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			Abstract

			From Cajal’s [1] original studies (~1900), neurobiologists have represented neurons as “naked”, seemingly suspended in “space”. Cajal [1] overlooked issues relevant to the emergence of the memory talent from neural nets, specifically: 

			1.	Not recognizing the morphology of the biologic neuron as relevant to its memory function.

			2.	Ignoring the presence of extracellular matrix (nECM), a hydrogel web/lattice entangling the extended neuron.

			3.	Unawareness of non-synaptic signaling between neurons through the nECM.

			4.	No code for emotions. 

			We review 2 technologies, the IBM Brain Chip and the Blue Brain Project, both which are flawed by the same oversights. 

			To address these flaws, we propose a tripartite mechanism, based on the dynamic interactions of 3 compartments:

			1)	Neurons-including glia cells/astrocytes

			2)	Neural extracellular matrix (nECM), a hydrogel synthesized by, and surrounding, the neurons, which performs as a “memory material”.

			3)	Dopants (metals + neurotransmitters (NTs)) released into the nECM, employed by the neuron to encode cognitive information with emotive context.

			Effectively, this mechanism provides a psycho-chemical explanation of the encoding of emotive neural memory.

			Awareness of the nECM around neurons and a molecular code for emotions, missing in both the IBM chip and the Blue Brain simulation, could lead to better modeling of mentation processes relating to neural memory. It could also aid the development of “neuro-mimetic” devices and simulations truer to neuro-biology and neuro-chemistry.
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			Introduction

			You have to begin to lose your memory, if only in bits and pieces, to realize that memory is what makes our lives. Life without memory is no life at all, just as an intelligence without the possibility of expression, is not really an intelligence. Our memory is our coherence, our reason, our feeling, even our action. Without it, we are nothing. Human memory is a marvelous but fallacious instrument. The memories which lie within us are not carved in stone; not only do they tend to become erased as the years go by, but often they change, or even increase by incorporating extraneous features. 

			Though much considered, memory remains a “mystery of mysteries”. The talent of the brain’s neural net to recall past events, is of great interest to the general public as well as to cognitive scientists, witness the many articles in the popular press, high 
quality books and movies [2-9], as well as many religious tracts (not 

cited, but voluminous) and scientific literature (some cited below). We are nothing without memory.

			How do we remember anything? or phrased more scientifically: What is the physiologic mechanism underlying the expression of neural memory?

			In that computers are our only artifacts which exhibit the recall function, one is prone to equate memory processes occurring in our brain with those of computers. Below, we examine this supposition.

			Historical Background

			“Myopia” can be defined as not being able to focus on what’s in front of you. From Cajal’s [1] original histological studies (~1900), most workers continued to represent neurons as “naked”, suspended in space (Figure 1A), ignoring the surrounding neural extracellular matrix (nECM) that envelops them, which was called “perineural net” (PNN) by Golgi but ignored by Cajal [1] as a “histologic artifact” [1,10-13]. In the 1950’s, the actuality of the nECM was clarified by biochemical characterization, later by immuno-staining and electron microscopic (SEM, TEM) techniques [14-21]. But to this day, the nECM is not considered to serve a memory function analogous to the inorganic matrix in computer memory chips [22]. Cajal’s [1] “conceptual myopia” regarding the nECM has been repeated by subsequent generations of neurobiologists; “group myopia” exemplified in Figure 1A & 1B, corrected in Figure 1C.
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			A consequence of Cajal’s [1] ignoring the implications of the neuron’s extended shape (with much surface area), was reflected by McCullogh & Pitts very influential representations of mono-directional signaling by neural nets (Figure 2A & 2B) [23-27].

			It is of historical interest that McCullogh [28b] model of the signaling biologic neuron was useful (to von Neumann) in developing a concept of silicon-based microprocessor signalling [28,29], on which modern computers are based. It is also the basis on which new technologies, touted as being “neuro-mimetic”, are being developed (IBM Brain Chip and Blue Brain Project discussed below). A comparison of computer memory with the neural memory reveals the deep differences (Table 1). 

			Table 1: Comparing memory processing.

