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SUMMARY

The thesis deals with the mind-body paradox in psychoneuroimmunological context.
Psychoneuroimmunology is defined as a post-modern approach to the mind-body
connection. It is an extension of the stress paradigm. The thesis therefore concentrates
on psychoneuroimmunology in terms of the two major stress axes, i.e., the central
noradrenergic/sympatho-adrenomedullary-axis (CNA/SAM-axis) and corticotropin-
releasing hormone/hypothalamo-pituitary-adrenocortical-axis (CRH/HPA-axis). The
psychoimmunological link is investigated and a pervasive connection is shown
between behaviour and immunology, as well as immune disturbances in mental
disorders of most categories of the DSM-IV. The psychoneuroimmunological
interaction in terms of the two main stress axes is demonstrated by consecutively
examining the psychoneurological and neuroimmunological interactions of the
CNA/SAM-axis and CRH/HPA-axis. A total interdependence between the
psychological, neuroendocrine and immunological functions is shown to exist, not
only in adult life, but also during the developmental perinatal period. It is seen that
corticotropin-releasing hormone (CRH) constitutes the principle neuropeptide in the
regulation of the neurobehavioural stress response and that psychoneuroimmunology
in terms of the two main stress axes can be equated to psychoneuroimmunology in
terms of CRH. CRH is, in fact, shown to act as central coordinator and integrator of
neuroendocrine, immunological, autonomic nervous system, motor and behavioural
functions through the pervasive distribution of its cell bodies and projections
throughout the central nervous system. The mechanisms through which peripheral
events such as infectious, inflammatory and traumatic complications can influence
behaviour are subsequently examined and it is seen how peripherally derived
cytokines can transfer information to the central nervous system and in this way alter
neuroendocrine function and behaviour. The CRH/HPA-axis, and CRH per se is, in
line with its central regulatory and coordinating role, shown to be a major target for
the modulatory actions of cytokines. The thesis is concluded by presenting sickness
behaviour as practical example of the psychoneuroimmunological interacfion. A
hypothesis is presented describing sickness behaviour as adaptational new
homeostasis with the potential to develop into mental disorders in those individuals so

predispose by genetics and adverse early life experiences. Cross-sensitisation between
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cognitive and non-cognitive stressors is seen to exacerbate the potential threat to
mental as well as physical health. Once again the CRH/HPA-axis is shown to fulfill a
central role in the development and expression of sickness behaviour and in the

transition to mental disorders.

Psychoneuroimmunology provides the link between many previously inexplicable
connections between mind and body. It explains how negative emotions can induce
immune dysregulations with considerable health risks, and how peripheral events such
as infections and physical trauma can predispose to short- and long-term behavioural
disturbances. Psychoneuroimmunology, in fact, demands a paradigm shift in our

approach to the mind-body paradox.

Key words: Psychoneuroimmunology; psychoimmunology; immunology; behaviour;
mind-body; central noradrenergic/sympatho-adrenomedullary-axis; ~corticotropin-
releasing hormone/hypothalamic-pituitary-adrenocortical-axis; ~ stress; cytokines;

cortisol; pro-inflammatory; sickness behaviour; mental disturbance.
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OPSOMMING

Die tesis handel oor die gees-liggaamsparadoks in psigoneuroimmunologiese konteks.
Psigoneuroimmunologie word gedefinieer as ‘n postmoderne benadering tot die gees-
liggaamverwantskap. Dit is ‘n uitbreiding op die stresparadigma. Om hierdie rede
word daar dus gekonsentreer op psigoneuroimmunologie in terme van die hoof
stresasse, dws, die sentrale noradrenerge/simpato-adrenomedullére-as (SNA/SAM-as)
en die kortikotropien-vrystellingshormoon/hipotalamo-adrenokortikale-as (KVH/
HPA-as). Die psigoimmunologiese verband word ondersoek en ‘n deurlopende
verwantskap tussen gedrag en immunologiese veranderings gevind. Immunologiese
‘versteurings word ook in feitlik al die kategorié¢ van die DSM-IV aangetoon. Die
psigoneuroimmunologiese interaksies word bevestig deur agtereenvolgens die
psigoneurologiese en die neuroimmunologiese wisselwerkings in terme van die
SNA/SAM-as en die KVH/HPA-as te ondersoek. Daar word aangetoon dat ‘n totale
interafhanklikheid tussen die psigologiese, die neuroendokriene en die immunologiese
funksies bestaan - tydens volwassenheid, sowel as gedurende die perinatale
ontwikkellingsfases. Daar word gewys dat kortikotropien-vrystellingshormoon (KVH)
die belangrikste neuropeptied vir die regulering van die stresresponse is en dat
psigoneuroimmunologie in terme van die twee hoof stresasse gesien kan word as
psigoneuroimmunologie in terme van KVH. Daar word inderwaarheid bewys dat
KVH, as gevolg van die wye verspreiding van KVH selliggame en projeksies in die
senuweestelsel, die sentrale koordineerder en integreerder van neuroendokriene,
immunologiese, outonome, motor en psigologiese funksies is. Verder word aangetoon
hoe perifere sitokien-induserende aktiwiteite, soos infeksies en trauma, die
neuroendokriene funksies en gedrag kan beinvloed. Dit word gesien dat die
KVH/HPA-as, en in besonder KVH, ‘n belangrike sitokienteiken is. Die tesis word
saamgevat  deur  siektegedrag  as  praktiese ~ voorbeeld  van die
psigoneuroimmunologiese interaksie uit te beeld. ‘n Hipotese van siektegedrag as 'n
aanpassingshomeostase met die potensiaal om oorsprong te gee aan psigologiese
versteurings, word geformuleer en verdedig. Daar word verder aangetoon dat
genetiese disposisie en vroeg¢ lewenservarings die individu kan predisponeer tot die
omskakelling van siektegedrag na gedragsversteurings. Dit word ook duidelik dat die

potensiaal van siektegedrag om aanleiding te gee tot psigologiese versteurings nie
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slegs beinvloed word deur genetika en vroeé lewenservarings nie, maar ook deur
kruis-sensitisering tussen kognitiewe en nie-kognitiewe stressors. Die KVH/HPA-as
word weereens waargeneem as sentrale determinant in die ontwikkelling en

ekspressie van siektegedrag en in die oorskakeling na psigologiese versteurings.

Psigoneuroimmunologie verklaar die verband tussen talle voorheen onverklaarbare
assosiasies van liggaam en gees. Dit verduidelik ook hoe negatiewe emosies kan lei
tot immuunwanregulering met gevolglike gesondheidsrisiko’s, en hoe perifere
gebeurtenisse soos infeksies en beserings die individu kan presensitiseer vir die
ontwikkelling van  kort- sowel as langtermyn  gedragsversteurings.
Psigoneuroimmunologie vereis inderdaad ‘n paradigmaverskuiwing in ons benadering

tot die gees-liggaamsparadoks.

Sleutelwoorde: Psigoneuroimmunologie; psigoimmunologie; immunologie; gedrag;
gees-liggaam; sentrale noradrenerge/simpato-adrenomedullere-as; kortikotropien-
vrystellings  hormoon/hipotalamo-pituitere-adrenokortikale-as; ~ stres;  sitokiene;

kortisol; pro-inflammatories; sicktegedrag; gedragsversteuring.
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1.1

CHAPTER 1

INTRODUCTION
Approaches To The Mind-Body Paradox And Introduction To Subsequent
Chapters

Psychoneuroimmunology introduces the immune system into the
psychoneurological equation of the mind-body relationship. The aim of this
thesis is to define the mind-body connection in psychoneuroimmunological context
in terms of the two main stress axes. It is shown that the mind-body relationship
involves more than a two-way street between neuroendocrine function and
behaviour and that the immune system is of paramount importance in the
information flow. Behaviour is seen as biological response modifier and vice versa.
A schematic interpretation of the psychoneuroimmunological interaction, in terms
of the major stress axes, is developed and presented. The thesis is concluded by a
practical example of the relevant psychoneuroimmunological interactions, followed
by a hypothesis on the implications of these interactions for mental health. Chapter
1 provides a very brief overview of the major past and present approaches to the
mind-body problem, some of them now only of historical interest. This is followed
by defining the term psychoneuroimmunology, and a short description of the field

and its origin. The chapter is concluded by a lay out of the rest of the thesis.

Introduction

The first three sections of this chapter take a brief look at developments in the mind-body
concept over several centuries, without entering into the argument about the merits of the

different schools of thought. It is subdivided into:

1.1  Historical perspectives of the mind-body paradigm
1.1.1 From philosophy to psychology
1.1.2 Approaches from the schools of psychology
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1.2 Cross-cultural perspectives on the mind-body situatedness

1.3 Current views on the mind-body relationship

Subsequent sections comprise an introduction to psychoneuroimmunology, and explain

the organisation of the rest of the thesis. These sections are:
1.4 Introduction to psychoneuroimmunology

1.5  Organisation of subsequent chapters

1.1 Historical perspective on the mind-body paradigm

1.1.1 From philosophy to psychology
The mind-body paradox has been a major problem long before the formal beginning of

psychology as an independent science. It is said that speculation about the origin of
mental processes is probably as old as the process of thinking (1). The earliest recorded
views on the origin of mental processes are those of the ancient Greeks and include the
teachings of Heraclitus (6™ century BC) who saw the mind as an endless space and
Aristotle (4™ century BC), who saw the heart as the centre of nervous control and as the
seat of the soul (1). This concept of a physical seat or location of the mind had been
addressed by many and although the brain is now generally seen as the physical basis of
cognitive-emotive processes, persuasions vary with some still resembling the endless
space concept of Aristotle. Over time the changing views of the mind-body link, as can
be expected, largely reflected the changing physical worlds that surrounded their
founders. Examples of this are seen in the views of a) Galen who saw the fluid-filled
cavities of the brain as the functionally essential parts — thus reflecting then prevailing
technological developments in aqueduct and sewer system construction, b) Kepler,
describing the eye as optical instrument, and Willis, recognising that hearing occurs as a
result of the ear’s transformation of sound — the work of both reflecting the era of
mechanics and ¢) Du Bois-Reymond who explained brain function in terms of chemical

and physical principles — an outflow of the discovery of electricity by physicists (1).
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Although experimental research into the mind-body relationship is generally said to have
started around the 17™ century, it actually dates back to the second century AD. One
would have expected a certain stepwise increase in our understanding of the mind-body
interaction over the ages. This, however, is only partially correct, as progression and
regression in the lines of thought seem to alternate. The reason for this can to some extent
be ascribed to the lack of communication, not only as a result of physical separation
between investigators, but also as a result of non-communication between the various

disciplines.

The majority of early mind-body positions in psychology were derived from the field of
philosophy. In fact, the mind-body problem is said to be bequeathed to the sciences by
philosophy. Although the positions of philosophers, psychologists and others cannot
always unequivocally be defined and many questions remain as to their exact viewpoints
on the matter, it is reasonable to classify the various positions, at least from a historical
point of view, into three main schools of thought. Such a tentative classification, as
described by Marx and Cronan-Hillix, 1987 (2), divides the mind-body approaches into
dualistic, monistic and compromising:

o The position of dualism is defined as any approach that accepts a basic difference
between mind and body and, by implication, a relationship to be explained. It
comprises Cartesian interactionism, psychophysical parallelism and occasionalism.
Cartesian interactionism, with Descartes (1641) as major exponent, assumes the
mind-body association as two separate but interacting processes. The second
dualistic abproach is psychophysical parallelism. Psychophysical parallelism, as
represented by Spinoza (1665), defined the mind-body relationship as two separate,
independent, yet perfectly correlated processes. However, other definitions of the
term also exist. The third variation on the dualistic position, i.e., occasionalism,
assumes the mind-body connection as two separate and independent processes
correlated by the intervention of God. Malebranche (1675), represents an early
significant exponent of occasionalism. Several variations on the original three
dualistic mind-body positions are presently in existence and some will be touched

upon in later paragraphs.
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0 Monism, as opposed to dualism, includes all positions that ignore either mind or body
or that subsume both mind and body under the same axiom. Monism, as position on
the mind-body connection, includes materialism, subjective idealism and
phenomenalism. Materialism, as a monistic viewpoint on the mind-body connection,
postulates a single underlying physical reality. This viewpoint dates back to
Democritus, 400BC. The second form of monism, i.e., subjective idealism, in
contrast, presumes a single underlying mental or spiritual reality. Berkeley (1710),
represents an important exponent of this sub-position (2). Phenomenalism, as
represented by Hume (1740), proclaimed that neither mind nor body exists, only ideas
derived from sense impressions (2). Some of the contemporary variations on monism
are discussed later in this writing under current views of the mind-body relationship.

0 A third group of approaches on the mind-body connection, in addition to dualism and
monism, can be seen as the compromises. The two main schools of thought classified
under compromises are the double-aspect view as represented by the assumptions of
Russell (1915), and epiphenomenalism with Hobbes (1658) as major early exponent.
The double-aspect view or dual-aspect theory assumes mind and body to be a
function of one underlying reality, while the epiphenomenalistic sub-position sees

mind as a non-causal by-product of the body (2).

The above classification provides a degree of order to the different viewpoints on the
mind-body dilemma. It does, however, introduce its own problems. One major stumbling
block in classifying viewpoints according to the above classification lies in the changing
concepts of the definitions on the positions and sub-positions. An example of this is seen
in the perception of the dualistic approach of psychophysical parallelism. Psychophysical
parallelism, as represented by Spinoza (1665), is generally said to define the mind-body
relationship as two separate, independent, yet perfectly correlated processes (2). Some
interpretations, however, define psychophysical parallelism by saying, amongst others,
that every mental process coincides with a neurophysiological process — without
specifying either a causal or non-causal relationship between them (3). The latter renders
the whole concept hanging and makes it impossible to differentiate between

psychophysical parallelism and monistic sub-positions. It is obvious that a causal
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relationship would move psychophysical parallelism beyond the dualistic position. The
same confusion exists with regard to Cartesian interactionism. Recent analysis of the
work of Descartes suggests that his position might have been misinterpreted for quite a
while (4). In an article by Duncan, 2000 (4) the philosophies of Descartes are compared
to the modern biophysical model of pain and similarities are pointed out, stressing the
fact that the present view of what Descartes said is quite different from what was
originally intended. The question is, not unjustifiable so, asked in what respect
contemporary theories represent, in philosophical terms, significant advances over that of
Descartes. Similar variations in conceptionalisation of viewpoints can be found for both
the monistic approach and for the compromises. The double-aspect view, or dual-aspect
theory is, for instance, said to have assumed mind and body to be a function of one
underlying reality (2), while others define the position’s viewpoint as seeing the mind and
body as two aspects of the same thing (5). Should mind and body be understood as two
aspects of the same then the double-aspect view approaches the reductionistic present day
version of materialistic monism. The same dilemma applies to epiphenomenalism. The
epiphenomenalistic subposition is said to see mind as a non-causal by-product of the
body (2). However, current psychological dictionaries define epiphenomenalism as the
view that psychological processes are merely by-products of neurological processes
without any influence on the body or on subsequent psychological events (6). The latter

definition once again has a strong leaning towards materialistic-monism.

The three positions touched upon in the previous paragraphs are, with some additional

comments, summarised below:

Dualism (assumes the existence of a basic difference between mind and body):

o Cartesian interactionism (mind and body separate but interacting — debate on whether
this definition really concurs with Descartes’ intentions).

a Psychophysical parallelism (mind and body separate, independent, but correlated. Also
defined as every mental process coinciding with a neurological occurrence, a definition, but

for the causality, not that far removed from the monistic approach).
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O Occasionalism (mind and body separate, independent, correlated by the intervention of

God - a view still adhere to in certain religious circles).

An easy way to understand the difference between the three types of dualisms is to look at the
factors said to mediate the interaction between mind and body: in Cartesian interactionism there is
a mutual influence, in psychophysical parallelism mind and body are created to function in unison
and in occasionalism the functioning of mind and body are correlated by the influence of God or,

as also referred to, by a Skilled Workman.

Monism (an approach which ignores either mind or body or subsumes both under the same rubric):

Q Materialism (single underlying physical reality to mind and body — the major current
perspective, sometimes seen as too reductionistic. Further subdivisions or versions are
touched upon later in this chapter).

O Subjective idealism (single underlying mental reality to mind and body. Also been
referred to as immaterialism or mind-stuff).

Q Phenomenalism (no mind or body exist — only impressions).

a Neutral monism (Sometimes seen as compromise. See compromises for dual-aspect).

Compromises

Q Double-aspect view (mind and body seen as a function of one underlying reality. In the
17™ century version God is seen as the one and only underlying reality. In the 19" century
version it is known as dual-aspect monism or neutral monism where mind and body are seen
as different aspects of the same “stuff” — different aspects of the same psychophysical
process.)

a Epiphenomenalism (mind seen as non-causal by-product of body — also defined as mind
being a by-product of neurological processes, unable to reflect back onto nervous system -

once again moving towards the materialistic monistic approach)

It is interesting to note that every one of the above versions of explanation on the mind-body
relationship still has it’s following and that most of the current, apparently new approaches are to

a certain extent variations on one or more of the above.
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1.1.2 Approaches from the schools of psychology

The mind-body problem has to some extent, been addressed by almost all schools of
psychology — many of the earlier schools still leaning heavily on arguments from the
discipline of philosophy. The latter statement is especially relevant with regard to
associationism, a school with its origin firmly rooted in philosophy. Associationism
defined the processes of the mind as products of learned associations between smaller
elements such as simple ideas and sensations (7,8). Antecedent associational influences
from philosophers including Hobbes and Berkeley were mentioned earlier under the
heuristic discussion of the major historical positions of philosophy on the mind-body
connection. Important exponents of associational psychology include the assumed
founder David Hartley (1705-1757), as well as developers such as Thomas Brown (1778-
1820), James Mill (1773-1836), John S Mill (1806-1873), Alexander Bain (1818-1903),
Hermann Ebbinghaus (1850-1909), Ivan Pavlov (1849-1936), Vladimir M Bekhterev
(1857-1927), Edward Thorndike (1874-1949) and Edwin R Guthrie (1886-1959) (9).
Several philosophical arguments but no clear point of view on the mind-body problem
would appear to be derived from associationism. Edward Thorndike, generally seen as an
important exponent of associationism, largely preferred to ignore the problem and made
no significant formal statement on the problem The closest one can probably come to a

formal statement on the problem is a writing from his student days:

The real absurdity is to settle beforehand what mind or matter can cause without
empirical study of the phenomena of the connection between mind and body. No one
proves that causation is impossible between heterogeneous orders of being just by saying
so in a loud enough voice. And the psychologist who affirms without other reason that
because the mind moves the particles of the brain, it must be material, like a pumpkin,

has a mind that is enough like a pumpkin to partially justify him.
Joncich, 1968, p139 (10 as quoted in 9).

Structuralism, in an attempt to decipher the modes or structures of associations, analysed
consciousness or awareness in terms of its simplest elements (11,12). From the school of

structuralism one ought to look at the mind-body positions of, at least, Wilhelm Wundt
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(1832-1920) (13) and that of Titchener (1867-1927) (14). Wundt, the founder of
structuralism, despite his emphasis on experimentation and his writing of Principles of
Physiological Psychology (1910) (15), had a great interest in philosophy and his position
on the mind-body connection is therefore often classified along the lines of philosophy
(13). Having said that, it is necessary to note that some confusion still exists as to his
actual place amongst theorists on the problem. Wundt saw mind and body as parallel, but
not interacting systems. Wundt has been described by Boring (1950) as dualist, by
Blumenthal (1980) and Richards (1980) as identity theorist (as he described himself),
with mind and body as two aspects of the same underlying identity, and by Hoorn and
Verhave (1980) as parallelist, an opinion based on the nature of his work (13). Titchener,
another major exponent of structuralism is, although of British origin, considered to be
the founder of the American brand of structuralism (14). With minor differences
Titchener’s position on the mind-body connection is in agreement with that of Wundt in
that both concurred mental and physical events as running along parallel courses (16).
Their opinions on whether the mind-body relationship is monistic or dualistic may,
however, have differed. Indications that Titchener’s position should be seen as monistic,

as opposed to a more dualistic leaning on the side of Wundt, can be derived from the

following quotation:

The metaphysics to which Science points us is rather a metaphysics in
which both matter and spirit disappear to make way for the unitary concept of

experience.
Titchener, 1899 (17 as quoted in 16).

Whether this implied monism reflects an idealistic theory, where consciousness is the
only reality, or an identity theory, where the nature of the reality (mental or physical) is
not specified, is not clear and of little importance. It is at this point perhaps interesting to
note Titchener’s views on the meaning of mind and on that of consciousness. He defined
mind as the sum total of a persons experiences from birth to death as opposed to
consciousness that he defined as the sum total of experiences at any given time (14). This

view would even today make sense.
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In the school of functionalism, as in most other schools of psychology, opinions about
and interest in the mind-body association varied widely. In contrast to structuralism,
functionalism focussed on the functional contributions of larger psychological units of
behaviour as a means of adaptation to the environment (18,19). In trying to understand
the general trend in the mind-body approach of functionalism, it is relevant to remember
that scientists such as Sir Francis Galton (1822-1911) and Charles Darwin (1809-1882)
were among the antecedent influences on functional psychology — a fact that may very
well have been a major determinant in their mind-body approaches. The school of
functionalism shows a-typical progression-regression pattern in the development of the
understanding of the mind-body connection. Major advances are derived from the work
of William James (1842-1910) (20). Important accomplishments by William James,
pertaining to the mind-body connection, include the James-Lange theory of emotion, his
work on the connection between consciousness and neurons and his point of view that
consciousness cannot be considered as apart from the body. James therefore can be
classified with more recent psychologists who see the mind-body connection as one of
interaction, or perhaps rather of unity. One further aspect of his work that should be
mentioned in relation to the mind-body interaction is that of adaptation. Not only did he
believe in physical adaptation to the environment but, in addition, brought in instinct,
memory, attention, habit, choice, as well as the relationship between these different
functions (20). This, at first impression, places him right there with many modern day
neuroscientists. His later conclusions are, however, not that simple and will be returned to
later in this text. Most functionalists, other than William James, contributed very little to
the study of the mind-body problem. In fact, developments during this period was in a
constant state of fluctuation and positions varied from parallelism to the feeling that
psychologists don’t need to concern themselves with metaphysical problems, to simply
assuming the psychophysical interaction without further questioning (21). The latter
approach especially applied to a group of functionalists that included Harvey Carr (1873-
1954) and several others, who did not see the mind-body connection as a problem and
simply accepted the psychophysical integration (21). This approach is also seen in many

of the cross-cultural and post-modernistic perspectives to be discussed later.
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Behaviourism, best known for its stimulus-response approach, comprises two major
approaches to the mind-body link. Empirical or methodological behaviourism that had
very little interest in the mind and focussed only on observable behaviour, and radical or
metaphysical behaviourism that denied the existence of the mind (22, 23). The latter form
of behaviourism can be seen as a form of physical monism. The behaviourist school of
psychology (24) was, in its quest to define the mind-body relationship, perhaps most
severely handicapped by the concept of consciousness and, to a lesser extent, the concept
of mind. Many behaviourist declined to investigate the meaning of consciousness or mind
and would not attach much importance to either of these issues. Typical behaviouristic

remarks include:

The plans that I most favour for psychology lead practically to the ignoring of
consciousness in the sense that that term is used by psychologists today. I have virtually
denied that this realm of psycics is open to experimental investigation. I don’t wish to go
further into the problem at present because it leads inevitably over into metaphysics.

Watson, 1913 (25 as quoted in 24).

Consciousness is a purely personal experience and has no scientific value or

validity unless it is expressed in some form of behaviour.
Weiss, 1917 (26 as quoted in 24).

By 1924 Watson concluded that the existence of consciousness is totally improvable and.
that those who wants to introduce it either as an epiphenomenon or an active form into

the physical or chemical body is motivated to do so by spiritual or vitalistic notions (24).

Other extreme positions from the school of behaviourism include the tendency to
completely reduce the mind to physiological function, the denial of the existence of
consciousness, the argument against a connection between body and mind based on the
assumption that the interaction between non-physical events with physical events violates
the principle of the conservation of energy, and radical physical monism postulating

mental as a mere description of the mode of action of physical events with no room for
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the existence of an independent consciousness (24). In summary it can be said that
several positions appealed to individual behaviourists, most preferring to take a strong

position on the dilemma without a need to study either mind or consciousness.

Gestalt psychology, with founder exponents like the psychologists Max Wertheimer
(1880-1943), Kurt Koffka (1886-1941) and Wolfgang Kohler (1887-1967), has often
been said to try and sidestep the issue of mind-body connection (27). The validity of such
a statement is, however, questionable. In line with the primary postulate of gestalt
psychology that states the whole to be primary to and different from the parts, gestalt
psychology implies mind and body as a functional unity - which minimizes rather than
evades the problem. This assumed position of mind-body as an integrated unit has on
occasion been critisized as in contradiction to what is seen as their particular
understanding of the principle of isomorphism (the concept that each psychological
process is accompanied by a neurophysiological process) - arguing that their position
rather leans towards dualism (29). Whether meaningful or not, the latter approach to the
gestalt position was in turn criticised by the view that isomorphism was not intended as

an explanation of the mind-body relationship. To quote Prentice, 1959 (29):

Let me say once and for all that the concept of isomorphism is not an attempt to
solve the mind-body problem in its usual metaphysical form. It takes no stand whatsoever
on whether mind is more or less real than matter. Questions of reality and existence are
not raised at all. Mind and body are dealt with as two natural phenomena whose
interrelations we are trying to understand. It comes nearest perhaps to what has
sometimes been called the double—aspect theory, the view that cortical events and
phenomenal facts are merely two ways of looking at the same natural phenomenon, two

faces of the same coin. Prentice, 1959 ( 29 )

Despite the arguments of Prentice many are still of the opinion that isomorphism does in
fact offer a specific solution to the mind-body body problem — a way of integrating the
mind with the rest of the world (30). Whatever the finer points of argument, it can

unequivocally be said that the gestalt position on the mind-body situatedness is that of a
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unitary, integrated organism. Whether an argument on gestalt isomorphism should even
be entered into is a mute point. The mere fact that Gestalt isomorphism, i.e., the idea of a
functional correspondence between brain processes and their correlated percepts (31,32),
forms an integral part of their approach should surely be enough to accept that they saw

mind and body as a unity.

With the many prominent psychologists from the school of psychoanalysis it is rather
difficult to summarise one specific position for psychoanalysis on the mind-body
dilemma. It is therefore perhaps suffice to confine the discussion to the approach of
Sigmund Freud (1856-1939) as founder. Freud himself declared his approach as
psychophysical parallelistic - and therefore as dualistic, but according to Jones (33 in 34)
different passages from Freud could alternatively put Freud in any of a number of
philosophical mind-body positions. Apparently not taken into account when classifying
Freud’s position with regard to the mind-body connection, but relevant to some present
'day mind-body positions, is his work on the role of childhood experiences and genetics.
In considering this, as well as his occupational training, one would expect to classify
Freud under the compromise approaches. There would, however, appear to be general

consensus that Freud, and most other psychoanalyst fit best in some form of dualism (34).

In the above short historical overview very little was said about the history of the
American perspective on the mind-body situatedness. One name that has, however, been
mentioned, i.e., that of William James (1842-1910), who can surely be considered as one,
if not the, most important figure in search of the mind-body connection over that period.
Author of several books and articles, including Principles of Psychology,‘ 1890 (36),
Exceptional Mental States, 1896 (37), Varieties of Religious Experiences, 1902 (38),
Does Consciousness Exist? 1904 (39), Philosophical Conceptions and Practical Results,
1898 (40) and Pragmatism, A New Name for Some Old Way of Thinking, 1906 (41)
James is today still considered as one of the most eminent American thinkers in the field.
Although he is said to have anchored the study of consciousness to experimental
physiology (35), he later went on to formulate a philosophical epistemology intended to

diminish the supremacy of scientific materialism. Despite his many contributions James
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never really committed to a definitive point of view on the mind-body problem. It can at
best be said that he settled provisionally, in a rather tentative way, on a pragmatic

empirical parallelism.

The previous paragraphs gave a synoptic overview of the history of the mind-body
dilemma. It is perhaps easier to view this history in context to other developments,
including that of the biological and other sciences. As such a discussion would be way
beyond this introductory writing a chart has been compiled (Figure 1.1‘, pl4) which
facilitates the contextual understanding of the various developments on the mind-body
association. The information incorporated into Figure 1 was extracted from a
comprehensive document by Wozniak, 2002 (35), based on the catalogue accompanying
an exhibition of books from the collections of the National Library of Medicine held in
honour of the Centennial Celebration of the American Psychological Association. As the
references were taken directly from the catalogue of the exhibition they are, for interest

sake, included as an appendix to the normal reference list at the end of this chapter.
1.2 Cross-cultural perspectives on the mind-body situatedness

The previous paragraphs focussed on what could perhaps largely be seen as a historical
perspective on the mind-body association from a Westerner’s point of view. It would,
however, be wrong not to touch upon some cross-cultural perspectives before attempting
to summarise some of the major current Western First World views on the mind-body
relationship. The different approaches of the various cultures to the mind-body
connection are often totally intertwined with their religious practices. In scanning cross-
cultural. perspectives it becomes clear that language, symbols and the perception of the
words consciousness and mind are other major determinants of the mind-body

perspectives of specific cultures.



THE MIND-BODY
PROBLEM FROM
DESCARTES
TO FREUD

Mind, Brain and Adaptation:
The Localization of Cerebral Function

Many of the Old Greeks already saw the brain as the centre of mental
activity, but various other views about the localization of mind existed,
including that of the pneumatic physiologists in which mental capacities
were said to reside in the fluid of the ventricles and the Tabula Rasa point
of view that saw the psyche of the neonate as a blank sheet written on by
Sensory experience.

The 19""Century witnessed the rise of the functional localisation proper (specific
mental processes became associate with discrete brain areas)

Franz Josef Gall (1758-1828)

Anatomie et physiology du systéme nerveux en général (Gail and Spurzheim,
1810)(12)

The correlational approach of localization.

They described the cranioscopic method of locating mental faculties
(correlations of variations in external craniological signs with character).

Several workers subsequently tried experimentally to localize function through
lesioning by trephine aperture but the damage to the brain was too severe
to make proper associations.

Marie-Jean-Pierre Fluorens (1794-1867)

Recherches expérimentalis sur les propriétés et tes fanctions du systéme
nerveux (1924 ed1,1942ed2) (13).

Redefined experimental function-localisation coupling by uncovering area to be
ablated with less damage.

Articulate difference between perception and sensation and localized sensory
functions in sub-cortical areas. Postulated that higher brain functions occur as
integrated function of cerebrum.

Alexander Bain (1818-1903)

The senses and the intellect (1855)

The emotions and the wiil (1959) (14).

Defined sensory-motor associationism.

Paved the way for functionalist psychology of adaptive behaviour.

Herbert Spencer (1820-1903)

The Principles of psychology (1855) (15)

Evolutionary psychophysiology.

After reading Lewes become interested and eventually grounded psychology in
evolutionary biology with key principles of cerebral adaptation, continuity, and
development  defined mental phenomena as adaptations. His key words:
adaptation, continuity and development.

Paul Broca (1824-1880), Gustav Theodor Fritsch (1838-1927)

And Eduard Hitzig (1838-1907)

Remarques sur le siége de la faculté du langage articulé, suivies d'une
Observation d'aphemie (Broca, publishedin Bulletins de la Société Anatomique
De Paris,1861) (16). Ground breaking paper publishedin Archiv fiir Anatomie,
Physiologie, und wissenschaftliche Medicin (Fritsch &Hlitzig1870j.
Electrophysiology as technique (galvanic) for experimental exploration of
functionlocalisation.

This paper overturned the idea that functional localisation of the brain function
was not possible. Provided the necessary experimental techniques and
research findings for the extension of sensory-motor associationism and
evolutionary psychophysiology to the cortex and identified a number of
anatomical-functional relationships pertaining to the cortex.

John Hughlings Jackson (1835-1911)

Writings of John Huighlings Jackson (2 vols 1931, 1922)

Clinical and Physiological Research on ihe Nervous System (1875)(17).
Milestone in the integration of associative psychology with sensori-motor
physiology.

A physician whose sensori-motor research focussed on clinical and
physiological research. Speculated that all mental symptoms must be the result
of lack of, or disorderly development of sensori-motor processes.

David Ferrier (1843-1928)

Experimental rasaarches in cerebral physiology and pathalogy (a paparin: West
Riding Lunatic Asylum Medical Reports, 1873), The Functions of the Brain
(1876)(18).

Confirmed the work of Jackson by controlled ablation and Faradic stimulation.
Helped to confirm sensori-motor analysis as basic explanatory medium in both
psychology and physiology.

Psychologist , at Heidelberg at the same time as Helmzholtz and Wundt (1964)
and as physician, initially as assistant to Laylock, who articulated unconscious
cerebration, Influenced by Spencer, Bain and Jackson.

KEY

== Major contributions
s Pyblications

Figure 1.1: pevelopments in the mind-body concept from
Descartes to Freud

Idea of soul related to brain found in work of Pythagorus, Hippocrates, Plato,
Erisistratus, Galen, others

René Descartes (1596-1650)

French mathematician, philosopher, physiologist

De homine (1), Meditationes {2) and Les Passions de 'ame (3).

Father of the dualistic ((two-substance) view of mind and body (Cartesian impasse - the metaphysical
splitbetween mind and body),

First systematic account of mind/body relationship saw pineal gland as the contact between the body
and the soul. Showed that body influences mind and mind influences body.

w

17" Century Reaction to Dualism of Mind and Body

Géraud de Cordemoy
Lediscernemantdu corps elds 'ame (1686)
Preceding influence on occasionalism.

Nicolas Malebranche (1638-1715)

De tarecherche de lavérits (4),

Mostimportant influence of occasionalism.

Mind as well as body is causually ineffective and can't influence each other - God is the only true cause
of experience.

Benedictus de Spinoza (1632-1677).

