
Serotonin 5-HT2A Receptor Activation in Near Death Experiences

Abstract (Obviously needs to be shortened)	Comment by Brenna Bray: In this cross-sectional mixed methods study, we will explore themes across cases of near death experience that occur during cardiothoracic surgery and test mechanisms that can explore 5-HT2A receptor binding during these processes. 
In aim 1, we will conduct a cross-sectional, mixed-methods study to explore psychological experiences associated with near death during cardiothoracic surgery (NDDCS). Up to 30 patients who experience NDDCS will be invited to participate in one-to-two-hour semi-structured anonymously recorded zoom interviews with Dr. Bray. Interview questions will inquire about biological, psychological, and spiritual sensations, perceptions, beliefs, and other experiences associated with NDDCS as well as short- and long-term experiential changes. Some questions will also specifically inquire about similarities and differences of their sensations, perceptions, and experiences as compared to those associated with 5-HT2A receptor activation, psychedelic drug use, and other states of non-ordinary consciousness. Interview recordings will be transcribed and transcripts will be qualitatively analyzed for themes using reflexive thematic analysis (Bray et al., 2022, 2023a,b, 2024). Participant views that support, negate, or are not associated with each theme will be qualified and expressed as number and percent of the total sample. 

In aim 2, up to five consenting individuals who experience NDDCS will undergo 5-HT2A-tagged PET scanning immediately after defibrillation. Findings will be compared with those of up to five consenting individuals who undergo comparable cardiothoracic surgeries without near death experiences. Participants will be matched for mental health diagnoses, specifically including depression, suicidality, and prescription medication and psychedelic and psychotropic use. Though under-powered, T-tests and ANOVAs will be used to assess whether 5-HT2A receptor activation differs between these two groups (NDDCS vs. control). Findings from this pilot study will be used to generate pilot data for a larger grant application. Additionally, 5-HT2 receptor activation levels will be compared to qualitative NDDCS reports to assess whether any specific themes correlate with 5-HT2A receptor activation.

Findings from these studies will be presented at conferences locally, regionally, nationally, internationally, and virtually and published in peer-reviewed scientific manuscripts. 

Death and near-death experiences represent a unique set of phenomena that include distinct physical (cellular, molecular) and meta-physical (quantum and psychospiritual) processes that seem to be both required and uniquely intertwined.1-24 Investigative inquiry into these processes can yield a greater understanding of life, consciousness/qualia, death, and the possible multi-layered processes that occur in between these two phenomenon (e.g., life and death), as well as the way the two may be related.17-21_12-15,17-19,22-30 A variety of qualitative, quantitative, and mixed-methods studies find that “near death” experiences are associated with dissociation from- and/or transcendence of the physical world and its physical properties (including the physical human body)31-43 and a greater sense of association and connection with metaphysical entities, properties, and states (e.g., a sense of metaphysical connection to all things, oceanic boundlessness, spiritual- and “other-worldly” connections).32,44-50 12-14,27,51 It would seem that these experiences are aligned with a process of conscious or energetic exit or transcendence from the physical, material world that the life experience is typically associated with, and a preparation for ascension into a more meta-physical, mystical, transcendent, and distinctly non-physical experience. Whether the sense of consciousness, the metaphysical self, or awareness remain intact during the after-death experience is a question that currently remains unanswered, as we thus far only have knowledge from individuals with near-death (e.g., distinctly not-death) experiences. Here, we (a) provide a brief overview of some specific material/physical (cellular and molecular) and metaphysical (quantum) processes and phenomenon that are known to be associated with life and near-death experiences and (b) propose a quantum theory of life and death whereby total vesicular extracellular serotonin release (as occurs during neuronal hypoxia and necrotic liquidation during death and near-death processes)(Bray, 2018; Li et al., 2015) results in activation and saturation of serotonin’s 5-HT2A receptors. We provide empirical support for this occurrence and for the hypothesis that 5-HT2A receptor activation serves as a biological mechanism for metaphysical experiences associated with near-death (as well as psychedelic use, extreme stress, and “schizophrenia”).25,55 We also review quantum principles that have empirical support in quantum and biological research and how they are- or may be applicable to life-or-death processes.56 Specifically, we propose that 5-HT2A receptor activation may activate a process of quantum superdense coding (a communication method that is empirically supported in quantum communication research, though primarily theoretical in large-scale applications, that is thought to allow for the transmission of more information using quantum entanglement)56-59 of consciousness and qualia that enables certain metaphysical energies (e.g., consciousness, qualia, and life) to engage in quantum tunneling (an empirically supported phenomenon that explains the ability of particles to pass through barriers that would otherwise be considered impassable in classical physics)56,60 and/or quantum teleportation (a phenomenon involving the transmission of quantum states between particles through entanglement that is empirically supported by successful demonstrations of quantum state teleportation, though it is primarily limited to small-scale systems)61-64 whereby the energetic essence of life, consciousness, or qualia pass from one living body (e.g., death) into another (e.g., birth). This hypothesis is supported theoretically by a variety of additional quantum principles.56,65,66 For example, the concept of quantum wave-particle duality (an empirically supported principle suggesting that fundamental entities, such as photons and electrons, behave both like discrete particles and continuous waves, depending on how they are observed)56,65,66 can be theoretically applied to the process of physical-metaphysical duality to suggest that fundamental entities, such as human beings, can behave both like discrete particles (the physical body) and continuous waves (the conscious experience), depending on how they are observed. Together, these and other findings may identify 5-HT2A activation as a mechanism for quantum transcendence of life into after life.	Comment by Brenna Bray: Altogether — My theory is that the 5-HT2A receptor holds a key to quantum principles that enable life to become superdensely coded and tunnel/teleport from one dying body to one living one. 


I. Extracellular Serotonin Release and 5-HT2A Saturation in Near-Death Experiences
A variety of in vitro and preclinical (rodent) in vivo studies demonstrate that death and near-death experiences are associated with neuronal hypoxia (oxygen deprivation in brain cells) that can result in cell death processes (necrotic liquidation, necroptosis) whereby neurons release their entire vesicular and neurotransmitter contents into the extracellular space (e.g., Nichols & Nichols 2019; Bray, 2018; Bray 2018 unpublished; Dean et al., 2019; Li et al., 2015). This results in rapid increases of neurotransmitters into the extracellular space at levels sufficient to bind and saturate low-affinity receptors that typically remain inactive (“dormant”) during everyday life. 

