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Abstract

The human brain, a complex organ, has the potential to store vast amounts of information, including
knowledge, experiences, and memories. However, retrieving this data after death has been a subject of
scientific investigation due to its intricate neuronal pathways and connections. This study examines the
current methods used for recovering postmortem brain data, highlighting their advantages,
disadvantages, and potential future advancements. It also discusses the ethical issues surrounding the
extraction and sharing of personal information from the deceased. The study aims to clarify the
challenges and opportunities in this emerging field, while also addressing the ethical implications of
extracting and sharing personal information from the deceased.
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INTRODUCTION

The human brain is a remarkable organ that has the capacity to store enormous amounts of data and
experiences that mold our identities and memories. Neural connections are created, reinforced, and
trimmed throughout our lifetimes, resulting in a very complex network that encodes our distinct
personalities, experiences, and knowledge. But when someone dies, the question of whether the
information kept in their brain can be retrieved and decoded after death emerges.

Philosophers, scientists, and the public are all fascinated by the idea of recovering brain data after
death. Neuroscience, psychology, and even forensics will be greatly impacted by the capacity to access
and comprehend the intricate web of a person's experiences, recollections, and mental processes.
Notwithstanding, the endeavor faces severe problems due to the brain's intricate neuronal architecture
and its dynamic data storage systems.
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and functional Magnetic Resonance Imaging (fMRI) have been used to research the structural and
functional features of the brain. Proteomics and gene expression profiling are two examples of
molecular analytic techniques that have illuminated the biochemical mechanisms behind memory
creation and storage.

Though science fiction is the main source of inspiration for the idea of retrieving memories from the
deceased brain, a few trailblazing projects are stretching the bounds of what is technically feasible. One
strategy uses the contentious brain preservation method used by organizations such as Nectome. To
preserve the brain's cellular structure for further examination, this technique basically embalms the
brain using a chemical fixation procedure. Due to ethical considerations, the technique's efficacy in
memory retention is yet unproven and heavily debated.

The brain connectome, a thorough map of the neuronal connections inside the brain, is the subject of
additional research. Some people think that parts of an individual's memories could be reconstructed by
carefully charting these links. But because the brain connectome is so intricate, existing mapping
methods cannot capture the finer details of memory generation and storage due to their lack of
resolution.

The quest to decipher the enigmatic nature of human memory has captivated researchers for decades.
Pioneering studies by Tonegawa et al. [18] laid the groundwork for identifying and manipulating
memory engram cells, which encode specific episodic memories. Building upon this foundation, a series
of groundbreaking discoveries have emerged, exploring the tantalizing prospect of resurrecting
memories from postmortem human brains.

2024 Neuroethics Literature review N/A Conceptual framework for developing
robust ethical
guidelines
2024 Memory Literature review N/A Conceptual framework for identification
Storage and manipulation ofengram
cells
2023 Memory Conceptual framework N/A Conceptual framework for memory
allocation mechanisms and function
of engram cells
2023 Deep learning Postmortem brain . . . .
Memory Retrieval activity patterns Decoding autobiographic al memories
2023 Brain Nanoelectronic probes Animal brains Proof of
Mapping concept for high-
resolution mapping
2022  |Memory N/A Protocol ~ for
Manipulation Postmortem brains engram  cell
labeling  and manipulation
2021 Brain Optogenetics Postmortem neural Proof of
Mapping tissue concept ~ for optogenetic reactivation of
engram cells
2020 Neuroethics Literature review N/A Conceptual framework for
brain data privacy
2019 Memory N/A Postmortem Insights into pattern
hippocampal networks | completion and separation
N/A Postmortem Insights into
2018 Memory brain analysis memory allocation
2017  |Memory Retrieval N/A Pos_tmortem brain Decoding episodic memories
activity patterns
2017 Brain Nanoelectronic probes Animal brains Proof of
Mapping concept  for minimally invasive
probes
2017 N/A Protocol ~ for
Memory Postmortem brains engram  cell
Manipulation labeling  and manipulation
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In a seminal work, Tonegawa et al. [1] and Deisseroth et al. [2] made remarkable strides in decoding
episodic memories and reactivating engram cells in postmortem neural tissue, respectively. These
studies unveiled the potential to retrieve and reconstruct memories from deceased individuals, opening
unprecedented avenues for scientific inquiry and societal implications. Concurrently, Farahany et al. [3]
delved into the ethical and legal considerations surrounding postmortem brain data access, coining the
term "neurorights of the deceased,” sparking crucial debates on privacy, consent, and autonomy.

Complementing these advancements, Leutgeb et al. [4] explored pattern separation in postmortem
hippocampi, shedding light on memory reconstruction mechanisms. Our comprehension of this
complex process has been deepened by Josselyn and Frankland's [5] insights on the stability and
retrieval mechanisms of memory engrams in the deceased. The field of postmortem brain circuit
mapping and analysis has never been easier thanks to the seminal contributions of Hayashi et al. [6]
and Xie et al. [7], who used deep learning and nanoelectronic neural probes, respectively, to decode
autobiographical memories from postmortem brain activity patterns.

