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For decades, scientists have explored how the 

brain processes information, stores memories, 

and generates thoughts. Traditional theories 

focus on the electrical and chemical signals 

exchanged between neurons. However, a 

new and innovative approach is emerging, 

suggesting that the brain may function similarly 

to a hologram. This concept, known as the 

‘holographic brain hypothesis’, is proposed by 

researchers led by Professor Marco Cavaglià 

and Professor Jack Tuszynski, who hypothesise 

that the lipid membranes of neurons play a 

crucial role in brain function, much like the 

surface of a holographic plate in optics.

The Holographic Brain Hypothesis

The holographic brain hypothesis posits that the brain uses 
principles similar to holography to process and store information. In 
traditional holography, light waves create an interference pattern 
on a photographic plate, encoding information in a way that can 
be reconstructed later as a three-dimensional image. Similarly, 
the researchers propose that electromagnetic fields generated 
by neurons interact with the brain’s lipid membranes, creating 
interference patterns that may encode information about sensory 
experiences, thoughts, and memories.

The Role of Lipid Membranes

Lipid membranes are essential components of all cells, including 
neurons. They serve as barriers, protecting the cell’s interior and 
regulating the flow of ions and molecules. But in the context of the 
holographic brain hypothesis, these membranes have a far more 
dynamic role. According to Professors Cavaglià and Tuszynski, the 
lipid bilayers of neuronal membranes can oscillate and respond 
to electromagnetic fields, generating interference patterns that 
encode and transmit information across the brain.

These patterns may be particularly relevant in the brain’s grey 
matter, where neurons are densely packed and interconnect 
to form complex networks. By modulating the electromagnetic 
fields at specific frequencies, the brain could, in theory, create and 
retrieve information much like a holographic system.

Testing the Theory

To test this theory, the research team is investigating how 
electromagnetic fields affect the lipid composition and structure 
of neuronal membranes. They use advanced techniques such 
as ultracentrifuge nuclear magnetic resonance (NMR) and gas 
chromatography-mass spectroscopy (GC-MS) to analyse the lipid 

profiles of different types of neurons, including pyramidal neurons, 
which are critical for cognitive functions, and sensory neurons, 
involved in pain perception.

The team is also exploring how anaesthetic gases, like isoflurane 
and sevoflurane, influence these interactions. Anaesthetic gases 
are known to disrupt neuronal communication, but the exact 
mechanisms remain unclear. By studying how these gases alter 
the electromagnetic properties of neuronal membranes, the 
researchers hope to uncover new insights into the molecular basis 
of anaesthesia.

Implications for Health and Disease

If the holographic brain hypothesis is correct, it could revolutionise 
our understanding of brain function and the aetiology of 
neurological diseases. For instance, conditions such as Alzheimer’s 
disease, schizophrenia, and chronic pain could be reinterpreted 
as disruptions in the brain’s ability to generate and interpret these 
holographic patterns. By identifying the specific lipid compositions 
and electromagnetic frequencies involved, new therapeutic 
strategies could be developed to restore proper brain function.

Moreover, this theory could provide a new framework for 
understanding consciousness itself. If the brain operates as a 
holographic system, then thought may emerge from the dynamic 
interaction of electromagnetic fields and lipid membranes rather 
than from the activity of individual neurons alone. This perspective 
could bridge the gap between neurological science and the 
philosophy of mind, offering a more integrated view of how 
subjective experiences arise from physical processes.
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Challenges and Future Directions

While the holographic brain hypothesis is compelling, it faces 
significant challenges. One of the primary obstacles is the lack 
of direct experimental evidence linking electromagnetic fields 
to information processing in the brain. Current neuroimaging 
techniques, such as EEG and MEG, can detect electromagnetic 
activity, but they do not provide the resolution needed to observe 
the proposed interference patterns at the level of individual 
neurons.

To overcome this, the research team is developing new in vitro and 
in silico models to simulate and measure these interactions more 
precisely. They are also collaborating with experts in computational 
neuroscience and biophysics to refine their theoretical models 
and generate testable predictions. These efforts aim to establish 
a more robust framework for understanding how electromagnetic 
fields and lipid membranes interact to support brain function.