Serotonin (5-HT) and its low-affinity 5-HT2A receptors are among the neurotransmitters rapidly released into the extracellular space during near-death experiences at levels sufficient to bind low-affinity receptors that are otherwise not activated during “regular daily life.”67-74 Serotonin’s 5-HT2A receptors are highly conserved evolutionarily (suggesting a critical evolutionary function)68,70 and implicated in nearly all psychobiological processes of cells, systems, and organisms [citations].67,68,70 

At the cellular level, this includes cell birth;75 neuronal development and migration;76,77 excitability and excitation52,70,78-84 as well as inhibition and disinhibition79,80,82-84 (inherent in cellular/neuronal communication and internal regulation, respectively, as well as nearly all central neuronal processes); cellular interaction, connection, and systemic integration;52,75,80,85-89 stress responses;75,76,83,90-92 cell survival;77-79,81,83,93-96 persistence and resilience;76,78,91,97-101 near-death processes (including asphyxiation/hypoxia);81,102,103 and cell death processes,25,52,77,78,93-95,102-110 including programmed cell death processes like apoptosis (AKA “programmed cellular suicide”),77,93-95,104 suicide,105-107) and unprogrammed cellular death processes, including cellular toxicity,25,52,78,95,108-110 and necrosis,102,103in which the cell membrane and synaptic vesicular membranes that contain neurotransmitter contents rupture, resulting in extrusion of intracellular contents into the extracellular space (including synaptic vesicular neurotransmitter contents like serotonin)(e.g., necrotic liquidation)).111-114	Comment by Brenna Bray [2]: (including central{Pelkey, 2017 #2440;Prager, 2016 #1456;Pehrson, 2016 #1630;García-Cabrerizo, 2015 #10236;Tanaka, 2012 #1824;Savli, 2012 #4382;Bombardi, 2012 #1825;Berumen, 2012 #1672;Liu, 2010 #10230;Sugden, 2009 #10226;Erritzoe, 2009 #4423;Zhang, 2002 #10267;Xu, 2000 #1673;Liu, 2000 #1675;Hery, 2000 #1647;Freund, 1997 #2472;Dooley, 1997 #10233;Holmes, 1995 #1657;Piguet, 1994 #3157;Savli, 2012 #4382;Guiard, 2018 #10271} and cardio-pulmonary/vascular{Kloza, 2014 #10216;Buchanan, 2014 #10223;Dergacheva, 2007 #10228} cells),

****

seizures,{Buchanan, 2014 #10223}

{Savli, 2012 #4382;Bray, 2018 #2912;Bray, 2020 #3575;Bray, 2016 #1520;Barr, 2017 #3065;Leysen, 1990 #10208;Roth, 1998 #10206;Leysen, 2004 #10207;Cerulo, 2014 #10202;Mahar, 2014 #3124;Buchanan, 2015 #10210;Moutkine, 2019 #10211;Curtis, 2020 #10205;Summers, 2001 #718;Bray, 2004 #10212;Summers, 2006 #10213;Buc-Caron, 1990 #381;Cerulo, 2014 #10202;Vargas, 2023 #9425;Hu, 2012 #10215;Kloza, 2014 #10216;Brenner, 2007 #10217;Alvaro, 2008 #10235;Blasco-Fontecilla, 2010 #10218;Buchanan, 2014 #10223;Capela, 2006 #10221;Dergacheva, 2007 #10228;Dooley, 1997 #10233;García-Cabrerizo, 2015 #10236;Hernandez, 2000 #10220;Liu, 2010 #10230;Pandey, 2002 #10229;Pralong, 2000 #10234;Say, 2007 #10231;Stankovski, 2007 #10232;Sugden, 2009 #10226;Sumner, 2008 #10219;Tao, 2017 #10222;Underwood, 2012 #10225;Wai, 2008 #10227;Zimering, 2020 #10224}

In the same way that cells often represent smaller, cellular representations of larger cellular systems, organs, organisms, and even communities at large, the life and death processes that are underpinned by serotonin’s 5-HT2A receptor activation at the cellular level are similarly underpinned by 5-HT2A activation at alarger psychobiological systems/organism level. For example, serotonin’s 5-HT2A receptor activation is implicated in processes and experiences of birth, development; sleep, wakefulness, and alertness;70,78,81 sensation and perception;115 cognition (learning)115,116 and conditioning (reinforcement of learning);75,85,86,115-118 sex/gender differences;101 emotion;115,116 stress responses;75,76,83,90-92 persistence and resilience;76,78,91,97-101 language and movement;115 mood fluctuations, including depression91,97-100 (which can be viewed from neurobiological perspective a response to changes in stress, stimulation, or regulatory capacity) and aggression;101 depression that can approach suicidality;91,97-100 eating disorders that can approach death biologically (and can involve a drive to live/thrive);99,107,108,119-121 near-death processes (including mild traumatic brain injury,25 asphyxiation/hypoxia81,102,103 and cardiac arrest102,103); aging and memory;116 and altered states of consciousness (including schizophrenia,70,116,122,123 psychedelic use,54,85,124-130  hallucinations,116,127 transcendental meditation,131 spirituality,89 and – again – near death experiences102,103)(e.g., Moutkine et al., 2018; Roth et al., 1998; Bray et al., 2004; Bray 2018; Nichols & Nichols 2019).25,55 

The pervasiveness of 5-HT2A receptor activation in so many life experiences suggests, paired with its evolutionarily conserved ***, suggest a critical function of this receptor to life itself.  And yet, the 5-HT-2A receptor also had a very low binding affinity for serotonin (~1.3 nM Ki/KD)52-54 that requires very high concentrations of extracellular serotonin to be present for receptor activation.52,67,78,115,132,133 In fact, this feature renders 5-HT2A receptors inactive for the majority of the life experience (when extracellular serotonin concentrations rarely exceed 1 nM). This implicates 5-HT2A receptor activation in conditions of extremely high stress (with sufficient cortisol presence to stimulate extracellular serotonergic release centrally29,134-136_92,134-142), intense emotional or psychological states (that are associated with high stress), serotonergic pharmacotherapy use (e.g., SSRIs, SNRIs, and serotonergic psychedelics54,85,124-130), and near-death experiences that increase extracellular serotonin levels sufficient for 5-HT2A receptor activation (Li et al., 2015; Nichols & Nichols 2019; Bray et al., unpublished).102,103,116 	Comment by Brenna Bray: Add more citations here, for each of these

For example, a variety of in vitro and in vivo studies demonstrate that cardiac arrest, hypoxia, and asphyxiation are associated with robust increases in extracellular neurotransmitter concentrations (including serotonin) in the cortex, limbic brain regions, and other areas of the brain (e.g., Li et al., 2015; Nichols & Nichols 2019; Bray, 2018).29,102,103,142 	Comment by Brenna Bray [2]: unprogrammed cellular death processes (e.g., necrosis, in which the cell membrane and synaptic vesicular membranes that contain neurotransmitter contents rupture, resulting in extrusion of intracellular contents (including synaptic vescicular neurotransmitter conents) into the extracellular space (e.g., necrotic liquidation)).
Yuan & Ofengeim, 2018. "A guide to cell death pathways."
Newton, 2024, "Cell death."
D'Arcy 2019. "Cell death: a review of the major forms of apoptosis, necrosis and autophagy."
Bertheloot et al., 2021. "Necroptosis, pyroptosis and apoptosis: an intricate game of cell death."
 in which cells release all of their neurotransmitters (including 5-HT) into the extracellular space 