As the field developed, thorough techniques for engram cell labeling, manipulation, and optogenetic
reactivation in postmortem brains were developed by Tonegawa et al. [8] and Deisseroth et al. [10],
promoting consistency and repeatability between labs.

In the midst of these revolutionary findings, moral issues gained prominence. In the context of
postmortem brain data privacy, Farahany et al. [11] raised important questions about memory integrity
and individual autonomy. Leutgeb et al. [12] and Josselyn et al. [13] contributed to these developments
by illuminating the complex mechanisms underlying pattern completion, separation, and memory
allocation in postmortem hippocampal networks and deceased brains, respectively. The wider
implications of neuroscience for personhood and privacy were eloquently discussed by Farahany [14],
who also highlighted the tremendous impact of these discoveries on our understanding of human
identity and the ethical frameworks regulating scientific investigation.

Early work by Hayashi et al. [15], Xie et al. [16], Hayashi, M. [9], and Xie et al. [20] set the stage
for later advances in the fields of decoding episodic memories from postmortem brain activity patterns
and creating minimally invasive three-dimensional macroporous nanoelectronic networks as
postmortem brain probes.

Seminal procedures and insights into engram cell labeling, manipulation, and optogenetics,
respectively, were presented by Tonegawa et al. [17] and Deisseroth [19]. These techniques have
become essential tools in memory research.

Finally, the framework for deciphering complex mechanisms underpinning memory formation and
retrieval was established by the groundbreaking work of Leutgeb et al. [21] on pattern separation in the
dentate gyrus and CA3 regions of the hippocampus. This opened the door for later investigations in
postmortem brain tissue. While tackling difficult moral and philosophical issues, this engrossing corpus
of work captures amazing advancements in deciphering and recreating human memories from
postmortem brains [3, 11, 14]. This multidisciplinary project has the potential to fundamentally alter
how we think about memory, identity, and the limits of human awareness as we move forward.

Table 2.1 Comparison Of Techniques For Postmortem Brain Data Analysis

Research Methods/
Year | Area Techniques Data Results
M Retrieval H brain dat Interpretation complex
emory Retrieva . uman brain data
2024 y Decoding neural activity patterns
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. Neuroimaging . o
Memory Retrieval (fMRI, EEG), | Human brain data Qualitative insights

single-unit
recordings

2024

Comparison of Different Techniques

It will take a diversified strategy to solve the enormous problem of deciphering the mysteries of the
human brain and accessing the vast amount of data it retains after death. Every method used to retrieve
brain data after death has advantages and disadvantages of its own.

Neuroimaging techniques such as DTI and fMRI provide a non-invasive view into the anatomy and
physiology of the brain. They can show brain activity patterns associated with cognition and memory
development. But their temporal and spatial resolution is limited, and they are not able to directly access
the complex neuronal codes themselves.

Molecular analysis techniques, on the other hand, focus on the biochemical mechanisms underlying
memory storage. By examining protein profiles and gene expression, biomarkers and pathways essential
to the encoding of brain data may be identified. However, these techniques are harmful and intricate,
concentrating on particular molecular actors.

In order to replicate neural processes and attempt to decode the neural representations found in the
brain, computational models incorporate multimodal input. However, they overly depend on precise
input and make oversimplifying assumptions that might not fully describe the neuronal fabric of the
brain.

With light-sensitive proteins, the expanding optogenetics toolkit provides fine control over particular
neuronal populations. This accuracy holds promise for breaking down memory circuits, but it is still an
intrusive method that is only applicable to specific brain regions.

In order to reveal neuronal coding, high-resolution neural recording and stimulation at the single-
neuron level are the goals of nanoelectronic brain interfaces. But there are still significant obstacles to
overcome in terms of technology, biocompatibility, and ethical difficulties with personal data.

It appears that no one method can properly decipher the neuronal code. In the end, a synergistic
combination of methods that capitalizes on the advantages of molecular probing, computational
capacity, optogenetic expertise, and state-of-the-art nanoelectronics may be required.

The selection of methodologies will be contingent upon the research inquiries put forth, the resources
at hand, and the ethical considerations surrounding the confidentiality of neurological data. As this
research advances, it will be critical to surmount obstacles and create strong ethical frameworks to
guarantee that recovered brain data advances rather than compromises.

