need a pressure system to drag air in and out.

 • poliomyelitis

I noticed this device in a museum recently—an instrument  maker in Adelaide devised this when there was an epidemic of polio in 1937 and many of these were built.

and now let’s have a little break to stretch our lungs...

• shutters

(at end of break)

• anatomy

so, we’ve looked at the anatomy of the systems: let’s return to the general model and look inside the black box
• a centre in the brain

Well, the control centre is... a network.
• is a network

And its a  network... of nerve cells, of neurons,...
• is a network  of neurons

And these neurons are grouped... into “nuclei”.
• is an internet  of nuclei

remember the word nucleus can mean two different things...  it can mean the centre of a cell containing chromosomes, or it can mean a group  of neurons... [mouseover]...  and here we’re concerned with the second meaning.   And these nuclei are all networked together...

So  where are the se neurons?  1820s-world’s leading physiologists were in France-one of them noted that damage to the medulla  stopped breathing.
• Flourens

 (reason they studied what the parts of the brain did was that Franz Joseph Gall had a theory that the function of people’s brains could be worked out from the exact shape of their skulls:  Napoleon directed Flourens to assess Gall’s work.) 

The next step took another hundred years or so and that was recording from neurons in vivo.   Recording s were made from neurons in the medulla  and some neurons were found to be electrically active in time with the activity of the phrenic nerve...

• medulla

(orientation: nomenclature)  There are  many connections between these neurons which are not shown here.  Some of these cells are bulbo-spinal: that is, they have axons travelling down in the spinal cord to the “lower motor neurons” in the phrenic nucleus.

But  (perhaps most interesting part of whole story) the way all these connected neurons produce a regular output signal is not understood.  In fact there are two main theories about the origin of the respiratory rhythm:
• competing theories

So, in the end, how does the whole control system work?
• feedback

Hering & Breuer first biological feedback. Demands of body on respiration.
• summary

• study suggestions

summary rap 

file name summary rap
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background track: Daft Punk Oh Yeah 
• in summary, 

(five beats)...the respiratory control system;Y

is composed of neurons
mainly inside the brainstem Y

which project to the respiratory muscles Y

and provide a rhythmic input…Y

to the cyclic gas pump of the lungs YYY
  which satisfies metabolic requirements

  and allows behavioural interrupts

  while minimising energy expenditure

 …by collecting feedback signals Y