De ethicainhis Opsra posthumus , 1677 (5)

Rejecting Cartesian interactionism, coined double-aspect theory.

Mental and physical are simply different aspects of the same substance the substance being God
which is the universal essence of everything. Mind can't influence body and body can't influence mind,
butthey are coordinated and connected by the Divine Influence.

Gottfried Wihelm Leibniz (1646-1716)

Systéme nouveau dela nature (1695) Fclaircissement du nouveau sisteme (1696)

Psychophysical parallelism of mind-body theories.

Retains dualistic separateness but with correlation between the two. Rejected interactionism (mutual
influence) as well as occasionalism (a third regulatory influence) in favour of parallelism (primarily
created to operate in unison) as source ofthe mind-body correlation. In this he saw a divine influence
butat creation rather than on a continium. ‘

18" Century: Mind, Matter and Monism

George Berkeley (1685-1753)

Atreatise concerning the principles of human knowledge {1710).

Immaterialism (matter is onfy a perception)

There is no mind-body distinction the body is merely the perception of the mind. (This is to resurface as
mind-stuffinthe 19" century).

Julien Offray de laMettrie (1709-1751)

Histaire naturelie de fame {1745), Uhomma machine {1748) (6)

Materialism (matter is fundamental mental events causally dependent on bodily events)

Voluntary processes and conciousness can only be distinguished from involuntary instinctual processes
by the complexities of their underlying mechanical substances. (Extreme version: Partially extended
the concept of physical automata, as ascribed to animals by Descartes, to humans; Moderate version:
mental processes not reductionistic related to neural processes).

Pierre Jean Georges Canabis (1757-1808)

Rapports du physique et du moral de 'homme {1802) (7}
Mostardent materialist of the French enlightenment.

Saw the brain as special organ designed to produce thoughts.

| ]
| W
| 19" Century: Mind and Brain

Mind-body problem a central interest with emphasis on:

Progress in understanding the localisation of

Mental believes, that suggestions, mesmeric trance
cerebral function

states, psychic trauma, etc, can change the body

Most of the major theories of the 19" century (epiph alism, interactionism
dual-aspect monism, mind-stuff) are variations on previous mind-body theories
generally intended on dealing with the Cartesian impasse.

Shadworth Holloway Hodgson (1832-1912)

The theory of Practice (1870} {8)

First modemn description of epiphenomenalism.

Mental states seen as non-causal by products (epiphenomena) of body incapable of reflecting back to
influence nervous system.

Thomas Henry Huxley (1825-1895) %
Onthe hypothesis that animals are autamata and s history (1874)

Pringiples of Mental Physiclogy (1874)(9)

Popularised the epiphenomenalistic view

States of consciousness are merely the result of molecular changes in brain substance upon
attainmentofthe prerequisite degree of organisation - supporting nervous system is independent of
accompanying mental state.

William Benjamin Carpenter (1813-1885)

Principles of Mental Physiclogy (€)

Said to be foremost proponent of interactianism.

Convinced of a causal relationship between the brain and mental states such as consciousness,
sensations, instinct and emotions on the one hand and cerebral (electrical) activity on the other.
(Corresponds more to materialistic monism).

George Henry Lewes (1817-1878)

Biographical History of Philosophy (1848)

Physiology of Cammon Life (1859/1860), Problems of Life and Mind (1874-1879) {10

The Physical basis of the Mind. In; Problems of Life and Mind (1874-1879) {10)

Father of classic modern dual-aspect monism (neutral monism).

His version of the double-aspect view is known as nautral monism, i, thera is only ane kind of
substance (stuff) mind and body differ only in the arrangement of the “stuff” or in the way it is perceived.
Mind and body are thus different aspects of the same psychophysical process. He did, however, argue
againstextreme reductionism.

William Kingdon Clifford (1845-1879)

Onthe Nature of Things in Themselves (publishad in Mind, 1878)

Coined the term:Mind-Stuff. Mind-Stuff monism is the position of psychical monism.

where the mind s the only real substance.

Kingdon puttogether the bits and pieces on the ideas of mind-stuff. Pieces of brain material (mind-stuff)
forms  consciousness (they do not in themselves contain consciousness) - mind is the only actual
substance and the material worldis nothing more than an aspectin which mind is apprehended.

Morton Prince (1854-1929)

The Nature of Mind and Human Automatism (1885) (11)

Mind-Stuff theory. Gave the clearest exposition on the mind-stuff positian.

He saw the psychical monism of mind-stuff as amodem form ofimmaterialism.

In the middle column the major contributors to the
developments from Descartes to James are shown.
The column on the left illustrates the developments in the

localisation of cerebral functions during the 19th century and

the column on the right shows the developments in the
concept that mind states can influence somatic functions -
more or less during the same period.

“Thereis only one substance, mind ; and the other apparent property-——-—-,

Williams James (1842-1910)

The Principles of Psychology (1890)

Settled in arather tentative way on a provisional pragmatic empirical parallelism,

Having critisized the automaton theory and the mind-stuff approach he declared himself reluctant to
committo any unsafe hypothesis.

Trance and trauma: Nervous System Disorders
and the Subconscious Mind

Over 100yrs psychological studies showed that mental events
Including suggestions, mesmeric trance states, psychological
trauma, catharsis, emotional trauma, and submergence of part
of the consciousness into the subconsciouss can dramatically
influence the body

Franz Anton Mesmer (1734-1815)

Mémoire sur a découverte du magnétisme animal (1777){19)

Mannetism ac basis forirsatment

Believed that a physical magnetic fluid connected everything, including the
human body and that physicians could redirect the magnetic flow if disturbed.
His work discredited by Bailly and his own failures.

Rapport des Commissaires chargés par le Roy de 'examen du magnétisme
animal {Bailly JS {ed). Paris: impremerie Royale, 1784).

Armand-Marie-Jacques de Chastenet, Marquis de Puysegar
(1715-1825)

Memaires pour servir a histoire et a I'élablissement du magnétisme animal
(1734} (20,

Said by many ic be the father of modern psychotherapy.

Disciple of Mesmer. Concluded that the effects of magnetism on patients,
depend on the therapist's personal beliefin the effectiveness of the treatment,
the will to cure and on the interaction between the therapist and the patient.
Developed technique for the induction of a somnambulistic sleep state where
the patient carried out the orders of the therapist without any memory of it at
awakening. Mesmerism (developed/described by Puysegar, comments by
Mesmer) rapidly spread through Europe and USA

Charles Poyen de Saint Sauveur
Sereiad inesmens from France i Eiirops, evolving into the New Thougit
Mowgmant,

Europe
Abbe Jose Custodio de Faria, Etienne Felix, Baron d'Henin de Cuvillers,
Alexandre Bertrand, General Francois Joseph Noizet, James Braid.

Abbe Jose Custodio de Faria

De la cause du sommeil lucide (1819)

Developer of the irance-induction method, Firsl articulated power of
suggestion.

Stressed importance of patient's will to undergo somnabulistic sleep and
interindividual differences.

Alexandre Bertrand
Traité du somnambulisme (1823)
Firsl altempt al systemalic scieniific research into magnelic phencmena

General Francois Joseph Noizet & Hénin de Cuvillers
Memoire surle somnambulisme & Le magnetisme éclairé (1854).
Described in more detait mesmeric effects in terms of suggestion and believe,

James Braid (1795-1860)

Neurypnology: or, the Rationale of Nervous Sleep, Considered in Rationale
with Animal Magnetism (1843) (21).

Father of hypnotisim,

Desribed physical signs of mesmerism to be a state of he nervous system due
to fixed and abstracted attention. Coined the name hypnotism to distinguish
itfrom magnetism.

Period of transient decline of hypnotism circa 1860 +
(Ellenberger H. Discovery of the unconsciouss. Basic Books, 1970)

Auguste Ambroise Liébeault (1823-1904)

Du sommsil ot das alsts anaicgues consideres surtout su point ds vue de
Iaction du moral sur ie physique (1866)(22),

Kept the idea of nypnosis as therapeutic lool alive through period of decline.
Extracted from the writings of Noizet and republished the idea that
therapeutic effects of hypnosis should be seen as suggestive phenomena.
Lived near Nancy and his work was later to revive the interest in hypnosis of
the founders of the School of Nancy.

Charles Richet

Du somnanbulisma provoqus (1875),

Scientific basis of hypriosis,

Physiologist said to have saved hypnosis from being a pseudoscience. Work
became the basis for the research of others like Charcot.

Jean-Martin Charcot (1825-1893)

L;gane su7 Ise maladias du sysiéme narveux 4 la Salpdiriérs (1872.1873)
Founder of the world's furemost institute of neuralogy at the Salpétriére.
Influenced by the work of Richet and Briquet (who wrote the first systematic
study on hysteria, 1859) distinguished, through hypnosis, between symptoms
which arise from brain lesions and those which results as a result of
suggestive, hysterical and post-traumatic phenomena . Articulated the
existence of unconscious ideas as basis of neurosis. Contributions marred
by believe that transference occurred through magnetism.

Hippolyte Bernheim (1840-1919)

Delasuggestions dans izl de vaille (1884, 1886) (24),

Conceplualized hypnosis as manifestation of ideomotor suggestibility -
appesed the view that magnetism plays a roie. Founder membar of Nancy
Seheol of sugaestive therapaulics,

infiuenced by work of Ligbeauit during his appoiniment as physician af the
medical faculty at Nancy. Believed somatic hypnotic effects to be mediated
through suggestions & hypnosis, being a state where high prolonged
suggestibility is induced. Members of the School of Nancy abandoned
hypnotism in favour of suggestion in the waking state, i.e.,
“psychotherapeutics”.

Pierre-Marie-Felix Janet (1859-1947)

L'aulomatisme psychologique {25), and other writings.

Articulated the dissociaton of consciousness, relevant mental disorders and
sormatic SYIproms.

Employed automatic writing and hypnosis to enter the patients
“automatisms”. Distinguished mental states on the basis of consciousness
and submergence into the subconscious. Stressed the role of patient's
fixation on, and rapport with, therapist as well as patient's perception.

Joseph Breuer (1842-1925) and Sigmund Freud (1856-1939)

Ueber den psychischen Mechanismus hysterische Phanomene (1893) (26).
Beqinning of paychoanalysis

Catharsis involving guided associations to bring past trauma events into
consciousness in an attempt to cure the mental and associated somatic
symptoms.
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Some of the cross-cultural views were reviewed by Krippner, 1994 (42). Krippner (42)
pointed out that many cultures don’t differentiate between body and mind and that some

cultures do not even have a separate word for mind. In fact, while Eastern, as well as
some of the early South American cultures may be able to eloquently define-altered states
of consciousness as part of normality, Western cultures generally tend to see such

experiences in terms of psychopathology.

Without going into any detail, and without pretending to any in depth comprehension of
the mind-body views of other cultures, at least the following examples warrant
mentioning:

o Buddhism, where volumes have been written on the mind-body interaction, especially
with regard to meditative practices, and much time was and still is being devoted to
the contemplation of mind and body. It is said that Buddhism sees the mind as a
highly refined field of energy (43). This view approaches that of the models of
modern physics. Whether the assumption that Buddhism sees the mind as a highly
refined field of energy comments on the mind-body relationship is questionable as a
sense of biological consciousness and emphasis on the concept of integration of mind,
body and spirit permeates most of the writings on Buddhism available in English. The
Tibetan Buddhist philosophy, its classification of the mind states, and the systems of
meditation practices and levels, are aimed at achieving ideal states of being and need
dedicated involvement to be really understood. Reaching for the ideal mind/body
integrated state does, in fact, represent the life-long occupation of many Buddhists.

o The approach of the Huichol, i.e., a Mexican tribe whose views of consciousness and
mind-body relationship strongly reminds one of that of some of the Eastern
philosophies in the sense that they see the physical world as an illusion, and reality as
a state not understood by the normal awake mind. The Huicol approach is, in this
writing, referred to as an example of a cross-cultural perspective that bears some
resemblance to monistic phenomenalism. It is said that the Huicol spend the majority
of their lives in a kind of well-organised hallucination (42,44). Some similarity is
found in South Africa where the Rastafarians use dagga in order to reach the desired

mind state.
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0 Shamanism, a spiritualism practiced by certain North American Indian tribes, and by
certain groups in Northern Asia, is known for, what is seen in Western cultures, out-
of-body experiences. The Shaman concept of the dreaming body, that is said to have
the ability to move into different realms, is seen, not as an out-of-body experience,
but merely as a transient shift into another body more suitable for the task at hand
(42). This would in Western cultures most probably be classified as psychopathology.
One should, however, first ask whether any resemblance exists to some present day
mind-body practices or even to some forms of psychotherapy, before berating them. It
is important to remember that shamanism is found in Central Asia, amongst the
Chinese, the Japanese, the Maori and even in Tibet, and that each region has its own
variation on the general theme (45).

o Other mind-body models that, to a degree resemble monistic viewpoints, but where
the ideas of reality and consciousness differ markedly from our conventional Western
understanding, include the Mayan and the Aztec models (44, 46). The idea of the
Aztec model being of a monistic nature is, however, somewhat belied by what is
recorded as a willingness to die in order to attain the status of a liberated spirit. This
concept of liberation of the spirit is not unique to the Aztec model as others, including
the Australian Aborigines, are said to have their own particular practices in order to
obtain this experience during their so-called primordial dreamtime (42,44,46). Some
groups in Central America believed in the existence of a counterpart in disguise. This
counterpart, often disguised in the form of an animal, was believed to have had its
fate linked to that of the human through the influence of cosmic forces (46 p66).

o Other related cross-cultural variations on the mind-body position include a) the
consciousness model derived from the practices and believes of Brazilian natives
where each of ten bodily centers, respectively, is said to control a specific aspect of
the mind-body interaction, b) the view amongst traditional Hawaiians where the
physical body and three other bodies, i.e., an etheric body, an astral body and a
mental body, exist, as well as a mind that can be active at the conscious, the
unconscious and the superconscious level and c) the view of the Huna which
considered the body to be in the mind, but the mind to be only partially in the body
(42,44 ,47).
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o Amongst the Hindu-related spiritual practices various approaches to the mind-body
position exist (48). It would appear as if most of them, in common with Tibetan
Buddhism, adhere to the principle of indivisibility of mind and body (48,49). It is,
however, very difficult to define the term Hinduism and the above statement may not
apply to all Hindus. Therapies based on Eastern mind-body unity approaches,
including the so-called Eastern movement therapies tai chi, qigong and yoga, are
increasingly being incorporated into Western health practices in an attempt to reach
unification of mind and body (42,50). The best-known techniques adopted by the
West are probably the various forms of meditation. They do not need further
discussion at this point.

o The Ayurvedic approach sees mind and body as an inseparable unity where the
highest levels of spiritual development are said to require a healthy body. This is
referred to separately from Hinduism as those for whom the Vedic heritage represents
the main expression of religion are not classified as strictly Hindu — rather as pre- or
proto-Hindu (48). Ayurveda shares the principle of balance of life forces with that of
Chinese and some Buddhist approaches (48,50). A commercialised version of
Ayurveda has recently become the vogue, as well as big business, in the West. The
mind-body view of this variation on Ayurveda would appear to approach the mind-

stuff version of monism (Deepak Chopra, lecture, Johannesburg, 2002).

Although glimpses of African considerations on the mind-body paradox can be gleaned
from books such as Credo Mutwa’s Indaba My Children (51) and Parrinder’s Man and
His Gods (52), no recent text could be found with the focus primarily on the mind-body

approaches of the various indigenous people of Africa.

In conclusion it can be said that some of the cross-cultural perspectives just discussed
would in the First World of today surely be seen as psychopathology. There are,
however, similarities to be found between the cross-cultural views and some of the
historical Western perspectives - even to some of the perspectives currently adhered to.
Although the mind-body approaches of the school of psychoanalysis were, but for Freud,

not touched upon in the section that dealt with the historical perspectives, there would
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appear to be an eerie resemblance between some of the cross-cultural views and certain
concepts from the school of psychoanalysis. It would be foolish to summarily denounce
these cross-cultural views as inferior to that of the First World as many analogies may be

found when analysed in context of their respective social environments.
1.3 Current views on the mind-body relationship

The majority of First World Westerners would appear to adhere to some kind of monistic
view of the mind-body relationship, but variations on the dualistic approach, as well as a
variety of compromises between the two exist. In addition various cross-cultural
perspectives are still alive and well and, as previously mentioned, more attention is
currently being paid in the West to mind-body approaches and practices based on Eastern

philosophies.

The dualistic approach is still vigorously adhered to by those considering the differences
between the brain and the behavioural processes as irreconcilable. Although most present
day dualists accepts the reality of an interaction between mind and body, no feasible
interactive pathway could yet be offered in explanation for the link between the material
body and the presumed immaterial mind. Some vague, rather unsatisfactory, explanations
were put forward by Karl R Popper, 1977 (53) and John C. Eccles, 1989 (54). Another
form of dualism is found among many individuals from diverse religious persuasions,
i.e., occasionalism where the mind and body is seen as separate and independent, but

correlated by the intervention of God.

The monistic approach can rightfully be seen as the major academic concept of the day -
at least where the First World is concerned. The majority of current day monists are
materialists, believing that the processes of the mind are of material origin, inseparable
from the brain and subject to the same physicochemical laws as everything else. Two
other forms of monism are, however still adhered to by smaller groups, i.e., subjective
idealism, which proclaims a single underlying mental reality to mind and body, and

phenomenalism, which proclaims that neither mind nor body exists — only impressions.
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Over the past 50 years empirical scientists from various disciplines had significant
success in identifying the so-called mechanisms underlying the processes generally seen
as mind (55,56,57,58,59). The empirical research activities of these scientists, often from
diverse disciplines, have come to be known as the analytical philosophy of‘the mind. In
this school of thought it is accepted that no mind exists without the physical brain and the

only problem that remains is to identify the exact underlying processes.

In the quest to define materialistic-monism in terms of evolution the Darwinian
evolutionary theory evolved into the post-Darwinian theory where the properties of the
mind are seen as the evolutionary development of ever more complex neural networks.
Developments in the post-Darwinian evolutionary theory lead to the concept of
emergence, a term referring to the identification or emergence of previously unknown
characteristics of, amongst others, the brain. Several variations exist on the emergence
monistic approach with one of the more reductionistic-materialistic variations found in
the identity hypothesis (60). The identity hypothesis sees mind and brain as one — a kind
of function-structure relationship - interpreted by some as the elimination of mind (61).
The reductionistic materialistic version of the monistic approach left us with the problem
of the freedom of will and the question of determinism. The determinants of the freedom
of will and action is at this period in time still passionately debated and approaches vary
from a) the purely neurophysiological view of Kornhuber, 1978 (62), where mind is
reduced to the flow of information through the nervous system, to b) the logical relativity
principle of MacKay, which virtually denies the existence of free action (63), to ¢) the
evolution-based concept of Searle, 1984 (64), that claims evolution to have provided
mankind with conscious, voluntary and intentional behaviour, to d) approachés based on
pure physics like the holographic paradigm proposed by Pribram and Bohm, 1991 (65),
and the so-called computer paradigm described by Beckerman, 1990 (66), based on the
argument that even non-living physical systems such as computers can come to logical
conclusions, and to €) sub-molecular level arguments and quantum physics to f)
multidimensional perspectives, such as that of Halstedt, 1988 (58), that proposes the
mind to be part of nature which, in line with the emergence theory, has acquired the

ability to think and to reflect. An outflow from the sub-molecular search into the meaning
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of mind is the return to another form of monism, i.e., subjective idealism — although not
presently referred to as such. It is said that elementary particle physics has become so
abstract that its objectivity is disappearing — leaving the concept of matter and the
principle of causality disputable (61). Based on this the mind is suggested to be the
deepest sense of reality from which the body emerges in some or other way (67). The
natural sciences, in moving into this abstract sub-molecular level of elementary particle
physics, finds itself in the same dilemma as that of the humanities where the safe

foundation of empirical evidence becomes extremely elusive.

One can perhaps summarise by saying that the materialistic version of the monistic
approach to the mind-body dilemma is the view of the day but that many questions still
bewilder us, not least the question of free will and determination. However, the study of
consciousness remains a stumbling block as no general agreement can be reached on the

meaning of this concept. To quote Miller, 2000 (68):

Classical science, alternative and complementary healing, quantum physics, and
metaphysics all take drastic different approaches to consciousness research. A bridge is
needed to restore the conceptual unity of mind-body. However the construction of such a
bridge paradoxically must rely on consciousness for information. The construction
company (Consciousness, Inc.) therefore becomes means and end in the design of the
bridge.

Miller, 2000 (68).

In Journey to the Centers of the Mind by Greenfield, 1995 (69) the author attempts to
unify many of the apparently incompatible theories of consciousness ranging, from
phenomenological perceptions to physical neural events, into a concentric theory of
consciousness. Miller (68), five years later, would not appear to have read the work. In
this lies another problem in the progression of our understanding, i.e., the lack of

interdisciplinary efforts and communication — ironically referred to by Miller himself.
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In accepting reductionistic-monism to be the approach of the day one should, however,
emphasize that this view is not without opposition — not even within the usually
materialistic-monism encountered in the field of medicine. An interesting point of view,
coming specifically from a department of internal medicine (70), and based on the fourth
century writings of Gregory of Nyssa (71), recently appeared in Perspectives in Biology
and Medicine, urging physicians not to fall into the traps of reductionism or idealism. It
should in summary be stressed that certain contemporary approaches, currently being
grouped under materialistic-monistic, strongly resemble compromises. In addition,
various interdisciplinary attempts in search of a model that unifies the concepts from the
major prevailing schools of thought are presently in progress. It would, however, appear
that the majority of scientist, from both the natural sciences and the humanities, accept

the integration of mind and body without questioning the definitive relationship.

Over the last two decades the so-called post-modern perspectives on mind-body unity
have become objects of intense scientific  research. = Among these
psychoneuroimmunology (PNI) is considered by many as one of the most important
recent developments involved in the redefinement of the mind-body relationship.
Psychoneuroimmunology is, however, less interested in what is considered the mind-
body problem and more in the multi-directional interactions between mind and body.
This, by implication, includes past and present environmental influences. In this respect it
perhaps resembles groups from the school of functionalism who accepted the interaction
or unity without further ado. In psychoneuroimmunology the focus is on the practical

implications of the interaction rather than on the nature of the interaction.

Psychoneuroimmunology, in short, looks at behaviour as biological response modifier
and vice versa. The next paragraphs will briefly define psychoneuroimmunology and

attempt to put it in context to other paradigms.

L TRUAS T
PRy s .<
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1.4 Introduction to Psychoneuroimmunology

Psychoneuroimmunology (PNI) is the study of the interactions between behaviour, the
brain and the immune system. As the neurological system is largely in control of the
endocrine system the interactions can be seen as between behaviour, brain, endocrine and
immune systems. Psychoneuroimmunology is therefore sometimes also referred to as
psychoneuroendocrino-immunology (PNEI). The immune system, previously seen as an
independent system responding only to antigenic stimulation, is now known to be
influenced by the neuroendocrine system. It is becoming more and more clear that the
immune system can in turn act as neuroendocrine regulatory system. The immune system
was, in fact, described by Blalock (72), as a sixth sense organ, informing the brain about
peripheral events. The influence of the immune system on the brain is, however, much
more than that of a sensory organ. It has, in addition, been shown to be able to alter
cerebral functioning, and to induce long-term anatomical changes with subsequent
behavioural effects. It speaks for it self that interactions between the behavioural
functions and the two main physiological regulatory systems, i.e., the neuroendocrine and
immune systems would influence the total individual — mind as well as body. Every
system and function would therefore influence, and be influenced by, all others. In
addition, perceptions of environmental events registered through the senses, information
about inflammatory or infectious conditions carried by immunological messenger
systems, and psychological events with its associated patterns of cerebral information
flow, would all be able to influence, and be influenced by, the functional integrity of both

body and mind.

Many devoted scientists in a variety of sub-disciplines contributed to the rapid conversion
of psychoneuroimmunology from a speculative field to that of a recognised science. The
idea of the psychoneuroimunological interaction being a recent concept is, however,
wrong. All that is new is the name and the scientific credibility afforded to the existence
of the interaction — this as a result of the intense research by accredited scientists of
recent times. Written proof for earlier acceptance of this kind of mind-body interaction,

or rather unity, can be found throughout the literature. In scanning the historical, the
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cross-cultural, as well as more recent approaches to the mind-body problem, it is clear
that the concept of a mutual influence between the psychological and physiological
functions were taken for granted by most - this despite differences in their positions to the
mind-body impasse. In Figure 1.1, right column, it was seen how, over a period of about
100 years, psychological studies showed that mental events such as suggestions,
mesmeric trance states, trauma, catharsis, and submergence of part of the consciousness
into the subconsciousness can dramatically influence the body. However, recognition of
the mind’s potential influence on the body existed long before the existence of
psychology as a subject. Suffice to refer to the Transylvanian physician Papai Pariz
Ferenc (73), said by Solomon in 1993 (74), to essentially have reiterated Aristotle and to

have anticipated psychoneuroimmunology when, in 1680, he wrote:

When the parts of the body and its humors are not in harmony, then the mind is
unbalanced and melancholy ensues, but on the other hand, a quiet and happy mind makes

the whole body healthy.
Papai Pariz Ferenc, 1680 (73).

Although intuitive knowledge about the interactions between the psychological status and
inflammatory, as well as infectious, conditions has been there for literally hundreds of
years, the academic knowledge to prove this link was lacking. From an academic point of
view it is obvious that psychoneuroimmunology evolved from observations that a
connection exists between psychological stressful events and disease. In fact,
psychoneuroimmunology can rightfully be seen as an outflow of the stress paradigm.
Another trailblazer, albeit lesser investigated in terms of the underlying mechanisms, and
perhaps more of a postulate than a scientific proven field, is the biopsychosocial
approach. More direct empirical evidence in support of the interactions were derived
from a sub-discipline of the biological sciences, i.e., neuroimmunomodulation. Although
initial papers on psychoneuroimmunology were speculative (75), we have now moved
beyond the point of speculation and intuitive knowledge to where the convergence of
many sub-disciplines from the biological sciences and humanities lead to the emergence

of its present status, i.e., an interdisciplinary field where body and mind are seen as one
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functional unit. Many workers from various disciplines contributed to the development,
but the names of Robert Aderl, David L Felten? and Nicholas Cohen’ (76,77,78) should
be mentioned for their outstanding contributions in converting psychoneuroimmunology

to a recognised scientific field.

Despite the current intense focus by some on psychoneuroimmunology, the majority of
scientists, in both the humanities and in the natural and medical sciences, are still not
familiar with, or even sceptical about, the field. This is largely based on ignorance as well
as a blatant disregard for the obvious. A major contributing factor may be the diverse
nature of the interacting academic fields, i.e., psychiatry, psychology, immunology and

neuroendocrinology.

Before buying into the psychoneuroimmunological concept it would be reasonable to ask
what practical examples could be found in order to corroborate the existence of the
psychoneuroimmunological interaction. The answer lies in at least three major categories
of evidence, i.e., a) the fact that the immune system can be conditioned to react in a
specific way, b) the influence of behavioural factors and psychological interventions on
the clinical course and outcome of disease processes and c) the behavioural changes
which follows upon immune-associated physical disorders and upon administration of

immunocompetent substances such as cytokines.

! Editor-in-Chief of Brain, Behavior, and Immunity, editor/co-editor of all three editions of
Psychoneuroimmunology, past president of the American Psychosomatic Society, the International Society
for Developmental Psychobiology and the Academy of Behavioral Medicine Research, and founding
member of the Psychoneuroimmunological Society.

2 past director of the Neurosciences Graduate Program and associate director of the Center for
Psychoneuroimmunological Research at Rochester University, co-editor of Psychoneuroimmunology 2m
and 3" editions, associate editor of Brain, Behavior and Immunology, and present director of the Center for
Npecteuroimmunology at the Loma Linda University School of Medicine.

3 Professor of Microbiology and Immunology, associate director for Psychoneuroimmunological Research,
past councilor of the Psychoneuroimmunological Research Society and co-editor of the 2" and 3" edition

of Psychoneuroimmunology .



1.25
1.5 Organisation of subsequent chapters

The aim of this thesis, as previously mentioned, is to define the
psychoneuroimmunological interaction in terms of the two main stress axes. Before
embarking on a description of the various intercommunications it is necessary to have
empirical evidence in support of the existence of a pervasive psychoimmunological
interaction and to show that this bidirectional influence has practical implications for both
the psychological and physical health of the individual. The next chapter, i.e., Chapter 2,
will deal with such evidence. It will also be shown that immune changes have been
reported for all classes of the DSM-IV. Reference will be made to the biopsychosocial
model mentioned in Chapter 1. This aspect will be returned to in Chapter 7 where it will
be shown how the psychoneuroimmunological concept relates to, but also differs from

the biopsychosocial model.

The subsequent three chapters will provide the necessary evidence for the bidirectional
influences between the psychological, the neurological and the immunological aspects,
i.e., the empirical proof for the psychoneuroimmunlogical interactions in terms of the two
main stress axes. As was previously mentioned, psychoneuroimmunology is considered
an extension of the stress paradigm. This becomes markedly evident when the controlled
stress response is seen as a new homeostasis in which mind and body are empowered to
cope with the stressor — be it physical or psychological. In fact, it will be seen that the
classification of stressors into psychological and physical is artificial and only applies to
the initial stimulating event as mind and body, respectively, are influenced by each other
in a transactional manner. In this thesis stressors and stress are treated as integral aspects
of everyday life, necessary for growth, development and adaptation — with the concept of
psychopathology entering the quotation only when normal control is overpowered or

negative feedback fails.

In line with the aim of the thesis Chapters 3 to 5 will present the psychoneuroimmuno-
logical interactions of the two main stress axes. Chapter 3 and 4 will deal with

psychoneuroimmunology in terms of the first major stress axis, i.e., the central
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noradrenergic/sympathoadrenomedullary axis. In Chapter 3 the importance of this system
for the regulation of states of cognition, emotion and cerebral activity will be shown, as
well as its interactions with other neuromodulatory systems that are major determinants
of the psychological disposition and responses. Chapter 4 will show that these same
neuromodulatory systems, so important in the psychological processes, can influence and
be influenced by the immune system. Chapter 5 will deal with the psychoneuro-
immunology of the second stress axis. The interactions will again be shown between the
psychological and the cerebral aspects, and between the neurological and immunological
functions. It will be shown that corticotropin releasing-hormone (CRH) plays a central
role in the psychoneuroimmunological interaction with regard to both stress axes. This
will be illustrated diagrammatically. Having demonstrated the controlling role of CRH in
the psychoneuroimmunological interaction of both stress axes, Chapters 6 and 7 will,
when referring to the neurohormonal aspects, focus primarily on the corticotropin-

releasing hormone/hypothalamo-adrenocortical axis.

Chapter 6 will discuss mechanisms through which immunological activity can influence
the neurological and therefore the psychological status — with particular emphasis on the
immune influence on CRH/HPA-related behaviour. It will be shown that immunological

events can act as stressors, leading to a new adaptive neuropsychological homeostasis.

Chapter 7 will present a model comprising relevant psychoneuroimmunological
interactions to demonstrate the influences discussed in the rest of the thesis. A model of
sickness behaviour, developed to demonstrate psychoneuroimmunology in terms of the
two main stress axes, will be presented. It will be shown how psychosocial, as well as
immunological events during early life can predispose to, and prolong erstwhile
appropriate adaptive sickness behavioural responses and how this can lead to
inappropriate, prolonged behavioural symptoms that correspond to that of psychiatric

disorders.

Chapter 8 will present concise conclusions on the thesis as a whole.
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In an attempt to facilitate the reading of the thesis a synopsis of each chapter is given in
bold at the start of each chapter. This should be seen as an abstract of the chapter. Each
chapter is again concluded by a short explanatory writing, given in bold, that connects it
to the subsequent chapter. Due to the interdisciplinary nature of the work Chapter 4 and
part of Chapter 5 (neuroimmunological interactions) have a very strong physiological
bias. For the purpose of this writing presentation of integrated diagrams would probably
have sufficed. However, such diagrams do not exist and had to be compiled from
publications. These diagrams are presented at the end of each chapter. It is possible to
understand the diagrams without going through the chapters - should the reader not be

interested in the supporting evidence for the interactions shown in the diagrams.

This chapter presented a very brief overview of the mind-body problem, first in
historical context, followed by examples of cross-cultural perspectives and a
discussion of the more recent developments in the field. The major current
perspective appears to be materialistic-monistic, which confronts us with several
problems, not least the question of free will and determination.
Psychoneuroimmunology, as so-called post-modern perspective on the mind-body
relatedness, is defined and it is shown that its implications for mind and body were
long intuitively suspected. The chapter is concluded with the rationale and layout of
the rest of the thesis. The next chapter will show the pervasive bidirectional
influence between the behavioural functions and the first of the two main stress

axes, i.e., the central noradrenergic/peripheral sympathoadrenomedullary axis.
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CHAPTER 2

THE PSYCHOIMMUNOLOGICAL INTERACTION

The previous chapter summarised some of the past and present views of the
mind-body dilemma and presented an introduction to the
psychoneuroimmunological approach. This and the following chapters will deal with
the psychoneuroimmunological interaction as an extension of the stress paradigm.
The present chapter demonstrates the psychoimmunological link and, although
most pathways probably involve the two main stress axes, the main focus will be on
the psychological and immunological aspects, rather than on the underlying
neurohormonal  pathways. Eperimentally-derived  evidence  for  the
psychoimmunological interaction is shown in psychological conditioning of the
immune response, the placebo response, the effects of psychological stress, the
effects of psychological stress on the immune function during infectious conditions
and in several other phenomena. Also dealt with is the bidirectional influence
between the immune system and disorders, as well as related behavioural
characteristics, of the DSM-1V classification. In conclusion, the implications of the
psychoimmunological interaction during in utero and neonatal life are briefly
discussed. The link between this chapter and the rest of the thesis is maintained by,
when appropriate, referring to the role of the two main stress axes and
psychological influences such as perception and coping. However, a detailed
discussing of such aspects is deliberately avoided, partially to demarcate the
boundaries of the chapter and partially because they are treated more extensively in
later chapters. The chapter is summarised in a diagram, demonstrating the

pervasiveness of the interaction.