Notably, Li et al., 2015 found that in adult rats undergoing experimental asphyxiation, serotonin levels increased in the frontal and occipital lobes from ~0 nM at baseline (in both regions) to ~13 nM and ~18 nM at 1- and 2 min post asphyxia respectively (~ 13x and 22x above baseline levels)(Figure 1). These increases peaked at ~63 nM and ~42 nM at 4 —  8 min in the frontal and occipital lobes (~70x and 245x above baseline levels in the frontal and occipital lobes respectively) and remained significantly elevated (>~13 – 18 nM, >~13 – 22x above baseline levels) for >20 min (when recordings were ended).29 Importantly, these rapid increases in extracellular serotonin levels are associated with  >80 — 97% binding/occupancy of the 5-HT2A receptor in the rat cortex53,54,67 that onset 1 - 2 minutes after asphyxiation and persist for >20 min (when recordings were ended; see green line superimposed over Figure 1a and 1b).29 	Comment by Brenna Bray [2]: Wister	Comment by Brenna Bray [2]: 300-400g	Comment by Brenna Bray [2]: Induced by C7 cord transection preformed under isoflurane anesthesia 2 days prior to experimental day

Similar increases in extracellular monamine and specifically serotonin levels have been observed by others in other cortical and limbic brain regions. 29,102,103,142142,145 and are braodly considered adequately sufficient to activate and saturate 5-HT2A receptors29,53,102,103,142 and induce the “visual hallucinations and mystical feelings” associated with near death experiences in humans.29,87,89,116,127,153 For example, Dean et al (2018) reported rapid influxes in extracellular serotonin levels in visual cortex dialysates (as assessed via microdialysis) that increase from baseline (0 mVolts) to 110% increase (~108 mVolts) at 3.9 min post cardiac arrest and returning to baseline levels at ~5.5 min post cardiac arrest (Figure 3).103 Bray et al (2020) and others in Forster-Watt Laboratory have reported rapid influxes in extracellular monoamine oxidation (indicative of rapid influxes in extracellular monoamine release) that precede organismal death, as assessed via chronoamperometry (Figure 2).143-152 These include increases in dopamine, norepinephrine, and ascorbic acid in the nucleus accumbens (core and shell).142,145	Comment by Brenna Bray: Li et al (2015) note that the “immediate surge of cortical release of … critical neurotransmitters” is associated with “a robust and sustained surge of functional and effective cortical connectivity” as assessed by EEG, suggesting functional receptor binding.{Li, 2015 #10291} The observed increases in dopamine also implicate activation of the Dopamine D2R receptor as possibly implicit in the hallucinations often associated with near-death experiences.{Rolland, 2014 #10293}






[image: A close-up of a paper

AI-generated content may be incorrect.]Figure 1: Cortical serotonin secretion shows immediate and marked surge in response to asphyxia, as observed by Li et al., 2015. Graph a (on the left) shows the concentration graph in nM for the entire sampling period (25 min). Graph b (on the right) shows the concentration graph normalized to the baseline graph in fold changes for a total of 10 min. “Extracellular concentrations of measured neurotransmitters, including serotonin (shown here) as well as adenosine, dopamine, norepinephrine (NE), GABA, glutamate, and aspartate (shown in Fig 4 of Li et al., 2015 though not reproduced here), all showed marked elevation in response to asphyxia (n = 7).” In comparison with the baseline serotonin values, significant surges of extracellular serotonin were detected at 1 min of asphyxia in the frontal lobe (P < 0.05) and at 2 min of asphyxia in the occipital lobe (P<0.05, n = 7). In other neurotransmitters measured, these surges were observed  immediately, “as early as time 0” for dopamine, norepinephrine, and GABA and at 1 min of asphyxia for adenosine, glutamate, and aspartate in both the frontal and occipital lobes (P < 0.05, n = 7). Additionally, a significant regional difference in the degree of serotonin elevation from baseline was observed in the frontal vs. occipital lobes at 4 – 7 min of asphyxia (P < 0.05, n = 7), with significantly greater elevations observed in the frontal vs occipital lobes. A similar regional difference was observed for NE at 1 min (P < 0.05), with similar non-significant trends observed in adenosine and dopamine (n = 7/group). Error bars denote SEM. *Asterisks are used to indicate the first time point that shows significant elevation over baseline, with red indicating frontal cortex release and blue denoting occipital cortex secretion. #The black pound signs in figure b indicate significant differences in serotonin release between the frontal and occipital cortices. The green line superimposed over both graphs (a and b) roughly delineates the level of extracellular serotonin required to bind serotonin’s 5-HT-2A receptor (~1.3 nM Ki/KD).52-54 This figure and its findings are reproduced with permission from the authors.
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[bookmark: _Ref194181189]Figure 2: Placeholder Figure. Rapid influx in extracellular monoamine oxidation (presence) observed via chronoamperometry in the nucleus accumbens shell by Bray et al., 2018-2020. This is Fig 4 of Bray et al., 2020. Will be replaced with a clean sweep fig from Bray 2018 dissertation and a tracing of death in stereotax. 
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AI-generated content may be incorrect.]
[bookmark: _Ref194181218]Figure 3: Additional evidence of extracellular serotonergic increases in the brain after cardiac arrest, as reported and published by Dean et al., 2018. My text here.

SUBHEAD: 5-HT2A ACTIVATION AS EXPLANATION FOR METAPHYSICAL COMPONENT OF NEAR-DEATHN EXPERIENCES
Note on above and note SIMILARITIES BETWEEN NEAR-DEATH, PSYCHEDELIC, SCHIZOPHRENIC, AND TRANSCENDENTAL MEDITATION EXPRIERENECS. 
Known 5-HT2A involvement in Psychological States: Intense emotional or psychological states can also elevate serotonin levels.{Zhang, 2015 #10270}

5-HT2A receptor is associated perceptions of connectivity, activity, desensitization, and suicide reversal at the level of the cell, system, and organism biologically and psychologically,71,73,115,154 as well as psychological states of non-ordinary consciousness that can include feelings of connectedness, peacefulness, spirituality, euphoria, 'hallucinations,' and disassociation from life in this realm. 54,70,78,87,89,115,117,128,131,154-156

Additionally, Li et al (2015)29 noted “serotonin, whose release in the occipital cortex surged more than 20-fold within the first 2 min of asphyxia, plays diverse central functions via serotonin receptors. Activation of a subset of serotonin receptors, for instance, induces visual hallucinations with mystical feelings in humans (36). Internally generated visions and perceptions apparently occur during cardiac arrest in 10–20% of survivors (22, 24, 37). Although detailed neuronal mechanisms of these realer-than-real (38) near-death experiences remain elusive, our study suggests that the mammalian brain possesses a high capacity for producing well-organized neurophysiological and neurochemical activities and for generation of internal states of consciousness at near-death.” 29…

