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Despite 170 years of research, we as a specialty are clueless as to how anesthetics cause
reversible loss of consciousness, behavior and memory. We know HOW to safely deliver
anesthesia, but quite literally, we don’t know WHAT we are doing! How did we get in
this embarrassing predicament?

In the 19" century Claude Bernard showed that anesthetic gases cause reversible
cessation of purposeful cytoplasmic streaming inside amoeboid cells. Bernard saw
purposeful cytoplasm as an essential feature of living systems, with anesthesia acting in a
common, unitary fashion to prevent it. We now know purposeful cytoplasm in amoeba,
and brain neurons, depends on cycles of assembly/disassembly of cytoskeletal proteins
comprising actin filaments and microtubules

Following Bernard, the next major research into anesthetic mechanisms occurred at the
turn of the 20" century. Meyer and Overton found a striking correlation between potency
of anesthetics, and their solubility in a non-polar, lipid-like, ‘hydrophobic’ environment,
binding there (it was later discovered) by van der Waals London forces, extremely weak
quantum-level electron cloud dipole couplings. Because neuronal membranes convey
signals, and are largely lipid, anesthetics were assumed through much of the 20" century
to act in a unitary fashion in lipid regions of brain neuronal surface membranes. Claude
Bernard’s work on purposeful cytoplasm in cell interiors was forgotten.

In the mid-20™ century, characterization of the ‘Hodgkin-Huxley neuron’ showed
signaling along membranes of integrate-and-fire neurons to be conveyed by
depolarization waves caused by dynamics of receptors and ion channel proteins. In the
1980s Nick Franks and Bill Lieb'® found that anesthetics act directly on proteins, via
London force interactions in lipid-like, intra-protein non-polar ‘hydrophobic pockets’.
Anesthetics were also shown to impair post-synaptic dendritic-somatic integration, with
little or no effects on axonal firing. A search began for one or more post-synaptic
membrane protein receptors or channels to account for anesthetic action. But decades of
studies yielded only a confusing mixture of conflicting results (e.g. anesthetics inhibit
inhibitory proteins and potentiate excitatory ones).” In 2008 Eger et al'> concluded there
was no evidence that anesthetics exert their effects on any particular membrane protein,
or set of membrane proteins, that despite Meyer-Overton they all acted differently. If a



unitary mechanism was to be found, they suggested a return to membrane lipid-based
theories. Again, Bernard’s work on the cell interior was forgotten.

Eger and other authorities also deleted ‘loss of consciousness’ from the definition of
anesthesia (leaving immobility - lack of purposeful movement - and amnesia).
Mainstream anesthesia research in the early 21 century has no functional target, and no
known, or plausibly theorized, mechanism of action. Understanding anesthetic
mechanisms may require understanding consciousness, and vice versa.

Inquiry into the nature of consciousness began thousands of years ago in ancient Greece.
In the 17" century Rene Descartes suggested (incorrectly) an anatomical locus for
consciousness in the brain’s pineal gland. At the turn of the 20™ century William James’
popularized the concept of consciousness, but scientific inquiry became suppressed by
behaviorism. Because consciousness cannot be directly measured, for psychologists eager
to gather experimental data the topic of consciousness became taboo for most of the 20"
century.

In the late 20™ century, consciousness returned to scientific discourse, becoming
attributed to complex synaptic computation among brain neurons, This mainstream
neuroscientific view, based entirely on membrane-based signaling, lacks testable
predictions, fails to account for essential features, and requires consciousness to be an
after-the-fact illusion, without independent or unitary character. Mainstream neuroscience
has no solid theory of consciousness. Mainstream approaches to anesthetic mechanisms
and consciousness, both based entirely on membrane dynamics, are aimlessly at sea.

From the standpoint of anesthetic mechanism research, I believe the potential solution is
threefold.

1. Take seriously the question of consciousness; consider that anesthesia and
consciousness might have a common unitary feature. Consciousness is an age-old
scientific and philosophical question, and anesthesia offers a unique opportunity.

2. Look closely at the quantum nature of anesthetic binding by van der Waals
London forces. Quantum physical laws imply unitary binding, entanglement and
computing, features which have been implicated in non-mainstream quantum
theories of consciousness. It may not be coincidence that anesthetics selectively
erase consciousness via quantum interactions.