			
				
					
					
					
				
				
					
							
							Item

						
							
							Computer

						
							
							Brain

						
					

					
							
							Processing unit

						
							
							Ionic memory chip

						
							
							Neuron (with glia cell)

						
					

					
							
							Information theory

						
							
							Boole, Turing, McCullogh & Pitts, von Neumann, Shannon, Wiener, et al

						
							
							Cajal, Hopfied, Hebb, Kandel, et al.

						
					

					
							
							Information unit

						
							
							Bit, Qubit

						
							
							Cuinfo

						
					

					
							
							Matrix composition

						
							
							Dry silicon oxide

						
							
							Wet biopolymer gel

						
					

					
							
							Construction

						
							
							Static hardwiring

						
							
							Dynamic (growth/decay)

						
					

					
							
							Architecture

						
							
							2D

						
							
							3D

						
					

					
							
							Dopant(s)

						
							
							1 element metal

						
							
							>10 elemental metals

						
					

					
							
							>90 neurotransmitters (NTs)

						
							
							
					

					
							
							Format

						
							
							Digital

						
							
							Analogue

						
					

					
							
							Read/write

						
							
							Voltage differentials, Optical signals, magnetics effects

						
							
							Allosteric binding/chemo-dynamic vesicle release

						
					

					
							
							Programming mode

						
							
							Serial2

						
							
							Parallel

						
					

					
							
							Groupings

						
							
							Dedicated circuits

						
							
							Anatomic units, sparse set of neurons

						
					

					
							
							Underlying physics

						
							
							Electro magnetic

						
							
							Electro- and chemo-dynamic

						
					

					
							
							Signal speed

						
							
							c (speed of light)

						
							
							1-80m/s

						
					

					
							
							Calculations/see

						
							
							> 10+6 (FLOPS, MIPS)

						
							
							200

						
					

					
							
							Signal frequency

						
							
							50-60Hz

						
							
							2-30kHz

						
					

					
							
							Energy

						
							
							External (250mWatts)*

						
							
							Metabolism (20watts), 400cal/day

						
					

					
							
							Encoding values

						
							
							2 (0,1)

						
							
							>10

						
					

					
							
							Encoding type

						
							
							Logical

						
							
							Emotive + Logical (in some)

						
					

				
			

			Clearly, the computer is an inappropriate model of the brain. In this vein and in spite of the adoption of the term “neural net”, we consider two contemporary examples of computer-based technologies, purported to mimic the workings of a biological neural net. 

			Case Study I

			IBM’s brain biochip

			The IBM “Brain Biochip” proposes that a (silicon) chip, with (copper) electronic circuits exhibiting built-in gaps (i.e. synapses), is equivalent to a neuron network [30-32]. But we question the conceptualization as well as the presentation of this chip.

			Under the guise of “inspiration”, the artwork suggests neurons growing on circuit wiring. The chip fabricators appropriate the language of neurobiologists, by using terms like “neuron” and “synapse” to refer to electronic constructs and models that are not true to biology, as in Figure 3A. Neurons cannot grow or be attached directly onto copper circuits. In general, cells cannot can grow on copper…it is toxic. Copper-based paints are used to paint the hulls of ships, to prevent algae or barnacle attachment. Copper is toxic to cell cultured mammalian cells. 

			Even were viable cells to be soldered onto the chip, as per Figure 3A, they would require cell culture conditions (wet, aeration, etc) to remain viable. Thus, there is confusion. A biochip based on a wet, cell culture construct merged with an electronic device would not be technically feasible. The underlying conceptual issues are illustrated (Figure 3 A-C).
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			Critique

			The “brain-inspired biochip” illustrated on the cover of Science (Figure 2) became transformed into a “brain biochip” in the news stories covering the scientific article [31,32]. The drawing represents imagined neural shapes anchored to an electronic silicon/copper circuit by soldered contact points. There is no indication of the hydrogel in which biological neurons are encased. Recall that electronic circuits are usually isolated from their surroundings by non-conducting air or space, not water.
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			The Supplement section of that article provided schematic diagrams of microprocessor circuits /transistors located within a discrete rectangular region of the chip termed a “neuron”; and a nearby rectangular region performing as a repository for memory, arbitrarily termed a “synapse” (Figure 3). Moreover, it ignores that neurons are capable of signaling one another via non-synaptic channels through the nECM (ephaptic signaling, volume transmission, [25-27]). 

