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At the present time, the dominant conceptua framework in neuroscience views neurons as discrete
information processing units. While this framework has undoubtedly been successful at explaining
phenomena at the sngle cdl levd, it has had less successin explaining large-scae neura phenomena
such as cognitive disorders. An dternative conceptuaization of brain function isin terms of a energy
continuum, where energy is an abstract variable modeling the flow of eectrochemicd activity
between neurons. Using this energy (E) modd, large-scale phenomena may be incorporated within
agngle conceptud framework. This framework can in turn be reated to the underlying
biochemistry. The E modd aso generates testable predictions, and should prove quantifiable usng
differentid equations. These dams areillugtrated with smple examples from the goectrum of

cognitive disorders.



INTRODUCTION

Despite many attempts in recent years, e.g. (1-4), thereis ill no generdly accepted theory of many
large-scale neura phenomena, such as deep, the EEG and cognitive disorders like schizophrenia
and bipolar disorder. One reason for thisis thet the currently dominant information processing
gpproach is essentidly functiona in emphasis, eg. (5), and determining the functiond sgnificance of
many large-scae phenomena has proved unexpectedly problematic. A second more important
reason isthat treating neurons as discrete information processors when moddlling large-scae
phenomena leads to a combinatorid exploson of parameters, an insoluble problem given current

computing power.

Any proposed modd of large-scale phenomena must facilitate the quantification of neuroscience,
avoiding or minimizing the combinatorid explasion problem. It must Ao be able to provide a
theoreticd framework within which the functions of currently chalenging large-scde phenomena can
be explained and these phenomena too eventualy quantified. The modd proposed hereis at avery
early stage. However, the genera approach can be demongtrated, and its usefulness seen, by

goplying it to examples of large-scd e phenomena.

THE ENERGY (E) MODEL :

Traditionaly neurons have been viewed as discrete entities performing computationa functions. The

continuous aternative proposed here, the ‘energy’ or E model, views neurd activity in terms of



energy flows between neurons, where energy is an abstract variable which models neurond activity.
Condder the cortical surface. This can be ampligticaly moddled as a two-dimensiond spatid
domain in which the energy of a given point changes with time - that isas a scdar energy fidd. Of
course, the corticd system is not closed: energy flowsinto it from inputs (both from the environment,
viathe senses, and from the body) and flows out via outputs (terminating in behaviour, which

disspates energy in interactions with the environment).

Quantification of the E modd

To indicate that the E modd isin principle quantifiable, consder one possble modd of flow within
the energy field, derived by approximating the cortical surface by a solid medium. The differentid

equation relating change of energy with time to spatia energy gradient is then of the generd form:

aE(gty, D = (x, y, 1) & OX, Y t) % L.OWLE(X y, 1)) 1)

[(x,y, t) and O(X, v, t) describe how the system’ s inputs and outputs, respectively, vary across
gpace and time. In the heat transfer equation from which the above derivation istaken ¢, the
parameter W istypicaly held congtant for energy flow between two points, and depends on the
density and mass heet capacity of the medium through which the energy is flowing. However, for the
cortica surface, W, the parameter governing how reedily the energy flows between points, clearly
depends primarily on the synaptic weights between neurons. W is therefore not congtant: it takesthe
form W(x, y, t). We can assume that a Hebbian learning mechanism governs weight changesin

cortex; there is ample evidence for some form of Hebbian learning (7-9). The weight change



between two points in the energy field then depends on the product of the energy at each points. In
other words, the weights can be treated as a‘ connectivity function’ defined over the domain (x1,

y1, X2, y2, t), with learning rate parameter k (which may vary with W).

awW(x1, y1, x2, y2, t)
at

" k E(x1, y1, t) E(x2, y2, 1) )

These two non-linear differentid equations describe the behaviour of the energy field with time. In
principle, they should facilitate the quantitative investigation of large-scale phenomena. In practice,
work is at present only just beginning on their precise forma structure. However, the overdl

goproach can beillustrated quditatively by applying it to the domain of cognitive disorders.