SUBHEAD: COMMENTARY ON POSSIBILITY OF EXTRACELLUALR EFLUXES IN OTHER NEUROTRANSMITTERS CONTRIBUTING TO NEAR DEAT EXPERIENCES AND STATES
Commentary here or in appendix on the fact that Li et al., 2015 did observe increases in other neurotransmitters (as did Bray 2018 and others in the Forster-Watt laboratory), suggesting a possibility that other neurotransmitters (e.g., Dopamine, glutamate) could also contribute to these experiences. For example, N,N-dimethyltryptamine (DMT, a serotonergic psychedelic compound identified endogenously in mammals) is also known to activate and bind the 5-HT2A receptor (kDA here) and relatively rapid increases in extracellular DMT have also been observed in the brains of pineal-intact and pinealectomized rats, as demonstrated by Dean et al, 2018 and others (Figure 3).103  However, Nichols and Nichols (2020) make the strong point that serotonin has “a 10-fold higher affinity for the 5-HT2A receptor than DMT (PDSP Ki Database). Even if we accept that DMT is present at half the levels of 5-HT in cortex under normal physiological conditions, the combination of higher 5-HT levels and higher affinity of 5-HT for the target receptor indicate that DMT will not be engaging the receptor to any appreciable degree at baseline conditions. During asphyxiation, as the authors’ previous work shows, and as they interpret data in Dean et al., 2018,103 levels of serotonin increase over 20-fold compared to only a 6-fold increase for DMT (Dean et al. Fig 4A), further widening this gap.103  At these comparative levels, with the 10-fold higher affinity of serotonin, 5-HT2A receptors would be saturated with serotonin and engagement of receptors by DMT in the presence of that much serotonin (and/or N-methylserotonin) would essentially be zero. That said, it cannot yet be sufficiently ruled out that DMT, even at the relatively low concentrations is occurs in (relative to serotonin) could have a potent, critical, and even substantial role in 5-HT2A activation in near-death experiences.”{Nichols, 2019 #10272}
ADDRESS LI ET ALS NOTATION THAT ALL NTS ARE RELEASED, NOT JUST SEROTONIN. THEY LOOK TO DMT TO UNDERLYING MECHANISM CONTRIBUTING TO NEAR DEATH EXPERIENCES. HERE, I PROPOSE SEROTONIN. 	Comment by Brenna Bray: ALSO, UNDERSCORE THAT LI NOTES “EXTRACELLULAR INCREASES”. THESE ARE SUGGESTED TO RESULT FROM … NECROTIC LIQUIDATION ETC. 
A variety of in vitro and pre-clinical (rodent) studies demonstrate that cardiac arrest and the resulting hypoxia can result in cellular death processes (e.g., necrotic liquidation and necroptosis), in which neurons release their entire vesicular and neurotransmitter contents into the extracellular space (including 5-HT) (e.g., Nichols & Nichols 2019; Bray, 2018; Bray 2018 unpublished).{Dean, 2019 #10273;Nichols, 2019 #10272;Bray, 2018 #2912;Li, 2015 #10291}-{Blaha, 1997 #788;Bray, 2020 #3575} 


SUBHEAD: ANY ADDITIONAL COMMENTARY ON DMT, DEAN 2018, NICHOLS & NICHOLS 2020.
Additionally, note extra//other commentary here in Dean et al., 2018 and Nichols & Nichols’ 2020 response102,103 publications on speculation of DMT as being involved in this role (Dean et al., 2018) and Nichols & Nichols’ rebuttal (2020), and my commentary in response to that (which I can no longer remember off the top of my head).

SUBHEAD: ANY CLINICAL DATA (PARNIA ET AL)
Paragraph on when 5-HT2A is activated (near death and non-ordinary states of consciousness like psychedelics, meditation, and hypnosis). 
Paragraph on near death exerperiences in cardiothoracic surgery

SUBHEAD: COMMENTARY ON THE MECHANISM OF SEROTONIN RELEASE, E.G., NECROTIC LIQUIDATION, IF NECESSARY (THOUGH PROB IS NOT)	Comment by Brenna Bray: I don’t tend to see much research published on this in terms of possible relationships between death/near-death and activation of low affinity receptors like 5-HT2A that are not otherwise activated in normative endogenous states. However, I know from my graduate research that at a neurobiological level, death is preceded by extracellular serotonin dumping at amounts that are sufficient to activate 5-HT2A receptors (e.g., Bray et al., 2020; observed in this work by me but not reported in this publication).


ALSO, UNDERSCORE THAT LI NOTES “EXTRACELLULAR INCREASES”. THESE ARE SUGGESTED TO RESULT FROM … NECROTIC LIQUIDATION ETC. 
A variety of in vitro and pre-clinical (rodent) studies demonstrate that cardiac arrest and the resulting hypoxia can result in cellular death processes (e.g., necrotic liquidation and necroptosis), in which neurons release their entire vesicular and neurotransmitter contents into the extracellular space (including 5-HT) (e.g., Nichols & Nichols 2019; Bray, 2018; Bray 2018 unpublished).{Dean, 2019 #10273;Nichols, 2019 #10272;Bray, 2018 #2912;Li, 2015 #10291}-{Blaha, 1997 #788;Bray, 2020 #3575} 

It may be that these incidences causes release of cellular serotonin in the extracellular space sufficient to activate 5-HT2A receptors, thus producing the euphoric effects reported in near-death experiences and characteristic of 5-HT2A activation. 

When cells in brain die, they often “bleb” and release all of their contents - including all neurotransmitters - into their external environment, resulting in massive neurotransmitter dump into the extracellular space in the brain for brain receptor activation). 

NOTE ON CONSERVATION: BEGS THE QUESTION OF WHY THE 5-HT2A EXPERIENCE MIGHT BE IMPROTANT.
The human brain and body are highly conservative (Moutkine et al., 2018).{Moutkine, 2019 #10211} Rarely do we see anatomy or functions that are conserved through time that do not have important functions or contributions to the human life experience (Moutkine et al., 2018).{Moutkine, 2019 #10211}
What, then, might be the biological function of 5-HT2A receptors in the brain? How might their use be harnessed in the context of life, death, pain, suffering, and healing/therapy/therapeutic modality? 
I think it’s not a coincidence these receptors are so evolutionarily conserved, involved in nearly all aspects of life entrance, exit, and experience, and have such low affinity for serotonin that they are only bound before death, after consuming certain plants that have been used by the ancients to facilitate life exodus/recycling for ages, or through non-ordinary states of consciousness typically associated with transcendence (meditation, spirituality, “schizophrenia”). 