Adaptive Molecular Dynamics in Neuronal 
Membranes

The team is exploring the possibility that neuronal membranes 
exhibit dynamic molecular adaptations influenced by the brain’s 
electromagnetic fields. These adaptations may involve subtle 
reorganisations in lipid structures or shifts in energy states within 
the membranes. Such changes could provide insights into how 
neurons modulate their membrane composition and properties 
in response to electromagnetic activity. Although still speculative 
and under investigation, this concept aligns with the holographic 
brain hypothesis, suggesting that these molecular dynamics play a 
critical role in encoding and transmitting information within neural 
networks.

Conclusion

The lipid-centered theory of brain functioning offers a bold new 
perspective on how the brain processes information, stores 
memories, and generates consciousness. By proposing that 
the brain operates similarly to a holographic system, Professors 
Cavaglià and Tuszynski challenge traditional models and open up 
exciting possibilities for research and therapeutic innovation. While 
much work remains to be done, the potential implications of this 
theory are profound, promising to reshape our understanding of 
the brain and the nature of thought itself.

The lipid-centered theory of 
brain functioning offers a bold 
new perspective on how the 
brain processes information, 
stores memories, and generates 
consciousness.
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Dr Marco Cavaglià is a leading researcher specialising 
in the intersection of neuroscience, bioengineering, and 
medical technology. With a multidisciplinary background in 
anaesthesiology and biotechnology, Dr Cavaglià’s work is 
driven by his passion for unravelling the mysteries of brain 
function and consciousness. He obtained his MD and Anesthesia 
Master from the University of Torino and later completed his 
PhD in Biotechnology, focusing on cutting-edge approaches to 
neuroprotection and brain health. Dr Cavaglià’s research explores 
innovative concepts like the holographic brain hypothesis, which 
proposes that the brain uses holographic principles to encode 
and process information. His work aims to bridge the gap between 
molecular neuroscience and our understanding of higher 
cognitive functions, offering potential breakthroughs in treating 
neurological disorders and advancing neural technology.

CONTACT
marco.cavaglia@polito.it

marco.cavaglia@fastwebnet.it

https://www.linkedin.com/in/marco-cavaglià-40a48b41/

https://7hc.tech

https://www.polito.it/en/staff?p=marco.cavaglia

RESEARCH INTERESTS 
Holographic Brain Theory: Investigating how lipid 
membranes and electromagnetic fields in neurons might 
contribute to information processing and memory storage.

Consciousness Studies: Exploring the molecular and neural 
mechanisms underlying consciousness, particularly in 
states altered by anaesthesia.

Neurodegenerative Diseases: Developing therapeutic 
strategies for conditions such as Alzheimer’s and Parkinson’s 
by targeting cellular and molecular dysfunctions in the 
brain.

Medical Device Innovation: Creating novel, non-invasive 
technologies for neural monitoring and intervention, 
including patented ventilation systems developed during 
the COVID-19 pandemic.

CAREER HIGHLIGHTS 
Pioneered research into the role of lipid membranes in brain 
function, proposing a new model that integrates concepts 
from physics and neuroscience.

Developed a patented non-invasive ventilation system to 
support patients with respiratory issues, demonstrating a 
strong commitment to practical healthcare solutions.

Led international collaborations with top institutions and 
experts in the fields of theoretical physics, biophysics, and 
neurology.

KEY COLLABORATORS 
Professor Jack A Tuszynski, University of Alberta, Canada

Professor Marco Pettini, Aix-Marseille Université, France

MEET THE RESEARCHER

Dr Marco Cavaglià, Senior Researcher in Neuroscience – Industrial Bioengineering
Department of Mechanical and Aerospace Engineering, Politecnico di Torino, Italy

PROFESSIONAL ENGAGEMENTS AND COMMUNITY 
IMPACT 
Dr Cavaglià actively engages in global research initiatives 
aimed at advancing our understanding of brain function 
and consciousness. He frequently collaborates with 
international research teams, contributing to both 
experimental and theoretical frameworks that seek to 
explain the complexities of the human mind. His work is not 
only shaping the future of neuroscience but also influencing 
how technology can be used to diagnose and treat 
neurological conditions.
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