The paths through which energy flows between points on the cortical surface are dependent on
learning (i.e. on the history of prior energy flows through those points, from Equation 1). As paths
srengthen, the time taken for the energy to flow through them to the system’ s outputs will decrease.
The length of time for which any given two points in the path have high energy will therefore dso
decrease, S0 the capacity for weight change will be less (from Equation 2). Weights will therefore
tend to ‘settle’ to fixed vaues over time, and these patterns will reflect the Satistical structure of the

system’sinputs.

APPLYING THE E MODEL TO COGNITIVE DISORDERS

Altering energy levesin the corticd system will have interesting consequences. If the overdl energy

is decreased, energy will tend to flow dong fewer paths - those which are dready strongest -



resulting in poverty and stereotypy of thought and behaviour. Such symptoms are characteristic of
cognitive disorders such as schizophrenia (negative symptoms) and bipolar disorder (depressive
phase). If energy isincreased, more paths will become channdsfor flow. Thisincreased activity
corresponds to higher crestivity (flow between normally unconnected points in the field), and to
some extent thought disorder (the progression of flow aong its usud input-output pathsis
disturbed). Such symptoms are characteristic of cognitive disorders such as schizophrenia (positive
symptoms), attention-deficit disorder and bipolar disorder (manic phase). The E mode therefore
predicts a continuum of ‘disorders of energy level’, with extreme depresson and the withdrawvn
phase of schizophreniatoward the ‘low energy’ end of the continuum, and maniaand the florid

symptoms of schizophreniatoward the ‘high energy’ end.

Altering the balance of internd and externa inputs

There are two main waysin which energy levels can be dtered. Firgly, the usud baance between
internd and externd inputs can be dtered, as in the wake-deep trangtion. If the ateration isdueto
decreased internd activation, the resulting deficit in overdl energy levels may trigger compensatory
behaviour: seeking out sensory or biochemicd stimulation. This, | Speculate, could provide an
outline for congdering the addictive effects of drugs which affect internd inputs, such as
amphetamines. If the internal/externa balance is changed by increased internd stimulation, the paths
normaly channdling sensory inputs may receive energy from internd rather than their usud externd
inputs. The resulting energy flows will thus be misattributed to externd causes, when in fact they are

dueto internd input activity. The result will be halucinations and ddlusions (the exact content of



which will depend on the sufferer’ s experientid hitory). Incidentdly, the E modd suggests that
amilar misattributions may occur if thereislittle sensory input (in which case the energy flowswill be
driven by internd inputs more than by inputs from the sensory boundaries). This suggests a

mechanism for the hadlucinations induced by sensory deprivation (10, 11).

Altering the rate at which connections change

Secondly, the rate at which weight change occurs (the learning rate parameter k in Equation 2
above) can be dtered. If k isincreased, for example, weight changes and therefore energy flows
will both become larger and more disordered (weights will take longer to settle; changesin input will
have a much more disturbing impact on the patterns of cortica activity; unusud flow patterns will be
dominant). Cognitively, these phenomena correspond to increased thought disorder, menta
ingability, and hyperactivity, dl of which are characteridtic of schizophrenia. Thisisintriguing
because the parameter k governsthe rate at which synaptic connections form, which may be
abnormd in schizophrenics. David Horrobin has suggested that schizophrenics may have abnormal
pruning of brain connectivity because of a genetic deficit (a two or more genomic Sites) in
processing the phospholipids which make up cel membranes (12-14). The E modd may thus
provide aframework for exploring further the cognitive consequences of Horrobin's biochemica
hypothesis (15), in which case the continuum of disorders of energy level, described above, should
be explicable in terms of that hypothesis. Research linking attention deficit disorder to Horrobin's

hypothes's supportsthis clam (16, 17).



Some predictions of the E modd

Among other things, the E modd predicts that sensory overload coupled with behaviourd restraint
should induce psychosis more readily than sensory overload done. Thisis because, according to the
E modd, behaviourd redtraint prevents energy from leaving the corticd system and disspating in
interactions with the environment. The modd further predicts that sensory stimulation may be of use
in reverang symptoms of depresson; that patients with *high energy’ disorders such as manic
disorder, atention deficit hyperactivity disorder and schizophrenia (positive symptoms) should all
have a greater gesturd repertoire than either normals or depressed patients; and that subjects with
mild forms of these disorders may be helped by increasing their behavioura expression (18). These
predictions, which are dl empiricdly testable, give an indication of the theoretica richness of the E

modd.