			The appropriation of neuro-biologic terms (“neuron”, “synapse”, “neural network”) to represent electronic chip regions, clarifies neither the chip’s processing procedure nor that of the biologic neuron, which it purportedly attempts to mimic. The text accompanying these renderings use words like “neuromorphic” and “synapse” to suggest direct paralells to biologic neural nets. But the schematic chip’s “synapse” compartment (Figure 3B) has neither morphologic nor conceptual resemblance to the gap between two biologic neurons suspended in nECM, signaling one-another; an example of “linguistic plasticity”.

			Similar critiques could be aimed at other projects, which describe themselves with terms such as “neuromorphic” or “computational neuroscience” [29-33]. The term “artificial neural network” is particularly misleading, as it is based on a model whereby “naked” neurons communicate with one another exclusively through synaptic signals. But we and others have previously pointed out that neurons are not “naked”, but encased in nECM and participate in non-synaptic signaling (see above citations).

			In spite of these misconceptions, IBM’s “Brain Chip” garnered a great deal of publicity and mention as a runner-up in Science “Breakthrough of the Year 2014”. 

			Case Study II

			Blue Brain Project

			The Blue Brain Project [34-39] aims to emulate the workings of a biologic neural net with IBM’s deep blue super-computer. Confidence in this approach is based on the abilities to “simulate some of nature’s most intimate processes”, like:

			a)	Protein folding

			b)	Gene networks

			c)	Opening/closing ion channels on cell surfaces

			Facts: A supercomputer is one with a high-level computational capacity. IBM’s blue gene/P supercomputer at Argonne National Laboratory runs over 250,000 processors cooled by air conditioning, grouped in 72 racks/cabinets connected by a high-speed optical network (>200 watts to run).

			Performance of a supercomputer is measured in floating-point operations per second (FLOPS) instead of million instructions per second (MIPS). As of 2015, there are supercomputers which can perform up to quadrillions of FLOPS (from Wikipedia). The human brain runs on ~200cal/day with memory capacity estimated as being organized from 1011 neurons each with 103 synaptic connections, on the order of 100 trillion “data points” (100 Terabytes) [36-38]. As pointed out above, the brain’s neurons are not “naked”. Rather they are surrounded by a hydrogel lattice wherein small molecules (metals and neurotransmitters (NTs)) diffuse and through which non-synaptic (ephaptic) signaling occurs.

			Critique: The purported aim of the Blue Brain project [34-39] and other similarly aimed efforts [40,41], is “to place neurons in their natural environment- with other neurons”. Based on a questionable Cajalian neural model of synaptic, unidirectional signaling, deep blue purports that “a fundamentally different form of intelligence will emerge”. The success of this approach has been questioned [38,39]. 

			We additionally point out that the Blue Brain simulation ignores the key aspects of neural biology, namely: 

			1.	Morphology: The highly extended neurons (all types) are all encased in nECM. To recognize neural morphology and the reality of the nECM; cell shape is revelatory and the biochemistry of nECM has been documented (citations above). There are no “naked neurons”.

			2.	Emotions: Biologic neural nets experience emotions, which are totally absent in computers such as Deep Blue, which cannot encode emotions for which there is no binary code. 

			These oversights are insurmountable obstacles to the stated goals of the Blue Brain Project. 

			Discussion

			Telling quotes regarding artificial neural nets and intelligence [9] reveals the problem: 

			“Neural network software is used to simulate, research, develop, and apply artificial neural networks, software concepts adapted from biological neural networks, and, in some cases, a wider array of adaptive systems such as artificial intelligence (AI) and machine learning. 

			“…artificial neural networks (ANNs) are a family of statistical learning algorithms inspired by biological neural networks (the central nervous systems of animals, in particular the brain).

			“Commonly used artificial neural network simulators include the Stuttgart Neural Network Simulator (SNNS), Emergent, JavaNNS, Neural Lab and NetMaker.”

			The linguistic transformation of “simulated neural nets” into “neural nets”, is fraught with misunderstanding, as it presumes a correspondence between the artifactual simulations of neurons and the biologic neurons of the viable brain. For example, a number of microprocessor chips have been developed with the aim of mimicking biological neural nets, confusingly referred to as “neural nets” or “neuromorphic systems” instead of “simulated devices” or “microprocessor nets”. The microprocessors generally perform marvelously in terms of speed for processing logical algorithms. Their success has been demonstrated in beating human champion players of chess and go [41]. 