3. Return to Claude Bernard. Consider that anesthetic action (and consciousness)
relate to purposeful activities in (neuronal) cell interiors, specifically in
cytoskeletal microtubules, rather than strictly from surface membranes.

In the 1980s my colleagues and I began to propose a ‘minority view’ that anesthetics
acted in a unitary quantum phase in hydrophobic pockets distributed throughout
microtubule subunit proteins in cytoplasm, as well as in membrane proteins.'®*' Under
normal conditions, we argued, electron cloud London force dipoles in intra-protein



hydrophobic regions coupled and oscillated coherently, and that this coupling was
necessary for conscious awareness. We further suggested that anesthetic gases bound in
these non-polar, hydrophobic regions by their own London force coupling, dispersing
endogenous coherent London force dipoles necessary for consciousness. With some
exceptions (e.g. Eckenhoff’s group acknowledges ‘quantum mobility’ theory??), our ideas
have been ignored and ridiculed by mainstream anesthesia researchers (who themselves
don’t have a theory).

London force dipoles are quantum entities, and offer the possibility of quantum
computing in microtubules. In the mid 1990s, Sir Roger Penrose and I put forth a theory
of consciousness based on quantum computing in post-synaptic microtubules
orchestrated by synaptic inputs and terminated by Penrose ‘objective reduction’, a
solution to the measurement problem in quantum mechanics. Our theory ‘orchestrated
objective reduction’ (‘Orch OR’) has been criticized and challenged but never refuted,
and stands as the most complete theory of consciousness ever proposed.
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Figure 1. Anesthesia in dendritic microtubules A. Schematic cytoplasmic interior of
neuronal dendrite with networks of microtubules. B. Single microtubule with topological
windings representing information ‘bits’. C. Single tubulin with hydrophobic channel of
aromatic rings in which anesthetics (red circles) bind.’’ D. Aromatic rings within
hydrophobic channel showing London force dipole bits (top) in topological quantum
computing necessary for consciousness. Below, anesthetics disperse dipole bits (and



quantum bits, or ‘qubits’), preventing consciousness.

The component protein of microtubules is tubulin. Anesthetics bind to tubulin with
affinity a thousand-fold weaker than anesthetic binding to membrane proteins, however
there are ~10,000 times more anesthetic tubulin binding sites per neuron compared to
membrane proteins. At concentrations comparable to one ‘MAC’, labeled halothane
binds in human brain samples to 23 membrane proteins and 34 soluble proteins, including
tubulin.’* Following binding, proteomic analysis of genetic expression suggests halothane
functionally acts through protein networks involved in neuronal growth, proliferation,
division and communication,”® all microtubule-dependent functions. In rodent brain
cortical neurons, genetic expression of seven proteins changed following either halothane
or isoflurane, with only three proteins affected by both anesthetics. These included
tubulin, and two others, a heat shock protein, and an acetyltransferase. Genetic expression
of membrane proteins did not change.*

Other studies in rat brain show alterations in tubulin genetic expression for 3 days after
desflurane,” and 28 days following sevoflurane exposure.’* Post-operative cognitive
dysfunction (‘POCD’) is associated with microtubule instability, and separation from
microtubules of the microtubule-associated protein tau (same as in Alzheimer’s
disease).”” Hypothermia contributes to POCD, and microtubules disassemble at cold
temperature. Memory encoding has been attributed to microtubule phosphorylation.
Stability of neuronal microtubules should be a target for POCD prevention and treatment.

Using computer modeling we’ve shown anesthetic binding sites in hydrophobic channels
of non-polar aromatic rings traversing tubulin (Figure 1).>” These hydrophobic pathways
align with those in adjacent tubulins in microtubule lattices, possibly enabling
macroscopic ‘quantum channels’ and collective dipoles through microtubules and

neurons.”’** In such channels, anesthetics can inhibit electron mobility and disperse
dipoles,'™*' thus preventing cognitive activities essential to consciousness and purposeful
cytoplasm.