Introduction

Evidence for the interaction between the psycho- and the immunological components of

psychoimmunology can be found in phenomena such as conditioning, the stress
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response, in conditions such as infections and tumour development, autoimmune
diseases, therapeutic interventions, biofeedback mechanisms, the placebo effect and
many others. Immunological involvement in certain behavioural phenomena, in a
number of neurological diseases and in psychiatric disorders give further substance to
the existence of a mutual influence between psychological functions and immunology.
Examples of such phenomena will be provided in support of the assumption of a

pervasive psychoimmunological interaction.

The contents of the chapter are summarised in Figure 2.1 (p2.3). The legend to Figure

2.1, and the description below the legend, are given on the subsequent page.
The following examples of psychoimmunological interactions are discussed:

2.1 Immunological effects of conditioning as an example of the psychological influence

on the immune system

2.2 The placebo effect as an example of the psychological influence on the immune

system.

2.3 The influence of stress on the immune system as an example of the psychological

influence on the immune system.
2.4 Other interesting associations between the immune system and behaviour

2.5 Mental disorders and behavioural traits as examples of the psychoimmunological

interaction.
2.6 Early life experiences and psychoimmunology
2.7 The psychoimmunological interaction and cerebral laterality

2.8 The psychoimmunological interaction in overview
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Legend to Figure 2.1.
Figure 2.1: Conditions and behaviours with proven alterations in immune status.

[Figure 2.1 shows that any form of psychological stressor, of enough significance to elicit the
psychological stress response, can lead to immune alterations (middle-top of diagram). Physical
stressors that cause psychobiological activation will also initiate the psychological stress
response with subsequent immunological effects (middle-top of diagram). Other conditions and
factors reported to be associated with alterations in immune responsivity are depicted on the
right of the diagram. On the left side of Figure 2.1 mental disorders and associated behaviours,
known to have some kind of immunological involvement, are presented. Right at the bottom-
middle of the diagram is shown that early life experiences can influence both the psychological
and immunological status. These are mediated through stress-induced neuroendocrine changes
and may last for life, predisposing the individual to behavioural and immunological disturbances

in adulthood.]  g.e references under discussions of the immunological involvement in these phenomena

2.1 Immunological effects of conditioning as an example of the psychological

influence on the immune system

Solid proof for the interaction is derived from classical conditioning where the
perception of the characteristics of a conditioned stimulus elicits a response in
accordance with the perceived stimulus rather than with the actual stimulus. The concept
of this type of conditioning is historically ascribed to Ivan Pavlov after his classical
experimental work in which salivation could be instigated by means of a conditioned
response (1). However, conditioned manipulation of the immune response is generally
known since 1920 (2,3). The first recorded psychological-induced immune provocation
in humans would appear to be the induction of rose cold by means of an artificial rose
(4). It is, however, conceivable that this type of immunological exploitation could have
been practised, premeditated or not, throughout the existence of mankind. Examples of
immunological manipulation through psychological conditioning will be shown from

both animal experimentation and human observation.
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2.1.1 Conditioning in animals
The following couple of paragraphs will deal with the psychoimmunology of
conditioning in animals. The link between the stress axes and conditioning is discussed

in later chapters as part of the psychoneurological interaction .

Numerous reports were published since the initial immuno-conditioning experiments of
Metalnikof and Chlorine in 1920 (2,3). Early experimental work on
immunoconditioning include the conditioning of natural killer cell activity, examination
of the time span between stimulus-pairing and re-exposure, the psychological induction
of asthma in guinea-pigs and prolongation of graft survival through associative
conditioning. Descriptions of much of this earlier experiments can be read in the first

edition of Psychoneuroimmunology, 1981 (5).

A major part of animal experimental conditioning involves immunopharmacological
work performed by pairing an immunomodulating drug (unconditioned stimulus, UCS)
with some immunological-neutral, but usually psychological-aversive or novel factor
(conditioned stimulus). A technique often used is the so-called conditioned taste aversion
(CTA) paradigm. It is, however, not possible to talk about immune conditioning without
mentioning the names of Ader and Cohen, 1991 (6) who, since the 1970’s, provided us
with a bank of evidence on the immunological effects of immune conditioning. Examples
of experimental modulation of the immune system through conditioning, where immune
responses were shown to be evoked or inhibited by immunological inert substances, can
be seen in Table 2.1, as adapted from the review by Ader and Cohen (6). The reader is
referred to the article for references to the original authors. The examples seen in Table
2.1 are representative of numerous publications that confirmed that immunological

activity can be altered by conditioning.
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Table 2.1: Examples of modulation of the immune response in rodents through the process of conditioning,

Unconditioned Conditioned Immunological Measure Unconditioned Conditioned response
Stimulus Stimulus response
Cyclophosphamide Saccharin Ab (SRBC) Decreased response Decreased response
(=simmuno-suppresive
drug)
Sucrose Ab (SRBC) Decreased response Decreased response
HCI Ab (SRBC) Decreased response Decreased response
Saccharin/ environ- Ab (SRBC) Decreased response No conditioned response
ment
Saccharin PFC (SRBC) Decreased response Decreased response
PFC (TNP-SRBC) Decreased response Decreased response
IgM Decreased response Decreased response
PFC (TNP-LPS}) Decreased response Decreased response
AB (Brucella abortus) Decreased response No conditional response
Pneumococcal polysaccharide Decreased response No conditional response
GvH Response Decreased response Decreased response
DTH response Decreased response No conditioned response
DTH response Increased response increased response
Lymphocyte proliferation Decreased response Decreased response
NK cell activity Decreased response Decreased response
Saccharin/LiCl NK cell activity Decreased response Decreased response
Saccharinfvanilla Total white biood cells Decreased response Decreased response
Arthritic inflammation Decreased response Decreased response
Saccharin Lupus Plasmacytoma Decreased response Decreased response
Methotrexate Saccharin Ab (SRBC) Decreased response Decreased response
Levamisole Saccharin T-helper : suppressor ratio Increased response Increased response
Antilymphocyte serum Saccharin Mixed lymphocyte reaction Decreased response Decreased response

Allogeneic cells
Bovine serum albumin
Egg albumin

Poly I.C

LiCl

Rotation
Acute/CY
Chronic/CY
Electric shock

Environment
Odours
Environment
Saccharin/LiCl
Qdours
Saccharin

Environment
Environment
Environment
Environment

Environment

CTLp

Histamine

Mast cell protease |
NK cell activity

NK cell activity

AB (SRBC)

DTH Response

Ab (SRBC)

Ab (SRBC)

PFC (SRBC)
Lymphocyte proliferation
Lymphocyte proliferation

Increased response
Increased response
Increased response
Increased response
Increased response
No unconditioned
response

No unconditioned
response

Decreased response
increased response

Decreased response
Decreased response
Decreased response

Increased response
Increased response
Increased response
Increased response
Increased response
No conditioned response

Decreased response

Decreased response
Increased response

Decreased response
Decreased response
Decreased response
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Adapted from a review by Ader and Cohen (6); SRBC = sheep red blood cells; Ab (SRBC) = anti-SRBC serum antibody;
GVH = graft versus host; DTH = delayed type hypersensitivity; PFC =plaque forming cells ; TNP = Trinitrophenyl ; NK cell
= natural killer cell.

Table 2.1 shows some changes that occur in a number of immunological parameters as a
result of conditioning. The practical implications of immune modulation through
conditioning can, however, perhaps be better understood from the following experimental
evidence that involve immunological status rather than individual immunological

parameters.

o Classical conditioning in rats has been shown to alter the course of experimentally
induced autoimmune diseases such as systemic lupus erythematosis and adjuvant
arthritis — a disease very similar to rheumatoid arthritis in man. Results from several
laboratories showed that by pairing an immunosuppressive substance (UCS) with an
immunological inert factor (CS), mortality can subsequently be delayed by
administration of the inert substance alone (7).

o Experiments in rats indicate that heart allograft survival can be prolonged by
behavioural conditioning. It was repeatedly shown that immunologically neutral, but
psychologically aversive or novel substances (CS) can, after pairing with an
immunosuppressive drug, exert immunosuppressive effects similar to that of the drug
(UCS). It is obvious that the modulating pathways must involve the higher brain
function centres, and it is highly likely that the peripheral conditioned immunological
response is lexpressed via, at least partially, the two main stress axes. In fact,
published evidence does indeed show such involvement (8).

o One of the best known behaviourally conditioned immune responses is the
modulation of body temperature, i.e., the modulation of thermoregulation. Most of the
work on this aspect of conditioning is based on the taste aversion paradigm. It is by
now known that the effects of most pyretic, as well as anti-pyretic drugs can, after
conditioning, be mimicked by administration of the conditioned stimulus alone (9). A
spin-off from experiments on conditioned thermoregulation is derived from what was
originally seen as controversial results. A number of workers initially tried to employ

lithium chloride as the conditioned stimulus — this due to the aversive properties.
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However, results from these and other laboratories showed LiCl not only to be an
antipyretic substance in its own right, but also to have immuno-augmentative
functions. The immune enhancing properties of LiCl would appear to be most
pronounced in immunocompromised conditions (10).

0 An interesting finding is the restoration of immune function through olfactory
stimulation by means of various fragrances (11,12). It is suggested that abolition of
the stress-induced immune suppression could result from the limbic system-olfactory
bulb neural connections in that an inhibitory influence from the olfactory bulb would
block the stress activation of the limbic system. Although considered an example of
immune conditioning (12), this experimental work does not strictly conform to the
classical conditioning paradigm. It is, however, included as it does indeed
demonstrate the influence of the neurological aspects on the immune system and
could perhaps contribute to our understanding of the effect the aromatic fragrances

are said to have on stress-induced immune suppression.

It is important to note that certain phenomena are repeatedly observed in conditioning
experiments with animals (6,8), and that there are strong indications that at least some

results could be extrapolated to humans. Included are the following facts

e Extinction of the conditioned immune response can, as with other types of
conditioning, occur. The extinction of the conditioned immune response occurs
along the well accepted lines described in most relevant psychology text books.

e There is no direct relationship between the magnitude of the conditioned
alterations in behaviour and that in immune function.

e Conditioned changes in immunity may be completely dissociated from changes in
behaviour.

e Conditioning may contribute to the immunopharmacological tolerance that

develops with repeated exposure to certain immunomodulatory drugs.

Theoretical extrapolation of the results on the immunological conditioning in animals to
the clinical situation is starting to point towards a number of possible applications that

could be beneficial in the treatment of patients. An example of this can be found in the
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conditioned pharmacological effects in conditions where it is clinically desirable to
reduce the dosage of drug administration to an autoimmune patient or transplant recipient
(13). It is envisaged that pairing of the conditioned response to a low drug dosage may, as
indicated by animal research, suffice to deliver the required immune response without the
deleterious effects of high drug dosages. The opposite effect, i.e., that of pharmacological

tolerance is unfortunately also a possibility.

2.1.2 Conditioning in man

Published examples of conditioned immune alteration in humans do exist, but one can
with a fair amount of certainty say that this type of conditioning forms part of the child-
rearing style of virtually every family where the attitudes of parents to disease conditions
influence the immunological status and the proneness to disease in their children, and
even in themselves. It is also feasible to expect that the media and perhaps more so
television and other electronic information systems can condition the public to the extent
that the immune system could be affected. One could even surmise that a large number of

the psychological therapies for immune-related disorders are based on conditioning.

Below are given some cases as examples of experimentally induced conditioned

immunomodulation in humans.

The induction of allergic rhinitis by conditioning has experimentally been shown (14).
The unconditioned stimulus was, in this case, an allergen paired to allergen-free
physiological saline as conditioned stimulus. The results of the study point toward a role
for conditioning, expectation and the placebo effect in the management of allergic
disorders.

Immunopharmacological tolerance has been described as a conditioned response (8). In a
Pavlovian conditioning model of tolerance the administration procedure is considered to
be the conditioned stimulus and the central affects of the drug as the unconditioned
stimulus. It is suggested that repeated pairing of the administration procedure to the drug
effect may lead to the development of a conditioned response in anticipation of the drug
effects which may either lead to attenuation of the response, or to compensatory

opposition to the effect, i.e., immunopharmacological tolerance. Indications are that
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context specific tolerance can be reduced by conditioning procedures such as extinction,
latent inhibition and partial reinforcement. As for other conditioned immunological
manipulations, a central position in the mechanistic pathway is ascribed to the antigen
processing cell and cytokines.

A well known experiment is the one where individuals were painted with a methylene
blue solution (CS) containing the extract from a Japanese lacquer tree (UCS) — a
substance known to cause eczema. After a number of CS-UCS pairings the skin response

could be induced with the methylene blue only (15).

There seems to be some inconsistency in the results of conditioning experiments in
humans. These will not be discussed here, but it is important to note that the ability to
condition human subjects is dependent on the personality of the experimenter, as well as
on that of the volunteer. Research on the conditioned immunological response in man as,
well as in animals are starting to pay dividends in terms of finding the underlying
physiological mechanisms. Although the picture is as yet not completely clear,
dependence on the degree of psychobiological arousal, as well as on the involvement of
the major stress-associated neuroendocrinological systems are becoming evident (7,16). It
is also more than speculative to expect that the psychological influence on immunity may
involve the limbic system, and that the final pathway of the conditioning influence on the
immune system may find expression largely through the two axes discussed in
subsequent chapters. The mechanisms involved would appear to be very similar to that

proposed for the placebo effect, which is referred to in the following subdivision.

From the examples of the psychoimmunological interaction in terms of conditioning
presented here, and from other literature, it would appear that modulation of the immune

system through both strictly Pavlovian and taste aversion conditioning can lead to

Suppression of immunoreactivity, i.e., conditioned immunosuppression
Enhancement of immunoreactivity, i.e., conditioned immunoenhancement
Stimulation of mechanisms which compensate for the unconditioned immunological

response, i.e., conditioned compensatory responses
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The question should be asked whether conditioning of the immune response has any
biological or practical significance. It does indeed appear feasible that psychological
conditioning of the immune response could be used to the benefit of patients in a) to
reduce the amount of a drug required in the treatment of chronic diseases, b) to optimize
the efficacy of a given treatment, c) to decrease the susceptibility to naturally occurring

diseases (16), and perhaps d) to reduce the symptoms of chronic inflammatory diseases.

2.2 The placebo effect as an example of the psychological influence on the immune

system.

Placebo is defined as a harmless treatment thought to have no measurable effect on the
condition to which it is applied. The mere fact that the term placebo response exists
indicates that an effect is indeed expected upon administration of the placebo. Although
the term placebo effect or response is generally used it would be more correct to use the
term placebo response for positive or beneficial outcomes and the term nocebo response
for negative or harmful outcomes. Theoretically a placebo may be anything from a sugar
coated pill to the influence of the physician. Evidence is available to show that the
immune system can be altered by placebo administration. Scientifically the positive
placebo effect on the immune system is ascribed to the alleviation of stress axis
activation. We have recently published an article on the placebo response (17). Rather
than describing examples from this article it will be attached to the thesis. However, it is

perhaps necessary to deal with some information. To quote from the article:

It is generally assumed that psychological aspects play an important role in the
placebo effect. Benson and Friedman proposed three components required to
manifest the placebo effect

Positive expectation on the patient’s part
Positive expectation on the doctor’s part
A good doctor-patient relationship

Several psychological theories are offered as explanation for the placebo effect,
including

The anxiety theory
This theory pertinently refers to a diminished stress axis activity as a factor in the
placebo response. The theory states that the mere act of getting help or taking
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control reduces the negative affective component associated with the symptom.
Hereby the whole sympathetic tonus is said to be reduced. (The role of sympathetic
tonus in immune function is discussed in a later chapter, suffice to say that excessive
sympathetic tonus could cause or exacerbate a variety of immune conditions and
that a direct link exists between anxiety and the sympathetic system.) This effect is
more lasting in patients with state anxiety than in patients with trait anxiety.

The cognitive theory

Here the emphasis is on expectation. Higher cortical centres involved in cognition,
can override subconscious emotional responses. The expectation determines the
cognitive readjustment of appropriate behaviour. This is said to explain the different
effects of different verbal instructions. Any process that increases a patients
expectation of improvement is likely to relieve stress and will reduce cortisol levels
and sympathetic activation that may adversely influence health problems. The
emphasis remains on the individuals perception, colouring a neutral stimulus with
positive or negative expectation. As in the case of the anxiety theory, the stress axes

are again implicated.
[Ker and Viljoen, 2000 (17)]

2.3 The influence of stress on the immune system as an example of the psychological

influence on the immune system.

The previous paragraphs dealt with the immunological effects of psychological
conditioning and with the placebo response. It was seen that the majority of experimental
work on conditioning involves aversive stimulus conditions. There is thus, but for the
repetitive factor, a very thin line separating a large part of the conditioning experiments
from the stress experiments. This is an important factor as it is becoming ever more
evident that the effects of conditioning are eminently dependent on the way the animal
perceives the stimulus, and that factors such as conditionability traits and preparedness
(16) are major determinants of outcome. Another possible similarity between the
conditioning and stress experiments can be found in the stress-induced changes in the
presence of infectious diseases where a pairing of two different stressors is found. The
one stressor being the physical-psychological stressor and the other the disease-inducing

organism.

For the purpose of this discussion stress will be seen as the non-specific stress response,
as opposed to the compensatory mechanisms (specific stress responses) which occur as

negative feedback mechanisms in response to specific stressors like cold, hypoglycaemia,
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hypotension, hypoxaemia and other specific disturbances. It should, however, be
remembered that specific stressors, can give rise to the non-specific stress response if the
negative feedback mechanism for the specific homeostatic disturbance cannot cope, or if
the stressor leads to psychobiological arousal. In the majority of animal stress
experiments, and in a smaller number of human stress experiments, the psychological or
non-specific stress response is indeed evoked by the application of specific stressors
which, due to their aversive or novel characteristics, are able to induce psychobiological

arousal.

The deleterious effects of psychological stress on the general well being and especially on
resistance to the development of infectious disorders have been known for decades, if not
for longer. What is perhaps surprising is the fact that the magnitude of the potential
impact of psychological stress has, until recently, been overlooked and often even
slighted by the medical and veterinarian professions and that psychologists tend to focus
on the psychosocial consequences rather than on the organism as an integrated mind-
body unit. The present writing will focus on the psychoimmunology of stress, without
consideration of the neurological mechanisms involved. The humoral and cellular
immune changes will also, but for a few exceptions, not be dealt with. However, the two
major neurological stress pathways and their effects on the immune system, i.e., the
neuroimmunological aspects, are discussed in chapters 4, 5 and 6 and the
psychoneurological interactions of these pathways in chapters 3 and 5. Many other
neurohormonal mechanisms are, however, also known to have an influence on the
immune system - some boosting the system, and others suppressing it (18). Of interest is
the fact that the majority of them also have behavioural effects and that the individuals
psychological disposition usually has an influence on the activity of all such substances.

A discussion of their mechanisms of action and functions is beyond the scope of this

writing.

The following paragraphs will thus deal with the psychoimmunological interaction during
stress, firstly in animals and thereafter in man. Some examples of the type of

immunological alterations will be provided in table format. Thereafter, in concordance
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with the interdisciplinary nature of the work, no further attempt will be made to provide

any in depth coverage of the underlying immunological mechanisms.

2.3.1 Psychological stress and immune function in animals

Clear evidence for the psychoimmunological interaction in animals can be found in the
psychological-induced immune alterations seen under conditions of stress. Intuitive
knowledge existed about the relationship between stress and immune suppression long
before the formal recognition of immunology as an independent scientific field. It is,
however, only over the last couple of decades that the effect of stress on immunological
parameters could be quantified. In animals the largest part of evidence for the interaction
is derived from laboratory experiments where various kinds of stressors were applied and
a variety of immunological factors assessed. It is at this stage necessary to note that in
many of the animal experiments the psychological state, i.e., the emotional stress, is
generally elicited through the application of physical stressors under the premise that the
stress response is stressor-intensity, rather than stressor-modality specific. The stress
condition thus becomes a state of altered psychological homeostasis with the
physiological response expressed as immunological alterations at least partially mediated
through the central noradrenergic/sympathoadrenomedullary (CNA/SAM) and central
corticotrophin-releasing hormone/hypothalamo-pituitary adrenal (CRH/HPA) systems.
Similar psychoimmunological interactions are seen in the stress-alteration of the immune

response to infection and in the development of tumours in the presence of psychological

stress.

One of the first documented associations between stress and infectious pathology in
animals was the observation by Pasteur that cold water immersion stress lowered the
resistance of chickens to the anthrax bacillus (19). The finding would, however, not
appear to have stimulated significant further research into this kind of association.
Renewed scientific interest in the effect of stress on the immune system was again seen
only around the 1930’s with the work of Selye (20). It should be remembered that the
original work by Hans Selye, which led to, what Selye termed the general adaptation
syndrome, as well as to the description of the stress triad, was derived from results of

animal experimentation (20). The work of Selye would seem to have given some impetus
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to this area of research. It was, however, only during the 1980’s that a widespread
scientific interest in the psychoimmunological interaction started to develop. One of the
major reasons was the fact that immunology had now become a recognised scientific field
and that new immunological techniques were rapidly being developed. Various new
disciplines started to emerge such as neuroimmunomodulation, psychoneuroimmunology,
neuroendocrinoimmunology and others — generally not much more than synonyms for
variations on the neuroimmunological/psychoimmunological interaction. It should be
acknowledged that these disciplines are all extensions on the erstwhile stress paradigm.
The psychoimmunological interaction has, however, lately become acknowledged to

stretch far beyond the condition of stress.

Proof of the interaction between the immune system and the psychological disposition in
animals, as witnessed under conditions of stress, is provided on the following couple of
pages. Examples of experimental results on the effects of stress on the immune system,
the effect of stress on the immunological defense against infections, as well as the effect

of stress on the development of tumour growth in animals can be seen in Table 2.2.
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Table 2.2: Examples of psychological stress-induced modulation of the immune response in animals.

Additional Experimental Effect on Reference
Psychological Variable Animal Immune system
Stressor
Sound stress Exposure time Mouse Suppression of lymphocyte Monjan & Collector,
Acute stress proliferation 1977 (21)
Mouse No change from baseline
Intermediate duration Mouse Increased lymphocyte proliferation
Chronic (20-39 days) Mouse Return to baseline values
Longer than 39 days
Toge et al, 1981
Surgical stress Stress intensity Rat 4 cytostatic activity of lung 22)
Extreme macrophages
Rat No effect on cytostatic activity of lung
moderate macrophages
Shuttle box stress
with footshock Age Male Fisher rat 4 splenic lymphoeyte responsity to Odio et al, 1987
12-18 Months old ConA 23
Male Fisher rat no effect on responsivity to ConA
25 months old
Mild to moderate Controllability Sprague Dawley 4 lymphocyte response to ConA and Laudenslager et al
footshock/tail shock  unpredictable/uncontrollable rat PHA 1983
Sprague Dawley ¢ ¢o T lymphocyte response tocon A (24)
controllable rat and PHA
Inescapable/ CDﬂU’Ollﬂbﬂit)’ J' splenic natural killer cell (NKC) Shavit et al 1983
escapable shock inescapable shock Fischer rat activity (25)

Social Interaction

Premature maternal
separation and
isolation

Maternal
deprivation

Enforced
submissiveness

Dyadic interaction

Chronic social stress
of colony
aggregation

escapable shock

Gender:
Male
Female

Age of separation before weaning

Rank order {(dominance —

submissiveness)

Defeat

Stress quality
dominant

Fischer rat

Wistar rat
Wistar rat

Mouse

Rat

Mouse/rat

Male rats

no efect on NKC activity

4 lymphocyte response to PHA
suppression less significant than in
male rats

negative correlation between degree
of submissivenes and immunisation

separation before weaning: 1
humoral immune responses in later
life

negative correlation between degree
of submissiveness and immunisation-
induced antibody production
dprimary antibody response to SRBC
in losers

T1B -lymphocytes; 4T- lymphocytes
TT T-helper cells; 4
suppressor/cytotoxic cells;

11 T-helper: T suppressor ratio;

1 cytotoxic T-cell response; $1£-2
sensitivity, T 1£-2 production;
T1ConA proliferation; TTPHA
proliferation

Ackermam et a;. 1988
(26)

Michant et al, 1981
(e1)]

Fleschner et al 1989
(28)

Bohus et al, 1989
29)

Bohus et al, 1989
29
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Psychological
stressor

Housing condition
and inoculation of
Moloney sarcoma
virus

The effect on tumour
growth

Shaking stress
and Melanoma
tumour

Social stress and
cancer

Effect on immune system

Additional variable Experimental
animal

subdominant Male rats

subordinate Male rats

Outcast Male rats

Behavioural characteristics

fighting Female mice

nonfighting

Behavioural characteristics
social activity/passivity

Living conditions
. isolation

, sex-segregation

. crowding as opposed to paired
housing

. social disorder (removal of
young)

. behaviour of significant others

Female mice

Female hamsters

Female hamsters

Mice

Mice

dltotal lymphocyte; TB lymphocytes
4T lymphocytes; T T helpereells; |
T-suppressor /cytotoxic cells; T
helper: T suppressor ratio;
Teytotoxic T-cell response; T 14-2
sensitivityI£-2 production; T ConA
and PHA proliferation

Ttotal lymphocytes; | B lymphocytes;
1T lymphocytes;

LT helper cells; T
suppressor/cytotoxic cells; {4 helper
suppressor ratio; J cytotoxic T cell
response; | I£-2 sensitivity;

J 1£-2 production J ConA and PHA
proliferation

T suppressor/cytotoxic cells

L1 T-helper: T suppressor ratio;
T cytotoxic T cell response; JI£-2
sensitivity; no change in 1£-2
production; LConA and PHA
proliferation

Smaller tumour development

Larger tumours

Social passivity suppresses tumour
growth

T development of mammary tumors
T malignant mesanchymal tumors
T spontaneous leukemia

T growth of murine sarcoma virus

T death from mesenchymal cancers

T appearance of mammary tumours

behaviour of co-housed animals have

favourable or unfavourable effects on

tumour-bearing animals

Reference

Bohus et al, 1989
@9

Bohus et al 1989
(29)

Bohus et al, 1989

Amkraut and
Solomon, 1972 (30)

Temoshok et al 1987

@1

Bohus and Koolhaas,
1991 (reviewed) (32)
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Psychological Infectious disease caused by Experimental Effect on Reference
Stressor Animal Immune system
Effect on infectious
disease vulnerability
Crowding Salmonella typhimurium Mouse { antibody response, T susceptibility Edwards and Dean,
1977 (33)
Forced exercise Pasteurella haemolytica Calf { pulmonary phagocytes, = severity Binkhorst et al, 1990
(34)
Forced exercise Pasteurella haemolytica Calf { pulmonary phagocytes, T severity Anderson et al, 1991
(3%)
Social stress (low
degree) Escherichia coli Chicken 1 susceptibility Gross, 1984 (36)
Social stress (high Escheria coli Chicken T susceptibility Gross, 1984 (36)
degree)
Forced swimming Francisella tularensis Mouse = mortality Ilbick et al, 1984
Influenza A virus T mortality 37
Transportation Pasteurella haemolytica Calf 1 mortality Cole et al, 1988 (38)
(short)
Transportation { mortality
(long)
Restraint Mpycobacterium avium Mouse (f) = antimycobacterial activity of Brown and Zwilling,
macrophages, = mycobacterial 1993 (39)
growth
Mouse (m) 1 antimycobacterial activity of
macrophages, T mycobacterial
growth
Constant Escherichia coli Female mouse 71 uroepithelial shedding Dalal et al, 1994
illumination or heat 11 PMN mobilization, 4 rate of (40)
infection
Male mouse 7T uroepithelial shedding
T PMN mobilization, = rate of
infection
Sound Vesicular stomatitis Mouse 4 IFN production = neutralizing Chang and
antibody Rasmussen, 1965
T mortality, encephalitis 1)
Avoidance learning  Poliovirus Mouse T mortality, paralysis Johnsson and
Rasmussen, 1965 (42)
Isolation Encephalomyocarditis CD-1 mouse TT mortality Friedman et al, 1970
BALB/c mouse T mortality 43)
Forced swimming Coxsackie virus B3 Mouse T mortality, myocarditis Gatmaitan et al, 1970

“4)
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predator

Psychological Additional Variable Experimental Effect on
Stresstor Animal Immune system Reference
Forced exercise Coxsackievirus B3 Muse 1 neutralizing antibody Reyes and Lerner,
1976 (45)
Heat Newcastle disease Chicken 4 7T antibody response Beard and Mitchell,
1987 (46)
Immobilization Influenza A Mouse 4 IFN-a production, T mortality Ben-Nathan et al,
1989 (47)
Restraint HSV-1 Mouse 4 lymphadenopathy, { HSV-specific Bonneau et al, 1991
CTL activity, 4 NK activity, (48)
Restraint HSV-1 Mouse 4 migration of HSV-specific CTLm,  Bonneau et al, 1991
4 activation of HSV-specific CTLm (48)
Isolation S1v Monkey {  Iymphocytes, | leukocytes, Capitanio and
1 survival Lerche, 1991 (50)
Restraint Influenza A Mouse Delayed seroconversion, = magnitude  Feng et al, 1991
of antibody response, (51)
=Ig class composition
Restraint Influenza A Mouse 4 virus-specific IL-2 production, Sheridan et al, 1991
= antibody response, + pulmonary (52)
lesions
Restraint HSV-1 Mouse 4 lymphadenopathy, { HSV-specific =~ Bonneau et al, 1991
CTL production (53)
Restraint Influenza A/PR8 DBA/2 Mouse T1 corticosterone, | antibody Hermann et al, 1993
1 lymphadenopathy, | mortality, (54)
4 pulmonary inflammation
Restraint Influenza A/PRS C57BL/6 Mouse Teorticosterone, J antibody Hermann et al, 1993
{ lymphadenopathy, = mortality, (54)
4 pulmonary inflammation -
Restraint Influenza A/PRS C3H/HeN Mouse | lymphadenopathy, | antibody, Hermann et al, 1993
= kinetics of GC response to (54)
infection, = mortality, | pulmonary
inflammation
Restraint Influenza A/PR8 DBA/2 Mouse { lymphadenopathy, { antibody, Hermann et al, 1994
= kinetics of GC response to (55)
infection, 4 mortality,
Restraint Influenza A/PRS C57BL/6 {4 lymphadenopathy, 4 antibody Hermann et al, 1994
# kinetics of GC response to (55)
infection, = mortality
Exposure to a Hymenolepis nana Mouse 4 lymphoid tissue, TT reinfection Hamilten, 1973
(56)
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Psychological Additional Experimental Effect on Reference
Stressor Variable Animal Immune system
Handling Hymenolepis nana Mouse 4 lymphoid tissue, T reinfection Hamilton, et al 1973
(56)
Cold, heat Toxoplasma gondii Rat T pulmonary disease El-Fakahany et al,
1988 (57)

The examples of stress-induced changes in the immunological activity of animals, as seen
in Table 2.2, clearly show that severe stress will generally have an immune suppressive

effect and thus can predispose the animal to infections and tumour growth.

As can be seen in Table 2.2, various kinds of stressors can be employed in order to cause
psychological stress in animals. Many of them are in fact physical stressors and it is
assumed that their application will - and it has indeed neurohormonally been proved -
lead to psychobiological arousal. As such it can with a fair amount of certainty be said
that the process will involve psychologically-induced activation of the two main stress
axes. The degree of psychological arousal is, however, not always easy to assess in

animals.

Psychological stress can, as was previously mentioned, be evoked by the application of
either physical or psychosocial stressors. Physical stressors generally employed to
provoke psychological stress in animals include restraint, cold exposure, electrical shock,
surgical trauma, noise, vibration, forced swimming, constant illumination, transportation
and other stressor models. In the restraint models, immune suppression is generally
evidenced by a decrease in almost all aspects of the immune response and in the
containment of autoimmune diseases. In the various electrical shock models, the general
conclusions are that of immune suppression. Significant deviations do, however, occur

and should not summarily be ignored.
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Many factors which contribute to variations in the immunological outcome can be traced
back to psychological phenomena and include factors such as the perception of
controllability, whether the shock is escapable or not, the degree of predictability, and in
general the coping response (58,59). Previous exposure to inescapable shock can further
give rise to a conditioned stress response upon re-exposure to stress-related cues. Obvious
implications with regard to repeated punishment and, punishment-associated cues, on the

immune status can be derived from this fact.

As in the case of the physical stress model, various forms of the social stress model also
exist, including the social group models, different forms of dyadic interaction, as well as
the social isolation and high population density models (59 and Table 2.2). In the social
group model of dominance versus sub-dominance or outcasts, a superior
immunocompetence is generally seen in the dominant animal. The immunological
outcome in dyadic interactions depends very much on perception and coping style. In the
resident-intruder paradigm of the dyadic model, social defeat would generally be
reflected in immunosuppression, while variable outcomes are reported in the aggressive-
versus-nonaggressive version of the dyadic social stress model. Results on the latter
experiments would seem to indicate a different immunological outcome in males and
females (59). It would be interesting to know whether this difference can be ascribed
solely to inherent neurohormonal difference or whether social training with regard to
gender role is present in rodents. In the social isolation model the results depend on
various factors, including the customary social structure of the experimental species. The
majority of research, according to the isolation stress model, focus on early maternal
deprivation or early weaning which, in general, would appear to be detrimental to normal
immunological development. This could perhaps be seen as support for the mother-infant
bonding as opposed to the mother’s milk nutritional value concept for
immunocompetence. Interesting neurohormonal support for the positive immunological
effect of maternal stimulation comes from work on rat pups where maternal stimulation
in infancy was shown to result in lower levels of ACTH, corticosterone, and CRH
mRNA, and higher levels of the immune stimulating-related growth hormone mRNA
(60). Although not speculated on by the author, it could very well be seen as the opposite

of stress presensitisation and, if extrapolated to humans, it could be surmised that a
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favourable mother-infant bond would afford the infant a degree of protection against the
development of stress-induced psychological and possibly immunological disturbances in
later life. The central role of CRH in the central stress response and in hyperresponsivity
is discussed in Chapter 5. Results from a number of studies support the possibility that
unfavourable mother-infant relationships can have negative effects on the immunological
status and that such effects could last into adult life (58,61,62,63,64,65,66). Peer
separation in the young has similarly been shown to induce an immunosuppressive
influence (58,65). Of interest is the fact that a return to normal immunological
responsivity has been observed upon reuniting of the separated young, and that, at least in
the case of the mother-infant separation, the immunosuppressive effect could be
prevented by keeping the infant in familiar surroundings (58). Various factors in the
environment could possibly contribute to pacify the young, among others familiar odours.
This possibility is supported by immune enhancing experimental results from animals
exposed to olfactory cues of social origin and from immune suppressive results of
animals exposed to odours derived from stressed animals (58). The effect of in utero
stress is discussed later in this chapter under early life experiences and

psychoimmunology.

