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How to set the argument

• Computers were originally created to break codes and carry out functions of 

humansperforming manual computation and probabilities

• In effect to take over function of human information processing but at a simplistic 

Level

• With time, scientists wanted to reproduce more human capabilities using these 

systems and along the line definitions became hazy

• Artificial intelligence is one of the ultimate goals of computer science

• I I believe artificial intelligence is NOT really computation

• really advanced information processing

• early on the decision was made to attack this problem software design at 

the expense of hardware

• I believe this was a fundamental error as it has led to little progress towards 

real AI over the last 40 years

• I think looking at the biological hardware is the key to future progress
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Cellular Subsystems are also Important
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Information in the nervous system 

generally, but not always, flows from 

the dendrites to the axon.

Action potentials are initiated at the 

beginning of the axon in an area called 

the axon hillock.

This area contains a higher density of 

voltage-activated Na+ channels than the 

rest of the cell.

It also has a high input impedance than 

the cell body because it is narrow 

region of the cell.

After the action potential is initiated, it 

back propagates to the cell body and 

dendrites and propagates forward to 

the axon terminal.
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John Miller:

What is the mapping between the functional 
architecture and the biological architecture? E.g.:

• Is Info theory an appropriate framework for the analysis of 
neural systems? If so:

• What is the correlate of an information channel within a 
nervous system?

• What is the nature of the neural code?

• Is information multiplexed over the channels?



From Miller



From Miller



Thus I believe treating neuronal 
action potentials as single “on/off’ 
values or as traditional “bits” ignores 
most of the information content in 
the AP.  Distribution of information 
from a single AP occurs over a 
number of sites and are inherently 
connected at the second level of 
abstraction.

What does this resemble?



Quantum Computing

Prediction: a quantum computer can perform computations 

that no conventional computer ever could.

Classical bit Quantum bit (or “qubit”)

+ + + + + + +

- - - - - - - -

Values 0 or 1

Information as state of a         

two-level quantum system

Values             or 0 , 1〉 〉 Superposition: 0 1α β〉 + 〉

Courtesy of NANO



I believe at the second level of 
abstraction biological information 
processing and quantum information 
processing are similar and these 
“entangled systems” can interact with 
each other

But, why is this interesting in terms of 
AI?

Because of what I think is the THIRD 
level of abstraction - Intuition
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White matter
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The neurons of the  
cerebral cortex are 
arranged in 
distinctive layers.  
The appearance of 
the cortex depends 
on what is used to 
stain it.  The Golgi 
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neuronal cell bodies 
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(From Kandell).









Abarbanel used “channels” of Electronic Neurons (Ens) 
coupled with analog circuit synapses and computer 
synapses (dynamic clamp) to explore information 
transport in neural circuits
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Analog circuit ENs quantitatively replaced a 
biological neuron removed from the Pyloric Central 
Pattern Generator and restored the natural rhythm of 
the biological circuit:

From Abarbanel



Neurotransmitters can give rise to prolonged postsynaptic 
charges by modulating gene expression.
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Integrated Circuit scaling

Courtesy of NANO



Mainstream electronics Quantum Computer Biological Computation

Future Nanotechnologies for Electronics?

Courtesy of NANO
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7 Day Old E18 Rat Hippocampal Neurons in Serum-
Free Media on Cytophilic and Cytophobic Surfaces

DETA – an amine containing
silane SAM

15F – a flourinated
silane SAM



Five Week Old Hippocampal Cultures from E18 Rats in Serum free
Media on DETA - an Amine Containing Silane

Phase Contrast Nueron Specific Stain



Ravenscroft, M.S., Bateman, K.E., Shaffer, K.M., Schessler, H.M., Jung, D.R., Schneider, T.W., Montgomery,

C.B., Custer, T.L., Schaffner, A.E., Liu, Q.Y., Li, Y.X., Barker, J.L.and Hickman, J.J.  (1998) developmental

neurobiology implications from fabrication and analysis of hippocampal neuronal networks on patterned silane-

modified surfaces.  J. Amer. Chem. Soc. 120, 12169-12177

Neuronal Circuit Pattern Utilizing Hippocampal E18 Neurons in Serum- Free Media

After 7 Days in Culture 



Stenger, D.A., Hickman, J.J., Bateman, K.E., Ravenscroft, M.S., Ma, W., Pancrazio, 

J.J., Shaffer, K., Schaffner, A.E., Cribbs, D.H. and Cotman. C.W. (1998). Microlithographic

determination of axonal/dendritic polarity in cultured hippocampal neurons.  J. Neuroscience Methods.  

82, 167-173.

MASK
PATTERN

HIPPOCAMPAL

NEURON

AXONAL

STAIN
DENDRIDIC

STAIN

Polarity Determination Using Only Geometry and Cytophilic Surface



Classical recording (Patch Clamp) :

– two electrodes

– one in the cell

– one reference in the bath

Result : Membrane potential

http://www.multichannelsystems.com/heartbeat.pdf

Intracellular Recording





Recordings from excitatory/inhibitory circuits 
on simple patterns in serum free media



Advanced Hippocampal Two-Cell Networks
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Extracellular Recording

Extracellular recording :

two electrodes

one close to the cell

one reference in the bath

Result : Field potential



Hippocampal neurons, Day 18, NBActiV







Adult hippocampal neurons two months post plating, positive 

electrical characteristics

• Inward and outward currents 

evident in current clamp mode

• Action potential seen firing in 

voltage clamp mode



Adult patterned neurons on oval pattern (Fish Pattern)

• 10x view 
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Patterned neurons on oval pattern (Fish Pattern)

• Good cell body and neurite attachment to adhesive surface of 

patterns (Phase-contrast at 20x magnification)



CULTURING HIPPOCAMPAL NEURONSCULTURING HIPPOCAMPAL NEURONSCULTURING HIPPOCAMPAL NEURONSCULTURING HIPPOCAMPAL NEURONS

� Date : 9/15/2007

� Tissue type: Hippocampus

� Patient type: AD

� Pt Age: 83

� Sex: F/ Caucassian



LIVE DEAD ASSAY OF THE CULTURE AFTER 6 DAYS IN CULTURE

LIVE CELLS: GREEN AND DEAD CELLS:RED



Assertions and Implications

• The second level of biological abstraction exists

• This allows information from a single source to be 
stored over multiple sites

• But most importantly, I believe it can be retrieved 
from multiple sites as a single agglomeration of 
information

• This resembles quantum information processing

• This may allow the equivalent of intuition to be 
realized

• These systems can be “built”



Remember in 1949 this was

the extent of the electronics

industry and look where that

field is today.  I would assert

that this is about where the 

the field of bioelectronics is

today and who knows where

we can be in 10-20 years 

based on this example.