CONCLUSION

The model described hereis a an extremely preiminary stage. Much remains to be donein
developing and formdizing the centrd idea. However, | hope to have shown that the idealitself can
mesh with and contribute to currently available theories of cognitive disorders, such asthe
phospholipid hypothesis of schizophrenia, and is furthermore a prime candidate in its own right for

further theoretical and empiricd research.



10.

REFERENCES

Ca ZJ. Thefunctions of deep: further andyss. Physol Behav 1991; 50: 53-60.

Lazarev VV. Informativeness of different gpproaches to EEG magpping in the study of
human mentd activity. Hum Physiol 1992; 18: 411-18.

Llinas RR, Pare D. Of dreaming and wakefulness. Neuroscience 1991; 44: 521-35.
Niedermeyer E. Alpharhythms as physiologicd and abnorma phenomena. Int J
Psychophysiol 1997; 26: 1-3.

Guigon E, Grandguillaume P, Otto I, Boutkhil L, Burnod Y. Neura network modds of
cortical functions based on the computational properties of the cerebrad cortex. J Physiol
Paris 1994, 88: 291-308.

Feynman RP. The Feynman lectures on Physcs [commemorative edition]. Redwood City,
CA: Addison-Wedey, 1989.

Pennartz CM. Reinforcement learning by Hebbian synapses with adaptive thresholds.
Neuroscience 1997; 81: 303-19.

Obermayer K, Sgnowski T, Blasde GG. Neurd pattern formation viaa competitive
Hebbian mechanism. Behav Brain Res 1995; 66: 161-7.

Eurich CW, Cowan JD, Milton JG. Hebbian delay adaptation in a network of integrate-
and-fire neurons. Artificial Neural Networks ICANN '97. 7th International Conference
Proceedings. Springer Verlag, Berlin, Germany 1997.

Hayashi M, Morikawa T, Hori T. EEG dpha activity and hdlucinatory experience during

sensory deprivation. Perceptua and Motor Skills 1992; Vol 75: 403-412.



11.

12.

13.

14.

15.

16.

17.

18.

Teunise RJ, Cruysherg JR, Hoefnagels WH, Verbeek AL, Zitman FG. Visud
halucinationsin psychologicaly norma people: Charles Bonnet's syndrome. Lancet 1996;
347: 794-7.

Horrobin DF, Glen Al, Vaddadi K. The membrane hypothess of schizophrenia. Schizophr
Res 1994; 13: 195-207.

Horrobin DF, Glen Al, Hudson CJ. Possible reevance of phospholipid anormdities and
genetic interactions in psychiatric disorders: the relaionship between dydexiaand
schizophrenia. Med Hypotheses 1995; 45: 605-13.

Horrobin DF. The membrane phospholipid hypothesis as a biochemicd basisfor the
neurodevel opmental concept of schizophrenia. Schizophr Res 1998; 30: 193-208.
Horrobin DF. Schizophrenia: the illness that made us human. Med Hypotheses 1998; 50:
269-88.

StevensLJ, Zentall SS, Deck JL, Abate ML, Watkins BA, Lipp SR, Burgess JR. Essentia
fatty acid metabolism in boys with atention-deficit hyperactivity disorder. Am J Clin Nutr
1995; 62: 761-8.

StevensLJ, Zentdl SS, Abate ML, Kuczek T, Burgess JR. Omega-3 fatty acidsin boys
with behavior, learning, and hedth problems. Physiol Behav 1996; 59: 915-20.

Kaduson HG, Cangdlos DM, Schaefer CE. The playing cure: Individuaized play therapy
for specific childhood problems. Child therapy series. Northvale, NJ, USA: Jason Aronson,

Inc, 1997:xiii, 383 pp.

10



