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Understanding propofol anesthesia
via EEG oscillations
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Image from (Mukamel et al., 2014)



Propofol alpha is same frequency as
Thalamic Sleep Spindles (8-16 Hz)
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Image from (Astori et al., 2013)



Destexhe Model of Thalamic Spindles
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Images from (Destexhe et al., 1996 and 1993)



Destexhe Model of Thalamic Spindles
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Images from (Destexhe et al., 1996 and 1993)
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Our Thalamic Circuit Propofol direct effects

* Increases ggaga

‘ IDcreases TGABA, )
GABA () ‘ (“how long inhibition lasts”)

* Decreases gy
(TC cell H-current strength)

* Decreases Background Excitation
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DynaSim: A MATLAB Toolbox for
Neural Modeling and Simulation
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« Easy vectorization of ODEs
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Can we get propofol-like Alpha without GABA
enhancement? No!
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Propofol changes to GABA-A and H-current
affect the likelihood of Alpha
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Experimental evidence: Propofol Alpha occurs
in rat cortex and higher-order thalamus LFP
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Image from (Flores et al., 2017)



Understanding propofol anesthesia
via EEG oscillations
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Slow Wave Oscillation Mechanisms

Termination Initiation

SWO "onset"
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Cortical Slow Wave Mechanism:
K(Na)-current
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Image from (Compte et al., 2003)

Slow K(Na) cycle:
Random excitation triggers cortical PY UP state
Internal [Na+] builds up
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Internal [Na+] decays, disabling K(Na)-current

High [Na+] triggers hyperpolarizing K(Na)-current
K(Na)-current terminates PY UP state and forces DOWN state
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Understanding propofol anesthesia
via EEG oscillations
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Propofol GABA-A and H-current effects
were insufficient -- Need ACh!

* Propofol Direct Effects:
* Potentiates GABA-A
* Decreases H-current strength

* Propofol INDIRECT Effects:

e Decreases ACh, causing:

* Increased K(Na)-current strength
» Synaptic effects, which I'll get to later
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Trough-max and can occur on
different SWO cycles

Simulated Circuit Model Network Single Voltage Traces Spike Rastergram
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Thalamocortical TC—PY AMPA synapses

during Peak-max

occurs at all cortical synaptic currents

Intracortical PY—PY AMPA synapses

during Peak-max
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Trough-max occurs at TC->PY synaptic currents

Thalamocortical TC—PY AMPA synapses

during Trough-max
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Model coupling resembles experimental data,
but at much faster different timescale

Low-dose Propofol Peak-max
period Single Voltage Traces
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Dose-dependent ACh changes increase

chance of

* Propofol Direct Effects:
* Potentiates GABA-A
* Decreases H-current strength

* Propofol INDIRECT Effects:
* Decreases ACh, causing:

Increased K(Na)-current strength

Increased PY->PY excitatory AMPA
strength

NAChRs decrease TC>PY excitatory AMPA
strength

MAChRs increase TC->PY excitatory AMPA
strength
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Cycle-by-cycle coupling depends on
cortical synchronization and feedback
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Conclusions

In prior EEG experiments, Propofol Alpha amplitude is differentially coupled to Slow Wave
phases: Trough-max at low dose / sedation, while at high doses / deep
unconsciousness.

Propofol Alpha Oscillations may arise from thalamus due to effects on GABA-A and H-current.

In local cortical networks, Trough-max vs coupling may fluctuate very quickly, across
individual Slow cycles.

Decreasing ACh led to our local networks exhibiting more than Trough-max due to
increased cortical firing synchronization. Implications:
. preference may indicate too much cortical synchronization for local processing

and long-range communication in deeper anesthesia.
* May explain why age-related ACh decline correlates with increased anesthesia sensitivity
* May explain why ACh agonism can reverse propofol anesthesia (e.g. physostigmine) %
Questions? Email me at austin.soplata@gmail.com! Website QR code: O]



mailto:austin.soplata@gmail.com




References

Astori, Simone, Ralf D. Wimmer, and Anita Luthi. 2013. “Manipulating Sleep Spindles — Expanding Views on Sleep, Memory, and Disease.” Trends in Neurosciences 36 (12): 738-48.

https://doi.org/10.1016/j.tins.2013.10.001.