Understanding how anesthesia reversibly prevents consciousness, memory and
purposeful behavior will be a scientific achievement of historic proportions. In this
endeavor I am proud to stand on the shoulders of Claude Bernard. As I’ve been saying
for 30 years, dipole dispersion in post-synaptic cytoplasmic microtubules is the most
logical mechanism for anesthetic action.

References

1. Perouansky M: The quest for a unified model of anesthetic action: A century in Claude
Bernard’s shadow. Anesthesiology 2012; 117(3):465-474

DOI: 10.1097/ALN.0b013e318264492¢

2. Bernard C: Lecons sur les anesthésiques et sur l'asphyxie, Librairie J-B Bailliére et



Fils, 1875

3. Seifritz W: The effect of various anesthetic agents on protoplasm. Anesthesiology
1950; 11:24-32

4. Bruce D, Christiansen R: Morphological changes in the giant amoeba Chaos chaos
induced by halothane and ether. Expl. Cell Res. 1965; 40:544-553

5. Nakagaki T, Kobayashi R, Nishiura Y, Ueda: Obtaining multiple separate food
sources: behavioural intelligence in the Physarum plasmodium. Proc. Royal Society
B, Biological sciences. 2012; 271(1554): 2305-2310

doi: 10.1098/rspb.2004.2856

6. Adamatzky A: Slime mould computes planar shapes. Int. J. Bio-Inspired Computation
2012; 4:149-154

7. Craddock TJA, Tuszynski JA, Hameroff S: Cytoskeletal signaling: Is memory
encoded in microtubule lattices by CaMKII phosphorylation? PLoS Computational
Biology 2012; 8 (3): €1002421 DOI: 10.1371/journal.pcbi.1002421

8. Hameroff S: How quantum brain biology can rescue conscious free will. Frontiers in
Integrative Neuroscience 2012; 6(93):1-17
doi: 10.3389/fnint.2012.00093

9. Penrose R, Hameroff S: What gaps? Reply to Grush and Churchland. Journal of
Consciousness Studies 1996; 2, 98-112

10. Hameroff S, Penrose R. Orchestrated reduction of quantum coherence in brain
microtubules: A model for consciousness. Mathematics and Computers in Simulation
1996; 40:453-480 http://www.consciousness.arizona.edu/hameroff/or.html.

11. Hameroff S, Penrose R: Conscious events as orchestrated spacetime selections.
Journal of Consciousness Studies 1996; 3(1):36-53
http://www.u.arizona.edu/~hameroff/penrose2

12. Hameroff S: Quantum computation in brain microtubules? The Penrose-Hameroff
"Orch OR" model of consciousness. Philosophical Transactions of the Royal Society
London A 1998; 356: 1869-1896

13. Hameroff S: The brain is both neurocomputer and quantum computer. Cognitive
Science 2007; 31:1035-1045

14. Penrose R, Hameroff S: Consciousness in the universe: Neuroscience, quantum
space- time geometry and Orch OR theory. J. Cosmol. 2011; 14
http://journalofcosmology.com/Consciousness160.html


http://dx.crossref.org/10.1098%2Frspb.2004.2856

15. Eger EI, Raines DE, Shafer SL, Hemmings HC, Sonner JM: Is a new paradigm
needed to explain how inhaled anesthetics produce immobility? Anesth. Analg. 2008;
107(3):832-848 doi: 10.1213/ane.0b013e318182aedb

16. Franks NP, Lieb WR: Do general anaesthetics act by competitive binding to specific
receptors? Nature 1984; 310: 599-601

17. Halsey MJ, Brown FF, and Richards RE: Perturbations of model protein systems as a
basis for the central and peripheral mechanisms of general anaesthesia. Ciba Foundation
Symposium 1977; (60): 123-136

18. Hameroff SR, Watt RC, Borel JD, Carlson G: General anesthetics directly inhibit
electron mobility: dipole dispersion theory of anesthetic action. Physiological Chemistry
& Physics 1982; 14(3): 183-187

19. Hameroff SR, and Watt RC: Do anesthetics act by altering electron mobility?
Anesth. Analg. 1983; 62: 936-940

20. Hameroff S: Anesthesia, consciousness and hydrophobic pockets — A unitary
quantum hypothesis of anesthetic action. Toxicology Letters 1998; 100/101: 31-39