In the high population density version of the social stress model, stress-induced
immunosuppression is generally associated with an increase in population density. High
population density is further seen to have a negative influence on the survival rate of
animals with infection or with cancer. In most of the social stress models individual
preference in social activity seems to be an important explanatory variable (58).
Nevertheless, whether active or passive, the emotional stability of the animal appears to

be a major factor. Assessment of emotional stability can, however, be rather problematic

in animals.

Factors like emotional reactivity and personality, although difficult to assess in animals,
have been reported to influence the immunological effect of stressors. In certain animal
strains a link is known to exist between the emotional reactivity to conflict and the
immunological reactivity to stress (67). It is likely that this strain-dependent co-variation

between immunological and behavioural traits can be linked to neurohormonal
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differences in response to stressors. Such strain-dependent, stress-induced neurohormonal
differences have indeed been reported (68,69). Similar neurohormonal-dependent
variablity in the immunological effects of stress is sure to be expressed as a result of
personality traits. A type C coping style has even been suggested to be associated with
cancer onset and progression (70). Scientific evidence is also available to
neurohormonally linked coping style with the type of immune response. High activation
of the CNA/SAM-axis has been recorded in males where a more aggressive coping style
was observed, while CRH/HPA-axis activation would appear to predominate in males
with a more passive coping style (71,72). The immunologial implication of this
difference in neurohormonal response is self-evident from the immune responses to be

described in chapters 4 and 5.

The degree of controllability over the environment, the predictability of the stressor
application and the coping style of the animal appear to have a major impact on the
immunological outcome — irrespective of the stress model applied. In the previous
paragraph reference was made to the neurohormonal differences noted between
aggressive and non-aggressive male mice and rats. Similar neurohormonal differences
exist between active and passive stress avoidance animals and in animals with different
levels of social activity. The active coping styles of aggressive males versus the more
passive coping style of the non-aggressive males, the characteristic of active stress
avoidance versus passive stress avoidance, as well as differences in social activity would
all seem to contribute to the variability in the immune responsiveness to stress
(59,67,71,72,73). The more active coping styles where the animal takes control of the

situation would generally appear to predict a more favourable immunological outcome.

The importance of the sense of control which an animal experiences under conditions of
stress is further supported by a recent review dealing with the influence of mental state on
somatic health in animals (74). Some important research findings reviewed include the

immunological effects of stress-induced emotional states such as

Fear and anxiety which were shown to lower immunocompetence against cancer and

infectious disease to the extent that it could increase the mortality rate. Interesting
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examples include fear or anxiety provoked by expectation of punishment or aversive
treatment.

' The emotions associated with disruptions of social bonding or affiliations where
placement in familiar surroundings or the presence of familiar peers seemed to lessen the
immunosuppressive effect of disruption in social bonding and affiliation.

Boredom caused by insufficient mental stimulation or socially deprived environments
which is reported to lead to immunosuppression.

The cognitive-emotional state of learned helplessness, a condition known to be
characterised by the perception of no control over the environment. As in several other
recent publications, the fundamental importance of a sense of control for the immune
response against the development of tumour growth, infectious diseases and other
immune-related disorders are discussed and the negative influence of helplessness and
unpredictability of events once again stressed.

A feeling of control, in general, which is said to be the ultimate discriminating factor

between immunosupression and immune-enhancement in the face of stress.

A large part of our knowledge on the effects of stress on the immune system is derived
from animal experimentation. Various problems do, however exist in the interpretation
and integration of results from different laboratories (58,59,75,76). Research in the field
of psychoimmunology has now reached a stage where it should be possible to solve some
of the research problems and inconsistencies of results by proper planning of
experimental design. A major problem with the comparative assessment of the influence.
of stress on bbth immunological competence and containment is the fact that no
consistency exists in the type of immunological parameter measured. Verification of
published data by cross checking for reproducibility between authors thus becomes
virtually impossible. This is a major drawback in a field where the results are already
confounded by problems in the quantification of the psychological stress, as well as in
determining the perception and coping styles of animals. Other confounding factors
include the comparison across biological host variables such as gender, age, species and
strains of animals, seasonal differences, circadian differences and degree of adaptation, as
well as psychosocial variables such as social status, social support, the presence and

attitudes of significant others as well as the coping style and personality of the animal.



225

Other very important factors are the types and number of previous stressors that the
animal was exposed to, i.e., the allostatic load of the animal - this could severely
confound the results. Serious consideration should also be given to the characteristics of
the applied stressor, including quantitative characteristics such as severity and duration
and to the qualitative characteristics such as the type of stressor, time of day, the temporal
relationship between development of the non-specific stress condition and the immune
response, seasonal variations, frequency, and the controllability (avoidability/escape).
Another factor that is often not planned with the necessary circumspection is that of the
control group. In animals this issue might sometimes present with seemingly
insurmountable problems as almost any form of handling may be perceived as stressful to
some animals and inter-individual differences may be a real problem in constructing a

uniform control group in terms of the experienced stress.

In conclusion, it can be said that a wide variety of factors can act as psychological
stressors and in so doing have marked influences on the immunocompetence of animals.
Any physical stressor able to provoke psychobiological arousal and the development of
the nonspecific stress syndrome may lead to immunological alterations. The most
generally observed immune effect is that of immunosuppression — an effect commonly
associated with activation of the two main stress axes, i.e., the central
noradrenergic/sympathoadrenomedullary ~ axis and  the  corticotropin-releasing
hormone/hypothalamo-pituitary- adrenocortical axis. It should, however, be remembered
that the hypothalamus controls the secretion of other neurohormonal substances such as
growth hormone, prolactin and endorphins which are known to exert immune stimulatory
influences and that the two stress axes can, under certain conditions and in case of certain
immunological parameters be immune enhancing rather than immune suppressive (18 &
Chapters 4 and 5 ). The degree to which physical stressors will provoke psychobiological
arousal is dependent on the qualities of the stressor, but also on the way the animal
perceives the stressor. A multitude of psychosocial factors can act as, or rather, can be
perceived or experienced as, stressors and thus may influence the immunological status.

Some of the more relevant phenomena include (see Table 2.2)

o Social ranking, where dominance would appear to favour immunocompetence
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o Appropriate housing conditions in the presence of significant others, where isolation,
overcrowding, sex segregation and social disorder are often seen to predispose to
infections and tumour growth.

o Appropriate infant-maternal bonding as well as the presence of significant others - which
have been reported to be beneficiary to immunological competency. Separation,
especially if the young are removed from familiar surroundings, has been shown to cause
immune suppression that can sometimes be reversed upon reuniting. Of interest is the fact
that the immunosuppressive effect of mother-infant separation appears to be carried
through into adult life.

o Previous exposure to the same aversive event that may lead to sensitisation or
habituation, to suppression or enhancement or even conditioned immune alterations upon

cue presentation.

The one major factor that would appear to determine the immunological outcome of the
stressor influence is the perception of the animal with regard to the stressor — and perhaps
more specifically the perception of its ability to control or cope with the specific stressor.
The perception of uncontrollability would generally lead to negative effects on the
immune system. The distinction between the perception of controllability or
uncontrollability, in turn, depends on the physical characteristics of the stressor, but also
on the psychological characteristics of the animal, such as the ability to adapt, the coping
style, personality traits, previous social interactions, previous stressor exposure, as well as

on early maternal-neonatal and peer interaction (58,59,75,76).

2.3.2 Psychological stress and immune function in man.

Studies on the effects of stress on the immune system of man take a much closer look at
real life situations than those on animals where the stressors are often either far removed
from natural stressors and where the psychological experiences are difficult to interpret.

The major types of stressors generally used in experimental designs for humans are

o Real life stressors such as separation, divorce, examinations, bereavement, care giving or

illness in significant others, threatening illness, pre-operative stress, and unemployment
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o Cumulative life stressors, i.e., the cumulative existential stress an individual experience
over a period of time. Structured interviews and questionnaires are generally employed to
assess the degree of cumulative stress and to compile stress scores

o Laboratory stressors such as problem solving and other cognitive tests, sleep deprivation,

pharmacological interventions, temperature and noise exposure, and many other.

Psychoimmunological studies in man can usually be categorised into studies examining
either acute or chronic stress. A large number of these studies involve sbme kind of
psychometric testing or rating scale, i.e., state-dependent psychological assessments or
personality testing. Examples of such assessments used include the Minnesota
Multiphasic Personality Inventory, the Eysenck Personality Inventory, the Thematic
Apperception Test, the Profile of Mood States, the State and Trait Anxiety Inventory, and

others, as seen in Table 2.3.

Psychological assessment by means of rating scales, especially the self-scoring type of
rating scale, although practical and inexpensive, are said to be inadequate
characterisations of the psychological status (77). This statement becomes especially
relevant in view of the refined technological procedures and high costs involved in the
immunological assessments and neurohormonal profiles of the psychoimmunological

studies.

An excellent compilation of psychoimmunological studies in man, over a twenty-one
year period, was published by Bondi and Leonard, 1995 (77). Their work summarised the
relevant information into experimental design, type of subject and degrees of freedom,
psychological parameters or stressors, immunological asssessment, and results. The
authors claims the publication to contain all major work on the psychoimmunological
interaction in man over the specific period. This claim would appear to be justified. For
this reason the compilation of Bondi and Pancheri (77) will, with minor adaptations and
with written permission from the publishers, be reproduced here (Table 2.3). The studies
are, where possible, subdivided into longitudinal prospective studies (serial assessments

over time) and transversal studies (experimental versus control subjects).
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The implications of the results in Table 2.3 are self-evident. It can be summarised by
saying that there can be no doubt about the fact that a variety of stressors can inhibit the
immune system. Contradictions do, however, exist. In the first place one has to
distinguish between acute and chronic stress. (The difference between the effects of acute
and chronic activation of the stress response is discussed in Chapter 5). Prolonged
conditions of stress usnally lead to immune suppression, while periods of acute and less
severe stress calise minor or no immune suppression, and may even lead to immune
enhancement. What is further needed, and had in fact been attempted by some, is to
simultaneously assess the activity of the two main stress axes, the psychological scoring
and the immune response. It is also very important that the perception of the individual
about the stressor, its controllability and its aversive/appetitive qualities be assessed. The
coping resources and coping style, as well as the personal needs of the individual are
often among the most important factors that influence the perceptions of the individual
and thus the neuroendocrine and immune status. Higher perceived stress is, for instance,
known to be associated with higher cortisol secretion, while people in need of power
show higher noradrenaline secretion when threatened, and in individuals with repressed
coping increased endorphin levels have been reported (77). The type, concentration and
period of high secretion of the stress-induced neurchormonal mediators would naturally

be a major determinant of the immunological stress response.



Table 2.3: Evidence of stress-induced modulation of the immune system in man.
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Desigh and reference Subjects Psychological immune Psychological Results
Parameter or Assessment Tests
Stressor '
Transversal 7o 313 normal Perceived stress  Immunization tests ~ MMPI, CMI Hypersensitive reactions
Canter, A. etal, 19 subjects to immunization more
‘vulnerable’ vs frequent in the vulnerable
‘non-vulnerable’ group
Transversal 27 college males Inhibited power Secretory IgA SRE High scores in need of

McClelland, D.C. et al,
1980%

Transversal
Biondi. M. et al, 1981

Transversal
Baker, G.H.B et al, 1984%°

Transversal retrospective
Locke, S.E. et al, 1984

Transversal
Kiecolt-Glaser, J.K. et al,
1984"

Transversal
McClelland, D.C. 1985%

Transversal retrospective
Thomas, P.D. et al
1985%

Transversal
Heisel, J.S. et al 1986%

Transversal
Kiecolt-Glaser, J.K. et al,
1986~

25 inpatients

61 students

114 students (79
men and 35
women)

33 psychiatric
inpatients

46 students (29
men and 17
women)

256 healthy elderiy
adults (54% meni
and 45% women)

111 students (78
men and 33
women)

34 students (22
men and 12
women)

motivation

Awaiting surgery

Academic stress

Life stress events
Perceived stress

Loneliness

Academic stress

Life stress events
and social bonds

Not considered

Academic stress

E rosette, PHA,
skin tests

T-helper

NK-cell activity

NK-cell activity, -
immune reactivity
to PHA

Secretory IgA

Total lymphocyte
count, immune
response to
mitogens (PHA)

NK-cell activity

T-helper, T-
suppressor, NK-cell
activity

MMPI. STAI Life
events scale
(SRE, LES),
Scheme Reaction

Test

Visual Analogue
Scale

Life events scale,
Hopkins’
Symptom
Checklist

UCLA Loneliness
Scale, MMPI, Life
Events Scale
{LCS)

Thematic
Apperception Test

g2-item self-rating
scale of distress.
Interview
Schedule for
Social Interaction
(adapted to a seli-
administered
questionnaire
format)

MMPI

Brief Symptom
Inventory, UCLA
Loneliness Scale

power, in inhibition, in
reported power stresses
are related to low S-IgA
concentration

immuno-hyporactive
subjects show
suppressed emational
reactivity and higher
denial

High anxiety scores, high
OKT4 cells

Low perceived stress
scores and high life
siress events scores are
related with high NK-cell
activity

High loneliness group
shows lower NK-cell
activity and PHA
response

Increase in S-IgA

Strong social support
(defined in this study as
satisfying confidant
relationships) is related
with higher lymphocyte
counts and mitogen
responses

High MMP1 sceres (T>70)
are related with NK
values below the sample
median. Higher MMPI
scales (Hy, D, Pd, Mf, Pa,
Pt. Sc. Ma. Ego strength
maladjustment) scores
are related to lower NK-
cell activity

Decreased T helper
numbers, T4/T8 ratio and
low NK-cell activity on the
day of examination
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Design and reference Subjects Psychological immune Psychological Results
Parameter or Assessment Tests
Stressor
Transversal 30 subjects Perceived stress  Secretory IgA Hassles Scal \
1 2 ry g assles Scale, Secretory IgA levels
Kubitz, K.A. et al, 1986 Multi-dimensional inversel;ycgfrelate with
Health Locus of high internal locus of
Control
Scale (MHLC).
Profile of Mocd
States, Stress
signal checklist,
Stress coping
rating scale
Transversal 24 healthy men Life stress evenis  Immune respons to  Not reported High life events scores,
retrospective undergoing hernia and pre- and post  mitogens (PHA, high response to the cold
";'I":"ggﬁo et repair operative and ConA, PWM pressure test, reduced
4 surgical stress immune response to PHA
and PWM
R Separated / divorced
Transversal 64 men, 32 Separation / Antibody titres to UCLA Loneliness  group vs married group:
Kiecolt- separated/divorced,  divorce Epstein-Barr Virus Scale, BSI, more illness reported in
Glaser, J.K. 32 married (EBV) and Herpes ~ Dyadic the former, higher
etal, 1988 Simplex Virus type-  Adjustment Scale  antibody titres to EBV
1 (HSV-1) (DAS), Life Events and HSV-1 (pcor cellular
Scale, Kitson's immune system control
Scale, Rotter's over virus latency)
locus of control
scale
Transversal 312 outpatients Not considered Monocyte and Marlowe-Crowne  REP patients show lower
Jamner, '—;B' classified as eosinophil count Social monocyte counts than LA
et al, 1988 repressive (REP; n Desiderability patients; higher
= 79), defensive (MC), Taylor eosinophil counts than LA
high-anxious (DEF; Manifest Anxiety and HA patients; more
n = 69) true high- (Bending Form; medication reactions
anxious (HA; n= MAS) reported than all other
124) and true low- groups. DEF patients
anxious show lower monocyte
(LA; n = 40) levels than HA patients
Transversal 9 recently bereaved ~ Bereavement NK-cell activity Not reported Reduced NK-cell activity
Irwin, M. et women; 11 in bereaved women and
al, 1988 anticipating death in anticipatory bereaved
of husband; 8 women
controls
Transversal 14 students, 9 men  Academic T helper, T MMPL, California 6 students with high
Marchesi, and 5 women examination suppressor, T-11,  Personality anxiety scores show
G.F. et al, : T-3, NK and IL-2 inventory, decreased lymphocyte
1989 Psycho-Somatic subsets
Inventory,
Psychosomatic
Experience Bank.
Maudsley
Personality
Inventory, State-
Trait Anxiety

Inventory, Institute
for Personality
and Ability
Testing, Anxiety
Scale
Questionnaire
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Psychological Immune
Design and reference Sample Parameter or Assessment Psychological tests  Results
Stresser
Transversal 9 normal subjects, Pharmacological T helper, Not included At 10 min increased all

Brohee, D. et aj, 1990%

Transversal
Levy, S.M. et a/, 1990"

Transversal
Naliboff, B.D. et al,
1991%

Transversal
Biondi, M et al, 1993"°

Transversal
Brosschot, J.F. et al,
1992'°

Transversal
Uske-Kirschbaum,
A. et al, 1992%

5 men and 4
women

120 breast cancer
patients

23 women divided
in

two groups: young
group {(n = 12) and
old

group (n=11)

50 normally healthy
air crew

86 normal subjects;
50 experimental
group; 30 control
group

24 students divided
in three groups.
Epinephrine
controls, saline
controls and
conditioned

stress
(epinephrine and
hydrocortisone
intravenously)

Life-threatening
iliness

Laboratory stress:
mental arithmetic
task and video
taped lecture on a
health topic

Life stress events,
job stress, mood
anxiety

Three-
dimensional
unsolvable puzzle
(experimental
group), reading
popular magazine
(control group)

Conditioning
procedure neutral
sherbet sweet
paired with a
subcutaneous
injection of
epinephrine

T suppressor, T-11,

T-3, NK and
monogcytes number
immune reactivity
to PHA. PMW, LPS

NK-cell activity

NK-cell activity and
mitogen response
(PHA), T-helper,
T-suppressor and
other lymphocyte
subsects

Lymphocytes
subsets, NK-cell
activity

Mononuclear cell
counts, lymphocyte
subsets, immune
response to
mitogens (PHA,
PWM and antigen
cocktail)

NK-cell activity

A social support
scale adapted for
this study,
Folkman and
Lazarus Ways of
Coping Checklist,
Profile of Mood
Scale, State-Trait
Personality
Inventory

Stress Symptom
Ratings (SRR}

MMPI, STAI, Life
Event Scale
(QAV), Subjective
Stress
Questionnaire

General Health
Questionnaire,
Visual analogue
scales for mood
changes

Not included

leukocytes, especially T
suppressor and NK cells,
at 1 h moderate

- lymphopenia and

monocytopenia, at 6 h
neutrophilia and
eosinopenia, unchanged
mitogen reactivity over alf
study

High social support is
related with high NK-cell
activity and a good
tumour status

Increased T-suppressor
and NK cells number in
both age groups
Increased NK-cell activity
only in the younger
group. No changes in T-
helper number

Minor daily chronic
stressors are not related
to immune modifications:
NK-cel! activity positively
correlated with social
introversion: hypomania
score negatively
correlated with
lymphocytes T-11 and
NK-cell count

Experimental subjects
show increased Nk cells,
T suppressors and
cytotoxic cells after the
stress period. No
changes on the immune
response to mitogens

Increased NK-cell activity
in epinephrine and in
conditioned groups. No
changes in saline group
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Bartrop, R.W. et al, 1977*

Longitudinal, prospective
Greene, W.A., er al,
1978%

Longitudinal,
Palmblad, J. et af, 19777

Longitudinal, prospective
Kasl. 8.V_ et af, 1979%

Longitudinal
Totman, R. e al, 1980"

Longitudinal, prospective
Udelmann, D.L. 1982

Longitudinal, prospective
Schieifer, S.J. er al, 1983°

Longitudinal, prospective
Jemmott, I.B. 7If et al,
1983%

Longitudinal, prospective
Levy, S.M. eral, 1985

Longitudinal
Kiecolt-Glaser, J.K. er al,
19847

26 bereaved subjects,
26 normal subjects

33 normal subjects

12 normal subjects

1400 cadets

52 normal subjects

10 matched normal
subjects

20 ﬁomal subjects

64 students (48 men
and 16 women)

75 breast cancer
patients

75 students

Perceived stress

Sleep
deprivation

Academic stress
in cadets

Life stress
events

Under threat of
loss

Bereavement

Academic stress

Perceived stress

Academic
examinations

PHA, ConA, Ig, T
and B cells

Interferon, antibody
titre, cytotoxicity

Immune response

mitogen (PHA) and
polimorphonuclear
Leucocyte number

Appearance of EBV

antibodies and/or
mononucleosis

Antibody titre to
experimental
common cold

B and T counts

Band T counts,
PHA, ConA, PWM
reactivity

Secretory IgA

NK-cell activity

NK-cell activity, IgA,

IgM, IgG

Profile of Mood

States (POMS), SRE

Not included

Demographic and
psychosocial data

EPI, SRE

MMPI, Gottschatk
Scale

Not included

Thematic
Apperception Test,
Perceived
Stressfulness Test

Not included

Brief Symptom
Inventory, SRRS,
UCLA Loneliness
Scale

Longitudinal Studies
Design and Sample Psychological Immune Psychological Results
reference parameter or assessment tests
stressor
, LP“gimdmal ) 21 normal healthy Space flight Peripheral Not included Mean lymphocyte
Fisher, C.L. eral, 1972 flying crew lymphocyte count, numbers and immune
immune response reactivity to PHA during
mitogen (PHA) spaceflight were in the
normal range
Prospective ” 5 normal subjects Laboratory Granulocyte Not reported Reduction in
Palmblad, 1. et al, 197 siress phagocytosis and phagocytosis and higher
turnover turnover during stress
followed by increment
Longitudinal prospective 124 students Perceived stress  Antibody ti i ionshi
al y titres to flu ~ Profile of Mood No relationship
Locke, SE. et al, 1977 vaccine States, SRE
Longitdinal, prospective Bereavement E, EAC rosette, Not included Bereaved subjects show

reduced PHA and ConA
response

Negative correlation
between cellular
immunity and LCU-
Vigor score

Decreased immune
response to PHA

High academic
motivation and poor
performance predicted
clinical mononucleosis

Introverts developed
worse symptoms and
infections than extroverts

Correlations with hope
and antidepressants

Suppressed reactivity to
PHA, ConA and PWM

Piigh perceived stress,
low S-IgA level

High distress is related
with higher NK-cell
activity

NK activity decline under
examination stress
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Defsign and Sample Psychological immune Psychological tests Resulits
relerence Parameter or assessment
Stressor
ILr‘v’;’irgl““Md“:‘[’l lprfgsggfé‘ve 39 women, 12 Husbands’ NK-cell ativity Ham-D Scale, SRS, High Ham-D scores and
T ’ widows, 16 with ill disease, life General Health many life changes are

husbands, 11 with stress events Questionnaire correlated with impaired
healthy husbands NK-cell activity
41 astronauts Space flight Monocyte count, Not included Decreased monocytes,

Longitudinal
Taylor, G.R. et al, 1986

Longitudina lprospective
Ametz, B.B. et al, 1987%

Longitudinal
Halivorsen,
R. et al, 1987%

Prospective
Tonnesen, E,
et al, 1987"

Longitudinal,
Ironson, G, &t
al, 1990°°

3 women’s groups, 9
unemployed women
(group A), 8
unemployed women
who received a
psychosocial support
(group b), 8§ securely
employed women
{group C)

23 students,
experimental group:
4 men and 7
women

20 inpatients

486 gay men and 25
controls

Unemployment

Academic stress.i

Coronary artery
bypass grafting

HIV-1 antibody

status
notification

B-Lymphocyte count
T-lymphocyte count
T-helper number
T-suppressor
number, T-helper/T-
suppressor ratio,
Response to
mitogen

Lymphocyte
stimulation tests
(PHA, PPD)

Lymphocyte
stimulation tests
(PHA, IL-2, D.
Farinae),

T-helper number,

T suppressor
number, monocytes

count, large T-helper

number, large T-
suppressor number

Lymphocyte
subsets, NK-cell
activity immune
response to
mitogens

T-helper, T-inducer
subset and NK cell
numbers; immune
response fo
mitogens (PHA,
PWM); NK-cell
activity; HIV-1

Not included

State-Trait Anxiety
Inventory, 10-point
analogue scale

Not reported

State-Trait Anxiety
inventary (STAI),
Impact of Events
Scale ({IES), Life
Experience Survey
(LES)

decreased B-lympho-
cytes, decreased T-
lymphocytes, increased
T-helper cells,
T-suppressor cells
slightly decreased,
increased T-helper/
T-suppressor ratio,
decreased T-cell
blastogenic responsa

Decreased reactivity of
lymphocytes of PHA and
PPD in groups A and B,
no changes in the

group C

During acute
examination stress:
increased monocytes,
decreased large
lymphocytes T-helper
and T-suppressor, no
changes in the T-
helper and T-
suppressor, total
number reduced
response io IL-2. After
the examination:
Reduced response to
antigen (D. Farinae) and
mitogen (PHA)

Increased of NK-cell
activity while awaiting
for surgery; decreased
postoperatively:
decreased immune
response o PHA

Seropositive subjects
show increased anxiety,
high avoidance and
intrusion scores (IES),
decreased NK-cell
activity at the time of
seropositive status
notification and 1 week
later an unchanged
immune response to PHA
and PWM. Sero-negative
subjects show depressed
immune response to PHA
and PWM at the baseline
evaluation. At 5 weeks
measures returned to base
line in both seropositive
and seronegative groups.
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Design and Sample Psychological Immune Psychological Results
r eference ‘Parameter or Assessment Tests
Stressor
Longitudinal, . 61 patients with Cancer T-helper. T- Profile of Mood State At 6 weeks intervention
Fawzy, |. et al, 1990 malignant melanoma  diagnosis, suppressor, NK cell (POMS); Dealing with  group vs control group
(28 men and 33 coping and and Large Granular Diness - Coping shows higher anger, low

Longitudinal prospective
Fittschen B. et al, 19907

Longitudinal prospective
Biondi, M. er al, 1994%

Longitudinal
Glaser, R. et al, 19927

women) divided in
two groups: controls
(n =26) and
psychiatric
intervention
patients {n = 35)

61 students

24 normal subjects

48 medical students
(25 men and 23
women)

effective state

Academic stress

Life stress
events, mood,
anxiety

Academic
examinations
and HepB
vacgine injection

Lymphocytes
number. NK-cell
activity

Large immunocytes
number (LI);
antibodies titre
against Herpes
Simplex Virus (HSV)

NK cell, lymphocyte
T-helper, T-
suppressor, T-11
count: NK-cell
activity

Antibody titres to
HBsAg and
biastogenic
response to HBsAg
peptide (SAg)

Inventory

Not reported

MMPI Life Event
Scale (LES, SRE),
STAI, Subjective
Stress Questionnaire,
Reactive Scheme Test

Profile of Mood States
(POMS), Perceived
Stress

Scale (PSS),
Interpersonal
Support Evaluation
List (ISEL)

anxiety and depression
related with higher LGLs
and NK-cell percentage
and NK-cell activity. At 6
months the difference
between the groups
remains.

No changes in HSV-Ab
over all subjects;
increased LI percentage;
high perceived stress is
related to higher antibody.
titre.

At | year increases in
depression,
demoralization, social
introversion and a
decrease in perceived
social support are
associated with
significant reduction in
lymphocyte T-11
percentage.

Early seraconvertors
(seroconverted after the
first vaccine injection)
are lower in anxiety and
perceived stress levels
than later seroconverters.
At the third vaccine
innoculation high social
support scores are related
with higher antibody
titres and blastogenic
response to SAg.

In examining the effect of various stressors and thus by implication the effect of the non-

specific stress response on the immunological defense mechanisms one is stimulated to

approach the interaction from the reversed point of view. This alternative view would be

to look at excessive immunological activity as a stressor model in its own right. In its

activity as a disturbance of the internal homeostasis one could very well consider
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pronounced immune responsivity as a stressor. Conceptualisation of antigens as stressors
have indeed previously been proposed by others (78,79). This approach would be in good
agreement with the fact that immune-derived cytokines can elicit the general adaptation
syndrome by central stimulation of the two major stress axes. The fact that the immune
system can influence the two major stress axes has, in fact, been known for a long time
and was even, in a practical way, confirmed during World War 1 when it was noticed that
fatal infections can lead to striking morphological changes and functional alterations of
the HPA-axis (80). The mechanisms through which the immiune system can influence the

brain and behaviour will be discussed in Chapter 6.

It has also been said that the evidence for a negative role of stress on health can be
observed much better from the association between stress and illness behaviour
(symptoms and the use of medical facilities) than for the association between stress and
objective pathology (81). This, to a degree, makes sense if the role of immune-derived
cytokines in the development of sickness behaviour is taken into consideration. (The link
between cytokines and sickness behaviour is discussed elsewhere in the thesis.) However,
despite the relative merits of the above statement, there can be no doubt that
psychological stress can be severely detrimental to the immune system and may even

render the individual fatally vulnerable to infections.

2.4 Other interesting associations between the immune system and behaviour

It is not possible to include examples of all conditions in which a psychoimmunological
link has been reported. This section will briefly discuss a couple of interesing conditions

merely to show that the interaction is not unique to the condition of negative stress.

It is common knowledge that a sense of humor can alleviate stress and that laughter
involves an emotional state almost opposite to that of bereavement and sorrow or even
anger or anxiety. It is postulated that the supplementary motor area of the cortex contains
a site which, when activated, produces laughter (82). When stimulated this area sends
inhibitory signals to the structures involved in sympathetic nervous system activation and

in the activation of the HPA-axis with subsequent decreases in plasma cortisol and
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cathecholamine levels (83). By decreasing levels of stress hormones it is feasible that
laughter can be beneficial to the immune system. This assumption has been supported by

other reports (84), but more work is necessary to absolutely confirm it.

Belief systems such as religious and other spiritual activities are said to be able to counter

or partially counter the effects of stressful environmental conditions on the immune

system. This, however, depends on how the individual really experiences these spiritual

activities and the manner in which he or she partakes in the associated activities. Studies

on humans include

o A comparison in cancer susceptibility and development in Mormon men strictly
adherent to church policies and Mormon men not always adhering to the policies
(85). The risk of cancer development was shown to be significantly lower in the
strictly adhering group of Mormon men. It goes without saying that the results may
have been of an epiphenomenological nature.

o A similar comparison, with similar results, between Dutch Seventh Day Adventists
and the general Dutch population (86).

o A study on the differences between Israeli secular and religious kibbutzes, where the
health-related mortality rate was about twice as high in the secular kibbutzes (87).

o Higher IL-6 levels in church going elderly individuals than those not regularly
attending church (88).

o Indications that subjects practising transcendental meditation are healthier and that

their better general health is based on lower activities of stress hormones (89).

The most obvious explanation for the above is probably the type of social interaction and
other factors that reduce stress activation and thereby immunosuppresion, but the placebo

effect may also be involved.
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2.5 Mental disturbances and behavioural traits as examples of the psycho-

immunological interaction.

Popular associations as well as substantial literature suggest a link between certain
psychological traits as well as a number of psychiatric disorders on the one hand, and the
immune system on the other. The existence of such associations is witnessed, amongst

others, by

o The immune alterations reported in depression and schizophrenia.

a The implied association between viral aetiology and psychoses and between viral
aetiology and affective disorders.

o The increase in neurodevelopmental schizophrenia subsequent to major influenza
epidemics.

o The postulated link between chronic viral infections and the chronic fatigue syndrome
with its mood disturbances.

o Mood disturbances in certain autoimmune diseases.

o The concurrent mood and immunological disturbances seen in certain
neurodegenerative diseases.

o The psychological behaviour known as sickness behaviour that occurs in association
with infectious conditions.

A discussion of the above, as well as the necessary references can be found in Chapter 7.