II. TURNING TO QUANTUM
Death and near-death experiences represent a unique set of phenomena that include distinct physical (cellular, molecular) and meta-physical (quantum and psychospiritual) processes that seem to be both required and uniquely intertwined.1-24 Investigative inquiry into these processes can yield a greater understanding of life, consciousness/qualia, death, and the possible multi-layered processes that occur in between these two phenomenon, as well as the way the two may be related.17-21_12-15,17-19,22-30 A variety of qualitative, quantitative, and mixed-methods studies find that “near death” experiences are associated with dissociation from- and/or transcendence of the physical world and its physical properties (including the physical human body)31-43and a greater sense of association and connection with metaphysical entities, properties, and states (e.g., a sense of metaphysical connection to all things, oceanic boundlessness, spiritual- and “other-worldly” connections).32,44-50 12-14,27,51 It would seem that these experiences are aligned with a process of conscious or energetic exit or transcendence from the physical, material world that the life experience is typically associated with, and a preparation for ascension into a more meta-physical, mystical, transcendent, and distinctly non-physical experience. Whether the sense of consciousness, the metaphysical self, or awareness remain intact during the after-death experience is a question that currently remains unanswered, as we thus far only have knowledge from individuals with near-death (e.g., distinctly not-death) experiences. Here, we provide a brief overview of some quantum processes and phenomenon that are known or proposed (by others or by us here) to be associated with life and near-death experiences. Specifically, we review quantum principles that have empirical support in quantum and biological research and how they are or may be applicable to life-or-death processes.56 We also propose a quantum theory of life and death whereby total vesicular extracellular serotonin release (as occurs during neuronal hypoxia and necrotic liquidation during death and near-death processes)(Bray, 2018; Li et al., 2015) results in activation and saturation of serotonin’s 5-HT2A receptors25,55 that activates processes of quantum superdense coding, tunneling, and teleportation that enables life force to travel from the death of one physical body to the birth of another.
Specifically, we propose that 5-HT2A receptor activation may activate a process of quantum superdense coding (a communication method that is empirically supported in quantum communication research (though primarily theoretical in large-scale applications), that is thought to allow for the transmission of more information using quantum entanglement)56-59 of consciousness and qualia that enables certain metaphysical energies (e.g., consciousness, qualia, and life) to engage in quantum tunneling (an empirically supported phenomenon that explains the ability of particles to pass through barriers that would otherwise be considered impassable in classical physics)56,60 and/or quantum teleportation (a phenomenon involving the transmission of quantum states between particles through entanglement that is empirically supported by successful demonstrations of quantum state teleportation, though it is primarily limited to small-scale systems)61-64 whereby the energetic essence of life, consciousness, or qualia pass from one living body (e.g., death) into another (e.g., birth). This theoretical hypothesis is supported theoretically by a variety of additional quantum principles.56,65,66 For example, the concept of quantum wave-particle duality (an empirically supported principle suggesting that fundamental entities, such as photons and electrons, behave both like discrete particles and continuous waves, depending on how they are observed)56,65,66 can be theoretically applied to the process of physical-metaphysical duality to suggest that fundamental entities, such as human beings, can behave both like discrete particles (the physical body) and continuous waves (the conscious experience), depending on how they are observed. Together, these and other findings may identify 5-HT2A activation as a mechanism for quantum transcendence of life into after life.	Comment by Brenna Bray: Altogether — My theory is that the 5-HT2A receptor holds a key to quantum principles that enable life to become superdensely coded and tunnel/teleport from one dying body to one living one. 


In the past half century, scientific paradigm shifts in psychology and psychoanalysis have emerged that focus on applying contemporary scientific materialist, biomedical, and technological, physically-oriented approaches to psychological and neurobiological experiences, concepts, constructs, and practices.1 Among these, there is a new but growing movement that applies quantum mechanics (a branch of physics that studies the behavior of particles on a very small scale, at the level of atoms and subatomic particles) to psychological and neurobiological phenomenon (e.g., quantum biology, neurobiology, psychology, cognition, consciousness, and healing).1,2 These quantum psycho-neuro-biological fields seem to be driven in large part by consumer interest and develop largely outside of conventional research and allopathic medicine systems. This is especially true for quantum healing. 	Comment by Brenna Bray: This is from a separate manuscript. Most will work; some changes will be needed.
Alongside this highly biomedical, scientific materialist movement exists a post-materialist, metaphysical counter-movement that uses nonmaterial and metaphysical perspectives to explore psychological and psychospiritual experiences, phenomenon, theories, and concepts/constructs (e.g., the essence and nature of reality, existence, qualia/consciousness, time, causality, and the fundamental principles of being).3 Interestingly, these nonmaterial, metaphysical perspectives increasingly include elements of quantum mechanics (e.g., quantum psycho-neuro-biological perspectives and approaches),1,3-9 representing a unique convergence of materialist/biomedical/physical and nonmaterial/psychospiritual/metaphysical orientations.1 	Comment by Brenna Bray: For example, in the past decade, science and the popular press have become increasingly interested in non-metaphysical explanations of consciousness, qualia (the subjective aspects of consciousness), and awareness, that are rooted in scientific empirical support and use quantum mechanics, biology, information technology, and thermodynamic disciplines (e.g., the QBIT theory).10
The QBIT theory formulates “the problem of consciousness” by positing that quale are superdense packs of quantum information within a cognitive system that are encoded in maximally entangled pure states (thus rendering them essentially private and unshareable) and generated when compressed beyond a certain threshold.10
information within a cognitive system gradually obtains a particular meaning as it undergoes a progressive process of interpretation performed by an internal model installed in the system. This paper introduces the QBIT theory of consciousness, and explains its basic assumptions and conjectures.

BRIEF summary of a few critical texts here: “For example, quantum applications to biology,
Theise & Kafatos (2016) offer fundamental awareness as a framework for integrating science, philosophy, and metaphysics. [brief description here]. They specifically address quantum applications to nondual awareness.3
Beshkar (2020) 
Quantum applications to Buddhist perspectives of consciousness.10-16 and qualia.3,17-39
Quantum applications to Buddhist meditation and mindfulness practices.10,40
Quantum applications to nondual awareness.3

Recent interest in quantum neurobiology — exploring the presence of well-established quantum mechanics principles (wave-particle duality, quantum entanglement, quantum superposition, and — most relevant here — quantum teleportation, quantum tunneling, and quantum superdense coding. 

Quantum teleportation: Phenomenon involving the transmission of quantum states between particles through entanglement. The phenomenon is empirically supported by successful demonstrations of quantum state teleportation, though it is primarily limited to small-scale systems.

Quantum Tunneling: Empirically supported phenomenon that explains the ability of particles to pass through barriers that would otherwise be considered impassable in classical physics. Experimentally supported by- and central to modern technology (e.g., functionality of semiconductor devices like transistors). 
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Table 1: Quantum Principles and Their Broader Psycho-Neuro-Biological Implications	Comment by Brenna Bray: Consider including a table that summarizes the terms Kyrizaosa & Poga describe/define in section 1.2 “Brief overview of quantum mechanics’ revolutionary concepts” (e.g., wave-particle duality, Heisenberg uncertainty principle, Schrödinger equation (time-dependent Schrödinger equation in one dimension), quantum entanglement, quantum tunneling, quantum superposition, and quantum decoherence, quantum teleportation, quantum zero effect, and quantum superdense coding). You may want to include the Observer Effect in there as well (unless that is one of those terms, just different labeling  ). What I might suggest – I’m starting to do this a lot in my work and I find it very helpful – is that you create three tables: (i) one with quantum terms and definitions/descriptions (as described above), (ii) one with contemplative Buddhist psychological/psychospiritual terms (theories, concepts, constructs, and practices/approaches/perspectives) and their definitions/descriptions, and (iii) a third table that maps contemplative Buddhist terms onto quantum terms (or vice versa). In the third table (and maybe in the first two as well), I would include a third column that shows citations supporting the information provided in columns 1 and 2. NOTE: I am of part a mind that this third column would not be needed for table 1, as you can pull your terms mostly straight from Kyriazosa & Poga 2024, so it may be simpler to just refence that source in the Table legend or even in the table title. This may be the case also for Table 2 (I’ll have to see if I have any sources that cover contemplative Buddhist-informed psychology and psychoanalysis approaches more broadly, such that you can find all the terms//concepts//constructs/etc. you might use in one source. In the event that’s not something that yet exists, then you’ll want to pull from different sources, so referencing those sources in a third column could be helpful. For reference, see Table 14 in Bray et al., 2023 (https://pmc.ncbi.nlm.nih.gov/articles/PMC9971930/pdf/fpsyt-13-1087165.pdf) or Tables 10-11 on the last 4 pages of Bray et al., 2024 (https://pmc.ncbi.nlm.nih.gov/articles/PMC11737546/pdf/nihms-2032031.pdf).
	Comment by Brenna Bray: Certainly! Below are authoritative sources for each of the key quantum concepts, including original works and widely recognized references:

---

1. **Wave-Particle Duality**  
   - Original Source: Louis de Broglie's 1924 PhD thesis, *Recherches sur la théorie des quanta*, introduced the idea of matter waves.  
   - Experimental Evidence: The double-slit experiment by Thomas Young (1801) demonstrated wave behavior of light, and later experiments by Davisson and Germer (1927) confirmed wave-like properties of electrons.  
   - Authoritative References:  
     - [Wave-Particle Duality on Britannica](https://www.britannica.com/science/wave-particle-duality)  
     - [Wave-Particle Duality on Wikipedia](https://en.wikipedia.org/wiki/Wave%E2%80%93particle_duality)  

2. **Heisenberg Uncertainty Principle**  
   - Original Source: Werner Heisenberg's 1927 paper, *Über den anschaulichen Inhalt der quantentheoretischen Kinematik und Mechanik*.  
   - Authoritative References:  
     - Heisenberg, W. (1927). "The Physical Principles of the Quantum Theory."  
     - [Heisenberg Uncertainty Principle on Britannica](https://www.britannica.com/science/uncertainty-principle)  

3. **Double-Slit Experiment**  
   - Original Source: Thomas Young's 1801 experiment demonstrated the wave nature of light. Later, Davisson and Germer (1927) extended this to electrons.  
   - Authoritative References:  
     - [Double-Slit Experiment on Wikipedia](https://en.wikipedia.org/wiki/Double-slit_experiment)  
     - [Young's Double-Slit Experiment on ThoughtCo](https://www.thoughtco.com/youngs-double-slit-experiment-2699034)  

4. **Quantum Entanglement**  
   - Original Source: Albert Einstein, Boris Podolsky, and Nathan Rosen's 1935 paper, *Can Quantum-Mechanical Description of Physical Reality Be Considered Complete?* (EPR Paradox).  
   - Experimental Evidence: Bell's Theorem experiments (1964) and subsequent tests by Alain Aspect in the 1980s.  
   - Authoritative References:  
     - Aspect, A., Dalibard, J., & Roger, G. (1982). "Experimental Test of Bell's Inequalities Using Time-Varying Analyzers."  
     - [Quantum Entanglement on Britannica](https://www.britannica.com/science/quantum-entanglement)  

5. **Quantum Superposition**  
   - Original Source: Erwin Schrödinger's 1935 thought experiment, *Schrödinger's Cat*, and his earlier work on wave mechanics.  
   - Authoritative References:  
     - Schrödinger, E. (1935). "Die gegenwärtige Situation in der Quantenmechanik."  
     - [Quantum Superposition on Britannica](https://www.britannica.com/science/quantum-superposition)  

6. **Quantum Tunneling**  
   - Original Source: George Gamow's 1928 work on alpha decay.  
   - Authoritative References:  
     - Gamow, G. (1928). "Zur Quantentheorie des Atomkernes."  
     - [Quantum Tunneling on Britannica](https://www.britannica.com/science/quantum-tunneling)  

7. **Quantum Decoherence**  
   - Original Source: H. Dieter Zeh's 1970 paper, *On the Interpretation of Measurement in Quantum Theory*.  
   - Authoritative References:  
     - Zeh, H. D. (1970). "On the Interpretation of Measurement in Quantum Theory."  
     - [Quantum Decoherence on Britannica](https://www.britannica.com/science/quantum-decoherence)  

8. **Quantum Teleportation**  
   - Original Source: Charles H. Bennett et al.'s 1993 paper, *Teleporting an Unknown Quantum State via Dual Classical and Einstein-Podolsky-Rosen Channels*.  
   - Authoritative References:  
     - Bennett, C. H., Brassard, G., Crépeau, C., Jozsa, R., Peres, A., & Wootters, W. K. (1993). "Teleporting an Unknown Quantum State via Dual Classical and Einstein-Podolsky-Rosen Channels."  
     - [Quantum Teleportation on Britannica](https://www.britannica.com/science/quantum-teleportation)  

9. **Quantum Zeno Effect**  
   - Original Source: Misra and Sudarshan's 1977 paper, *The Zeno’s Paradox in Quantum Theory*.  
   - Authoritative References:  
     - Misra, B., & Sudarshan, E. C. G. (1977). "The Zeno’s Paradox in Quantum Theory."  
     - [Quantum Zeno Effect on Britannica](https://www.britannica.com/science/quantum-Zeno-effect)  

10. **Quantum Superdense Coding**  
    - Original Source: Charles H. Bennett and Stephen J. Wiesner's 1992 paper, *Communication via One- and Two-Particle Operators on Einstein-Podolsky-Rosen States*.  
    - Authoritative References:  
      - Bennett, C. H., & Wiesner, S. J. (1992). "Communication via One- and Two-Particle Operators on Einstein-Podolsky-Rosen States."  
      - [Quantum Superdense Coding on Britannica](https://www.britannica.com/science/quantum-superdense-coding)  

---

These sources provide a mix of original foundational works and accessible references for further exploration. Let me know if you'd like help accessing any of these!
	Key Concepts & Constructs in Quantum Mechanics and Quantum PsychoNeuroBiology

	Term, Description, Level of Evidence
	Neuro-Psycho-Biological Applications and Their Empirical Support	Comment by Brenna Bray: UPDATE THIS SECTION:
quantum superdense coding (a communication method that is empirically supported in quantum communication research (though primarily theoretical in large-scale applications), that is thought to allow for the transmission of more information using quantum entanglement)56-59 of consciousness and qualia that enables certain metaphysical energies (e.g., consciousness, qualia, and life) to engage in quantum tunneling (an empirically supported phenomenon that explains the ability of particles to pass through barriers that would otherwise be considered impassable in classical physics)56,60 and/or quantum teleportation (a phenomenon involving the transmission of quantum states between particles through entanglement that is empirically supported by successful demonstrations of quantum state teleportation, though it is primarily limited to small-scale systems)61-64 whereby the energetic essence of life, consciousness, or qualia pass from one living body (e.g., death) into another (e.g., birth). This theoretical hypothesis is supported theoretically by a variety of additional quantum principles.56,65,66 For example, the concept of quantum wave-particle duality (an empirically supported principle suggesting that fundamental entities, such as photons and electrons, behave both like discrete particles and continuous waves, depending on how they are observed)56,65,66 can be theoretically applied to the process of physical-metaphysical duality to suggest that fundamental entities, such as human beings, can behave both like discrete particles (the physical body) and continuous waves (the conscious experience), depending on how they are observed. Together, these and other findings may identify 5-HT2A activation as a mechanism for quantum transcendence of life into after life.


