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Introduction to Neuronal Networks of the Brain

Carl L. Faingold', Hal Blumenfeld

'Departments of Pharmacology and Neurology, Division of Neurosurgery, Southern Illinois University School of
Medicine, Springfield, IL, USA, “Departments of Neurology, Neurobiology, and Neurosurgery,
Yale University School of Medicine, New Haven, CT, USA

INTRODUCTION

In recent years, it has become clear that an under-
standing of the brain’s neuronal networks is a critical
requirement for understanding normal brain function.
In addition, an understanding of how neuronal net-
works are altered in central nervous system (CNS) disor-
ders is yielding improved insights on the mechanisms of
these disorders. Finally, knowledge of the properties of
neuronal networks has a significant potential to improve
the targeting of therapies for these CNS disorders, as
discussed in Chapters 31 and 32.

“SILOS” IN CNS NETWORK RESEARCH

Much of recent brain-related research has empha-
sized molecular, genetic, and single-channel recording
techniques. As valuable as these approaches are, it has
become clear that research at the network and the
network interaction levels are also vitally important to
understanding brain function. However, much of the
network-related research that does occur has involved
evaluating “single-function” networks, such as the vi-
sual or auditory systems. No one can deny the impor-
tance of these approaches and the need for further
research in these specific functional areas, some of which
are covered in several of the chapters in this book. Un-
fortunately, this approach can yield a “silo” effect, where
one area of research rarely considers the interaction of the
specific network with other brain networks. A possible
critique of the network interaction idea is that the level
of knowledge of each single network is still incomplete,
so it is premature to try to connect them, which may
explain why potentially important “cross-silo” research
is relatively uncommon. However, it is a major thrust of
this volume that a better understanding of brain

Neuronal Networks in Brain Function, CNS Disorders, and Therapeutics
http://dx.doi.org/10.1016/B978-0-12-415804-7.00001-0

function, brain disorders, and therapy of these disorders
is needed now to alleviate human suffering from the dis-
orders, many of which involve cross-silo network
interactions.

TYPES OF NETWORK INTERACTIONS

Network interactions can take several different
forms and occur to varying degrees (Chapter 29). The
main types of interactions are positive and negative
interactions, as shown in the simplified diagram in
Figure 1.1. Positive network interactions can involve
the projection of an individual network, which can
activate another network. In the example in Figure 1.1,
Network 1 is shown as not undergoing a significant
degree of self-organization, and Network 2 is depicted
as capable of self-organization. The degree of self-
organization is a critical network property, which can
lead to an important network characteristic—an emer-
gent property—which is discussed in this chapter and
in detail in Chapter 30. Activation of Input 1 activates
Net 1 and leads to Function 1. An example of Input 1
might be a simple acoustic stimulus to the auditory
network (Net 1) and results in Function 1, perception
of the acoustic stimulus. Net 2 could be the network
that controls locomotion, which is subject to a consider-
able degree of self-organization and in nonexigent
states maintains postural control or mediates ambula-
tion (Function 2). Self-organization, which is a major
feature of many neuronal networks, can lead to
nonlinear amplification of network function (see Chap-
ters 28 and 32). Net 1 and Net 2 can interact in a positive
or negative way. Thus, an intense sensory stimulus,
which is potentially exigent for the organism, can cause
a major motor response by activating the locomotion
network. An example of this is the acoustic startle
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Net 1 * 5|  Net2

FIGURE 1.1 Simplified diagram of potential network interactions
and mechanisms. Both positive (+) and negative (—) interactions can
occur, as indicated by the signs above and below the arrow. The two
networks are symbolized by the ovals (Net 1 and Net 2). Net 1 has an
exogenous and/or endogenous input (Input 1). For simplicity, the
input to Network 2 is omitted, but it may be spontaneously active.
Each network is considered to have a function and behavior that it
controls (Function 1 and Function 2). Net 1 is shown as not under-
going a significant degree of self-organization, as illustrated by the
convention of a single semicircular arrow, and Net 2 has paired
semicircular arrows and readily undergoes self-organization. Positive
network interactions can involve the activation of one individual
network, which then activates the second network. For example, Net 1
could be the auditory network, which is responsible for the organ-
ism’s ability to perceive acoustic stimuli, and Net 2 could be the lo-
comotor network responsible for the organism’s ability to move. An
example of the interaction of these networks is the acoustic startle
response, in which an intense or unexpected auditory stimulus results
in projection from the auditory network to the locomotor network that
results in a rapid motor movement (jump or flinch), which would be
Function 3. A second major form of network interaction that occurs is
a negative interaction. This is where the activation of one network can
interfere with the function of a second network. An example of a
negative network interaction between these same networks would
occur if the acoustic stimulus were a creaking noise underfoot when
the organism is walking that causes it to stop moving, because it may
indicate an unsteady walking surface and a cessation of Function
2—mediated ambulation. Sometimes, two networks can be activated at
overlapping times without apparent behavioral consequences.

N

response, in which an intense or unexpected acoustic
stimulus induces a motor movement (jump or flinch)
(Function 3). This is an example of a positive interaction
of elements of the auditory network with elements of
the locomotor network. A second form of network
interaction that occurs is a negative interaction. This
is where the activation of one network can interfere
with the function of a second network. An example of
a negative network interaction between these same net-
works would occur if the acoustic stimulus were a

creaking noise underfoot when the organism is walking
that causes it to stop moving, because it may indicate an
unsteady walking surface and a cessation of Function
2—mediated ambulation. Interactions of different stim-
uli within the same network can also occur and lead to
changes in function. An early prototype of a negative
network interaction is the “gate theory of pain” at the
spinal cord level' (see Chapter 23). Network interac-
tions can exert a beneficial or harmful effect for the
individual, depending on the situation. Sometimes,
two networks can be activated at overlapping times,
but there are no apparent behavioral consequences for
the individual. For example, innocuous auditory and
visual events can often occur in close temporal prox-
imity, but, unless this sequence of events is repeated
or one of the stimuli is not innocuous, no effect on the
individual’s behavior is observable.

EPILEPSY AS A TEMPLATE FOR
NETWORK STUDIES

Some of the most prominent examples of network
interactions are seen in the group of CNS disorders
called the epilepsies, and these diseases will be empha-
sized in this book. The question that could be raised is
“Why emphasize epilepsy?” Epilepsy has long been
considered an important research window into brain
mechanisms.> Modern human brain research started
in earnest with the original studies of Berger, who
discovered the human electroer\cephalogram (EEG),?
which was followed by pxoneermg research on the
EEG of epileptic patients,* elucidating both normal
and abnormal EEG patterns. Invasive studies have
proven critical to evaluating brain function; these
were ploneered by the eminent neurosurgeon Wilder
Penfield,” who was the first to successfully map the
cortical surface in awake patients. This exploration
could be done ethically because these patients had
intractable epilepsy that potentially required neurosur-
gery, which can be curative. The leading role of
epilepsy studies in neuroscience research and particu-
larly in neuronal network research® has extended
from the 1950s to today. The recording of single
neuronal firing in the awake brain, which is highly
instructive of brain function and dysfunction,”® has
been done almost exclusively in epilepsy patients.
For ethical reasons, the use of neuronal recording is
possible in patients in few other CNS disorders. How-
ever, this recording technique can greatly facilitate
subsequent epilepsy surgery, which remains an impor-
tant treatment modality for seizure control in intrac-
table epilepsy cases. Finally, the nature of essentially
all forms of epilepsy involves disordered network
function,® often on such a pervasive scale that the