With a more in depth examination of recent publications it becomes clear that immune
involvement is probably present in most, if not all, psychiatric disturbances and that it
may even be involved in the development of many psychological dispositions and traits.
The validity of this statement will be supported by examples provided in the following
couple of paragraphs. It is evident that a discussion or even the mentioning of all
available examples are far beyond the scope of this thesis. Examples will therefore be
supplied for the various categories with more emphasis on those associations that have
been under wider scientific scrutiny. The order of the Diagnostic and Statistical Manual
of Mental Disorders, Fourth Edition (90) will be followed to roughly systemise the

psyciatric disorders and related psychological dispositions and traits. It may not be
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strictly correct to group psychopathological and non-pathological phenomena in this way.
It does, however, serve as a convenient arrangement in order to provide the necessary
examples in support of the statement made at the beginning of this paragraph. A
comprehensive search has been performed for immune involvement in all categories of
the DSM-IV classification and abstracts are available on a series of discs. It is, however,
self-evident that the work involved in completion of such a study would be endless and

further analysis of the information is thus envisaged only after completion of this thesis.
Examples from each of the DSM-IV categories are provided in the following order:

2.5.1 Disorders usually first diagnosed in infancy, childhood, or adolescence
2.5.2 Delirium, dementia, and amnestic and other cognitive disorders

2.5.3 Disorders due to a general medical condition not elsewhere classified
2.5.4 Substance-related disorders

2.5.5 Schizophrenia and other psychotic disorders

2.5.6 Mood disorders

2.5.7 Anxiety disorders

2.5.8 Somatoform disorders

2.5.9 Factitious disorders

2.5.10 Dissociative disorders

2.5.11 Sexual and gender identity disorders

2.5.12 Eating disorders

2.5.13 Sleep disorders

2.5.14 Impulse-control disorders not elsewhere classified

2.5.15 Adjustment disorders

2.5.16 Personality disorders

2.5.17 Other conditions that may be a focus of clinical attention

2.5.1 Immune involvement in disorders first diagnosed in infancy, childhood, or

adolescence
The prevalence of immunological alterations in disorders first diagnosed in infancy,

childhood and adolescence is of suéh a magnitude that a plea, based on scientific
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evidence, was recently made for immune-based strategies in the study and therapy of

childhood neuropsychiatric disease of this DSM-IV category (91). Examples include

0 abnormal cytokine profiles in the cerebrospinal fluid of children with obsessive-
compulsive disorders, attention deficit hyperactivity and childhood-onset
schizophrenia (91).

o low natural killer cell activity in conduct disorder (92), stuttering and other speech
impediments, as well as attention-deficit and reading problems in children of mothers
with systemic lupus erythematosis. Results of the latter study imply excessive
maternal immunoreactivity to be a risk factor for learning disabilities in their
offspring. This indirectly supports the immunoreactive theory of Gualtieri and Hicks
which hypothesised the higher prevalence of childhood neurodevelopmental disorders
in males to be the result of male fetuses being more antigenic to mothers, with
subsequent increased immunological effects on the developing brain (92).

o the link described between immune disorders and language disorders by the
Geschwind-Behan-Galaburda model of cerebral lateralisation. This is at present still
strongly debated, but serious support for the theory can be found in the arguments of
certain research groups (93).

o defective T-cell immunity reported in Schimke immuno-osseous dysplasia, a
pleiotropic disorder with cerebral infarcts and mental retardation (94). The magnitude
and clinical importance of the immune involvement is, however, not yet clear.

0 the psychoimmunological associations proposed for autism. Two related conceptual

frameworks are described, a viral and an autoimmune hypothesis (95).

Many other examples can be found where an abnormal immune status in either the child
or the expecting mother is implicated in developmental problems of this class of mental
disorder. An integrated review of all available information is urgently needed to establish
the role of the immune system in the various disorders first diagnosed in infancy,
childhood or adolescence. At present there can be no doubt that immune disorders are
present in many of these patients. A serious attempt should, however be made to

determine whether immune disturbances are the primary determinants of the mental
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disturbances or whether adverse life events activate the stress response which in turn

leads to immune alterations.

2.5.2 Immune involvement in delirium, dementia, and amnestic and other cognitive
disorders and episodes.

The major part of work applicable to this category is the cognitive disturbances secondary
to the development of HIV/AIDS and Alzheimers dementia. However, abnormal

immunological activity has been reported in almost all subdivisions.

Recently a host of studies added to our knowledge on possible immunological
mechanisms contributing to the cognitive dysfunction of disorders such as Alzheimer’s.

The following represent just some of the published results.

o Antiphospholipid antibodies (aPLA) are implicated in the focal ischaemia and diffuse

" brain damage of dementia (96)

o Immunological events may play a role in vascular dementia (97).

o The neuropathogenesis of Alzheimer’s disease is strongly suggested to revolve
around the immunological activation of glial cells with subsequent inflammatory
neurotoxin production, neuronal injury and neuronal demise (98).

o Augmented intrathecal release of pro-inflammatory cytokines such as tumour necrosis
factor-alpha and interleukin-1-beta are reported in a variant of Creutzfeldt-Jakob
disease (99).

o It is fairly well accepted that the immune system plays a role in the development of
Alzheimer’s dementia. What is perhaps less well known is that the immune system
may also be a contributor to the defense against the cerebral changes that underlie the
dementia. The development of Alzheimer’s dementia is considered by some to be an
imbalance between the two immunological mechanisms resulting from the failure of
the defense mechanisms. In short, inflammatory proteins such as enzymes,
complement, cytokines, as well as the eicosanoid mediators, found in association with
the glial cell-derived amyloid plaques, are said to stimulate the formation, aggregation
and cytotoxicity of amyloid beta. Microglial cells, in contrast, have been shown to

degrade amyloid beta and amyloid beta-specific T cells to aid in the elimination of the
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peptide. The latter two mechanisms are said to be defective with the development of
Alzheimer’s disease (100).

o Chronic inflammatory processes with subsequent neuronal loss and dementia have
been shown for other neurodegenerative disorders such as Parkinson’s disease, and
amyotrophic lateral sclerosis. Of interest is the fact that epidemiological studies with
patients on anti-inflammatory drugs showed a remarkable reduction in the prevalence
of dementia and, in some afflicted individuals, even a total arrest of disease
progression (101). |

o Pathological activation of microglia with the subsequent release of toxic oxygen
radicals, nitric oxide, peroxynitrites and neurotoxic cytokines have been shown to
give rise to secondary activation of astrocytes that results in loss of their differentiated
state. This loss of differentiation impedes functions such as extracellular glutamate
and potassium uptake, as well as the production of neurotrophic factors. This, in
association with the effect of the previously mentioned pro-inflammatory cytokines
could lead to a pathological imbalance of calcium and cyclic-AMP-dependent
signaling which, in itself, can lead to further dysregulation of glial function with
augmentation of amyloid deposition, release of neurotoxic substances and inhibition
of neurotrophic factors (102).

o Overexpression of S100B, a multifunctional unit of the S100-calmodulin-troponin
superfamily of proteins and S100B-specific T-lymphocytes are implicated in
Alzheimer’s and in several other disorders where cognitive abnormalities are known
to be present (103).

o The brain inflammatory response, as mentioned in the above examples is also
implicated in the susceptibility of Alzheimer’s patients to delirium (104).

O A neuro-autoimmunity model involving a CD8+ cell-mediated mechanism is further

said to contribute to the neurodegeneration of Alzheimer’s disease (105).

Various other examples of immune involvement in Alzheimer’s, Creutzfeldt-Jakob,
vascular, multi-infarct and other dementias exist, but the above examples should suffice
as convincing evidence that inflammatory and therefore immunological responses and

perhaps even autoimmune activity are likely to be major contributors to the cognitive

disturbances.
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Acquired immune deficiency syndrome (AIDS), the later stages of the immunodeficiency
virus (HIV) infection, is marked by a variety of neuropsychiatric symptoms. Included are
mood disturbances (major depressive, dysthymic and bipolar disorder), and the
progressive cognitive impairment known as the AIDS dementia complex (ADC). The
ADC involves prominent psychomotor slowing, problems with concentration and
memory and may progress to severe dementia, mutism, incontinence, paraplegia and even
myoclonus. Psychological symptoms such as psychoses and personality changes may,

however, also present during the earlier stages of the disease (106).

It is generally accepted that the viral and cellular products from immune competent
mononuclear phagocytes underlie the neuropathogenesis of HIV-1 associated dementia.

Pro-inflammatory chemokines and chemokine receptors are among the immunological
factors implicated in the development of central nervous system inflammatory disorders
and HIV-associated dementia (107). Far less is, however, known about the
neurodegenerative nature of HIV-infections than about the previously mentioned
conditions. Much of the very recent work still awaits further clarification and
confirmation and will thus not be discussed any further. The association between the
psychological and immunological aspects of HIV will, in the next paragraph, rather be

looked at from a different point of view.

It can with a fair degree of certainty be assumed that immune alterations may be
instrumental in some of the behavioural symptoms of HIV/AIDS. Indications, however,
also exist that the psychological disposition may influence the immunological expression.
The various lines of evidence that address the possibility of a relationship between the
psychological status and the disease progression in HIV infection can be summarised into
two approaches. The first approach which deals with the possibility of psychological
disposition as prognostic indicator, and the second which deals with the effect of
psychological destressing interventions on immunological status and disease progression.
The latter is based on the assumption that immune suppression by psychological stress

would increase the immunological vulnerability to the development of full-blown AIDS.
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The effect of psychological intervention on disease progression in HIV infected
individuals is relatively well studied — considering the short period since HIV/AIDS
became considered a major threat. The results of mind-body psychotherapeutic
interventions in AIDS patients appear to be promising with regard to psychological well-
being and indications are that physiological advantageous effects such as buffering of the
CD4 decline, an increase in the NK-cell numbers and slower disease progression may
also result from these interventions (108,109). Long-term studies with greater degrees of

freedom are, however, necessary to properly evaluate the situation.

Psychosocial factors that were studied as possible prognostic indicators of disease
progression, and by implication immunological incompetence, in HIV/AIDS include
mood, coping strategies, negative expectations and optimism, social support or loss of
social support, spirituality and religiosity, as well as personality traits such as
commitment, control, openness about the disease and about sexuality, versus
concealment, and hardiness (108,109). Individuals with negative expectations,
irrespective of treatments such as AZT, are said to show poorer results with regard to the
immunological factors indicative of disease progression (CD4 counts, proliferative
responses, neopterin levels, 2-microglobulin concentrations) than individuals with the
so-called self-orientated, active-optimistic coping behavioural pattern. Bereavement and
loss of social support were found to be of reasonable prognostic value as both were seen
to be associated with an almost uniform decline in immunological defenses. Religion and
spirituality generally showed positive correlations with a more favourable prognosis -
only under conditions of active, harmonious involvement. In contrast, existential
loneliness, associated with problems with faith and religion seems to have negative
effects. In investigations which tried to find prognostic personality traits, better
immunological and disease progression outcomes were noted in association with
conscientiousness and a sense of commitment and control. The prognostic value of
depression seems to vary, but at this stage it appears safe to say that severe, chronic
depression — unrelated to bereavement — may be accompanied by a more rapid decline in
CD4 counts, and, by implicaton, a poorer prognosis. Active coping strategies, including
active confrontation, openness about the disease, distraction and active avoidance of

obsessive rumination, are generally seen to be associated with a better prognosis than the
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less active strategies such as denial, fatalistic acceptance, or even what appears to be
realistic acceptance (108,111). We have recently published a short article, which deals
with the effect of the psychological disposition on the progression of the disease (108).

In the previous paragraphs the probability of a role for immune alterations in the
development and maintenance of cognitive dysfunction were provided by a number of
examples, including Alzheimer’s disease and AIDS. It was also shown that psychological
phenomena such as the perception of control, spirituality and coping strategies can
influence the clinical disease progression. However, immune involvememt in many other
examples of dementia, amnesia, delirium and other cognitive dysfunctions are available.
Despite the emergence of more and more evidence for the psychoimmunological
interaction in disorders of this group of the DSM -1V classification, the significance is
not yet clear and the time has perhaps come to look past the minute detail in order to find

the integrated pattern

2.5.3 Immune involvement in mental disorders and dysfunctions due to general
medical conditions not elsewhere classified

A link between psychological disturbances and mental disorders due to general medical
conditions not included in the previous classifications, is perhaps most evident in the
autoimmune diseases. Autoimmune mechanisms which may obviously influence the
brain include the development of anti-cerebral antibodies or anti-neurotransmitter
receptor antibodies, but other mechanisms such as those that cause major cytokine
disturbances could potentially also influence the behavioural functions. The reverse is,
however, also true, i.e., that behavioural phenomena can influence cytokine production -
as shown in later chapters. Depressive symptoms and disorders are among the major
behavioural changes seen with autoimmune disorders and chronic inflammatory
disorders. The severity and prevalence of the depressive symptoms are often of such
magnitude that patients are frequently hospitalised with a diagnosis of depression rather
than with a diagnosis of an autoimmune disease or chronic inflammatory disorder. It is
therefore difficult to decide where to classify such patients in the DSM-IV system.
Although the high incidence of depression in physical disorders of this type may be

secondary to the chronic disability and pain that accompanies many such diseases,
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indications are that autoimmune activities may very well be the causative factor for
certain types of depression. It has even been suggested that patients with primary
depressive disorders should be examined for anti-brain autoimmune reactions. The search
for autoimmune markers such as rheumatoid factor, antinuclear antibodies,
antimitochondrial antibodies, antibasement membrane antibodies, antithyroglobulin
antibodies, anticardiolipin antibodies, levels of soluble interleukin-2 receptors and lupus
anticoagulant, had mixed success in patients hospitalised with neuropsychiatric disorders,

and the picture is still far from clear. (112).

Strong scientific support exists for a link between a number of neuropsychiatric disorders
and conditions that are either confirmed autoimmune diseases or where
autoimmunological processes contribute to the pathology. The major examples of this
psychoimmunological link include myaesthenia gravis, Guillian-Barre syndrome,
multiple sclerosis, paraneoplastic cerebellar degenerations, Huntington’s chorea,
Sydenham’s chorea, Parkinson’s disease and systemic lupus erythematosis (SLE)
(112,113,114,115, 116). The associated mental disturbances show strong inter-individual,
as well as chronological, variation in intensity and pervasiveness and are often only
present during attacks. In some of these disorders, for example SLE, the initial symptoms
may be psychiatric and the presence of the autoimmune nature of the disease may be
6verlooked. This, in case of SLE, is not surprising, considering the most common mental
disturbances associated with the neuropsychiatric attack of SLE, i.e., inattention,
disorientation, memory impairment, perceptual problems and, on occasion, hallucinations

and schizophrenia-like symptoms.

Systemic lupus erythematosus (SLE), seen, in general medical terms, as an autoimmune
disease, and by the DSM-IV classification as a personality change due to a general
medical condition, is a good example of the psychoimmunological interaction. SLE can
be accompanied by psychiatric manifestations such as psychosis, delirium, depression,
dementia and those symptoms already mentioned in a previous paragraph. Immunological
involvement is evidenced by the presence of antinuclear and anti-deoxyribonucleic acid
antibodies as well as lupus anticoagulant, anticardiolipin antibodies and other

immunological alterations (115).
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Another autoimmune diseases in which neuropsychiatric manifestations may strongly
resemble that of a primary mental disorder include Sydenham’s chorea which is
characterised by emotional lability with fits of crying or temper tantrums, and sometimes

a psychosis.

Other medical examples in which immunological and mental disturbances co-exist are
the demyelinating disorders, as seen in the previously mentioned condition of multiple
sclerosis (MS). MS is said to cause delirium, dementia and non-affective psychoses,
mood disturbances (major depressive disorder, bipolar syndromes, euphoria) (116), as
well as the memory impairment and inappropriate behaviour referred to in an earlier
paragraph. MS is probably one of the best examples of the bidirectional interaction
between immunological activity and neuropsychological activity. Immunologically MS is
characterized by multiple inflammatory and demyelinating lesions. The immunological
alterations include factors such as multiple inflammatory foci, abnormalities in IgG
production, as well as cell-mediated and other immune responses to myelin antigens.
Opinions vary as to the primary etiology, but related mechanisms such as a viral
influence in susceptible individuals, a retrovirus which encodes a super-antigen capable
of stimulating T-cell dependent immune responses, and a virus which may provoke an
immune response by molecular mimicry of the supposed antigen are considered (117).
Although classified primarily as a demyelinating neurological disease, MS is recently
becoming accepted as a chronic inflammatory disorder and even, by some, as an

autoimmune disorder (117,118).

Psychological influences such as stress are described as contributors to both the
development and the progression of some of the autoimmune diseases. The existence of a
positive correlation between emotional pathology and the development, progression and
relapse of MS and other autoimmune disorders is supported by many publications, but

some controversies still exist (117).

It is, however, not only in autoimmune disorders where a link has been proposed

between immunology and behaviour. Several studies indicate that the anhedonic effects
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of various medical conditions are caused by immune-derived cytokines. If this is true, it
becomes a waste of time to study individual diseases in terms of psychoimmunological
interactions. What then becomes necessary is to decipher the general effects of the
various cytokines on the behavioural processes, the cytokine profiles of the various
disorders, as well as the cerebral mode of action of the various cytokines. An attempt to

this effect is made in Chapter 6.

2.5.4 Immune involvement in substance abuse and substance related disorders

The link between substance abuse-related disorders and immune function speaks for itself
if one considers the evolvement of independent, but related disciplines such as
psychopharmacology and immunopharmacology. Examples of immune suppression
through drug abuse, including, carbamazepine, heroin, alcohol (119) and inhalant (120)
abuse, can be found throughout the literature. In view of the fact that the immunological
effects of several drugs of abuse are fairly well known, and that this is not directly related
to this dissertation, no further discussion is warranted on the cause-and-effect from a
drug-to-immune direction. Whether immunological factors can predispose to substance
abuse remains to be seen. What will however, be seen in Chapter 5 is that part of the
CRH system plays a role in the vulnerability to drug abuse. In Chapter 6 it is shown that

this system is influenced by immunological activity.

2.5.5 Immune involvement in schizophrenia and other psycheotic disorders

The best investigated association between mental disturbances and the immune system is
probably that seen in the major psychoses such as schizophrenia. The reason for this is
that immune alteration - be it in the form of an autoimmune disturbance, or és a defense
against viruses — is, in certain circles, thought to be the primary cause of a number of
psychotic conditions. Although immunological alterations have been associated with
schizophrenia since the 1930s, no absolute conclusion has been reached as yet. This can
partially be ascribed to the heterogeneity of the disease and the fact that the classification

according to the DSM-IV and that according to biological markers do not correspond.

The major points of view with regard to the association between schizophrenia and the

immune system could probably be divided into the concepts of schizophrenia as an
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autoimmune disease, schizophrenia as a genetic disturbance localised in the HLA system
on chromosome 6, and/or schizophrenia as an immune alteration secondary to viral

infections (121). The three approaches are obviously not necessarily mutually exclusive.

The results of individual immunoassays in schizophrenia generally show, despite some
contradictions, an increased immune activation (121). The increase in immune activation
would appear to be secondary to a defect in the suppressor functions of the immune
system. In this and other aspects the picture corresponds to that of severai autoimmune
diseases, including systemic lupus erythematosis and multiple sclerosis. There are also
indications that the reduced suppressor function in schizophrenics could be related to a
deficiency in a specific type of cytokine, i.e., interleukin-2 (122,123,124,125,126) This is
yet another characteristic shared by a number of autoimmune diseases (126). Other
factors that appear to be common to both schizophrenia and autoimmune diseases are
hyperactivity of the B-cell system and loss of suppressor cells (121). Some positive
~ correlations exist between the degree of immune activation and the psychopathology of
the disease, including the duration, a positive family history, schizophrenic
symptomatology and responsiveness to neuroleptic treatment. A significant amount of
work has been performed on the CSF content in schizophrenia. Interesting resulté include
the increase in protein content, particularly in IgG content, which could be indicative of
occurrences such as an increase in the blood-brain barrier permeability or a cerebral
inflammatory process. Here again we see the non-specificity of correlates as the same
type of situation is seen in purely physical inflammatory conditions such as the systemic
inflammatory response syndrome (SIRS) and septicaemia. These conditions, by the way,
are also sometimes accompanied by transient disturbances in consciousness. Correlations
between the Munich version of the Scale for the Assessment of Negative Symptoms
(SANS) and CSF IgG levels show statistical significance (127). The SANS consists of 5
subscales of symptom complexus, i.e., affective flattening/affective bh;nting;
alogia/paralogia; avolution/apathy; anhedonia/asociality and attentional impairment, as
well as a total score. Although not proven, such results would be compatible with a
possible viral aetiology. For recent opinions on the association between the immune

system and schizophrenia, the reader is referred to a review which shows that both innate
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and the aquired immunity is altered and that the immunological picture is markedly

changed by antipsychotic treatment (128).

The idea of a viral aetiology for schizophrenia was originally derived from studying
family and epidemiological histories. These studies provided some interesting

information, including

o The association between winter-born and a higher incidence of schizophrenia (129)

o The association between the incidence of schizophrenia and geographical distribution
(130)

o The occurrence of psychotic symptoms in conditions of viral infections such as
herpes simplex encephalitis, varicella zoster encephalitis and subacute sclerosing
panencephalitis (121)

0 A high incidence of schizophrenia in children born of mothers who, during the
gestational period, were infected by the influenza virus during the 1957 epidemic in
England (131)

o The high serum and CSF titres of anti-viral antibodies in conditions of schizophrenia.
Many workers could not substantiate such claims (121). However, the same pattern of
appearance and disappearance of antibodies are reported for multiple sclerosis and
other medical conditions, and may be a reflection of the disease pattern rather than a

contradiction of results.

As genetic inheritance is assumed by many it is natural that the HLA system should have
been investigated in schizophrenics (121,132). The majority of studies concentrated on
the HLA-1 antigens and results are fairly inconsistent. Some of the inconsistencies seem
to be related to the differences associated with variations in family history, race,
symptomatology and co-morbidity of other psychological disturbances. The results on
HLA-2 looks somewhat more promising but much more work is required before an

absolute conclusion can be reached.

In summary it can be said that little doubt remains about a link between schizophrenia

and immune alterations, and that the possibility of an epiphenomenological occurrence is
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remote. What is less feasible is the possibility that the immune alterations be as specific a
correlate of the disturbance as would appear on first scrutiny. The final conclusions will,
however, probably not be reached without first redefining the subclasses of schizophrenia

and other psychotic disturbances.

2.5.6 Immune involvement in mood and mood disorders

The connection between mood and immune status has been noticed long before any
knowledge of the existence of an immune system. Galen (200 AD) already commented
on the fact that melancholic women are more susceptible to breast cancer than their so-
called sanguine counterparts. Today it is fairly well accepted that a personality type can
be associated with a high susceptibility to cancer — the type C personality. More about

this at a later stage.

Over the last decade scores of studies supported the idea of immune disturbances in
patholocial depression. However, a detailed discussion on the immunological alterations
is, at this stage, beyond the scope of this writing and more attention will therefore be
directed to the proposed mediating factors between depression and immunity. In this
respect it can be said that the interphase between the mood disorders and immune status

would appear to be directly in line with the psychoneuroimmunological concept.

When examining various publications, the results of numerous measurements point
towards an immune suppression during depression (133). The picture does, however,
change when the results of studies examining the functional activation state are
considered. By examining the activation status it would appear that, despite the apparent
immune suppression, a general activated state is present. This impression is in agreement
with the argument of Maes, Smith and Sharp, 1995 (134), that major depression is
associated with immune activation reminiscent of an acute phase response. The
assumption is supported by Maier, Watkins and Fleshner, 1994 (135) who found
macrophage activation in depressed patients. As macrophages with their associated major
histocompatibility complex (MHC) characteristics form an important component of the
circulating antigen presenting cell pool, one is reminded of the fact that the same

mechanism is speculated to be of primary importance in the psychoimmunological link



2.51

seen in psychological conditioning of the immune system. The idea of the immune
disturbance of depression being an immune activation with an eventual co-existing
subnormal immune responsivity is tempting as it corresponds to the picture seen in
certain chronic inflammatory disorders where patients are eventually known to exhibit
immune incompetence — despite, or rather due to chronic stimulation. This would then, in
fact, represent yet another form of a non-HIV acquired immunodeficiency syndrome. Of
interest is the fact that such a situation would be in strong support of the idea that a
particular pattern of immune suppression or alteration could not be seen as a specific

correlate of depression:

Abnormalities of noradrenaline and cortisol are known neuroendocrinologal disturbances
of depression. It is interesting that both systems are also able to influence the immune
system and are influenced by immune system-derived cytokines. The details of this
bidirectional influence will be discussed in later chapters. Enough at this stage to say that
this interaction has been implicated in the sickness behaviour associated with

inflammatory conditions and with infective diseases (136).

It is perhaps necessary to momentarily dwell on the reason for the existing discrepancies
in research results. It is obvious how the earlier referred to co-existence of immune
activation and immuno-suppression can lead to discrepancies in the findings from
different populations. It is well known that various research groups use different
immunological parameters to assess immune activity and, depending on the tests used,
different conclusions may be reached. Other factors which can influence the immune
status of the depressive individual and which, without doubt, could have contributed to
the contradictions in results include a) subject characteristics such as age, gender and
individual stress levels, b) the depression characteristics of the subjects such as
ambulatory status, depression severity, depression subtype, neurovegatative symptoms,
nutritional status and eating patterns, sleep disturbances and circadian phase shifts, and c) -
co-morbidity including anxiety disorders, alcohol dependence, tobacco dependence as
well as psychotic symptoms, personality‘ disturbances and others. All of the above are
known to independently alter the immune status. The impact of some of these factors in

the determination of the immune status in depressed individuals has recently been



2.52

reviewed (137). Major deficits in most of the research protocols would seem to be finer
discrimination between the types of depressive illnesses, the duration and the continuity
of the depression, as well as the recording of the type and number of criteria for
depression present. Other confounding factors inherent to many research protocols
include a) the heterogeneity between patients and controls, b) the variability of the
immuno-assays used and the non-reproducibility from laboratory to laboratory, c) the
relevance of the type of immunoassay to the information required, as well as, d) the

perception and cooperation of the individual being assessed (133,138).

An important point made by Irwin (138) is the fact that converging evidence suggests that
the immune alterations of the major depressive state may not be a specific correlate of
depression, but could probably be found in stress and in other conditions of mental
disturbances. This phenomenon has been referred to in the discussion of the
psychoimmunological link seen in psychotic conditions. For any one involved in the
medical side of immunology it would be clear that some correspondence in the immune
alterations could also be found in a number of unrelated medical conditions. A common
behavioural or biological denominator or denominators, shared by various mental states,
and, in fact, probably by physical disturbances too, could thus possibly be the causative
denominator/s. In examining the diagnostic criteria for the diagnoses of mood
disturbances it is obvious that many of them are also present in biological disturbances
associated with immune activation. Depression has, in addition, been shown to be
accompanied by an acute phase response, as well as by increased secretion of
prostaglandins énd other pro-inflammatory mediators (137, 139) - very similar to that
found in a number of medical conditions. The latter again illustrates the non-specificity of

the behavioural and immune responses of the mood disorders.

The macrophage theory of depression is based on the fact that macrophage activation can
increase the secretion of glucocorticoids, a) by secretion of cytokines, especially the pro-
inflammatory cytokine interleukin-1 which stimulates the release of CRH, and through
the secretion of ACTH by the macrophage itself. Macrophages can thus directly as well
as indirectly lead to hypercortisolaemia (138). Cytokine production by macrophages may

in itself underlie some of the depressive effects. The effects of cytokines on the brain and
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on the behavioural functions will be discussed in Chapter 6 and the role of CRH and
glucocorticoids in chapter 5. An interesting point, not mentioned in the macrophage
hypothesis, is the fact that the macrophage theory can probably be expanded to the MHC
class 2 antigens — molecules that have previously been suggested as factors in the
psychoimmunological link in occurrences like conditioning, stress and other mental
events. This again ties up with cytokine production as functional MHC antigens on
macrophages are essentail for the initiation of the process that stimulates cytokine

production.

When looking at the interaction from a reversed point of view, recent work seems to
offer some explanation for previous contradictions. The general earlier consensus was
that depression is uniformly associated with immune depression and the results from a
couple of reports that could not support this were questioned. It would now appear that
clinical depression suppresses, while subclinical depression may initially enhance

immune function (140).

The following points represent an attempt to come to some kind of conclusion on what is
presently known about the psychoimmunological interaction in mood disorders, and on
the possible interface between the altered immune status and depressive states of mind.
Thus, without pre-empting the more mechanistic descriptions of chapters 3, 4,5, and 6,
the following relevant points will suffice to summarise the aforegoing

(133,135,136,137,138,139,140,141):

o In depressed patients up to a 50% reduction in effectivity has been reported for a wide
variety of immunological responses. Immune suppression has been shown by more
than 40 independent studies. Some areas of controversy do, however, remain but it
should be stressed that a reduced response does not necessarily implicate a decreased
activation state.

o There are indications that, despite the immune suppression generally associated with
depression, a simultaneous state of immune activation exists. This is not uncommon

in a number of medical conditions.
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Many neuroendocrinological factors are involved in the interface between the
immune alteration of depression and the altered state of mind, but the two main stress
axes, i.e., the HPA-axis and SAM-axis would seem to play pivotal roles. Both axes
are known to influence the immune system (see chapters 3 and 5) and are accepted to
be disturbed in depression (see chapters 4 and 5).

Abnormalities in the HPA-axis, and probably the SAM-axis too, are at least partially ,
related to receptor responsiveness at the feedback level of the hippocampus, the
hypothalamus and the pituitary.

Chronic anti-depressive treatment may not only alleviate the depression but may also
normalise the immune status.

At a cellular level prostaglandins, especially that of the E series, form a strong link
between immune and mood alterations. The pervasive function of prostaglandins in
immune regulation is well established and evidence is starting to appear which points
towards increased levels of PGE1 and PGE2 in depression. The more mechanistic
details are touched upon in later chapters. This inference of membrane phospholipid
involvement is touched upon elsewhere in this chapter.

Immunological derived cytokines, known to have a major influence on both the
jimmune system and the behavioural functions, would appear to be the major
communicating messengers in the interface. They influence prostaglandin synthesis
and are in turn influenced by prostaglandin activity.

The macrophage hypothesis of depression further implicates a role for cytokines as
intermediatory agents.

There may be a difference between the immune status of clinical (suppressed) and
subclinical (enhanced) depression. This would correspond to the differences in
immune function induced by mild, acute stress versus chronic or uncontrollable stress
(see chapter 5).

Immune alterations of depression may not be specific correlates of the disturbance,

but may be shared by other disturbances — both psychological and physical.

2.5.7 Immune involvement in anxiety and anxiety disorders

There is no doubt that a strong link exists between the immune system on the one hand

and anxiety and anxiety disorders on the other. It is more than likely that a direct cause-
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and-effect relationship exist. A host of evidence to this effect can be found in the
literature and is urgently awaiting someone with the experience and initiative to decipher
the bidirectional interaction. The link between central monoamine activity and anxiety, as
well as anxiety disorders, is relatively well investigated and is discussed in a fair amount
of detail in the next chapter. The link between the central neurotransmitters, especially
the monoamine neurotransmitters such as noradrenaline, on the one hand, and cytokines
on the other, is also becoming clear and seems to be a major focus of contemporary
psychophysiological research (142). Evidence exists that immune | cell-derived
interleukin-1 and tumour necrosis factor-alpha are instrumental in the provocation of both
an anxiogenic response and in sickness behaviour. It is likely that these cytokines may
mediate their behavioural effects, not only by a modulating influence on hypothalamic
neurotransmitter activity, but also by affecting extrahypothalamic neurochemical
functioning. (143). Evidence further exists that the central and peripheral benzodiazepine
receptors may form a network which in turn may influence the immune system — partially
through modulation of the effect of the two main stress axes on the immune system (144).
One of the few recent studies that examined the psychoimmunological link with proper
consideration of the psychological aspects is that of Borella et al, 1999 (145). In this
study, which dealt with the psychoimmunological link as seen in anxiety, other emotional
factors were also taken into consideration and psychological testing included a self-
reported measure of emotional stability (BFQ-ES scale), a neuroticism scale (Eysenck
personality inventory) and a trait anxiety scale (STAI). The results showed general
emotional stability and stable personality traits to counteract the negative effects of
transient environment-induced anxiety on the immune system. These results not only
explain some of the contradictions of other less well-planned research, but also augurs
well for the ability to endure stressful situations without negative physical and
psychological side-effects. The reported difference in the immunological response
between persons with high trait anxiety and those with high state anxiety (145) has been
confirmed by a number of publications that appeared over the last couple of months and

some even managed to find a parallel with activation of the noradrenergic axis.
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2.5.8 Immune involvement in somatoform disorders

The definition of somatoform disorders, according to the DSM-IV, is the presence of
physical symptoms that suggest a general medical condition and are not fully explained
by a medical condition, the direct effects of a substance, or by another mental disorder. In
contrast to factitious disorders and malingering the physical symptoms are not intentional
produced or feigned (146). The prerequisite of not fully explained by a medical condition
renders these conditions problematic and many patients with real physical problems must
have been diagnosed as suffering from a somatoform disorder due to the inability of
medical practitioners to identify an existing disease. The reverse is, however, also true
and many individuals suffering from somatoform disorders are still being treated for

physical conditions.

Over the years various diagnoses have replaced each other for conditions where vague
clusters of symptoms were diagnosed as whatever might have been the fashionable
syndrome of the day. It is noticeable that most of these syndromes are described as
containing an immunological component. Recent epidemics considered by some to
represent somatoform disorders, rather than general medical conditions, include the
chronic fatigue syndrome or yuppie flue, and systemic candidiasis. The so-called
systemic candidiasis, thus referred to, represents the relatively mild syndrome of
symptoms diagnosed in the general non-hospitalised population as opposed to the life-
threatening real systemic candidiasis seen in patients in intensive care units. A manuscript
by Panzer and Viljoen, 2001 (147), in which the similarities between some fashionable
medical conditions and the somatoform disorders are described, recently appeared in The

South African Journal of Medicine.

The fact that somatization often involves immunological alterations is easy to understand
if one accepts the process to be a consequence of stress, and in view of the effects of
emotional stress on the immune system. The following quote from a publication by Ford,

1997, (148) somehow says it all:

The history of "nondisease"” dates back, at least 4000 years, to early descriptions of

hysteria. More recently somatization became a part of the official diagnostic
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nomenclature by creation of the DSM III category, "somatoform disorders." Somatization
can serve as a rationalization for psychosocial problems or as a coping mechanism, and
for some people, becomes a way of life. One variation of somatization can be the
"fashionable diagnosis", for example, fibromyalgia, multiple chemical- sensitivities,
dysautonomia, and, in the past, "reactive hypoglycemia". These disorders are
phenomenologically related to environmental or occupational syndromes and mass
psychogenic illness. Fashionable illnesses are characterized by (i) vague, subjective
multisystem complaints, (ii) a lack of objective laboratory findings, (iii) quasi-scientific
explanations, (iv) overlap from one fashionable diagnosis to another, (v) symptoms
consistent with depression or anxiety or both, (vi) denial of psychosocial distress or
attribution of it to the illness. Fashionable diagnoses represent a heterogeneous
collection of physical diseases, somatization, and anxiety or depression. They are final
common symptomatic pathways for a variety of influences including environmental
factors, intrapersonal distress and solutions to social problems. A fashionable diagnosis
allows psychosocial distress to be comfortably hidden from both the patient and the
physician, but premature labeling can also mask significant physical disease. Hysteria

remains alive and well and one contemporary hiding place is fashionable illness.
[Ford, 1997 (148)]

2.5.9 Immune involvement in factitious disorders

As factitious disorders are intentionally produced or feigned in order to assume the sick
role it approaches a personality trait or need and would therefore not be discussed here. It
can, however, often be a product of earlier stressful experiences and this would explain

an immunological involvement. (See immunology and early experiences later on in this

chapter).