21. Hameroff S: The entwined mysteries of anesthesia and consciousness.
Anesthesiology 2006; 105:400-412

22. Pan JZ, Xi J, Eckenhoff MF, Eckenhoff RG: Inhaled anesthetics elicit region-specific
changes in protein expression in mammalian brain. Proteomics 2008; 8(14): 2983-2992.
doi: 10.1002/pmic.200800057

23. Eger EI, Koblin DD, Harris NA, Kendig JJ, Pohorile A, Halsey MJ, Trudell JR.
Hypothesis: inhaled anesthetics produce immobility and amnesia by different
mechanisms at different sites. Anesth. Analg. 1997; 84:915-918

24. Campagna JA, Miller KW, and Forman SA: Mechanisms of actions of inhaled
anesthetics. N Engl J Med 2003; 348:2110-2124

25. Evers AS, Steinbach JH. Double-edged swords: volatile anesthetics both enhance
and inhibit ligand-gated ion channels. Anesthesiology 1999; 90(1):1-3

26. Allison AC, Nunn JF. Effects of general anesthetics on microtubules: A possible
mechanism of action of anaesthesia. Lancet 1968; 11;1326-1329

27. Ginosar YB, Binshtok AM. Mechanisms in anesthesia and analgesia: Convention,
crisis and the shoulders of giants Anesthesiology 2012; 117(3): 451-453
DOI: 10.1097/ALN.0b013e3182644837

28. Engel GS, Calhoun TR, Read EI, Ahn TK, Mancal T, Cheng YC, Blankenship RE,


http://dx.crossref.org/10.1213%2Fane.0b013e318182aedb

Fleming GR. Evidence for wavelike energy transfer through quantum coherence in
photosynthetic systems Nature (London) 2007; 446 (7137), 782-786

29. Gauger EM, Rieper E, Morton JJL, Benjamin SC, Vedral V. Sustained quantum
coherence and entanglement in the avian compass. Phys. Rev. Lett. 2011; 106, 040503
2011, doi 106, 040503

30. Sarovar, M., Ishizaki, A., Fleming, G.R., Whaley, B.K. (2010) Quantum
entanglement in photosynthetic light-harvesting complexes. Nature Physics 2010;
6(6), 462467

31. Scholes, G.S. (2010) Quantum-coherent electronic energy transfer: Did nature think
of it first? J. Physic. Chem. Lett. 2010; 1: 2—8

32. Pan JZ, Xi J, Tobias JW, Eckenhoff MF, Eckenoff RG. Halothane binding proteome
in human brain cortex. J. Proteome Res. 2007; 6 (2):582-592
DOI: 10.1021/pr060311u

33. Fiitterer CD, Maurer MH, Schmitt A, Feldmann RE Jr, Kuschinsky W, Waschke KF.
Alterations in rat brain proteins after desflurane. Anesthesia. Anesthesiology 2004; 100:
302-308

34. Kalenka A, Hinkelbein J, Feldmann RE Jr, Kuschinsky W, Waschke KF, Maurer
MH. The effects of sevoflurane anesthesia on rat brain proteins: A proteomic time-course
analysis. Anesth Analg 2007; 104:1129 —1135

35. Le Freche H, Brouillette, Fernandez-Gomez FJ, Patin P, Caillierez R, Zommer N,
Sergeant N, Buee-Scherrer V, Lebuffe G, Blum D, Buee L. Tau phosphorylation and
sevoflurane anesthesia: an association to postoperative cognitive impairment.
Anesthesiology 2012; 116: 779787

36. Eckenhoff RG, Planel E. Postoperative cognitive decline: where art tau?
Anesthesiology 2012; 116: 751-752

37. Craddock TJA, St. George M, Freedman H, Barakat KH, Damaraju S, Hameroff S,
Tuszynski JA. Computational predictions of volatile anesthetic interactions with the

microtubule cytoskeleton: Implications for side effects of general anesthesia PLoS ONE
2012; 7(6) doi:10.1371/journal.pone.0037251

38. Hameroff S, Nip A, Porter M, Tuszynski J. Conduction pathways in microtubules,
biological quantum computation and microtubules. Biosystems 2002; 64(13), 149-68