Brown, Emery N., Patrick L. Purdon, and Christa J. Van Dort. 2011. “General Anesthesia and Altered States of Arousal: A Systems Neuroscience Analysis.” Annual Review of Neuroscience 34

(1): 601-28. https://doi.org/10.1146/annurev-neuro-060909-153200.

Compte, Albert, Maria V. Sanchez-Vives, David A. McCormick, and Xiao-Jing Wang. 2003. “Cellular and Network Mechanisms of Slow Oscillatory Activity (<1 Hz) and Wave Propagations in a

Cortical Network Model.” Journal of Neurophysiology 89 (5): 2707—-25. https://doi.org/10.1152/jn.00845.2002.

Destexhe, A., D. A. McCormick, and T. J. Sejnowski. 1993. “A Model for 8-10 Hz Spindling in Interconnected Thalamic Relay and Reticularis Neurons.” Biophysical Journal 65 (6): 2473-77.

https://doi.org/10.1016/S0006-3495(93)81297-9.

+ Destexhe, Alain, Thierry Bal, David A. McCormick, and Terrence J. Sejnowski. 1996. “lonic Mechanisms Underlying Synchronized Oscillations and Propagating Waves in a Model of Ferret
Thalamic Slices.” Journal of Neurophysiology 76 (3): 2049-70. https://doi.org/10.1152/jn.1996.76.3.2049.

* Flores, Francisco J., Katharine E. Hartnack, Amanda B. Fath, Seong-Eun Kim, Matthew A. Wilson, Emery N. Brown, and Patrick L. Purdon. 2017. “Thalamocortical Synchronization during
Induction and Emergence from Propofol-Induced Unconsciousness.” Proceedings of the National Academy of Sciences of the United States of America 114 (32): E6660—-68.
https://doi.org/10.1073/pnas.1700148114.

* Mukamel, E. A., E. Pirondini, B. Babadi, K. F. K. Wong, E. T. Pierce, P. G. Harrell, J. L. Walsh, et al. 2014. “A Transition in Brain State during Propofol-Induced Unconsciousness.” The Journal of
Neuroscience : The Official Journal of the Society for Neuroscience. 34 (3): 839-45. https://doi.org/10.1523/JNEUROSCI.5813-12.2014.

+ Sherfey, Jason S., Austin E. Soplata, Salva Ardid, Erik A. Roberts, David A. Stanley, Benjamin R. Pittman-Polletta, and Nancy J. Kopell. 2018. “DynaSim: A MATLAB Toolbox for Neural
Modeling and Simulation.” Frontiers in Neuroinformatics 12. https://doi.org/10.3389/fninf.2018.00010.

+ Soplata, Austin E., Michelle M. McCarthy, Elie M. Adam, Patrick L. Purdon, Emery N. Brown, and Nancy Kopell. 2022. “Neuromodulation Due to Propofol Affects Anesthetic Oscillatory
Coupling.” bioRxiv. https://doi.org/10.1101/2022.02.17.480766.

* Soplata, Austin E., Michelle M. McCarthy, Jason Sherfey, Shane Lee, Patrick L. Purdon, Emery N. Brown, and Nancy Kopell. 2017. “Thalamocortical Control of Propofol Phase-Amplitude

Coupling.” PLoS Computational Biology 13 (12): e1005879. https://doi.org/10.1371/journal.pcbi.1005879.



https://doi.org/10.1016/j.tins.2013.10.001
https://doi.org/10.1146/annurev-neuro-060909-153200
https://doi.org/10.1152/jn.00845.2002
https://doi.org/10.1016/S0006-3495(93)81297-9
https://doi.org/10.1152/jn.1996.76.3.2049
https://doi.org/10.1073/pnas.1700148114
https://doi.org/10.1523/JNEUROSCI.5813-12.2014
https://doi.org/10.3389/fninf.2018.00010
https://doi.org/10.1101/2022.02.17.480766
https://doi.org/10.1371/journal.pcbi.1005879

Additional figures

1.0 Hz SWO Phase Bin

A

AMPAergic synaptic currents
during Trough-max

s N

Total PY - PY J» 'N
[WAICME] ot Lo n‘wm N MWM

ombined 180

gt I
[uA/cm?] | T|me [sec] |
D Alpha-amplitude/SWO-phase

comodulogram of combined currents
dyring Trough-max

T
(trough)
0.25
(o)
T
N
>
0 0.15 -9%
(peak) >
3
=
c
o
0.05 @
-t
(trough) Time [sec]