2.5.10 Immune involvement in dissociative experiences and dissociative disorders

The effect of stress on the immune system,, as well as the effect of the immune system on
the major stress axes, are indisputable. Some of the immunological effects were discussed
earlier in this chapter and the mechanisms are discussed in Chapters 4, 5 and 6.
Dissociative disorders such as dissociative amnesia, dissociative fugue, the dissociative

identity disorder and the dissociative depersonalisation disorder are generally preceded
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by either recent or early traumatic or stressful life events (149). It is thus conceivable that
the immune system can be instrumental in the development and progression of such
disorders and that these stressful conditions will be accompanied by immune
disturbances. The possibility that certain immune activities may also cause dissociation or
dissociative disorders is highly feasible if the effect of certain cytokines on the brain and
behaviour are taken into consideration. The effects of the immune system on behaviour
will be discussed in Chapter 6. The fact that the necessary examples of the stress-immune
interactions are discussed elsewhere in this writing obviates the need to deal with such
bidirectional interactions in this section. One case does, however, warrant mentioning
here, i.e., an interesting example of the psychoimmunological interaction in which a
patient with dissociative identity disorder presented with allergic symptoms in certain,

but not in all of the personalities (150).

2.5.11 Immune involvement in sexual and gender identity disorders

Some of the hypotheses, that consider the development of homosexuality and certain
paraphilias to be a result of intra-uterine development, propose factors such as maternal
stress and immunological activity as contributors to the altered sex orientation (151). The
ways in which the foetus is influenced by maternal stress and by maternal immunological

activity are discussed in a separate section towards the end of this chapter.

2.5.12 Immune involvement in eating disturbances and eating disorders

Anorexia nervosa and bulimia nervosa are generally seen as psychological disorders but
are always accompanied by somatic symptoms. The endocrine disorders which result
from the undernourishment leads to dysfunctioning of several neurotransmitter systems,
including the serotonergic and dopaminergic systems. It has also been suggested that
disorders in serotonin and dopamine metabolism may contribute to the development of
the eating disorders. These systems have immunological effects of their own and as such
makes it very difficult to assess the role of the immune system in the eating disorders. It
is known that the immune system, by way of pro-inflammatory cytokines such as tumour
necrosis factor-alpha, interleukin-6 and interleukin-1 has a prominent role in the
pathogenesis of the anorexia and cachexia of chronic diseases and in the appetite

disturbances of diseases such as cancer where the treatment involves the administration
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of the pro-inflammatory cytokines (152,153). Whether a primary cytokine disturbance
can be implicated in the aetiology of the majority of patients with anorexia nervosa or
bulemia nervosa is not clear. What is, however, patently clear is that the immune system
can influence the eating behaviour. The immunologically-induced cachectic response of
animals immune-stimulated by vaccination is a good example of appetite suppression by
immune activity (154). Solid evidence for the effect, as well as a description of the
immune mechanisms through which the appetite suppressive effects are being mediated
can be found in a recent review (155). The article explains why sick animals don’t eat,
i.e., the way the immune system interacts with the central nervous system to dimirish the
motivation to eat and describes the role of the various immune cell-derived cytokines in
this phenomenon. It is further known that malnutrition in itself can lead to a suppression
of the immune system and that a decrease in appetite is one of the major characteristics of
infection. This infection-induced anorexia is considered adaptational, in addition to other
factors such as fever (once again a cytokine-mediated effect), that facilitates the defense
against invading pathogens (156). A relevant manuscript (Viljoen and Panzer, 2002) has
been accepted for publication and would be included in the list of references when

published.

Other immunological mechanisms may perhaps be implicated in addition to the cytokine-
induced effect. There are, for example, indications that auto-antibodies, i.e., anti-
dopamine and anti-serotonin antibodies may play a role in the eating disorders (157).
Should this type of immune disturbance indeed be a primary cause in some of the eating .
disorders, certain eating disorders could very well be seen as yet another group of

disorders designated to be of autoimmunological origin.

Several other indications are available that give substance to the possibility of a
bidirectional influence between the eating disorders and the immune system — none of
them disclaiming the role of the psychosocial influence. Of interest is the fact that the
influence of immune-derived humoral substances on appetite was noticed long before the
majority of cytokines where correctly named. For instance, tumour necrosis factor, a
cytokine with various immunological and non-immunological functions, was previously

known as cachectin, due to its association with physical waisting.
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In summary one can probably say that

0 there is no doubt about the immunosuppressive effect of the eating disorders

0O anumber of cytokines are known to cause appetite suppression

0 the immune system, by way of cytokine-release, may contribute to the persistence of
anorexia nervosa symptoms

0 immunological-induced central neurotransmitter abnormalities can occur which can

exacerbate both the eating and the immune disturbance.

However, we are not in possession of absolute proof that immune alterations can
primarily underlie eating disturbances — except in the development of autoantibodies. It
would, perhaps, make more sense to accept both the disturbed eating behaviour and the
immune alterations to be secondary to the effects of the neuroendocrinological activation
found in the general non-specific stress response. It speaks for itself that such
neuroendocrine activity could, at the very least, partially result from the impact of

psychological and psychosocial factors.

2.5.13 Immune involvement in sleep disturbances and sleep disorders

It is generally known that a number of cytokines can change sleep patterns (141). The
effect on sleep patterns also forms part of the cytokine-induced sickness-behaviour seen
in conditions of infections. The excessive need to sleep during periods of infection-
induced immunological activity is said to be a function of cytokine production and a
functional behavioural alteration to aid in fighting the infection and recovery. Sickness-

behaviour is discussed elsewhere in the thesis.

The sleep disorder most commonly associated with alterations in the immune system is
narcolepsy. Narcolepsy, a disorder characterised by excessive daytime drowsiness,
cataplexy and sleep paralysis with hypnogogic symptoms may at times also be
accompanied by hallucinations. A very interesting link was shown between the
hallucinations of narcolepsy and genetic immune defects. Hallucinations are said to be
found only in patients who carry one or both of the DR2 and DQW1 HLA alleles. The

presence of at least one of these alleles would thus appear to be critical, but not necessary
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sufficient, for the development of narcolepsy (158,159,160). An interesting phenomenon
which links it to the immune disturbances of other psychiatric disturbances is the fact that
inflammation seems to be a prerequisite for the expression of any significant degree of
expression of the central nervous system HLA molecules (158,159,160). It is thus again
possible that cytokines may be involved in the development and progression of
narcolepsy. The link between this immunological prerequisite and the neurological
abnormality associated with narcolepsy is still not completely clear and this provides us

with wonderfully exciting research opportunities.

2.5.14 Immune involvement in impulse-control disturbances and impulse-control
disorders.

A number of publications points towards a possible involvement of the immune system in
impulse control disorders such as kleptomania, pyromania and obsessive gambling
(161,162). Once again the role of cytokines in the underlying neuroimmunomodulation is

implicated.

2.5.15 Immune involvement in adjustment disorders
This group of disorders that include, by definition, conditions of development of
emotional or behavioural symptoms in response to identifiable stressors would by

necessity show some form of immunological alteration.

2.5.16 Immune involvement in personality traits and disorders, and the impact of
personality on imnmunocompetence

The validity of a causal link between personality and disease development and
progression is strangely enough still strongly debated. Despite strong scientific evidence
to support the existence of such an association, prominent personalities in the medical

field still consider the proposed effect of mental state and disposition as mere folklore

(163).

Various associations have been reported between personality and the vulnerability to

disease including
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The existence of a self-healing personality (164).
The existence of a disease-prone personality (165).

Type A personality and the proness to coronary and other disease (163).

0O 0O O o

The so-called Type C personality, or rather the Type C aggregate of characteristics or
proclivities said to be associated with the development and progression of cancer

(166,167,168,169).

In describing a link between personality and disease some consensus should be reached
as to the meaning of the term personality and to the specific aspects of personality
proposed to have a bearing on vulnerability to disease. In this context it would be
necessary to bridge the gap between the views of personality psychologists and that of
health psychologists. Several attempts to this effect have been made — each resulting in its
own contribution to the field. Notable is the fact that various groups seem, almost without
exception, to identify different personality traits as key factors or as health determinants.
McClelland, Alexander and Mark, 1982 (170) for instance, from what appears to be a
psychoneuroimmunological point of view, define the motivational processes involved in
the need states for power and affiliation, in combination with the environmental
restrictions imposed upon fulfillment of such needs, as the key determinants of health.
Hardy, 1988 & 1985 (171,172), on the other hand, sees emotions and affect as of great
importance, with high hostility as the major risk trait. From a cognitive perspective
Scheier and Carver, 1985 (173) define dispositional optimism as the major personality
trait for health, while Bandura , 1985 (174), from a social learning point of view,
proclaims a sense of self-efficacy as the major positive social determinant of health.
Eysenck, 1988 (175), on the other hand, approaches the link from a far more biological
point of view. An interesting link between neuroticism and wellbeing has also recently
been described and tested as part of a study on a stress model (176) where neuroticism
was shown to have a negative effect on health. Several other personality traits, not to be

discussed here, have been investigated for a possible link with disease-proneness.

Three major models of explanation for the link between personality and disease proness
exist, that according to Suls and Rittenhouse, 1990 (177), are potentially applicable

across personality dispositions. These models are:
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a The personality-induced hyperreactivity model

This model describes the disease-prone personality as one that appraises events as more
stressfull than warranted. Such perceptions will then lead to excessive activation of the
non-specific stress response, including that of the two major stress axes. In view of the
work discussed in subsequent chapters it is easy to understand how this may lead to

immunological and other physical disorders.

a The constitutional predisposition model

This model posits the personality dispositions associated with illness risk to be simply
markers of inborn physical weakness that, in turn, predisposes to disease susceptiblity. In
other words, both personality and physical illness are secondary to inborn physical
weakness. This can really be seen as an erroneous oversimplification — especially when
taking into consideration the effects of early life experiences on the neural structures

involved in behaviour.

o Personality as precipitator of dangerous behaviour
This model proposes that personality traits may carry greater illness risks (dangerous
behaviours) by exposing the individual to riskier circumstances. This idea was recently

well exploited by the popular media — especially after the death of John Kennedy (junior).

An in depth discussion of the merits of these models is beyond the scope of this writing,
but it is obvious that these models are not at all mutually exclusive and that they could all
three, with some adaptations, be wusefull for the development of a

psychoneuroimmunological model of the personality/disease vulnerability link.

The discussion this far focussed mainly on the relationship between personality traits and
disease proness. It is, however, self-evident how the three major models of the linkage
could be extrapolated to the development of a testable hypothesis on the link between

personality disorders and immune-related disease vulnerability.

Publicatons are starting to appear on a link between personality disorders and immune-

derived cytokines like the interferons (178). With cytokines presently seen as the major
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mediators between the immune system and neurobehavioural processes, one could

certainly expect more of this type of studies to emerge.

2.5.17 Immune involvement in traits and in disorders classified by the DSM-IV as
conditions that may be a focus of clinical attention

Many of the conditions in this category are again stress-related which would already
implicate an alteration in the immune functioning. Several of the conditions have indeed
been researched for their stress effect on the immune system and a number of them were
referred to in the paragraphs dealing with the psychoimmunological link in conditions of
stress. Although cause-and-effect should be approach with caution, the bidirectional
psychoimmunological influence does not allow one to rule out the possibility that
immune-derived cytokines may be instrumental or contributory to the development or

persistence of some of the behaviour problems of this type.

2.6 Early life experiences and psychoimmunology

The preceding part of this chapter showed the pervasiveness of the interaction between
the behavioural and the immunological functions. The question now remains whether the
process starts in early life, i.e., whether the mother’s behaviour can influence the immune
system of the foetus. In addition one should also ask whether the immune status of the
mother could influence the behaviour of the foetus. Perhaps of greater importance, should
such events take place, is whether the effects are transient or whether they spill over into
the adult life of the offspring. The practical implications of both influences, should they
last into adult life, would be far reaching. Modification of the foetal immune system by
maternal behaviour could, if this does indeed happen, predispose the offspring to
infectious or malignant diseases if the effect on the immune system is of a suppressive
nature. Should the effect be immuno-enhancing the offspring could be predisposed to the
development of autoimmune disorders or chronic inflammatory disease in later life. In
addition, the possibility of maternal immune activity having a prolonged influence on the
brain and on the future behavioural disposition of the child is equally daunting. Such an
effect would then predispose the offspring to behavioural problems and even to mental

disorders. The possibility of stress or immunological activity, during neonatal to
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adolescent life, having an influence on the future behavioural characteristics and
immunocompetence is equally important as this period can still be seen as one of high

cerebral and immune system vulnerability to environmental factors.

Most experiments testing the hypothesis that maternal behavioural and immunological
characteristics can have major effects on the immune system and future behaviour of the
offspring were conducted, either on experimental animals or are based on observations of
humans. In the majority of animal experiments, where the mothers were stressed during
different periods of the gestational period, high anxiety behaviours were found in the
offspring. The differences between the offspring from stressed mothers and the control
groups were generally carried over into adult life (179,180,181). As would be seen in
subsequent chapters these changes would necessarily have an impact on the
immunological characteristics. Direct changes in immune responsiveness have, however,
also been reported in the offspring of mothers stressed during the gestational period.
Maternal stress would appear to have different effects on humoral than on cellular
immunity, with stimulation of the antibody responses and inhibition of the lymphocyte
responses (182,183). (This information is important in view of the differential effect of
stress on B-cell and T-cell associated cytokines and the difference in their cerebral/
behavioural effects. These aspects are to be discussed at various points throughout the
rest of the thesis.) In humans and non-human primates the assumed effects have further
been extrapolated from the results of therapeutic and experimental administration of
stress hormones or products of the stress response to the mother. These include
substances like glucocorticoids (administered to enhance pulmonary maturity), ACTH
and interleukins (183,184,185). Results, whether on animals or humans, indicate
unequivocally that maternal stress may have a relatively prolonged effect on the immune
status of the offspring and that these effects are generally mediated through changes in
the structure and functioning of the neurohormonal stress systems of the foetus. The
question of whether maternal immunological activity can influence the behaviour of the
foetus and by doing so its future stress vulnerability and predisposition to mental
disturbances is partially answered elsewhere in this thesis. One of the indications that it
may very well do so is the increase reported in the frequency of schizophrenia after major

endemic or epidemic infectious conditions (mentioned earlier). Another such indication is
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the fact that immunological activity can act as a stressor, and in so-doing, activate the
neurohormonal stress response. This, in turn, would lead to predisposition to behavioural
alterations. The phenomenon of immune activation becoming a stressor is discussed in

later chapters.

In addition to the in utero effects, stress during the neonatal and early childhood periods
has also been shown to change the immune responsiveness, as well as the behaviour of
the offspring. The general result of stress during the neonatal period would appear to be
subnormal affiliative behaviour and aggressiveness in adult life (186,187), although other
behavoural tendencies were also reported. Once again most of the effects would appear to
be linked to changes in the structure and function of the two main stress systems and it is
conceivable that such changes would be accompanied by immune alterations. Examples
of the influence of separation stress on the immune system of neonatal animals were
shown in Table 2.2 in the section that dealt with the effects of stress on animals. The
results in Table 2.2 indicated fairly uniformly that early separation exerts a negative
influence on the immune system. This, however, is a subject that warrants more than
superficial conclusions and many variables should be taken into consideration. The
effects of early rearing experiences and social interactions on the immune function in
non-human primates, many of them extrapolatable to humans, can be found in an
excellent writing by Worlein and Laudenslager, 2001 (188). In it they discuss the validity
of non-human primates as models, the immunological effects of variations in maternal
rearing, nursery rearing, disruption of the mother-infant bond, disruption of bonds in
peer-reared infénts, the long-term effects of social separation, disease risks and early
rearing effects, as well as the effects of social interaction on immune function in juvenile
and adults. It is shown that stressful early experiences not only predispose to infectious
complications, but also increase the vulnerability to immunodeficiency virusses, and
pathogen inoculation-induced lymphopenia and leukopenia. It is also shown that early
experiences can have long-term effects on both the behavioural and the immunological
status and that the common intermediatory denominators in both processes are the stress-
induced neurohormonal factors — the most important probably those of the two main
stress axes (188). One interesting research finding in humans that warrants mentioning is

the effect of breast feeding on stress vulnerability and immunity. It would appear that
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glucocorticosteroids, transferred to the neonate by means of breast feeding, could exert
the same negative feedback on the child’s hippocampus-HPA system as the baby’s own
corticosteroids, and as such lead to lower cortisol production by the neonate or infant
(189). This would, in fact, prime him or her to lower base-line HPA-axis activity and, as

reported by Catalani ez al, 1993 (189), may lead to better cognitive performance.

In conclusion, there can be no doubt that in utero, as well as neonatal exposure to stress
and immunological events can have long-term effects on the future health of the
offspring. The final mechanistic details are still relative elusive and inter-individual
differences make general assumptions rather dangerous. However, the basis of the
behavioural-immunological interaction in foetal life, neonatal life and childhood would
appear largely to be a function of alterations in the stress-axes — especially the
CRH/HPA-axis. This will be discussed in more detail in Chapter 7 and the central role of

CRH in the stress and immune respons in Chapter 5.
2.7 The psychoimmunological interaction and cerebral laterality

It is fairly well known that many neurohormonal as well as structural differences exist
between the brains of left handed (right hemisphere dominance) and right handed (left
hemisphere dominance) individuals. It is now becoming clear that the hemispheric

dominance also extents to the immune system. This is clear from observations that

o Left-sided cortical lesions in mice suppress lymphocyte responsiveness, while right-
handed lesions have either no effect or are immuno-enhancing (190,191).

0 Left-sided brain tumours in humans result in in vitro suppression of lymphocyte
responsiveness to mitogens, but no effect is seen with right-sided tumours (192).

a In certain strains of mice, females, but not males, with left paw preference, i.e., right
hemispheric dominance, were shown to exhibit a stronger non-specific lymphocyte
response than right paw preference animals (193).

o Some, but not all, reports point towards a higher incidence of autoimmune diseases in

left-handers (194).
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The mechanisms involved in the above differences are not yet clear but indications are
one again pointing towards handedness-associated differences in the two main stress
axes. Whether this is accompanied by changes in stress-vulnerablity and other
behavioural differences one can only speculate on, but it certainly offers an interesting
field for future research. An interesting point that may perhaps have a bearing is the fact
that the immunologically-induced stress response corresponds, neurohormonally, very
much to that of the psychologically-induced stress response, except for its effects on the

central dopaminergic systems. This will be discussed in Chapter 6.
2.8 The psychoimmunological interaction in overview

The immune system was initially seen as a fairly autonomous system thought to function
relatively independently of other systems. In this capacity its functions centered around
the defense against pathogen invasion and against neoplastic growth, while maintaining
self-tolerance. This model of the immune system is sometimes referred to as the defense
model (195). Gradually, however, it became clear that other factors such as the endocrine
system can influence immunoreactivity and that the immune system may have a
regulatory role in the functioning of other systems. The influence of the psychological
disposition on health, long since noticed by the general population, only gained scientific
recognition over the last couple of decades. In fact, this interaction, of which some of the
mechanisms are only now starting to be understood, had already been accepted by early
civilisations. Ancient Greek medicine for instance recognised the cause-and-effect

association between the state of mind and the resistance of the body against disease (195).

The identification of immunological cell surface molecules on neural structures and the
neuroendocrine receptors on immune cells gave rise to the Darwinian approach of the
psychoimmune interaction (196). The Darwinian view of the psychoimmune relationship
states that the immune system and the neural system, somewhere in the distant
phylogeny, used to be one and the same system. This approach would, in theory, explain
the similarities in receptor expression, adhesion molecules and secretory ability between
immunological and brain cells. It could, from this point of view, be argued that the

immune-associated receptors on brain cells and the neural receptors and secretions of
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immune cells are actually of a vestigial nature, and therefore of no functional
significance. The common origin of the immune and neurological systems, as postulated
by the Darwinian approach, appears, from available evidence, highly feasible. However,
the assumption of the vestigial nature of the shared structures does not concur with
clinical and research observations, and it is more likely that they form part of a regulatory
feedback mechanism between the two systems. Proof for this statement can be derived
from the multi-directional influence between the psychological and immunological
activity, as shown in this chapter, and from the bidirectional interactions described in

subsequent chapters.

The outcome of psychoimmunological interactions is without doubt not merely a function
of the effect of the immune system on the psychological disposition and vice versa.
Almost all other physiological systems, as well as environmental factors can influence the
relationship. A more lateral approach is seen in the biopsychosocial model of the
psychoimmunological interaction that gives recognition to this effect. The model is

depicted in Figure 2.2.

The biopsychosocial model of the psychoimmune relationship, as depicted in Figure 2.2
was developed in an attempt to facilitate the organisation and understanding of the
evidence supporting the relationship between stress and immune alterations. The model
depicts the way in which social, psychosocial and biological aspects relate to the immune
dysfunction that follows upon adverse life events. The historical importance of this model
of psychoimmunological interaction renders it necessary to quote the authors directly so

not as to misconstrue their intentions:

This model predicts that certain combinations of stressors and buffers in the
social environment, coupled with the personal characteristics of an individual,
determine the way in which the individual perceives the stressor and
subsequently adapts psychologically. For example, personal characteristics,
such as age and health, and psychological and environmental factors, such as
social support and employment status, converge with the individuals

personality to predict the persons coping and the psychological adaptation to
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stress. Psychological maladaptive behaviour, as measured by symptoms of
imsomnia, anxiety, or depression, is then postulated to mediate changes in
neuroendocrine and autonomic efferent pathways from the brain to alter
immune function. Such decrements in immunological competence are
purported to produce and increase disease susceptibility and changes in health
outcome. In addition, the individuals perception of the stressor may directly
result in sleep disturbances or alcohol abuse, which may produce direct effects
on the immune system leading to compromised health. Because health changes
in and of themselves may be psychological stressful, it is possible that a
bidirectional pathway exists between stress and illness. For example, health
changes can actually change the social environment (e.g., levels of social
support) and may have independent effects on such variable biological

variables as neuroendocrine and immune function.
Irwin and Strausbaugh, 1991 (198)

Later models in a series of consecutive models usually have the advantage of drawing on
more advanced scientific knowledge than previous models. The biopsychosocial model,
although of major developmental importance, is no exception. The model was designed at
a stage when very few longitudinal studies had been conducted on the long-term effects
of stress, when stress was predominantly seen as a negative influence, and when most of
the physio-anatomical alterations of stress had not yet been experimentally confirmed.
The model was thus largely a theoretical model. It therefore contains a number of
misconceptions such as the incorrect assumption of the meaning and placement of the
stress concept. Although the value or contribution of the biopsychosocial model should
not be dismissed, the time has perhaps come to look at the interaction between body and
mind, not only from a wider perspective, but also with a greater understanding of the
underlying mechanisms. It is also essential that an interactive model should be developed
beyond the prevailing concept of stress merely as a negative condition. The
biopsychosocial model, in fact, still errs in its interpretation of the meaning of the word
stress by seeing it as a stressor. If nothing else, this error should be corrected and the
word stress replaced with the term stressor. It is, however, also necessary to reconsider

the entry point of the stressor in the model.
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Adaptation of this model was, however not the aim of this chapter. The purpose of the
chapter was to demonstrate the all pervasiveness of the immunological involvement in
psychological processes — information not available at the time when the biopsychococial

model of psychoimmunology was developed.

This overview provided evidence for the association between the psychological and
immunological aspects without in depth discussions on the mechanisms. In an attempt to
reduce the volume of the work only selected examples were discussed. Important subjects
omitted include the interaction in conditions of cancer and the psychoimmunological
therapies. These topics are, however, widely reviewed elsewhere (199,200). In summary,
it can be said that this chapter demonstrated the interaction between the psychological
and the immunological aspects not only to be a characteristic of a limited number of
specific psychological phenomena, as would mistakenly be assumed upon a more
superficial scrutiny of the literature, but probably of all psychological conditions. The
psychoimmunological interaction can with a fair amount of certainty be concluded to be
of a multi-directional nature as can be seen in the mental disturbances which follow upon
immune stimulation by infectious and other agents and in the fact that the immune system
can be manipulated by processes such as psychological conditioning, placebo,

psychological stress and a variety of psychotherapies.

Important questions do, however, remain to be answered in order to better understand the
link between the psychological and immunological activity. Some of these questions are
asked below and tentatively answered. The rationale for the answers are to be found in

the following chapters.

o What comes first; the immune disturbance or the psychological disturbance? In some
cases this is answerable, but in others not.

o Could the link not be secondary to medication or other external factors? The answer
must surely be yes, that it does occur, but that such events do not negate the existence
of a pervasive influence between behaviour and immunity.

o Could the correlation not merely be an epiphenomenological occurence with both

disturbances primarily related to neuroendocrine or other functions? An example of
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this would be the stress-induced activation of the two main stress axes with their
potential immunological and psychological effects? Again the answer is an
unequivocal yes to the effects of the neuroendocrine systems as intermediatory
factors. Of course structural-functional multidirectional relationships exist between
the behavioural, neuroendocrinological and immunological systems — this is the way
most human processes work.

Could the immunological and the mental changes not perhaps form part of a general
sickness behaviour or general physical and psychological dyshomeostasis? It could,
but the processes are not limited to conditions of dyshomeostasis. In fact, it is merely
a reflection of the total integrated control of the body in which the immune system
and the neuroendocrine system are the two major regulatory mechanisms.

Are there common denominators between the immunological alterations of various
psychological conditions or are the immune changes specific for specific behavioural
patterns and disorders ? This is not clear at the moment but indications are that minor
variations are specific within an overall non-specific pattern.

Are there common denominators or patterns in the immunological patterns associated
with psychological phenomena and those associated with medical conditions? It is
extremely tempting to answer this in the affirmative — especially where mediators of
the inflammatory process are concerned.

What is the magnitude of the influence of inherited variances in genetics, e.g., in the
HLA classes and others? The influence of genetics is indisputable, but indications are
that, except in cases of overt genetic abnormalities, positive psychosocial experiences
can compeﬁsate.

To what extent can psychosocial influences alter the relevant immunological gene
expression? It would appear that both genetic predisposition and adverse
psychological experiences are necessary for overt psychoimmunological pathology to
develop. Positive psychological influences could therefore act as buffer against
expression of a negative genetic predisposition.

What exactly is the clinical significance of the interaction? Once again, it is simply
part of the normal regulatory mechanisms necessary for both physical and

psychological development and wellbeing. It is only when either psychosocial or
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physical environmental influences impacts negatively on either one that psychological

and physiological dyshomeostasis may develop.

The aim of this thesis is to provide a framework for an integrated approach to the mind-
body interaction in terms of the two main stress axes. Although a
psychoneuroimmunological approach, as an extension of the stress paradigm is adhered
to, the mind-body interaction would be understood to involve all aspects of physiological
and psychological functioning. The term mind-body interaction would, in view of the
envisaged endpoint of the work, perhaps already be a contravention of the approach and
could perhaps be better defined as mind-body unity. The idea of a mind-body unity would
concur with my own inclination of seeing the psychoimmunological interaction primarily
as a reflection of the unity of mind and body with all aspects influencing and being
influenced by all other aspects. Such an approach would be in agreement with a wider

understanding of the psychoneuroimmunological approach.

The initial chapter dealt with the historical background and the various approaches
to the mind-body interaction. In line with the aim of this thesis the present chapter
provided examples to support the notion of a pervasive interaction between the
psychological and the immunological aspects without giving mechanistic details. The
chapter thus dealt with the psychoimmunological aspects of psychoneuroimmuno-
ogy. The subsequent three chapters will be confined to the psychoneurological and

neuroimmunological aspects, respectively.
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CHAPTER 3

THE PSYCHONEUROLOGICAL INTERACTION IN TERMS OF
THE CNA/SAM-AXIS

the aim of this chapter is to demonstrate the role of the central
M noradrenergic/sympatho-adrenomedullary axis (CNA/SAM-axis) in the
behavioural functions and in behavioural disturbances. It also deals with the
effects of psychological stress on the structure and functioning of the central
noradrenergic system. It therefore represents the psychoneurological component
of the psychoneuroimmunological interaction in terms of the CNA/SAM-axis. A
wealth of experimental results gives credence to the importance of the
CNA/SAM-axis in behaviour and the following paragraphs will provide some of
the evidence, first in animals, and then in man. In an attempt to restrict the
volume of work, more emphasis is placed on the psychoneurological interaction
as evidenced from results and observations in humans, while animal studies are
dealt with in a fairly concise way. The chapter is finally summarised in a heuristic
model, depicting the central noradrenergic systems, their projections to other
cerebral structures, their interactions with other neuroregulatory networks, their
more specific cerebral effects and functions, as well as their relatedness to

behavioural functions and psychiatric disorders.
CNA = central noradrenergic; SAM = sympathoadrenomedullary; NA = noradrenaline.

Introduction

The aim of Chapters 3 and 4 is to illustrate the psychoneuroimmunological interaction in
terms of the first of the two major stress axes, i.e. the CNA/SAM axis. This chapter
demonstrates  the  important  role of the CNA/SAM-axis (central
noradrenergic/sympathoadrenomedullary-axis ) in behaviour and shows how emotional
distress, as well as eustress, impacts on the structure and function of the central nervous
system noradrenergic (CNA) neurons — with further long-term behavioural consequences.

It therefore deals with the psychoneurological aspects of psychoneuroimmunology.
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The layout of this chapter is as follows
3.1 The psychoneurological interaction in animals
3.2 The psychoneurological interaction in man

3.3 The bidirectional interaction between the psychological functions and the

CNA/SAM-axis
34 Summary and heuristic model of the bidirectional interaction.

The distribution and projections of the CNA system, as well as its functions and
interactions are shown in Figure 3.6. Figure 3.6 presents the final summary of the chapter
and is given at the end of the chapter. However, a minimised version of it is also
presented on the next page (Figure 3.1). There are two important reasons for showing the
smaller scale version now and the larger scale version at the end. The first reason is that it
is much easier to read the chapter having seen the overall distribution and functions of the
system. The end of the chapter is, however, its rightful place and the larger, that is, easier
to read version will thus be inserted there. The second reason is for the benefit of the
reader not interested in the details of the interactions. The scheme on its own will, in such
a case, provide enough information to verify the pervasiveness of the bidirectional
influence between the noradrenergic system and the behavioural functions without having

to read the fine details of the text.

Figure 3.1 is shown on the next page and its legend on the following page.
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Figure 3.1: A heuristic model of the psychoneurological relationship in terms of the central noradrenergic system
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Legend to Figure 3.1

Figure 3.1: A heuristic model of the psychoneurological relationship in terms of the
central noradrenergic system.

[Figure 3.1 shows the structure-functional relationship of the CNA system. In the bottom left

sector the two major divisions of the central noradrenergic (CNA) system with their projections

are depicted. The top-left sector shows the specific effects of the noradrenergic influence. The

top- right depicts the behavioural functions and disorders associated with variations in CNA

activity and the bottom-right the interactions between the CNA system and other neuroendocrine

modulatory systems. In the middle-left the bidirectional influence between structure and function

is shown.]
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3.1 The psychoneurological interaction in animals

Results from a multitude of publications confirm the existence of a link between the
CNA/SAM-axis and the behavioural functions in animals. Studies on the association
focus largely on adverse conditions and emotions, such as stress, fear, anxiety, and
aggression. Hardly any animal studies have been performed in an attempt to examine the
psychoneurological interaction during positive emotional states or to define the
behavioural aspects in more discriminatory terms. This is partially due to problems
involved in defining and categorising behavioural functions and dysfunctions in animals
to the extent possible in man. Psychoneurological studies in animals are, however, of
interest as the findings may sometimes be extrapolated to related clinical conditions in
humans. Such studies are further relevant as they support the concept of a role for
perception in the psychoneurological interaction. However, the most valuable
contribution of animal studies is that certain processes and manoeuvres such as the
fneasurement of central nervous system transmitters and activities, as well as direct neural
manipulations, can be performed which are, for logistic and ethical reasons, not possible
in man. Results from animal studies have opened a window into our understanding of the
noradrenergic-related neurological mechanisms that underlie the behavioural functions
and dysfunctions in man. Such noradrenaline-related mechanisms include processes
involved in a) memory and memory impairment, b) fear, anxiety, aggression, stress, c)
presensitisation to fear, to anxiety, to aggression and to stress, d) distortion of sensory and
time perception, e) regulation of eat, sleep and drink, f) learned helplessness, g) traumatic
recall/flashbacks of aversive events, as well as h) conditioning and failure to eliminate
conditioned responses. It is easy to see how results from such experiments may be
extrapolated to a number of psychopathological phenomena in man. A discourse on the
feasible extrapolations is beyond the purpose of this writing. The aim of this section,
which deals with the psychoneurological interaction in animals, is to provide the
necessary evidence for this interaction in terms of the CNA/SAM-axis, and to resist the

temptation to needless elaboration.
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A major part of our knowledge on the psychoneurological interaction in animals is, as
was previously mentioned, derived from experiments that involved activation of the
central stress response. It is generally known that activation of the central stress response

is almost without exception associated with an increase in central noradrenergic (CNA)
activity. During periods of acute stress the CNA-activity can generally be measured as an
increase in central noradrenaline release (CNA-release) and/or an increase in tyrosine
hydroxylase production. However, continuous or excessive central noradrenaline release,
as a result of chronic or inescapable stress, may lead to the situation where CNA-
production is unable to keep up with CNA-release. It has been postulated that the
resultant central noradrenergic depletion may be the cause of the chronic stress-induced
behavioural alteration known as "learned helplessness” (1). The term "learned
helplessness", as described by Seligman originated from experiments in which animals
were subjected to uncontrollable shock. Learned helplessness in animals is by many
considered to be a convincing laboratory model for depression in humans. This is based
on the fact that the first six DSM-IV criteria for depression are seen in animals after
uncontrollable, adverse experiences (2,3). Under such circumstances the stress-induced
increase in noradrenergic neuron activity would be reflected as a decrease in CNA-
content and/or an increase in MHPG, i.e., the major noradrenaline metabolite‘ or even
changes in the anatomical aspects of the CNA system. The effect of acute, as well as
chronic stress on the various CNA parameters can be found in an excellent review by
Bremner, et al, 1996 (4) that summarises the stress-induced alterations of CNA
parameters in the cerebral cortex and in subcortical areas such as the hippocampus, the

amygdala, the thalamus, and the hypothalamus.