			Associated groups use the terms “neural networks” and provide schematics of such, that are not true to biology. For example, the schematic of Figure 5A purports to represent an “artificial neural network” but represents the neurons as round discs floating in space, only connected by “synaptic connectors”. It neglects the region around these discs, which in real neurons is actually the nECM. It also ignores non-synaptic signaling via neurotransmitters, (Table 2) as represented in the corrected Figure 5B.
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			The repeated use of the term “neuron” appended to other phrases simply befuddfles the reader. Adoption of a term “affective computing” [42-51], does not mean that one has the means for encoding into robotic devices, the emotions experience by neural creatures. By similar logic, the term “neural computation” in robotics [47-50] is misleading, in that neurons neither compute nor store memory in binary format; they mentate and recall in multinary modes, as outlined below.

			The term “memory T cells” has been applied to describe immune-competent T cells that either circulate or remain static, which become primed by a presented antigen, and pass along this antigenic sensitivity to subsequent generations of T cells [51-53]. Here, the term “memory” is relates only to immuno-competency, not to any mental process.

			Tripartite mechanism

			We have proposed [54-58] a tripartite mechanism of neural emotive memory, based on the dynamic interactions of 3 compartments of the brain namely:

			1.	Neurons

			2.	Neural extracellular matrix (nECM) surrounding neurons

			3.	Dopants (metals + neurotransmitters (NTs)) released into the nECM

			Memory is a talent that distinguishes neurons from other cells. The neurons (including astrocytes, glial cells) synthesize a surrounding nECM, which they employ as a “memory material” analogous to the matrix of computer chips [22], with metals and NTs as effectors of the neural code, to form metal-centered complexes embodying cognitive units of information (cuinfo) (singular/plutal). Metal-centered complexes have been described many times in the past, notably as catalysts for various reactions and recently described as “molecular knots” [59]. The NTs elicit physiologic responses entangled with psychic, emotive states, which are remembered. The tripartite mechanism provides a chemo-graphic perspective to the phenomenon of emotive memory, consonant with the morphology of the neuron and materials available to it (Figure 6).
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			In search of well characterized models of such metal complexes, we reproduce a recently published image of the structures synthesized with metals interacting with polydendate molecular ensembles (Figure 7).
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			Emotions and feelings

			Table 2: Bio-modulators of physiologic responses, which elicit both physiologic (feelings) and psychic (emotions) responses.

			
				
					
					
					
				
				
					
							
							Chemical Classification

						
							
							Physiological Effects (Feelings)

						
							
							Psychic Effects (Emotions)

						
					

					
							
							Neurotransmitters

							Biogenic Amines

							>10 Amino acids

							>75 Neuropeptides

							>10 others

							(e.g., endocannabiniods NO, Ach)

							Neurometals

							>10 Metal ions [inclding Zn, Li, Ca, Co, Cu, Mg, Fe, Ni, Sr]

						
							
							Breathing

							Blinking 

							Blood pressure

							Coughing 

							Crying 

							Dilation of pupil

							Drooling 

							Erection

							Evacuation

							Fever

							Goose-bumps

							Heart beat

							Itching

							Laughing

							Orgasm

							Pulse

							Salivation

							Secretion

							Spasms

							Sweating

							Tremors

							Urination

							Vasodilation

							Vomiting

						
							
							Anxiety

							Aggression

							Awareness

							Depression

							Fear

							Hate

							Hunger

							Joy

							Love

							Pain

							Sadness

							Sex drive

							Sociability

						
					

				
			

			To encapsulate: “Emotions” can be considered as remembered “feelings”. Terms such as “affective coding” or a “rational emotion” are “antinomies” (logical contradictions, Kant 8). Whereas a rational (logical) steps or “demotive” algorithms can be programmed into a binary Turing machine, the emotional (affective) psychic state cannot be encoded, much less programmed into a computer or a robot. Similarly, “neural computation” is not an appropriate term. Facial or voice recognition algorithms do not emulate the emotive psychic states achieved by perceiving familiar face or hearing a familiar voice. Sensations (feelings) are experienced and remembered by the biologic neural net with the aid of neurotransmitters (NTs) (Table 2).