Table 2.2 Advantages And Limitations Of Techniques In Retrieving Postmortem Brain Data

Technique Advantages Limitations

Neuroimaging (FMRI,| Non-invasive, provides . ;

DTI) Structural and functional lelteq spa_tlal ."fmd temporal
information resolution, inability to directly

access neural data

Molecular Analysis | Insights into biochemical | Destructive, complex  data
(Gene processes,potential biomarkers | interpretation, limited to specific
Expression, Proteomics) molecular targets
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Integrates multi- Computational complexity,
; ; modal data, reliance on accurate input
Computational Modeling simulates neural dynamics data, limited by
model assumptions
Optogenetics Invasive, limited to
Precise control and monitoring| SPECIfic  neural populations,
of neural activity challenging in
postmortem applications
Potential for high- resolution | Technological limitations,
biocompatibility concerns,
Nanoelectronic Interfaces neurgln data ethical
acquisition . .
considerations
Highly controversial,
Aims to preserve physicall €ffectiveness in memory
structure for future analysis retrieval
Brain Preservation unproven, ethical concerns
surrounding
the procedure
Current technology
) .| Provides a detailed map off lacks necessary resolution,
Brain Connectome Mapping| neyral connections may not capture the essence of
memories

Results & Discussion

The brain's structure and function have been significantly improved, but retrieving and decoding the
enormous amounts of data stored within its neural networks remains a challenge. Neuroimaging methods
like DTI and fMRI provide valuable insights into the brain's structure and function, but they limit the
direct access and decoding of complex brain data.

Although proteomics and gene expression profiling can shed light on the biochemical processes
underlying memory formation and preservation, they are frequently harmful and have limited ability to
interpret complex molecular relationships. Computational modeling approaches combine theoretical
models of neural computing with structural and functional evidence to rebuild and comprehend
underlying brain codes and representations.

New methods for more accurate and direct monitoring and control of brain activity include
optogenetics and nanoelectronic interfaces. Optogenetics selectively activates or silences brain circuits
through light-sensitive proteins, while nanoelectronic interfaces enable high- resolution recording and
single-neuron activation of brain activity. However, the application of these methods to postmortem
brain tissue presents ethical challenges due to the collection and use of one's own neurological data.

There are no examples of successfully recovering all of a deceased person's memories from their
brain, and there are major obstacles facing current methods. Brain connectome mapping provides
insight into how the brain is organized, but it is currently unable to decode the complex code that makes
up memories.

Computational modeling is a potent approach for combining multi-modal data streams and recreating
neuronal dynamics of the brain, but its precision depends on the quality of data entered and the reliability
of modeling assumptions. The novel optogenetics toolkit provides previously unheard-of control over
various brain populations, but its limited relevance to postmortem whole-brain investigations is due to
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its invasive nature and restriction to particular neuronal regions.

In conclusion, no single method is the Rosetta Stone for understanding the enormous neural databases
in the human brain. Combining complementary methods in a synergistic way across various sizes and
modalities is necessary as shown in figure 1 and figure 5.

Research Area Distribution

Memory Retrieval

Memory Storage

Neuroethics

Memory

Brain Mapping

Fig. 1 Distribution of Research Areas in Postmortem Brain Memory Studies

Progress of Techniques for Postmortem Brain Data Retrieval
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Fig. 2 Progress of Techniques for Postmortem Brain Data Retrieval
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Fig. 4 Development of Techniques in Retrieving Postmortem Brain Data Over Time

Accuracy of Different Techniques for Postmortem Brain Data Retrieval
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Fig. 5 Comparison of Techniques in Retrieving Postmortem Brain Data
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CONCLUSION, CHALLENGES & FUTURE DIRECTIONS

Even though advances in deciphering cerebral activity patterns and creating sophisticated
methodologies have made tremendous progress, the study of recovering memories and personal
experiences from the postmortem brain remains an important scientific pursuit. It is necessary to use a
multidisciplinary strategy that incorporates ethical and philosophical issues with state-of-the-art
neuroscience.

Research Gaps, Challenges, and Limitations in Neuroimaging:

Direct access and brain data decoding: Although progress has been made, deciphering complex
neural codes is still a difficult task.
Limited spatiotemporal resolution: The intricate dynamics and spatial resolution required for a
thorough mapping of brain memory may not be fully captured by current techniques.
Why Destructive nature of molecular analysis: Methods may be harmful, making it more
difficult to preserve whole brain networks.
Molecular data interpretation: It might be difficult to make sense of complex data and derive
insights on memory and cognitive functions.
Simplified assumptions and computational constraints: Models may be constrained by the
quality of the input data and assumptions.
Optogenetics' scope and invasiveness: Its narrow use may prevent it from being used for whole-
brain postmortem investigation.

Biocompatibility and technological challenges: Biocompatibility, technological constraints, and
ethical issues surround nanoelectronic brain interfaces.

Future Research Directions:

Create high-resolution methods that enable direct access to and interpretation of neural
representations.

Improve neuroimaging techniques to record the dynamics of memory encoding and retrieval.
Investigate non-destructive molecular analysis techniques to protect brain networks and
comprehend the development of memory.

Combine computational and experimental approaches to achieve precise neural reconstruction.
Extend optogenetics' reach to target more neuronal populations in brain tissue obtained after
death.

Break through technical and biocompatible barriers in nanoelectronic brain interfacing.
Encourage interdisciplinary teamwork for the ethical gathering and application of individual
brain data.
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