Rapid activation of the central noradrenergic (CNA) system (locus coeruleus), as occurs
during any episode of marked emotional arousal, is generally paralleled by simultaneous
activation of the peripheral noradrenergic system, ie., the SAM-axis (5). The
synchronous activation of the locus coeruleus-CNA system and the peripheral SAM-axis
would lead to the expression of central noradrenergically-induced behavioural alterations,

and peripheral stress effects through the SAM-axis.
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A considerable functional link exists between the peripheral part of the CNA/SAM-axis,
i.e., the sympatho-adrenomedullary-axis (SAM-axis) and the behavioural functions. Due
to the simultaneous activation of the locus coeruleus-central noradrenergic system and the
SAM-axis, observations of hyperactivity of the latter are often equated with hyperactivity
of the central noradrenergic (CNA) system. It is also known that wrong interpretations of
some of the peripheral effects such as severe cardiac palpitations may have severe
implications for the emotional stability. A discussion of alterations in the
adrenomedullary noradrenaline:adrenaline ratio in major depressive states is deferred to

the part dealing with the interaction in humans.

The peripheral so-called sympathetic effects are, as is well known, the result of direct
stimulation by the sympathetic neurons, enhanced by the actions of circulating
adrenomedullary hormones such as adrenaline and noradrenaline. The concomitant
increase in activity in peripheral SAM-axis, at the time of emotions-associated CNA
hyperactivity, involves neural structures such as the amygdala, descending projections
from the locus coeruleus to the brainstem, as well as the nucleus paragigantocellularis
(6,7). The effects of general activation of the peripheral sympatho-adrenomedullary
system, (SAM-system) commonly known as the alarm or the fight-or-fight reaction, are
summarised in Figure 3.2. Although it is by now common knowledge that these effects
occur in man, the initial experimental results were all derived from animal

experimentation (8).

The peripheral SAM-axis effects, as summarised in Figure 3.2, are determined by the
type of adrenoceptor involved and the concentration of the transmitter substance. This is

generally known and as such does not warrant further discussion at this point in time.
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As in the case of the peripheral adrenergic effects, the effects of the central noradrenergic
(CNA) system also depend on the postsynaptic receptor involved. These central
noradrenergic receptor effects can be summarised by saying that postsynaptic beta-
adrenoceptor and presynaptic alpha-2-adrenoceptor effects are generally of an inhibitory
nature, while excitatory effects are commonly associated with alpha-1-adrenoceptor
stimulation. As such beta-stimulation has been implicated on the ability to concentrate on
the task at hand, while inhibiting the influence of irrelevant information, and alpha-1
activation with arousal, the transition from sleep to wakefulness, and the augmentation of
registering sensory information about the environment. Impairment of the latter is said to
have a bearing on the symptoms of dissociation, which is a characteristic of several

behavioural states (4).

Published findings in support of the existence of an association between the central

noradrenergic (CNA) system and specific behavioural functions in animals include

o defensive and/or aggressive behaviour upon noradrenergic infusion into subcortical
areas (10)

o increases in the firing rates of locus coeruleus neurons upon real or perceived threats
(11,12)

o significant increases in locus coeruleus activity, defensive behaviour as well as blood
pressure and heart rate, upon exposure to potentially dangerous elements (13)

o fear and anxiety-related behaviour upon stress-induced increases in locus coeruleus
activity (14)

o fear and anxiety-related behaviour upon pharmacologically-induced increases in the
firing of locus coeruleus neurons, or increases in noradrenaline secretion (11,15,16)

o suppression of locus coeruleus firing rate and noradrenaline release during rest, sleep,
white noise, feeding and grooming (17,18,19,20)

o the noradrenergic modulation of amygdalar functions and by implication of the
influence of emotion on memory formation (21)

o the promotion of waking and the inhibition of REM-sleep (22) by noradrenaline
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o higher levels of the enzymes involved in noradrenaline production in rats bred to
attack (23)

o arole for noradrenaline in both the initiation and termination of food intake (24)

a the role for noradrenaline in pathways involved in pleasurable or reward sensation

(23)

It has been shown that chronic stress can facilitate locus coeruleus activity through
presensitisation - probably through suppression of the central alpha-2-adrenoceptor
inhibitory function (4). It is suggested that the results of this presensitisation of animals,
as a result of earlier stressful life events, might be extrapolated to human panic disorders,
the post-traumatic stress syndrome (PTSD) and the acute combat stress reaction (ACSR)
(25). The concept of presensitisation by the central stress response concurs with the
finding that childhood abuse in humans would appear to presensitise the individual to the

development of combat-related post-traumatic stress disorders in adulthood (26).

It is undeniable that perception does influence the outcome of the psychoneurological
interaction. Conceptualisation of the word perception is, however, somewhat problematic
when applied to animals. Anxiety is said to be an example of an animal behavioural
function that can be seen as a perception-related phenomenon. This in view of the fact
that the anxiety response in animals has in the past been described as a maladaptive fear
response, i.e., a fear response in the absence of an appropriate virtual threat 27).
Examples of the association between anxiety and increased activity of the CNA/SAM-

axis were referred to earlier.

The role of perception in the interaction between the behavioural functions and the CNA
system is further evident from the results of experiments on conditioned fear in animals.
Central noradrenergic activity is said to be involved in this type of reaction where the fear
response is provoked by means of a conditioned stimulus (28,29). A great deal of factual
information on the interaction between the behavioural functions and the CNA/SAM-axis
has, in fact, been derived from this type of experiment and some of the insight obtained

from such animal studies contributed to our understanding of the underlying neurological
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mechanisms of a number of psychological disturbances in man. Noteworthy results, from

animal conditioning experiments, showed the following

a. Increased locus coeruleus activity during fear conditioning, but not during reward
conditioning (11)
b. Overactivity-induced noradrenaline depletion of CNA contents to strengthen the

response to contextual cues, but to inhibit the fear response to explicit cues (30)

The amygdala to be involved in the role of the CNA/SAM-axis in the

development of conditioned responses, and perhaps more specifically, fear and

anxiety related responses (4), in that

c.
Q
o
o
o
]
d.

the amygdala discriminates between noxious or rewarding as opposed to
neutral experiences, and as such rules between stimulation and non-
stimulation of the CNA activity

the amygdala is instrumental in the peripheral expression of the conditioned
fear response where noradrenaline appears to act through the central nucleus
of the amygdala

the amygdala is involved in the extinction, or stress-induced CNA-modulated
non-extinction, of the conditioned response (the extinction of a conditioned
response, upon exposure to the conditioned stimulus alone, entails the
suppression of subcortical areas such as the amygdala, by cortical areas)
noradrenaline release in the amygdala is said to help integrate the sensory
aspects of experiences pertaining to conditioning as such influences modulate
the conditioned emotional response

amygdalar lesioning prevents the acquisition of conditioning, both in response

to specific cues and to context

Pathways between the CNA system and the hippocampus to be involved

in the neurological processes of conditioned responses (4, 9),in that

Q

hippocampal lesioning does not abolish the acquisition of fear-related
responses to cues, but does interfere with the acquisition of conditioned
emotional responses to context (noradrenaline is involved in the role of the

hippocampus in conditioning related to spatial context)
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& noradrenaline release in the hippocampus may help to integrate the various
aspects of a new experience which contributes to the recall of the original
aversive events

o the hippocampus, under the influence of the CNA system, may contribute to
the stress-induced extinction failure of conditioned fear responses

e. A role for the CNA system in the modulation of the acquisition and retention of
memory, in the attentional component of memory storage, in the age-relaied
deficits in working memory and in memory retrieval or recall such as in trauma-

related flashbacks (4, 9).

The information described above is derived from experiments in animals where the
perception of adverse circumstances, induced through the process of conditioning, lead to
alteration of central noradrenergic activity. It is easy to imagine how some of the
psychoneurological interactions described may relate to psychological dyshomeostatic
bhenomena, including traumatic recall of combat-related post-traumatic disorders, the
failure to eliminate conditioned emotional responses in patients with phobic anxieties by
repeated exposure to the phobia inducing stimuli, as well as the cognitive impairment

associated with panic disorders.

The link between the CNA/SAM-axis system and the behavioural functions, as for
interactions between other physiological systems and the behavioural functions, are often
best observed in situations perceived as extreme by either the body or the mind. It is clear
from previous paragraphs that the extreme conditions referred to in the previous sentence
are, where animal experimentation is concerned predominantly of an aversive rather than
a pleasurable nature. The physiological changes which occur as a result of adverse
psychological conditions or perceptions - especially those experienced chronically and
perceived as uncontrollable - are seen as maladaptive, and often as incompatible with
normal functional integrity. Such changes are peripherally expressed in symptoms like
the stress-induced triad consisting of intestinal ulcers, atrophy of lymphoid tissue and
hypertrophy of the adrenal glands, as well as cardiovascular, immunological and other

abnormalities (the immunological stress-induced alteration of the two main stress axes
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are discussed in Chapters 4 and 5). Central nervous system symptoms and even death
may also occur. This in contrast to the positive, pro-adaptive neurological effects ascribed
to acute activation by mild, intermittent, controllable stressors or by states of eustress.
Despite the negative association between chronic, uncontrollable stressful situations and
the adverse effects on physiological, as well as psychological well- being, it appears
imperative that the neurological system be able to undergo favourable stress-induced
anatomical, biochemical and/or physiological adaptations in order to meet novel
psychosocial and environmental demands. Anatomical, biochemical and functional
alterations have indeed been shown to occur in the brain of animals under certain
conditions. Some such changes are seen in Table 3.1. In compliance with the context of
this chapter, the changes listed in the table are limited to those pertaining to the central

noradrenergic system.

Table 3.1: Modulation and modification of the central noradrenergic system by

environmental and psychosocial influences (stress adaptation and presensitisation)

1. Stress induced increases in synthesis, content, turnover, and release of 31,32,
noradrenaline. Increased production of NA results from T tyrosine 33,35,36,

hydroxylase (TH) mRNA. The c-fos is stimulated by CRF and NA 37,38

2. Firing rates of NA neurons of the locus coeruleus are increased by con- 39

trollable stressors

3. Multiple exposures to the same moderate controllable stressor lead to 40,41,42,43
presynaptic axonal sprouting and an increase in cortical noradrenergic
innervation which in turn lead to a decrease in receptor reactivity as a result

of decreased B-adrenoceptor density (receptor down regulation)

4. Prolonged exposure to severe uncontrollable stress leads to a decline in 32,44,45, 46
cerebral NA concentration, NA release and tyrosine hydroxylase activity

(stress presensitisation)
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5. Prolonged severe stress causes retraction of degeneration of cerebral 40

noradrenergic fibres (stress-induced cerebral damage)

6. Intermediate stress with different stressors leads to an increase in central 31,32,33, 47
noradrenaline turnover but no presynaptic adaptations. This is dependent on

previous stress-induced facilitation

7. Suppression of NA release, loss of noradrenergic innervation and decreased 48,49,32,
noradrenaline content in the frontal cortex are associated with 50,51

uncontrollable stress-induced behavioural abnormalities
8. Chronic stress leads to degeneration of NA neurons in the rat cerebral cortex 52

9. Chronic restraint stress decreases noradrenaline transporter binding sites in 53

the amygdala, hypothalamus and locus coeruleus

10. Stress exposure is associated with augmentation of the firing rate in the 4.9
locus coeruleus with concomitant increase in the release and turnover of NA

in relevant cerebral areas that receive noradrenergic projections

11. Stress-induced noradrenaline secretion modulates gene transcription 4

Examples of the modulation and modification of the CNA system, shown in Table 3.1
provide corroboration that psychosocial and environmental influences are indeed
instrumental in alterations of the neurological, and in this case CNA, system. Negative
effects of stressors on the CNA/SAM-axis would appear to be fairly well documented. A
negative influence, particularly well illustrated, is the previously described
presensitisation of the neonatal noradrenergic system as a result of early exposure to

unfavourable psychosocial influences. The fact that this type of neonatal presensitisation
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of the noradrenergic system can predispose to the development of fear and anxiety related
psychological disorders in adult life is supported by the results from both animal and
human studies. Despite the general impression of the negativity of stressor endurance, it
is well known that behavioural adaptation to stressors may eventually occur and that such
experiences would often lead to the enhancement of appropriate coping skills. It is thus
conceivable that relatively permanent neurological changes would constitute part of an
adaptational process to moderate experiences or stressors. As such it would then form
part of the development of coping strategies in response to a specific external or internal
condition. Such central, and perhaps peripheral, nervous system alterations may
potentially be major converting factors, whereby psychological stressors, erstwhile
considered moderately uncontrollable, could be rendered perceptionally controllable. The
plausibility of such an adaptational role for stress in the CNA/SAM-axis-psychological

interaction would be argued further at a later stage.

In conclusion it can be said that animal experiments provide ample physical evidence for
the interaction between the noradrenergic system and the behavioural functions. Such

evidence, in view of the invasive nature of the experimental procedures, is unlikely to be
derived from human experimentation or human observations. One major disadvantage of
applicable animal research, however, is the inability to investigate the neurological-
behavioural interaction in terms of a finer discrimination between the various
psychological phenomena. The following number of paragraphs will attempt to deal with

such aspects in man.
3.2 Psychoneurological Interaction in Man

In the previous section undeniable physical evidence was presented for the
psychoneurological interaction in terms of the CNA/SAM-axis system. The aim of the
present writing is to endorse the existence of the proposed interaction by documenting
some of the associations reported to exist in humans between the behavioural functions

and the CNA/SAM-axis.
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Although the pathways and mechanisms of action were largely unknown, the central
noradrenergic system has long been associated with behavioural functions such as
arousal, vigilance, concentration, memory, fear, anxiety, aggression, hostility, agitation,
resentment, pleasure, alertness, vigilance, arousal, as well as with enhanced activity of the
peripheral sympathetic nervous system. (55,56,57). Evidence for some of these
associations in animals were provided in the previous section that dealt with animal

experimentation.

Identifying the physiological mechanisms underlying the different behavioural functions
has always been problematic. During recent times at least some of the mysteries
concerning this mind-body link, i.e., the pathways and mechanisms that have a bearing on
psychological processes, were solved. The research involved in exploring the
psychoneurological interaction is, however, still confounded by many factors - not least
of it the interdisciplinary nature of the field. In animals the physical confirmation of the
psychoneurological interactions are generally obtained by means of rather invasive
experimental procedures. In man a major part of the relevant research has to rely on
indirect assessments as major invasive experimental procedures are not possible in
humans. These confounding factors are also applicable when examining the mind-body
link in terms of the CNA/SAM-axis. Alterations in central noradrenergic functions are
assessed, predominantly, by indirect measures such as a) changes in peripheral adrenergic
activity, as reflected by factors such as heart rate and blood pressure, b) plasma
catecholamine and catecholamine metabolite levels, c) urinary catecholamine and
catecholamine metabolite levels, as well as 24hr excretion of the 3-methoxy-4-
hydroxyphenyl-glycol (MHPG) metabolite, d) adrenergic receptor expression on
circulating blood cells, €) post-mortem CNS receptor determinations, f) pharmacological
modulation of the noradrenergic system by agonists and antagonists, and g) noradrenaline
spill-over rates. As for all indirect assessments, each of these techniques poses certain
potential errors in the estimation of central noradrenergic activity. With the development
of newer neurological procedures, more innovative techniques are becoming available. A
discussion of the merits and disadvantages of such techniques is, perhaps, beyond the

scope of this writing. However, one fact that should always be kept in mind is that
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chronically high levels of catecholamines may not reflect the stimulation state as receptor

down regulation may occur.

Clinical research is often a continuance or in pursuit of indications derived from animal
experiments. Although the picture is still far from complete, noradrenergic neural
mechanisms and pathways involved in the expression of the behavioural functions are
rapidly being identified. A great deal of insight into the noradrenergic effects on the
psychological make-up of man is deduced from the connections between the CNA-
system and other parts of the brain whose roles are known. It is, for instance, now known
that the locus coeruleus-noradrenergic system stimulates the mesocortical and
mesolimbic dopaminergic systems that in turn innervate the prefrontal cortex and nucleus
accumbens, respectively (58,59,60,61,62,63). As such noradrenaline is involved in
anticipatory and other cognitive functions, as well as with functions related to motivation,
reinforcement and reward. It is of interest to note that the central noradrenergic system is
also involved in the regulation of the prefrontal cortex in a more direct way. This
implicates a far-reaching role for the noradrenergic system in the control of the
behavioural functions as the prefrontal cortex is known to be involved with most of the
higher cognitive functions such as the elaboration of thought. Dysregulation or
impairment of the functional integrity of the prefrontal cortex has in the past been
associated with behavioural problems such as augmentation of working memory and
attention regulation, behavioural inhibition, schizophrenia-like symptoms and attention-
deficit/hyperactivity disorder symptomatology (64). Some of these abnormalities are also.
connected to CNA/SAM-system dysfunction. Pharmacological intervention studies, by
means of agonists and antagonists, indicate a favourable effect for noradrenaline on the
prefrontal cortex when acting on presynaptic alpha-2-adrenoreceptors, and a detrimental
effect when acting on alpha-1-adrenoceptors. It is further suggested that the prefrontal
cortex needs the noradrenergic input for optimal functional integrity, but that excessively
high levels of adrenergic activity, as with severe emotional stress, may suppress its
activity and allow subcortical structures to take over the regulation of the required
behavioural responses at a faster rate (64). One could perhaps hypothesise that this

biphasic effect might be related to the well-known enhancement of cognitive abilities
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seen with moderate increases in central noradrenergic activity as opposed to attention

fixation with excessively high noradrenergic activity.

Two other important connections between the locus coeruleus-noradrenergic system and
other cerebral areas are that with the amygdala and with the hippocampus. The link with
the amygdala is important for information retrieval and emotional analysis pertaining to a
stimulus (65,66,67). A very intricate neuroanatomical interaction exists between the
hippocampus and the central noradrenergic system. This is further complicated by the
fact that central noradrenaline can exert its effects on the hippocampus through
presynaptic alpha-2-autoreceptors, through postsynaptic alpha-1-adrenoceptors, as well as
through beta-adrenoceptors, and is therefore able to inhibit, to stimulate or to facilitate
hippocampal neuronal activity (68). Bidirectional influences between the central
noradrenergic and central serotonergic neurons have been identified and both neural
systems are involved in similar hippocampus-related cognitive and affective functions

(68). Their effects, as seen later, may however, often be of an opposing nature.

A connection of major importance with regard to the interaction between the behavioural
and the physiological functions is that between the central noradrenergic system and the
paraventricular nucleus. The connection comprises a positive, reverberatory feedback
loop of activation between the central corticotrophin-releasing neurons and the locus
coeruleus noradrenergic neurons and thus between the CNA/SAM-axis and the corticopin
releasing hormone/ hypothalamo-pituitary-adrenal axis (CRH/HPA) (55). It is often,
through this positive feedback association, that many of the behavioural phenomena find
expression. This multi-faceted interaction is, however, a further confounding factor in
identifying the primary neurological impairment of related behavioural dysregulations.

More about that later in this chapter.

Undeniable evidence exists for the role of the noradrenergic system in learning (69).
However, it is as yet not possible to define its exact role in learning behaviour. This
despite a vast amount of work on the role of the CNA/SAM-axis in processing and

integration of sensory and motor information. In view of the multiple influences of the
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noradrenergic system on the rest of the central nervous system, including those on the
amygdala, hippocampus and cortex, it is obvious that the CNA system must have at least
strong indirect effects on learning behaviour. The connections between the CNA system,
the amygdala and the hippocampus were referred to earlier in this chapter. The amygdala
and hippocampus are known to be important for implicit, as well as explicit emotional
memory, respectively. Strong evidence for noradrenergic involvement in learning and
information retention in humans comes from pharmacological experiments and clinical
studies where drugs with pro-catecholaminergic actions were shown to enhance learning
and retention, and drugs with the opposite effect, seemed to impair such processes (69).
An interesting observation is that destruction of the locus coeruleus does not seem to
have a major impact on the learning process (23). The involvement of the CNA system in
neonatal learning has also been shown in a study where the system would appear to be

essential for recognition through preferred tactile and odour identification (70).

Another interesting observation is the fact that peripheral adrenaline, secreted from the
adrenal medulla in conditions of stress, is said to have a positive influence on memory,
and by implication, on the learning process (71). A pathway by which peripherally
secreted adrenaline in response to stress may exert its central nervous system influence is
suggested in Figure 3.3. In this pathway circulating adrenaline is said to have an effect on
the vagus nerve, which would influence the nucleus tractus solitarius (NTS), which then,
in turn, would stimulate the noradrenergic neurons of the locus coeruleus, which have

widespread connections with the amydala and hippocampus - two structures intimately

associated with learning and memory.
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Figure 3.3: The influence of stress-induced peripheral adrenaline secretion on
learning [Figure 3.3 shows how an emotional stimulus will activate the sympathetic nervous system, that
in turn will increase adrenaline release. Adrenaline, through its effect on the vagus nerve, would lead to
activation of the noradrenergic system of the locus coeruleus, which would facilitate the learning processes
by the amygdala and hippocampus.] Adapted from (71).
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In humans, in contrast to animals, it is possible to define the psychoneurological
interactions in terms of more specific aspects of the behavioural functions. Unfortunately,
research on this psychoneurological interaction in man, as for animal research, is focused
largely on the interaction under adverse conditions, or in individuals with some or other
psychological imbalance. Learning and sometimes personality, constitute two of the few
behavioural phenomena studied in relation to the CNA/SAM-axis system that do not
pertain to adverse environmental or psychosocial conditions, or do not involve a

dysregulation of some or other psychological function.

It is fairly predictable that researchers should have tried to find a correlation between
personality and the noradrenergic system. This is especially true where the Type A
behavioural pattern is concerned, which, according to Friedman and Rosenman (72),

conforms to the following:

o reliable components : loud voice, quick speech, enhanced psychomotor activity,
tension of facial muscles

o attitudes and emotions : hostility, impatience, anger, aggressiveness

0 motivational aspects : achievement motivation, competitiveness, leaning towards
success and ambition

o evident or open behaviour: hyperactivity, alertness, celerity, work involvement

O cognitive aspects: control and attributional style

The above behavioural characteristics of the Type A person, in combination with the
association of high blood pressure in this type of personality, would in itself be
suggestive of high central and peripheral noradrenergic activity. This association is
supported by a significant number of publications. There are, indeed, strong indications to
suspect Type A personalities to have fast-activation-slow-recovery type psychological
profiles (73). Of interest is the fact that this type of personality would appear to display
the noradrenergic hyperactivity, as evidenced by cardiovascular and neurohormonal

traits, during stress, as well as under basal conditions (74). It is possible that this may
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contribute to the epidemiological findings of increased coronary risk. As mentioned
earlier, examples of behavioural states associated with augmented noradrenergic activity
include augmented vigilance, concentration ability, anger, aggression, irritability,
restlessness, fear, anxiety, anticipation, certain perceptions and many - others. The
involvement of the adrenergic system in such behavioural states is confirmed by
intravenous infusion of catecholamines and by symptoms seen in patients with tumours
of the adrenal medulla. An increase in the activity of the CNA system, with concomitant
hyperactivity in the peripheral sympathetic system (SAM-axis), has indeed been shown to
occur in normal, healthy individuals in any situation where substantial emotional
activation is present. Aggression is one of the emotions most often associated with
noradrenergic function. Most of the evidence for a CNA/SAM-axis role in aggression is
derived from peripheral catecholamine shifts. A change in the circulating noradrenaline:
adrenaline (NA:A) ratio is a characteristic often seen in aggression, but may be found in
many other states of emotion. One could with a fair amount of certainty say that a
reduced NA:A ratio would probably refer to a greater HPA-axis involvement in an
emotion as the stimulatory effect of the axis on adrenomedullary enzymes is a well-
established fact. It is said that the "fight" sympathetic response, or active aggressive
emotional display, is primarily associated with an increase in the NA:A ratio, and the
"flight" or tense/passive/apprehensive emotional display of the fight-or-flight reaction,
with a decrease in the NA:A ratio. The above assumption is supported by the findings of
higher urinary noradrenaline levels in persons who are chronically irritable, resentful and
angry, while a more significant increase in urinary adrenaline is said to be seen with
generalised fearfulness and doubt (75). This may, again point toward an HPA-axis
involvement as mentioned in the chapier dealing with the psychoimmunological
interaction. Further support for a role of the noradrenergic system in aggression is derived
from the aggression seen in normal animals treated with some drugs used to augment
noradrenergic activity in depressive humans (76). Extrapolations to therapeutic

implications are self-evident.

Temperament-related behaviours such as inhibition or aggression are known to be related

to early childhood biological responses to social adversities. Based on results from a
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sizeable number of investigators it is suggested (77) that autonomic reactivity in the so-
called easy child is likely to be characterized by a high stimulus threshold and a quick
return to baseline values (strong dampening). The difficult child, in contrast, is said to
have a low autonomic threshold, slow return to baseline levels and a high predisposition
for re-activation upon repeated stimulation (77). The individual contributions of the
CNA/SAM-axis and the cholinergic system, respectively, to the altered autonomic
balance are not clear. It is also not clear whether this psychobiological contrast between
the easy and difficult child is to be ascribed to genetic differences or to early psychosocial
preconditioning. The " answer is probably to both. Similar presensitisation of the
noradrenergic system to the combat-related stress syndrome has been described earlier in

this chapter.

Most of the behavioural symptoms described in the last couple of paragraphs occurred in
normal healthy individuals in reaction to the context of the situation, where the associated
enhanced noradrenergic activity occurred as an acute change from baseline levels. It is,
however, clear that the CNA/SAM-axis may very well be involved in a number of
behavioural disturbances. The best substantiated indications for an association between
noradrenaline and behavioural disorders are those pertaining to the fear and anxiety
related disorders. Evidence supporting, as well as evidence refuting such a virtual
relationship can be seen in Table 3.2, as adapted from recent reviews (4,9). References to

the original authors can be found in the articles (4,9).

Table 3.2: Evidence for and against the involvement of the CNA/SAM-axis in fear

and anxiety-related disorders (4, 9).

Disorder Supportive vs non-supportive
publications
1. Panic disorder
Increased resting heart rate 5vs4
Increased resting blood pressure 1vs3

Increased resting heart rate in panic-prone patients lvsl



Increased heart rate response to orthostatic challenge
Increased heart rate during panic attacks

Increased blood pressure during panic attacks
Increased plasma noradrenaline

Increased plasma adrenaline

Increased  resting  urinary  adrenaline  and
noradrenaline

Increased plasma MHPG at baseline

Increased plasma MHPG during panic attacks
Decrease in lymphocyte -adrenergic binding sites
Decrease in basal activity of cAMP

Decreased platelet alpha; binding sites (Bmax) for
clonidine

Decreased platelet alpha, binding sites (Bmax) for
yohimbine

Decreased platelet alpha, receptor affinity (Kp) for
clonidine

Decreased platelet alpha, receptor affinity (Kp) for
yohimbine

Decreased platelet alpha; (Bmax) and (Kp) for [’H]
rauwolscine

Reduction in panic anxiety with clonidine

Blunted growth hormone response to clonidine

Increased plasma MHPG with yohimbine

Posttraumatic stress disorder

Increased resting heart rate

Increased heart rate and blood pressure response to
traumatic slides and sounds

Increased heart rate and blood pressure response to

traumatic scripts

Ovs3

1vsO
6vs2
2vs2
1vs5S
2vs0
2vs1

1vs2
1vsO

1vsO
1vsl

3vs2

Ovsl

1vsO

Ovsl

4vsl

4vso
5vs0

5vsS
SvsO

4vs0
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Increased resting urinary noradrenaline

Increased resting plasma noradrenaline

Increased plasma noradrenaline in response to
traumatic reminders

Increased plasma adrenaline in response to traumatic
reminders

Increased startle reaction

Decreased binding to platelet alpha; receptors
Decrease in activity of cAMP

Decrease in platelet monoamine oxidase activity
Increase in PTSD and plasma MHPG with yohimbine

Differential effect of yohimbine on brain metabolism

Generalised anxiety disorder

Increased plasma noradrenaline

Increased plasma adrenaline

Increased plasma MHPG

Increased monoamine oxidase activity

Decreased platelet alpha, adrenergic binding sites
Blunted growth hormone response to clonidine

Behavioural and biological responses to yohimbine

Phobic disorders

Increases in heart rate, blood pressure, plasma,
noradrenaline and adrenaline with phobic stimulus in
simple phobia

Increased plasma noradrenaline in social phobia
Blunted growth hormone reponse to clonidine in

social phobia

2vs?2
Ovs1
1vsO

1vsO

lvsl
1vsO
1vs O
1vs O
1vs O
1vs O

3vsl
2vs0
2vs0
1vsO
1vsl
1vsO
Ovsl

1vsO

1vsO
1vsO
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5,  Obsessive-compulsive disorders

Increased plasma noradrenaline 1vsO
Increased plasma MHPG lvsl
Blunted growth hormone response to clonidine lvs3

MHPG = 3-methoxy-4-hydroxyphenylglycol

The results from the studies referred to in table 3.2 almost uniformly support the
assumption of increased noradrenergic activity during the attacks of patients suffering
from panic disorders. Controversies still exist with regard 1o baseline activity, with some
workers reporting raised levels, and others contradicting it. An increase in cerebral
responsiveness is suggested, possibly involving alpha-2 receptor dysregulation. Similar
results were found in the posttraumatic stress syndrome - again implicating alpha-2-
receptor functional alterations. Indications from studies in patients with the generalised
anxiety disorder also implicate the noradrenergic system, but it is unlikely that
dysregulation of the central alpha-2-adrenoceptor be a major factor in the behavioural
dysfunctioning. Although baseline catecholamine and catecholamine metabolite (MHPG)
levels were seen to be augmented in phobic and obsessive-compulsive disorders, no
conclusive results could be obtained by means of receptor agonist or antagonist studies. It
is thus unlikely that the central noradrenergic system should represent the primary
neurological impairment in either phobic or obsessive-compulsive disorders. The reason
that the CNA/SAM-axis would appear to be strongly implicated as a primary contributor
in panic and posttraumatic disorders, in contrast to that in the others, is suggested to be

related to their direct pertainment to the stress response (9).

Examples of other associations between the CNA/SAM-axis and some defined

behavioural functions and disorders in humans can be seen in Table 3.3.



Table 3.3: Examples of behavioural characteristics and psychiatric disorders

associated with variations in noradrenergic activity.
Characteristic/disorders Reference

Stress 78,4,9
Link between central noradrenergic sympatho-adrenomedullary

outflow and stress is an established fact (see text for further discussion)

Cognition 79
Noradrenaline influences cognitive function through both alpha-1 and

alpha-2 adrenoceptors

Sensation-seeking 80
Possible association between noradrenergic dysregulation and

sensation-seeking in youths with behavioural problems

Reward dependence 81

Hypophysis that reward-dependent traits are partially determined by

central noradrenaline

Pathological gambling 82

A role is suggested for the central noradrenergic system as mediator of

the selective attention trait of pathological gambling

Substance abuse 83
Possible link between dopaminergic/noradrenergic dysfunction and

substance abuse as well as antisocial behaviour

Alcohol dependence

Changes in the levels of neurotransmitters such as NA 84
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The positive effect of alcohol on mood perhaps partially mediated
through noradrenaline while 5-HT mediates some of the negative mood

effects

Aggression
Catecholamines implicated as one of the neurotransmitters involved in
the induction and enhancement of predatory aggression as well as in the

control of affective aggression

Impulsive aggressive behaviour: NA may be one of the many

contributing interacting factors

Type A personality

Chronic sympathetic activation

Borderline personality disorder (BPD)
The hypersensitivity in personal relationships, as an expression of

BPD hyper-reactivity, is probably a noradrenaline-mediated mechanism

Suicidal behaviour
Failure of behavioural restraint as a result of changes in the locus

coeruleus noradrenergic neurons

Eating disorders
Reduced noradrenergic activity probably caused by starvation or

intermittent dieting and not vice versa

Impulse-control disorders

Possible contribution to symptoms by abnormal NA-neurotransmission

85

86

74

89
90

91
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Conduct disorder

Possible decreased NA-functioning (4 production)

Attention-deficit hyperactivity disorder
! adrenaline and | noradrenaline in attention-deficit hyperactivity

disorder

A multistage hypothesis as an update on the catecholamine hypothesis

Tourette's disorder
Above normal NA-activity implicated by the effects of alpha-
adrenergic agonists. May, however, merely reflect an indirect effect on

dopaminergic activity

Paraphilias in males

Monoamine hypothesis for paraphilias

Fear and anxiety-related disorders

Extensive evidence for noradrenergic hyperactivity and alpha-2-
adrenoceptor dysfunction.