			“Objective” simulation without emotions [42-48] is not a real simulation of the “subjective” state experienced by biologic neural nets. It must be recognized that “emotions”, the basis for establishing goals or providing value/meaning to the cognitive information (cog-info) processed by biologic neurons, are missing in the binary code formalism, which is inherently “demotive”. 

			Conclusion

			We find ourselves in the inverse position of the boy who cried: “The emperor has no clothes!”, as we exclaim: “There are no “naked neurons!” They are swaddled in nECM, which is multi-functional, as it provides structural support and is a hydrogel through which liquids and small molecules diffuse. It also performs as a “memory material”, as outlined by the tripartite mechanism which identifies NTs as encoders of emotions.

			Awareness of the nECM around neurons and a molecular code for emotions, both missing in the 2 case studies, the IBM chip and the Blue Brain simulation, could lead to better modeling of neural mentation processes relating to neural memory. Such awareness, signaling a “paradigm shift” [60], could influence the financial support for international brain research projects in Europe and the United States [61]. It could also aid the development of “neuro-mimetic” artifacts and simulations truer to neurobiology and neurochemistry. 
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Figure 1B: Modern photomicrograph of “naked neurons”, as if suspended in space (from a Nov 4, 2011 cover from Science, with
permission AAAS). A number of similar (not shown) images have appeared in various issues of Science (342: 917 (2013); 349: 575
(2015); 350: October 2015 (cover); 334: November 2011 (cover), as well as in Nature Neuroscience (August 2010)).

Figure 1C: Corrected neurons from panel B with added schematic representations of the nECM lattice and proteins (as white
lines, and black shapes), enveloping the neurons, through which non- synaptic electro- and chemo-dynamic signaling occurs.





OEBPS/image/105025.png
A. McCullogh & Pitts B. Tripartite

T
<
<+

e
Jﬁl:!"i: ; li_i]i;!/ i
T

7

(7

m nECM + dopants

<= signaling

Figure 2: Schematic representations of neural net signaling:
A: A “Cajalian” circuit, schematic neurons insulated in “space’, with uni-directional synaptic signal (i.e. “naked neurons’) (from
McCullogh, 24). (get permission).

B: Corrected Tripartite neural circuit, where the “neurons” are not “naked”, but intimately surrounded by nECM through which
they signal via non-synaptic modalities, also termed “volume transmission® [24-27]
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Figure 3A: IBM schematic of their Brain chip. The “memory repository”, a piece of microprocessor, arbitrarily called “synapse”, is
connected to a single “neuron* by a “bus” (ref [30], with permission AAAS). This is far from a biologic model of neural organization.
Figure 3B: A “Cajalian’ schematic of a pair of abstract “neurons.”. Note that Cajal's synapse defines the gap between the two
distinct “neurons”. The surroundings are ignored.

Figure 3C: A tripartite schematic of a pair of abstract “neurons” and the “synapse” between them (like Cajal’s), within an
enclosing gray box, representing the nECM + dopants (metals + neurotransmitters (NTs)) surrounding the pair of neurons and
the intervening synapse.
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Figure 7: Allosteric initiation and regulation of catalyst
with a specific molecular knots formed with metals (from
59, with permission AAAS). These molecular complexes
are considered as models for the above described metal-
centered cuinfo (Figure 6,7)





OEBPS/image/104762.png
Figure 1A: Early drawings made by Cajal [1] in order to illustrate his views of the circuitry of the cerebral cortex (from Jones
12). Note the emptiness around the neurons.
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Figure 6: “Chemographic” representations of an nECM
“address” encoded as cuinfo (singular/ plural) by binding
a metal, with an additional derivatization tag (such as
phosphate or sulfate), as well as a neurotransmitter (NT),
the coding signifier of a “feeling”, recalled as “emotion”.






OEBPS/image/RMES.jpg
Research in
! |
RMES et

SCences






OEBPS/image/105377.png
@ CRIMSON PUBLISHERS Research in

Wings to the Research Medical & Engineering Sciences





OEBPS/image/105308.png
[ o]

Figure 5A: A 2D representation of an “artificial neural
network”. It leaves out the surroundings of actual
neurons and does not refer to non-synaptic signaling (with
permission AAAS, ref [45]).

Figure 5B: A “corrected” schematic indicating non-synaptic
signaling via NTs, a projection of a 3D system.






