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Good afternoon everyone! My name is Nathan Toenjes and I am a rising senior at BYU-Idaho.I had the pleasure of working in the Ramirez lab at Seattle Children’s Research Institute with Dr. Aguan Wei as my lab mentor which has been extremely fun.As you can see from my title, we are interested in understanding the cellular mechanisms of opioid-mediated respiratory suppression which is, as it sounds, the suppression of the respiratory system by the use of opioids.



An Epidemic
● Large increase in prescription and non-

prescription opioid use starting in the 
late 1990’s

● Nationwide public health emergency 
declared by Pres. Trump in Oct. 2017

● Opioid-mediated respiratory 
suppression (ORS) is the major cause 
of death associated with opioid abuse
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We are interested in this because in Oct. 2017 the “Opioid Epidemic” was declared a public health emergency here in the United States.The opioid epidemic is classified as the large increase in both prescription and non-prescription opioid use starting in the late 1990’s.In 2016 alone it was estimated that (CLICK) 116 people died each day from opioid-related drug overdoses, resulting in just over (CLICK) 40,000 deaths for the year, so this has been and will be a very big problem.Opioid-mediated respiratory suppression is the major cause of death associated with this opioid abuseThe cellular and molecular mechanisms of ORS still remain poorly understood which was the goal of this project, to provide further understanding on this subject.



The preBötzinger Complex

● PreBötzinger Complex (preBötC) is 
instrumental in breathing and inspiratory 
rhythm generat ion

● What happens when opioids bind to 
opioid receptor?
○ K+ channel activation and Ca2+

channel suppression inhibits 
excitability and neurotransmission
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To study the mechanisms of ORS we use a mouse model to look at the PreBotzinger Complex which is a cluster of neurons in the medulla of the brainstem essential for breathing and inspiratory rhythm generation.In this study, we target these neurons in the preBot which have mu-opioid receptors, GIRK and KCNQ potassium channels, and calcium channels; all of which are believed to play some role in the modulation of ORSTwo things happen when the opioid receptor is bound: Calcium channel function is suppressed (CLICK)Potassium channels are activated (CLICK 2x)The activation and suppression of these channels causes cells to hyperpolarize and prevents neurotransmission from occurring; thus, the network of inspiratory neurons begins to fail



KCNQ channels vs. 
GIRK channels
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It is commonly accepted that GIRK channels play a central role in opioid-mediated respiratory suppression which is challenged in our study.These channels are activated postsynaptically through an intracellular secondary messenger pathway directly downstream of the opioid receptor.Our observations lead us to believe that KCNQ channels actually play a larger role in ORS modulation through a presynaptic independent mechanism of that of the opioid receptor, the foundations of this mechanism still not well-known.



Suppressing and restoring 
inspiratory rhythm

● Brain slice from P2-P11 CD1 mouse
● Integrated extracellular electrical signal shows preBötC 

inspiratory rhythm
● Application of:

○ DAMGO- a protein that binds to opioid receptor
○ XE991- KCNQ channel blocker
○ Naloxone- antagonistic opioid used to reverse ORS
○ Barium (Ba2+)- GIRK channel blockers

Inspiratory Bursts
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So an experiment that I would typically perform consisted of obtaining a brain slice from a young mouse and then quickly transferring that tissue to a bath of oxygenated artificial cerebrospinal fluid to keep that tissue alive.So the recordings that we would get actually came from living neurons still performing their function, which is completely awesome.I would then use two extracellular electrodes to probe the preBot regions for the inspiratory rhythm burstsShown here is an example of something that we would see while recording; the peaks indicating each inspiratory burst.Then we used various drugs to explore the mechanisms of ORSThese included:DAMGO, a protein that binds to the opioid receptor XE991, known as a KCNQ channel blockerNaloxone, an antagonistic opioid commonly used to reverse ORSBarium, known to block GIRK channel functionThe application of these drugs varied based on the type of experiment we were performing.



Example of CD -1 preBötC Recording
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Here is an example of a recording we got from a P5 CD-1 mouse with the recorded integrated signal on the left and a graphed representation of the peaks in frequency vs. time on the right.As you can see, the addition of DAMGO at 20 minutes almost completely suppressed the rhythm and when followed by XE, the rhythm is relatively restored, although not to the point it was before the addition of DAMGO.The addition of Naloxone also appears to have an slight additional restoring effect especially in the consistency of the rhythm but not a huge overall change. This indicates that XE does a pretty good job at reversing the suppression when compared to the standard of Naloxone.



Using a GIRK channel blocker has no restoring effect

● Review: Potassium channel blockers show which channels suppress inspiratory rhythm.
● GIRK channel blocker, Ba2+, has very little restorative effect, if any.
● KCNQ channel blocker, XE991, is able to rescue the rhythm

○ Shows that KCNQ activation contributes more to ORS

GIRK blocker

KCNQ blocker
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As I mentioned before, the opioid receptor activates potassium channels upon being bound which suppresses the ability of the network to generate inspiratory bursts. So the use of specific potassium channel blockers will show which is more involved in the suppression of the rhythm.We performed these experiments by again suppressing the rhythm with DAMGO and then applying Barium which is a GIRK channel blocker, and then followed by XE. If GIRK channels were central to the ORS mechanism, we would expect the rhythm to be rescued through the application of Barium. As we see here, it has very little effect, if any, on rescuing the rhythm. The subsequent addition of XE, a KCNQ channel blocker, is able to accomplish this.So from these results, it would be reasonable to say that KCNQ channels actually play more of a role in the modulation of ORS than GIRK channels do, shown by the reversive effects of KCNQ channel blockers and the non-effectiveness of GIRK channel blockers.



Conclusion & 
Implications

● Opioids suppress respiratory 
drive resulting in thousands of 
deaths every year due to misuse.

● KCNQ channels more involved 
in modulating ORS than GIRK 
channels and act through a 
mechanism independent of 
opioid receptor intracellular 
signalling

● Focused research and studies on 
ways to exploit KCNQ channel 
mechanism as an avenue of 
treatment of ORS in individuals 
who have overdosed in addition 
to patients medicated with 
opioids.
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So to review, opioids cause respiratory suppression which results in thousands of deaths every year from opioid abuse.The findings of this study suggest that KCNQ potassium channels are more involved in modulating ORS than GIRK channels. Possible future implications include focused research and possible treatment using this independent pathway to reverse ORS in individuals who have overdosed as well as reduce ORS in patients medicated with opioids.
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