	Principles Central to the Theory Proposed Here

	Wave-Particle Duality: 
Empirically supported principle suggesting that fundamental entities, such as photons and electrons, behave both like discrete particles and continuous waves, depending on how they are observed.1,41,42 This dual nature challenges traditional notions of fixed categories in science and is one of the cornerstones of quantum mechanics, supported by experiments like the double-split experiment.
	· Life/Death:
· Neurobiology: This principle parallels the dual behavior of neurons, which operate through discrete electrical signals yet produce continuous patterns of brain activity.
· Psychology: It underscores the fluidity of human cognition, where thoughts can seem both distinct and interconnected.
· Contemplative Buddhism: Resonates with teachings on the interdependent nature of reality and the necessity of embracing paradox.

	Quantum Superdense Coding: 
Communication method thought to allow for the transmission of more information using quantum entanglement. While this communication is empirically supported in quantum communication research, it is primarily theoretical in large-scale applications.
	· Neurobiology: Mirrors the brain’s ability to condense and efficiently transmit complex information.
· Psychology: Reflects the nuanced ways humans communicate deep meanings through minimal expression.
· Counseling: Highlights the richness of verbal and nonverbal communication in therapeutic work.
· Healing: Suggests that brief moments of connection can carry profound meaning and impact.
· CBIP: Resonates with the depth of wisdom that can be conveyed through mindful, compassionate dialogue.

	Quantum Tunneling:
Empirically supported phenomenon that explains the ability of particles to pass through barriers that would otherwise be considered impassable in classical physics. Experimentally supported by- and central to modern technology (e.g., functionality of semiconductor devices like transistors).
	· Neurobiology: ***
· Psychology: ***.
· 

	Quantum Teleportation:
Phenomenon involving the transmission of quantum states between particles through entanglement. The phenomenon is empirically supported by successful demonstrations of quantum state teleportation, though it is primarily limited to small-scale systems.
	· Neurobiology: Can symbolize the brain’s capacity to transfer information across vast networks.
· Psychology: Suggests the rapid transfer of emotional or mental states through shared understanding and empathy.
· Counseling: Highlights the deep connection possible in therapeutic relationships, enabling transformative communication.
· Healing: Serves as a metaphor for the instantaneous shifts that can occur through profound insight or connection.
· CBIP: Reflects the transmission of wisdom and understanding through shared presence and teaching.

	Principles Supporting the Theory Proposed Here

	Observer Effect:
Similar and related to quantum superposition, the observer effect describes the idea or phenomenon that observing or measuring a quantum system can disturb it, leading to a change in its state. This occurs because observing the system involves interacting with the system (e.g., using photons to observe electrons), which causes the superposition to “collapse” into one specific state. 
	

	Quantum Entanglement:
A non-classical phenomenon with strong empirical support in which particles become interconnected such that the state of one instantaneously affects the state of another, irrespective of the distance separating them.1 Empirical support includes Bell’s Theorem test and real-world demonstrations of entanglement.
	· Life/Death: Reinforces the idea of collective healing and the interdependence of all beings.
· Neurobiology: Resonates with the interconnected nature of neural networks, where activity in one region can influence another.
· Psychology: Highlights the profound impact of relationships and the interconnectedness of individuals’ emotional experiences.
· CBIP: Closely tied to Buddhist teachings on interdependence and the shared nature of existence.
Objective empirical support exists for quantum entanglement within the field of quantum mechanics and some areas of quantum biology, focused specifically in plants (e.g., photosynthesis). Conceptual/theoretical empirical support for presence in neurobiology (e.g., conceptual models have been developed that propose microtubules and neuronal myelin sheaths as sources for quantum entanglement; however, these models lack empirical validation).1,43

	Heisenberg Uncertainty Principle:
Empirically supported principle stating that we cannot simultaneously determine both the precise position and momentum of a particle. This principle is fundamental to- and underscores a fundamental limitation in – quantum mechanics (e.g., in quantum predictability) and has been demonstrated in many contexts involving atomic and subatomic particles.1
	· Neurobiology: Reflects the probabilistic nature of synaptic processes, where precise outcomes cannot always be determined.
· Psychology: Illustrates the difficulty in fully understanding or predicting complex human behaviors and mental states.
· Counseling: Emphasizes the value of working with ambiguity, accepting that not all aspects of a client’s experience can be fully known or controlled.
· Healing: Encourages a mindset of openness to uncertainty, recognizing that progress does not always follow predictable paths.
· CBIP: Aligns with Buddhist views on embracing impermanence and relinquishing the desire for absolute certainty.

	Schrodinger Equation (Time-dependent Schrodinger Equation in One Dimension): 
“Serving as the bedrock of quantum dynamics, the Schrodinger equation outlines how a quantum system evolves.”
	

	Quantum Superposition:
Empirically-supported principle used to describe the ability of a quantum particle or system to exist in multiple states or configurations simultaneously until observed or measured. For example, an electron can be in multiple energy states or positions at the same time until a measurement is made. Experimental support includes Schrödinger’s cat thought experiment and demonstration in quantum systems like qubits in quantum computing.
	· Neurobiology: Suggests parallels to the brain’s ability to hold multiple possibilities before making a decision.
· Psychology: Reflects the coexistence of conflicting emotions, thoughts, or identities within an individual.
· Counseling: Encourages exploration of alternative perspectives and the acceptance of internal contradictions.
· Healing: Highlights the transformative potential that exists in embracing complexity and uncertainty.
· CBIP: Aligns with Buddhist practices of holding paradoxical truths and seeing the multiplicity within reality.

	Quantum Decoherence:
Empirically supported and widely accepted rationale that  describes why quantum systems appear classical in large-scale environments (e.g., via loss of coherence due to environmental interactions, resulting in the appearance of classical behavior).
	· Neurobiology: Highlights how external stimuli influence neural processes, impacting coherence in brain activity.
· Psychology: Reflects the role of environmental factors in shaping and sometimes destabilizing mental states.
· Counseling: Underlines the importance of providing a supportive and stable therapeutic environment.
· Healing: Suggests the need for creating safe spaces where coherence and clarity can be reestablished.
· CBIP: Aligns with mindfulness practices that stabilize the mind amid external distractions.

	Quantum Zeno Effect:
This principle states that frequent observation can inhibit the evolution of a quantum system. While this principle is experimentally demonstrated, it remains somewhat abstract in its broader implications.
	· Neurobiology: Suggests that over-monitoring or fixation can stabilize certain neural patterns, hindering change.
· Psychology: Warns against excessive self-monitoring, which can impede natural psychological progress.
· Counseling: Encourages stepping back to allow clients the space to grow and evolve organically.
· Healing: Highlights the importance of patience and not forcing outcomes in the healing process.
· CBIP: Aligns with the Buddhist practice of non-attachment and trusting the unfolding process.

