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6.9 Conclusion

The Penrose-Hameroff Orch OR theory “goes out on a limb” to address the
puzzling facets of consciousness. It has engendered criticism because 1) it
differs markedly from conventional wisdom, and 2} significant quantum pro-
cesses seem unlikely in the warm brain milieu. But conventional wisdom fails
to address puzzling facets of consciousness, and evidence suggests that biol-
ogy has evolved mechanisms for brain-temperature quantum processes. Orch
OR is consistent with all known neuroscience, cognitive science, biology and
physics although it extends these disciplines theoretically. Moreover, unlike
conventional theories Orch OR is testable and falsifiable. Spanning neurobiol-
ogy, physics and philosophy, it is the most complete theory of consciousness.
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Appendix

Testable predictions of the Orch OR model [91]. Major assumptions are in
bold, specific predictions are numbered in lower case and pertinent supportive
references are in brackets.

Neuronal microtubules are directly necessary for consciousness

1. Synaptic sensitivity and plasticity correlate with cytoskeletal architec-
ture/activities in both presynaptic and postsynaptic neuronal cyto-
plasm [125, 120, 155, 165].

2. Actions of psychoactive drugs including antidepressants involve neuronal
microtubules [7].

3. Neuronal microtubule stabilizing/protecting drugs may prove useful in
Alzheimer’s disease, ischemia, and other conditions [107].

Microtubules communicate by cooperative dynamics of tubulin
subunits [148, 149, 246].

4. Laser spectroscopy (e.g. Vos et al. [253]) will demonstrate coherent GHz
Frohlich excitations in microtubules. (Preliminary work using surface
plasmon resonance, see Lioubimov et al. [144].)

5. Dynamic vibrational states in microtubule networks correlate with cel-
lular activity.

6. Stable patterns of microtubule cytoskeletal networks (including neurofil-
aments) and intramicrotubule diversity of tubulin states correlate with
memory and neural behavior [125, 262, 165].
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7. Cortical dendrites contain largely “A lattice” microtubules (compared
to “B lattice” microtubule, A lattice microtubules are preferable for in-
formation processing).

Quantum coherence occurs in microtubules
8. Studies similar to the famous “Aspect experiment” in physics (which
verified nonlocal quantum correlations [10] will demonstrate quantum
correlations between spatially separated microtubule subunit states a) on
the same microtubule, b} on different microtubules in the same neuron,
¢) on microtubules in different neurons connected by gap junctions.
9. Experiments with SQUIDs (Superconducting Quantum Interference De-
vice) will detect phases of quantum coherence in microtubules.
10. Coherent photons will be detected from microtubules.

Microtubule quantum coherence requires isolation by cycles of sur-
rounding actin gelation.

11. Neuronal microtubules in cortical dendrites and other brain areas are
intermittently surrounded by tightly crosslinked actin gels. (Glutamate
binding to NMDA and AMPA receptors causes actin polymerization in
dendritic spines: [53].)

12. Cyecles of gelation and dissolution in neuronal cytoplasm occur concomi-
tantly with membrane electrical activity (e. g. synchronized 40-Hz activ-
ities in dendrites).

13. The sol gel cycles surrounding microtubules are regulated by calcium ions
released and reabsorbed by calmodulin associated with microtubules.

Macroscopic quantum coherence occurs among MT in hundreds/
thousands of distributed neurons and glia linked by gap junctions.

14. Electrotonic gap junctions link synchronously firing networks of cortical
neurons, and thalamocortical networks [68, 75, 227].

15. Quantum tunneling occurs across gap junctions.

16. Quantum correlation occurs between microtubule subunit states in dif-
ferent neurons connected by gap junctions — the microtubule EPR ex-
periment in different neurons (proposal by Andrew Duggins).

The amount of neural tissue involved in a conscious event is in-
versely proportional to the event time by F = fi/t.

17. The amount of neural mass involved in a particular cognitive task or
conscious event (as measurable by near future advances in brain-imaging
techniques) is inversely proportional to the preconscious time (e. g. visual
perception, reaction times).

An isolated, unperturbed quantum system self-collapses according
to E =R/t

18. Isolated technological quantum superpositions will self-collapse accord-
ing to E = I/t (being tested — Marshall et al. [150]).
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Microtubule-based cilia/centriole structures are quantum optical
devices.

19.

Microtubule-based cilia in rods and cones directly detect visual photons
and connect with retinal glial cell microtubule via gap junctions.

A critical degree of cytoskeletal assembly (coinciding with the onset
of rudimentary consciousness) had a significant impact on the rate
of evolution.

20.

Fossil records and comparison with present-day biology will show that
organisms which emerged during the early Cambrian period with on-
set roughly 540 million years ago had critical degrees of microtubule-
cytoskeletal size, complexity and capability for quantum isolation (e. g.
tight actin gels, gap junctions; see Hameroff [94]).
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