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Different breathing patterns are
triggered by changes in oxygen

- Normoxia
o Kupnea

° HypOXl a Eupnea
= Gasping

Gasp


Presenter
Presentation Notes
This summer I worked with the Ramirez Lab at Seattle Childrens Research Institute to study respiration. The lab studies breathing is through changing breathing patterns. For instance, respiratory rhythms and breathing patterns are dependent on oxygen levels. One pattern, eupnea, is the breathing pattern present when the brain has enough oxygen. Another pattern is the gasping rhythms present under hypoxic conditions, or when your brain has less oxygen. 


Breathing is a neurobiological
behavior

- Transverse brain slice with Pre-Botzinger
Complex (PBC/Pre-Bot) generates eupneic and

gasping neural rhythms
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A fundamental concept about breathing is that it is a neurobiological behavior. It is known that the PreBotzinger Complex in the brain stem controls respiratory rhythmogensis. Lab has previously shown that you can generate eupneic and gasping rhythms in an isolated in vitro PBC in a transverse brain slice of a mouse. These neural rhythms are recorded using electrophysiology. A glass electrode is placed on the PBC of a brain slice suspended in Artifricial Cerebrospinal fluid. This trace is a recording of integrated neural activity. Explain picture – eupnea and gasping examples with varied oxygen levels. 


Gasping is dependent on 5-HT,,

receptors
- Piperidine (PIP) is a 5-HT, , receptor antagonist
- In presence of PIP, slices do not produce gasps

95% O 95% O, (recovery)
2 2
20 uM PIP 0% O, (hypoxia)
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It is now known that 5HT2a receptors, which rely on seratonin, are involved in gasping. The lab has previously shown this by blocking 5HT2A receptors with PIP, a 5HT2A antagonist, during hypoxia and showing that the brain tissue stops gasping. AS you can see in the picture….


Clinical Significance

» Sudden Infant Death Syndrome (SIDS)
« Children with SIDS have low seratonin levels

- Is the 5-HT,, neuromodulation of gasping
essential to “reconfigure” the PBC network from
eupneic rhythms to gasping rhythms, or is the
neuromodulation necessary to maintain

gasping? o



Presenter
Presentation Notes
The importance of gasping and 5HT2A receptors can be seen when studying syndromes such as SIDS. Children who die from SIDS die because they are unable to gasp and autoresuscitate once they stop breathing. Studies have shown that these children have low levels of seratonin; since 5HT2A receptors depend on seratonin, it then follows that the inactive 5HT2A receptors resulting from low seratonin is what leads to SIDS. So the question that I was helping to answer this summer is…



Transition Phase Steady State Hypoxia
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In other words, my project was to study the different effects of blocking 5HT2A receptors during the transition between eupnea and gasping vs steady state


Experiments

PIP present during steady state hypoxia

50 uM PIP 95% O, (recovery)

PIP present during transition phase

95% O, (recovery)

0% O, (hypoxia)

400 600 500 1200

Duration of Experiment (seconds)
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In the top experiment, PIP was only present during the transition phase between eupnea and gasping. In the bottom experiment, PIP was present after the brain tissue had supposedly already transitioned to a gasping state. So as you can see, the experiments were testing to see whether 5HT2A receptor were more or less crucial during transition periods or to actually maintain gasping rhythms.


Results

Gasping Activity when PIP Gasping Activity when PIP
is added to Steady State is added to Transition
m Events without Gasping ® Events with Gasping m Events without Gasping  ® Events with Gasping

PIP present during steady state hypoxia PIP present during transition phase

20 uM PIP
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After collecting recordings, I had to analyze the data which involved looking at the frequency of gasping bursts during the last 100 seconds of steady state hypoxia in each experiment. What stood out was that only 20% of slices stopped gasping when exposed to PIP after they had transitioned to gasping (5 slices out of which 1 stopped gasping). This suggests that seratonin and 5HT2A receptors are not crucial to maintaining gasping once the brain has already transitioned to a gasping rhythm. In contrast, 57% of slices stopped gasping when their 5HT2A receptors were blocked during the transition phase. 


Conclusion

- For the slices that gasped, blocking 5-HT, ,
receptors during the transition phase had
similar effects to blocking the receptors during
steady state hypoxia

- 5-HT,, receptors are involved in “reconfiguring”
neural network from eupnea to gasping
= Seratonin needed to reconfigure network, not to

maintain gasps

- Future work
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This leads to the conclusion that gasping activity decreased most when 5HT2A receptors were blocked in the transition phase. Another important piece of the data was that blocking 5HT2a receptors during transition had similar effects as blocking the receptors after the transition. We therefore hypothesize that seratonin and 5HT2A receptors are important in transitioning between network states in the brain. However, the data also suggests that they are not necessary to maintain gasping rhythms during steady state hypoxia.
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