	Table Legend: [Brief Table Description Here]. Abbreviations: [Include any abbreviations you use here or delete this]. Sources: 1, Kyriazos & Poga, 2024; 2, Liu et al., 2024; 3, etc..
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III. ADENDUM PROBABLY CAN EXCLUDE FROM HERE.
A. Death & Migration at the level(s) of the cell & the human
i. The process(es) by which cells in the body die can be categorized into the one of several categories/processes (e.g., necrosis, autophagy, apoptosis).
· Yuan & Ofengeim, 2018. "A guide to cell death pathways."
· Newton, 2024, "Cell death."
· D'Arcy 2019. "Cell death: a review of the major forms of apoptosis, necrosis and autophagy."
· Bertheloot et al., 2021. "Necroptosis, pyroptosis and apoptosis: an intricate game of cell death."
ii. One form of cell death (apoptosis) involves imitation of a "death" program. This is often referred to as "programmed cell death," akin to cellular suicide and it can occur in several different forms (see references above).
iii. One form of apoptosis (programmed cell death) is called cellular "blebbing" (scientific term for "blistering") and it has an important role in facilitating the movement of cells from one location in the body to another (called "cellular migration").
· Charras 2008. “A short history of blebbing;" 
· Fackler & Grosse, 2008. “Cell motility through plasma membrane blebbing;" 
·  Wickman et al., 2013. “Blebs produced by actin-myosin contraction during apoptosis release damage-associated molecular pattern proteins before secondary necrosis occurs;" 
· Charras & Paluch, 2008. "Blebs lead the way: how to migrate without lamellipodia;"
· Paluch & Raz, 2013. “The role and regulation of blebs in cell migration".  
· Charras et al., 2005. “Non-equilibration of hydrostatic pressure in blebbing cells"
iv. If certain cell death processes can serve to facilitate cellular migration (migration of cells from one space to another) (Charras 2008, Fackler & Grosse, 2008; Wickman et al., 2013; Charras & Paluch, 2008; Paluch & Raz, 2013; Charras et al., 2005), how might human death processes do the same thing?
v. How might this question be explored through a scientific lens?
vi. What aspects could be observed, measured, and studied?
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Fig. 4. Cortical neurotransmitter secretion shows immediate and marked
surge in response to asphyxia. In A-G, concentration graph in nM or uM is
shown in a for the entire sampling period (25 min), and normalized (to the
baseline) graph in fold changes is shown in b for a total of 10 min. Glucose
concentration showed marked decline in both frontal (red tracing) and oc-
cipital (blue tracing) areas (A). Extracellular concentrations of measured
neurotransmitters, including adenosine (B), dopamine (C), norepinephrine
(NE; D), serotonin (E), GABA (F), glutamate (G), and aspartate (H), all showed
marked elevation in response to asphyxia (n = 7). In comparison with the
baseline values, significant surge was detected as early as time 0 for dopa-
mine, norepinephrine, and GABA in both frontal and occipital lobes. At 1 min
of asphyxia, all seven neurotransmitters showed significant (P < 0.05) elevation
in both cortical sites, except serotonin in occipital lobe, where significant el-
evation was found at 2 min of asphyxia. A significant (P < 0.05, n = 7) regional
difference (frontal vs. occipital lobes) in the degree of elevation from baseline
was found for serotonin at 4-7 min of asphyxia and for norepinephrine at
1 min, both of which were more elevated in the frontal areas than the occipital
areas (D, b and E, b). Adenosine (B, b) and dopamine (C, b) also showed a
similar trend. Error bars denote SEM. The first time point that shows significant
elevation over baseline is marked by asterisks, with red indicating frontal
cortex release and blue denoting occipital cortex secretion. The black pound
signs in D, b and E, b indicate significant difference in release between the
frontal and occipital cortices.
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Figure 4. Location of cortcosterone infusion differentally afecis accurbal dopamine output in
saline pre-treated controls.

A) Saline pre-treated rats receiving infusions of vehicle + corticosterone into the
dorsoventral hippocampus (dvHipp) or posterior medial cortical regions of the amygdala,
with tracing for accumbal dopamine output following vehicle + corticosterone infusions.
(VEF+CORT) into the ventral hippocampus (vHipp) from Fig. 2A shown as dotted line for
reference. Data represent mean + SEM nA *significant effet of time (P < 0.05) but no
specific time points identifed as significantly different from pre-infusion levels (P> 0.05,
Holm Sidak). B) Representative diagrams of carbon paste electrode placements n the
medial nucleus accumbens shell and corresponding infusion cannula placements in the
dorsoventral hippocampus and posterior medial cortical amygdala. Figures adapted from
Paxinos and Watson (1998)
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Figure 4. DMT is present in the brain at concentrations comparable to known monoamine neurotransmitters.
(A) DMT levels in pineal-intact rats (n =25) rose following cardiac arrest. DMT, sampled 0.5hr before cardiac
arrest shown (retention time =7.2 minutes) on a representative raw chromatogram (a, blue tracing), ranged
between 0.05-1.8nM (averaged 0.56 nM; b, blue dots) during bascline. DMT levels increased within one hr

of cardiac arrest (a, red tracing), averaging 1.35nM with maximum 5.01 nM (b, red dots). DMT increase was
significant (***p =0.00027; mean of differences = 0.80; SD = 0.93; 95% CI=0.41 to 1.18; t(24) .26). (B)
DMT levels persisted in brains of pinealectomized rats (n = 11). DMT levels sampled 0.5-1 hr following cardiac
arrest shown (retention time =7.5 minutes) on a representative raw chromatogram (a, blue tracing), ranged
between 0.25-2.20M (averaged 1.02nM; b, blue dots) during baseline. DMT levels increased within one hr

of cardiac arrest (a, red tracing), averaging 1.83 nM with maximum of 5.11nM (b, red dots). DMT increase

‘was significant (*p =0.034; mean of differences =0.81; SD = 1.10;95% CI=0.075 to 1.55; t(10) =2.45).

(C) There was no difference in brain concentrations of DMT at baseline (a) between rats without (~ pineal;
‘mean = 1.02nM; SD, blue bar =0.63) and with (+ pineal; mean =0.56 nM; SD, blue bar = 0.49) the pineal
gland (p=0.05, Welch's unpaired t-test). No difference between brain concentrations of DMT following cardiac
arrest (b) without (~ pineal; mean=1.83nM; SD, red bar=1.38) and with (+ pineal; mean = 1.35nM; SD, red
bar=1.27) the pineal gland was detected (p=0.34, unpaired t-test with Welch's correction). Basline levels of
DMT were about half those of 5-HT levels (c; *p = 0.026; mean of differences=1.08; SD = 1.37; 95% CI=0.16
102.0;1(10) = —2.62) in the visual cortex of pinealectomized rats (mean DMT = 1.02nM; SD, blue bar =0.63;
mean 5-HT =2.10nM; SD, blue bar = 1.67).
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