Increased firing of locus coeruleus neurons associated with behavioural

manifestations of fear

Anxiety disorders

Strong association between high NA-activity and anxiety.
Dysregulation of the central NA-system with periodic activity bursts
(General theory)
Possible subsensitivity of alpha-2 receptors in anxiety disorders
Proposed anatomical basis of anxiety and network of related brain
regions involved in the genesis of anxious behaviour

Maladaptive reponses to stress in both the HPA-axis and

SAM-axis (Review)
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86 (p1072)

86 (p1064)

93

80

94

See Table 3.2

4,9

86 (p576,612)

95

96



Post-traumatic stress disorder (PTSD)
Hyperactivity of at least the noradrenergic system
Two different subgroups of PTSD; one with a sensitized NA-system,

the other with a sensitised serotonergic system

Panic disorders

Increased sympathetic tone and central NA-activity implicated as
contributing factors

A functional neuro-anatomical/neurochemical model

Increased NA-reponsiveness in panic disorder without changes in

baseline NA-function

Phobias
Adrenergic theory for social phobias - augmented secretion of central

and peripheral NA and A and hypersensitivity to NA-stimulation

Depression

Interaction between NA and serotonin a confounding factor in defining
the exact role in mood disorders. The biogenic amine hypothesis: Mood
disorders associated with heterogeneous dysregulation of biogenic
amines such as NA.

Decrease in central NA-activity, perhaps as a result of excessive alpha-
2 receptor activation. NA activity varies depending on type, severity
and phase.

Higher sympatho-adrenal activity in major but not in minor depression.
NA-activity related to HPA-axis activity.

The adrenergic-cholinergic imbalance hypothesis.
Serotonin-noradrenaline link hypothesis of affective disorders: a
receptor-receptor interaction

Sympathetic nervous system activity is augmented in major depression

86 (p607)
97

86 (p583)

o8
9 and 4

86 (p594)

86 (p139)

99

100
101

102
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(Prolonged administration of desipramine leads to alpha-2
desensitisation and tricyclic antidepressants to reduced NA clearance)

' Depressed patients, especially melancholic and unipolar, excrete above
normal amounts of NA and demonstrate subnormal biochemical and
neuroendocrine responses to alpha-2 adrenergic agonists

Stronger link suggested between depressed states and adrenomedullary
activation than depression and sympathetic system. This for unipolar as
well as bipolar states

Hypothesis that stress-induced activity in the HPA-axis may be the
cause of the abnormal noradrenergic activity of depression

Decrease in the NA transporter (NET) in the locus coeruleus neurons
implicated in major depression

Results with non-psychotic major depressive disorder subjects indicate
the HPA abnormality to be related to alpha-2 adrenoceptor dysfunction
Clinical improvement of melancholic/psychotic depressive illness after
ECT-induced lowering of plasma noradrenaline

Abnormalities of alpha-2 and beta adrenoceptors in

depression

Schizophrenia

Evidence from literature points towards an increase in the central
noradrenergic activity and perhaps an alpha-2 receptor dysregulation,
depending on severity and stage of affliction. In summary a) it is
questionable whether NA alterations are primary to schizophrenia, b)
abnormal NA-,metabolism of NA-response to stress may however be
implicated in some patients and c) NA is without doubt involved in the

modulation of dopamine (see dopamine hypothesis of schizophrenia)

Hypothesis of multiple neurotransmitters involving complex circuitries.

(Implicating a role for the NA-system)

103

104

105

106

107

108

109

86 (p464)

110

331
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Alzheimer’s disease

Decrease in noradrenergic activity and decreased number of 80 (p346)
noradrenergic neurons in locus coeruleus

Loss of NA neurons contributes to the development of the non- 111

cognitive behavioural impairments of Alzheimer's disease
NA = Noradrenaline; 5-HT = 5-hydroxytryptamine (serotonin)

It is by now generally accepted that a dysregulation of the noradrenergic system is
involved in the pathogenesis of mood disorders. Several references to this effect can be
seen in Table 3.3. Patients with depressive disorders, especially melancholic unipolar
subjects, are known to have higher levels of circulating noradrenaline levels than normal
and to excrete greater amounts of catecholamine metabolites through their kidneys.
Subsensitivity of the alpha-2 adrenoceptors is presumed to be involved in the exaggerated
noradrenergic response to environmental and psychosocial stimuli. However,
noradrenergic dysfunction is unlikely to be the sole, or perhaps even the major,
neurological impairment in mood disorders. This statement may very well be debatable as
results from studies on the alpha-2 and beta-adrenoceptors seem to indicate a central role
for the central noradrenergic (CNA) system in depression. A variety of other
neurohormonal disturbances have, however, also been implicated in depression. Of
special interest, with regard to the mood disorders, are the findings of co-existing
dysregulations in the CNA/SAM-axis with that in other neurohormonal systems. Some of
them are referred to in Table 3.3, and a few examples of such coupled dysregulations will

briefly be discussed in the following paragraphs.

o Concomitant dysregulation in both the CNA/SAM-axis and the CRH/HPA-axis is
said to occur in severe depression (99). This is a major confounding factor in the
search for the primary causative factor. In view of the reverberating positive feedback
loop known to exist between the two axes, the primary disturbance may be either a) a
disturbance in a common denominator to both axes, b) high sympatho-adrenal (SAM)

tone as a result of sustained stimulation by glucocorticoids and/or opioids, i.e.,
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augmented SAM-axis activity secondary to high HPA-axis activity, or ¢) a primary
noradrenergic hyperactivity with a resultant secondary hyperactivity in the
CRH/HPA-axis, due to the positive feedback interrelationship between the two
systems (99). A simultaneous dysregulation in the two axes could, whatever the
primary disturbance, lead to the exacerbation of a number of their respective
behavioural effects and may, depending on the magnitude and equilibrium shift of the
response, have other far reaching psychological effects. This in view of the similarity,
and subtle, yet important, differences in their behavioural effects. It is important to
note that simultaneous hyperactivation of the noradrenergic and HPA-axes is in no
way limited to mood disorders. The stress-induced co-activation of the two systems is
well known, but co-activation in other conditions or situations, such as anxiety-related
disorders (112), panic- related disorders (96) and the Type A personality pattern (74),
has also been reported. It might very well be that the co-activation represents a mere
reflection of the activation of the generalised stress response.

Another co-existing neurohormonal disturbance involving the central noradrenergic
system that has been implicated in the mood disorders is that with the central
serotonergic system. Approaches to this interrelationship differ, but the
neuroanatomical interconnections and functional bidirectional influences between the
two systems had already been described more than twenty years ago (113). The
original Serotonin/Noradrenaline Link Hypothesis of Affective Disorders (114), has,
however, been revised, and more recent evidence (115) indicates the serotonin-
noradrenaline interaction to be a receptor-receptor interaction which involves
alteration in the adrenergic beta-receptor density and second messenger activity. The
Serotonin/Noradrenaline Link Hypothesis of Affective Disorders implicatés the multi-
component beta-adrenoceptor system to be an integrative/amplification/adaptation
system for behavioural functions such as mood, sleep, arousal and pain perception, as
well as for neuroendocrine and autonomic regulation. As such this system is
suggested to serve an adaptational function against excessive semsory input.

Dysregulation of the system is then hypothesised to predispose to depressive

disorders (115).



3.34

o The coupled noradrenaline-serotonin dysregulation hypothesis as cause of mood
abnormalities has also been implicated in various other approaches (105,114). We
shortly refer to the implied role of the noradrenergic-serotonergic system as seen by
supporters of the plea for a simpler classification model for psychiatric disorders
According to this approach it is reasoned that the majority of common psychiatric
disorders, excluding psychotic illnesses, are based on two major symptom
dimensions, that is, depression-related symptoms and anxiety-related symptoms
(116). This in view of the ideology that a simpler model of psychological illness
would facilitate our integrative understanding of the subject. Overlapping of
symptoms is said to occur as a result of the presence of social factors associated with
each symptom dimension and to the fact that depression and anxiety, two reciprocally
related phenomena, both relate to reward and punishment, respectively. Functional
alterations in the central noradrenergic and central serotonergic systems are in turn
implicated in the aetiology for both the symptom dimensions, i.e., depression and
anxiety. A biosocial model for common mental disorders, based on this two-sided
biological approach, and with further refinement based on three social factors, i.e.,
vulnerability, destabilisation and restitution, is suggested (116). Should this biosocial
view of behavioural dysfunctioning be correct, the noradrenergic-serdtonergic
interaction would be a major biological factor in the majority of behavioural
disturbances. As in the case of the CNA/SAM-CRH/HPA-axes interrelated
dysregulation, the noradrenergic-serotonin coexisting dysregulation has also been
implicated in several other psychiatric disorders, including the impulse-control
disorders (92), alcohol-related changes in behaviour (85), the generalised anxiety
disorder (96) and many more.

0 A concomitant cholinergic-adrenergic shift is described in the adrenergic—cholinergic
imbalance hypothesis of depression where the cholinergic—adrenergic balance is said
to be involved in the regulation of drive and mood (100) .The hypothesis is derived
from the integration of the knowledge on noradrenergic activity in mood disorders,
the observation of depressiogenic and antimanic properties of cholinomimetics, and
the acute euphoriant effects of anticholinergic agents. The idea of a co-operative

connection or influence between the sympathetic and cholinergic systems with regard
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to the behavioural functions is also being considered by others and a concept of
synergism of sympathetic and parasympathetic activity has been described (117).

O Various other types of neurohormonal shifts, coexisting with alterations in the
CNA/SAM-axis, have been reported for a fairly wide spectrum of behavioural
disturbances. Systems or substances in which a disturbance, co-existing with that in
the central noradrenergic system, are known to occur, include gamma-aminobutyric
acid, endogenous opioid peptides, serotonin, glutamine, thyronergic substances,
neurohormonal substances belonging to the hypothalamo-pituitary-adrenomedullary

(HPA) axis, as well as a number of other neuropeptides (84,96,110,107).

As bidirectional regulatory influences seem to exist between the CNA/SAM-axis and the
majority of neurohormonal systems, it is not surprising to find changes in other
neurohormonal factors or systems co-existing with that in the CNA/SAM-axis. It is
important to note that the so-called neuropeptides also play an important regulatory role
in both the central noradrenergic (CNA) and the peripheral sympatho-adrenomedullary
(SAM) systems (118).

Another phenomenon that should perhaps be mentioned is the apparent association
between the peripheral part of the CNA/SAM-axis and the behavioural functions, i.e., the
proposed influence of sympatho-adrenomedullary (SAM) secretory activity on the
psychological make-up. Despite the assumption that catecholamines cannot readily cross
the blood-brain barrier, central behavioural effects have been reported in the presence of

high circulating adrenaline levels. Published examples of this observation include

o Indications from experimental work show that drugs that affect peripheral, rather
than central catecholamine levels will attenuate memory retention. An example of
this was referred to earlier in this chapter.

o The reported importance of adrenomedullary activity in the symptoms of both
mixed and pure mania (119).

0 The increase in the circulating adrenaline:noradrenaline (A:NA) ratio in unipolar

depression, which points towards a strong adreno-medullary involvement (99).
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a The emotional effects, sometimes mimicking psychogenic anxiety attacks, seen in
patients with adrenomedullary tumours (120).
o The psychological effects of catecholamine infusion into the peripheral circulation

(71).

Several possible explanations can be volunteered in an attempt to explain the above-
mentioned association between the behavioural functions and conditions where the major
disturbance appears to be peripheral, rather than central. Due to the influence of the locus
coeruleus on sympathetic outflow, as well as the dependence of the adrenal medulla on
stimulation by preganglionic sympathetic fibres, it would be absurd to interpret a mere
increase in circulating adrenaline (A) and noradrenaline (NA), without A:NA-ratio
alterations, as an indication of adrenomedullary involvement in the behavioural functions.
An explanation for the changed ratio may possibly be the augmentation of
adrenomedullary function secondary to the secretory activity of the adrenal cortex. This
in view of the commonly known role of the adrenocortical hormones in changing the
A:NA ratio of the circulating catecholamine pool and vice versa (121). However, the
most feasible explanation would seem to be the alteration of central noradrenergic
function through an indirect effect of circulating adrenaline. This could be accomplished

by circulating adrenomedullary derived adrenaline, influencing the transmission along
vagal afferents to the tractus solitarius, which in turn could activate the locus coeruleus ,
giving rise to the CNA-induced changes in behaviour. A schematic presentation of this

was given earlier in this chapter (Figure 3.3).

The coexistence of disturbances in more than one neurohormonal system just described
stresses the fact that any hypothesis trying to describe a behavioural syndrome as a too-
little or a too-much of one specific neurotransmitter is bound to be incomplete. This
statement, especially with regard to the CNA/SAM-axis, is substantiated by the multiple
anatomical-physiological interactions between the noradrenergic and  other
neurotransmitter/ neurohormonal systems. It would appear that one could at best arrive at
a decision on the type of neurohormonal shift typical for a specific behavioural

disturbance or, in some instances, at a decision on the primary disturbance. In view of the
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widespread connections of the noradrenergic system, as well as the adrenoceptor
alteration repeatedly shown in association with variations in behavioural functions, one
cannot summarily rule out the possibility of a disturbance in this system as the primary
factor in a number of psychological disturbances. It is, however, unlikely that diagnoses,
based on such potential neurohormonally-defined patterns, would be possible without
considering the psychosocial environment as well as the perception, self-efficacy and
coping characteristics of the individual. But then again it should be remembered that

coping and self-efficacy influence and are influenced by CNA structure and function.

3.3 The bidirectional interactions between psychological functions and the

CNA/SAM-axis

It is not always easy to distinguish between cause and effect with regard to the
psychoneurological interaction. It is likely that the interaction may be of a continuously
reverberating nature, rather than a simple bidirectional interaction. For this reason no
distinction was made in the previous two divisions of this chapter between the CNA’s
effect on the mind or the mind’s effect on the CNA. It is, however, now indisputable and
well documented that the physiological-anatomical integrity of the brain can be a
determinant of mind and that the mind can affect the body in a variety of ways. This is
especially true in the case of the CNA/SAM-axis where the fight or flight reaction occurs
in response to cognitive or emotional arousal as discussed earlier in the chapter. The
effects of both acute and chronic stress can further influence the CNA/SAM-axis in ways
that could, in turn, influence the psychological disposition and even cause or predispose

the individual to psychological disorders by changing the structural characteristics.

The decision between cause or effect is less problematic in some cases — especially in
situations where deliberate psychological therapeutic interventions are employed in order
to bring about physiological and other somatic effects. Examples of what can perhaps be
seen as primarily mind-on-body influences are the results obtained by a number of
biofeedback interventions, the practice Qf certain Eastern philosophies, the effects of

suggestions made under surgical anesthesia, the effects of hypnosis and possibly that of
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cultural healing and psychotherapy. In general terms volumes can be written about the
influence of mind-over-body. Linking the impact of psychological factors to specific
neural mechanisms is however a different matter altogether. Examples of some of the
above in terms of the CNA/SAM-axis are discussed in a writing by Rossi (122), as
summarised in the following paragraph. The reader is referred to his writing for the

references to the original publications on which the examples in this paragraph are based.

Examples of the CNA/SAM-axis modulation by the mind, discussed by Rossi (122),
include phenomena like hypnosis, unconscious learning during surgical anesthesia,
coping, and some of the effects derived from practices based on Eastern philosophies.
Rossi sees hypnosis as a prime example of the influence of mind-over-body. Many of the
effects of therapeutic hypnosis are said to be secondary to sympathetically induced blood
flow alterations. Control of sympathetic system-induced circulatory control by the mind
is already known to form the basis of a variety of biofeedback therapies. Effects thus
obtained through hypnosis include the curing of headaches, the control of blushing, breast
enlargement, amelioration of bruises, induction of sexual arousal and erection, curing of
warts and dermatitis, production of inflammatory reactions, amelioration of congenital
ichthyosis, as well as the control of the alarm response, hypertension, Raynaud's disease,
coagulation and the immune response. The second type of examples of physiological-
modulation, i.e., noradrenergic system-modulation by the mind, discussed by Rossi, is
unconscious learning during surgical anesthesia. This is reported to influence the
outcome of the surgical procedure as well as the postoperative recovery. This in response
to suggestions made while under the influence of anesthesia and augmented by peripheral
administration of adrenaline. Coping under stress is yet another example described in
association with the CNA/SAM-axis. Coping, where stress is seen as a challenge, in
contrast to non-coping where stress is seen as a threat, is said to be characterised by
activation of predominantly the CNA system, while the central activation of both stress
axes is said to occur during non-coping. This noradrenergic dominance during coping
may perhaps be extrapolated to motivation as the differentiation of the response to stress

into the perception of challenge or threat corresponds to Selye’s description of eustress

and distress, as well as to Abraham Maslow's deprivation motivation as opposed to stress
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motivation. The relationship between CNA/SAM-axis activation and coping just
mentioned seems illogical in view of the degree of emotional arousal expected. A perhaps
more acceptable relationship between coping and noradrenergic activity was reported by
Albert Bandura (123) in patients experiencing some kind of phobia where an inverse
relationship is said to exist between the sense of coping (sense of self-efficacy) and the

catecholamine levels.

Another mind-over-body effect, which involves the noradrenergic system, is the control
of consciousness by means of the practises associated with Eastern philosophies. Many
examples exist, some of them generally known and others beyond the common
knowledge of the average Westerner. They would not be discussed at this point. Enough

to say that a link was shown between such practices and central noradrenergic activity.

The examples of the influence of the mind over the CNA/SAM-axis thus far mentioned,
are just some of a number of generally well known phenomena. Perhaps lesser known or
accepted is the fact that behaviour or psychological reactivity in response to perceptions
can have a more permanent impact on, not only cerebral function but also cerebral
structure. Some such examples were previously shown under the results from animal

experimentation.

The next couple of paragraphs are intended to show that the higher neurological centers
are a) more than the hardware where environmental and psychosocial demands are
recognised, b) more than the sites from where appropriate or inappropriate behavioural
reponses are initiated, c) and more than the structures which, in the presence of functional
or structural abnormalities, can give rise to alteration in psychological functionality. It is
meant to show that the neural structures are, in fact, also the target organs of perceptions
with regard to novel or stressful environmental and psychosocial situations or influences.
As such the psychological make-up and experiences would serve as response modifiers of
cerebral structure and function. It is suggested that such modifications may then, if
successful, form the basis for psychological adaptation or, in the case of maladaptation,

for presensitisation to future behavioural disturbances. The discussion, in accordance
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with the intent of this chapter, is confined to facts pertaining to the CNA/SAM-axis and
the magnitude and depth thereof limited in conformance to the aim of the chapter, that is,
to provide the necessary evidence in support of a bidirectional psychoneurological

interaction in terms of the CNA/SAM-axis.

The old argument of nurture versus nature is well known. Under this misconception of
posing the one against the other, it was argued that behaviour is determined either by
environmental factors, by genetic factors, or by a combination of the two. This type of
reasoning was based on the believe that gene expression is autonomous and that the
effects of psychological influences on the neurological system are independent of the
genome. The realization that the brain can adapt to environmental and psychosocial
influences by changing the variable expression of genes (124), brings about a dramatic
change in our perspective with regard to behaviour. By taking the potential effect of
hormones and neurological transmitters on the genetic variability into account, it
becomes obvious that psychologically-induced changes in the neurohormonal profile of
an individual can lead to a type of remodeling of neural structure and function, which in
itself would have an influence on behaviour. Such neural alterations may either be
transient or permanent. It has indeed become conceivable how environmental conditions,
as well as internal conditions such as stress, fear, anxiety, trauma, happiness,
contentment, or even just the perception of psychosocial conditions, can lead to a shift in

behavioural disposition - ranging from adaptation to the stressor, to presensitisation to a
stressor, to neurotransmitter imbalances, to psychological disorders and even to neuronal

atrophy. One could surmise that the primary aim of such an adaptational capacity would

be situated in the psychological development of the individual.

Modification of the neural structures by internal and external environmental influences is
nothing new and forms part of the early developmental, as well as of all postnatal
learning processes. It is highly likely that such modifications occur throughout the
individual's normal life span. Examples of this were given in Table 3.1, where the
destructive nature of uncontrollable stress, as well as the developmentally advantageous

effects of controllable stress were presented. The suggested cellular and sub cellular
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mechanisms through which the noradrenergic system contributes to this implied neural
plasticity is beyond the aim of this writing, but can be found in a recent text (125), that
deals, amongst others, with the role of the adrenergic system in central and peripheral
plasticity, in genetic diseases, as well as with potential gene therapy. Some interesting
findings are discussed where behaviour is used to analyse the role of the various
aminergic receptors. Most of the experimental evidence discussed were, however, derived

from work on lower invertebrata.

Evidence derived from higher vertebrata and from man is available to support the validity
of the results from lower invertebrata. It would appear that not only the neurons, but also
the central nervous system astrocytes and other structures are involved in the adaptational
modification of the noradrenergic system by the psychological experiences. It is also
known that noradrenergic activity in the brain has many effects over and above that of
membrane potential alterations. Such activities include the activation of second
messenger systems in post-synaptic neurons which in turn leads to metabolic alterations
and to changes in the responsiveness to incoming stimuli, effects on oncogene
expressions, astrocyte modification, blood-brain barrier permeability alterations and
more. The specific influences of noradrenergic activity on cerebral function and sfructure,
as well as the effects of sympathetic activation, are shown in Figure 3.3. Such changes
are often characterised by a considerable time lag between stimulation and the actual
alterations. As such they are postulated to be involved in, or to act as trigger mechanisms

for long term adaptive modifications (126). Examples of such non-transmitter functions

and modifications of the CNA in response to stressors include

0 the noradrenaline/c-AMP-mediated release of glucose and lactate from astrocyte
glycogen stores (127) and the exacerbation of the process by stress (128) with
- subsequent attenuation by repeated exposure to the same stressor (129).
o synthesis and release of growth factors from astrocytes upon noradrenaline release
(130).
o the expression of oncogenes such as c-fos in neurons (131).

o the role of the central noradrenergic system in developmental cortical plasticity
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(132).

o the role of the central noradrenergic system in morphological plasticity and
recovery from cortical lesions (133).

o the structural changes in astrocytes upon stress-induced noradrenergic secretion
(135).

O transient acute stress-induced beta-adrenergic-mediated increases in cerebral
perfusion and energy consumption (136).

o prolonged (chronic) stress-induced decreases in cerebral blood flow (137).

o the apparently beta-adrenoceptor-mediated regional increases in blood-brain barrier

permeability (138,139) in response to stress.

Other examples of the psychosocial influence on the central noradrenergic structure and
function are available. Certain emotional influences on the CNA/SAM-axis that are of
significance to the dissertation as a whole, are those that are in turn involved in the
development of a sense of self-efficacy and coping. Although many neural networks are
probably involved, a role for the noradrenergic system is suspected — over and above the
reference to that effect on earlier pages. It is, however, virtually impossible to embark on
a reasonable discussion on the link between such psychological phenomena and the
biological alterations, in terms of either the possibility of psychological adaptation or
psychopathological development, without reference to the CRH/HPA system. The
discussion on such potential implications will therefore be deferred to Chapter 5, which

deals with the psychoneurological interactions in terms of the CRH/HPA-axis.

The previous paragraphs focused on the influence of the psyche on the CNA/SAM-axis.
The reversed influence, i.e., the role of the CNA/SAM-axis in the psychological
disposition, was discussed throughout the first two sections of this chapter. In
concordance with the aim of this chapter, as part of a minor subdivision of the study, an
in-depth discussion of any one aspect was avoided. The need for a detailed, meticulously
executed review of noradrenergic involvement across the spectrum of behavioural
functions and disorders has, however, become patently clear. What is, in fact, suggested

is a reversed perspective with the focus on one neurohormonal system across the
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psychological spectrum, rather than on all neurohormonal aspects of one psychological
disturbance. The results of such a study could have marked implications with regard to
the relatedness of various psychological phenomena and perhaps to diagnostic criteria.
An example of a possible unexpected relatedness may, for instance, be that between
impulse-control and bipolar disorders (92) where related CNA system alterations have

been shown.

In an attempt to understand the pervasiveness of the influence of the CNA/SAM-axis on
behaviour — and thus to see its importance in the psychoneuroimmunological interaction,

its behavioural and specific functions were summarised. This is presented as Figure 3.4.

Figure 3.4, i.e., the functions of the CNA-system and the peripheral SAM-system, is

inserted on the next page with the legend to Figure 3.4 following on the subsequent page.
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SPECIFIC FUNCTIONS OF THE CNA-SYSTEM.

Behavioural functions
Facilitation of predatory/attack behaviour
Enhanced anxiety-related behaviour
Improved acquisition and learning
Enhanced reactivity to stimulation
Augmented sensory information processing
Accelerated motor responses
Augmented vigilance & facilitation of arousal
Stimulation of the HPA-axis
Propagation and perpetuation of the stress response
Maintenance of non-spatial readiness to external clues
Augmentation of cognitive functions of prefrontal cortex
Regulation of eating behaviour
Involved in cerebral plasticity
Modulates the induction of hippocampal synaptic plasticity LATERAL TEGMENT AL“ '
Specific effects on neurons NORADRENALINE SYSTEM
Changes excitability and information processing
Increases signal-to-noise ratio
Enhances target selection
Role in lactation-induced synaptic plasticity
Modulates central thyronergic activity
Activates central second messenger systems
Alters protein phosphorylation
Alters metabolism & gene expression
Specific effects on astrocytes
Activation of second messenger systems Piloerec

. . . fiperector
Alters protein phosphorylation and glycogen metabolism musnie
Alters gene expression .
General physiological and anatomical effects E
Modulation of forebrain electroencephalographic activity -
Increases cerebral blood flow and metabolism Sweat
Increases blood-brain barrier permeability glard
Facilitation of cerebral structural organization

SPECIFIC FUNCTIONS OF THE SAM-AXIS

Adipose tissue-—---lipolysis ( B-AR)

Adrenal medulla---secretion of catecholamines

Eye----memememeenees contraction radial muscle (o-AR) .
relaxation ciliary muscle (B-AR) L F

Gall bladder---------- relaxation (B-AR) £

n  Adrenal
, meaulia

e Yidney
reter

Heart------------------ increased cardiac output (B-AR)

Hair follicle---------- contraction (a-AR)

Kidney--------=-=----- increased blood pressure (o./B-AR)

Lacrimal glands----increased secretion (a-AR)

Liver----------mmu-n--- increased blood sugar

Lungs---------------- bronchodilation (B-AR) ) b Anal sphincter
Pineal gland--------- increased melatonin (B-AR) A

V(][ —— increased secretion g, Detsor
Micturition------------ inhibited Trigang

Blood vessels-------vasoconstriction (c:-AR)
Gastrointestinal-----delayed emptying (/B -AR)

Figure 3.4 Functions of the CNA-system and the peripheral SAM-system
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Legend to Figure 3.4

Figure 3.4: Functions of the CNA-system and the peripheral SAM-system.
(Compiled from 125, 126, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 149, 150, 151, 152)
[Figure 3.4 shows that the peripheral SAM-axis functions are, in general, to gear the body for
action. The central noradrenergic (CNA) system seems, to a degree, to mirror these peripheral
functions as the major behavioural effects are that of cerebral activation and increased
adaptational plasticity. The specific effects on neurons, glial cells, blood flow and blood-brain
barrier permeability underlie most of the behavioural functions and once again are mostly of an

excitatory nature. It is easy to imagine how overexpression of these functions can lead to

psychopathology.]
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It is perhaps necessary to remind ourselves that the central noradrenergic system forms a
major part of the ascending reticular activation system which consists of
neuromodulatory networks such as the noradrenergic, serotonergic, cholinergic,
histaminergic and dopaminergic systems (140). These networks are involved in the
regulation of functions such as sleep, awakening, arousal, attention and wakefulness. The
multiple projections from these neuromodulatory networks to various brain areas hint at
the pervasiveness of their influence. This, in addition to the interconnectedness between
the different neuromodulatory networks, and their regulation by the CRH system,
emphasise the total integration of neural functions. The central role of the central nervous
system CRH neurons and projections and their role in the integration of the stress

response are discussed in Chapter 5.

3.4. Summary of the psychoneurological interactions in terms of the CNA/SAM-

axis: A heuristic representation of the psychoneurological role of the system

The aim of this chapter was to demonstrate the bidirectional interaction between the
psychological and biological aspects in terms of the central noradrenergic/
sympathoadrenomedullary axis. It therefore represents the psychoneurological part of the
psychoneuroimmunological interaction as reflected by the CNA/SAM-axis. The first part
dealt with evidence of the psychoneurological interaction in animals and the second part
with that in man. Both confirmed the existence of a pervasive bidirectional
psychoneurological interaction. The advantage of animal research is that the collection of
certain types of physical evidence as well as experimental procedures considered
unethical in man, are permissible in animals. Disadvantages do, unfortunately, also exist
in animal experimental work - such as the problem of finer discrimination between
certain psychological phenomena, as well as the legitimacy of extrapolation of the results
to humans. However, a considerable bank of information exists which was originally
derived from animal experimentation and eventually confirmed in man by indirect
measures. It is clear that the functional and structural integrity of the CNA/SAM-axis has
an influence on a multitude of behavioural functions and that many psychological

disorders are characterised by abnormalities of the system. The psychological disposition
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can, in turn, alter, not only the functionality of the CNA/SAM-axis, but also the
biochemical and structural aspects as well as the genetic expression. Changes in the
system as a result of controllable stressors can be seen as necessary adaptational
processes, i.e., a form of noradrenergic plasticity. Stressors perceived as uncontrollable
could, however, give rise to biological alterations that may cause, or predispose to
psychopathology. It speaks for itself that the CNA/SAM-axis does not operate in
isolation, or perhaps even as the major determinant of the behavioural functions
mentioned, but as part of a large multiple receptor network. The major function of the
CNA would in fact appear to be that of a neuromodulatory system which, through its
projections to various areas of the brain, can influence the specific functions of those
areas. The fact that the CNA system can exert an influence on other neuromodulatory
systems such as the serotonergic, dopaminergic, cholinergic and other, is indicative of its
diverse and pervasive influence on the behavioural functions. One would therefore expect
concurrent, related or compensatory changes in interacting neural networks. Such a
éituation would make the identification of the primary neuromodulatory disturbance
associated with a specific psychological function or disturbance extremely problematic.
Several such concomitant alterations of the CNA system with other neuromodulatory
systems were discussed. The interaction between the psycho- and the neurological can
further not be described as simply bidirectional, but rather as a circuitry of reverberating
influences. The continuation or discontinuation of mutual influences are probably
determined by the nature of the feedback. This type of interaction where an emotional
experience causes alteration in the physiological/anatomical integrity of the noradrenergic
system, that in turn predisposes to shifts in the psychological disposition, which then lead

to further functional or structural changes, makes coping, as well as adaptational sense.

The chapter is summarised in Figures 3.5 and 3.6. Figure 3.5 summarises the psycho-
neurological interactions. Figure 3.6 shows the major central noradrenergic systems, their
projections to other cerebral areas, neuromodulatory systems that interact with the
noradrenergic system, the specific and psychological functions and disorders associated
with the central noradrenergic system, as well as the bidirectional interaction between the

psychological and the neural elements.
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Figure 3. 5: Heuristic representation of the psychoneurological interactions in terms of the CNA/SAM-axis



3.49

Legend to Figure 3.5

Figure 3.5: A heuristic representation of the psychoneurological interactions in

terms of the CNA/SAM-axis

[Figure 3.5 shows how the psychosocial environment acts in concert with the genetic make-up to
produce an individual with specific coping skills and sense of self-efficacy. These qualities
contribute to a large extent to the individual’s perception of control in the face of stressors.
Should a stressor be perceived as controllable all systems will react in balance and the end result
would be a sense of coping, as well a psychological growth and adaptational development.
Should the individual perceive the stressor as uncontrollable several events could take place —
none of them mutually exclusive. The noradrenaline reserves of the brain may be depleted which
could give rise to depression. Inhibition of the alpha-1ladrenoceptors could give rise to conditions
such as the post-traumatic stress syndrome, panic disorders or anxiety. Involvement of dopamine
may lead to schizophrenia. It should be stressed that this was a scheme which evolved from
studying the central noradrenaline system and therefore merely a representation of facts

pertaining to the CNA/SAM-axis.]
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FUNCTIONS
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facilitation of predatory attack behaviour

improved acquisition and learning

enhanced reactity to stimulation

augmented processing of sensory information
accelerated motor responses

augmented vigilance
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Figure 3.6: A heuristic model of the psychoneurological relationship in terms of the central noradrenergic system
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Legend to Figure 3.6.

Figure 3.6: Central noradrenergic system in psychoneurological context.

[The figure illustrates the two major central noradrenergic systems, i.e., the locus coeruleus and
the lateral tegmental groups of noradrenergic neurons (middle of diagram). It shows their
projections to other cerebral areas (left bottom-half of picture), the neuromodulatory systems
which interact with the noradrenergic system (right bottom-half), the specific mechanisms
through which noradrenergic activity influences cerebral function (specific functions) (top-left),
the psychological functions and disorders associated with the central noradernergic system (top-
right), as well as the bidirectional interaction between the psychological and the neural elements

(middle-left).]



3.52

In view of the multidisciplinary, integrative nature of the writing, the topic was dealt with
_in a fairly synoptic manner and a host of supporting evidence, as well as in-depth
debating, had to be omitted from the chapter. The writing of a number of review articles
that could considerably contribute to our understanding is suggested, including

(tentatively suggested titles)

o The role of cerebral plasticity in the acquisition and extinction of adverse
psychological patterns and psychiatric disorders

o Variable gene expression and psychological behaviour

a The mind-body paradigm in terms of the ascending reticular activating system

neuromodulatory network.

In conclusion it can be said that the CNA/SAM-axis most likely exerts its diverse and
pervasive influence on the behavioural functions predominantly through its role as a
major neuromodulator. Behavioural influences can, in turn, alter the functional and
anatomical integrity of the CNA/SAM-axis, depending on the perception of the
controllability of the situation. As perception of controllability is dependent on alterable
factors, such as coping skills and degree of self-efficacy, and, in view of the enduring
plasticity of the CNA system, as well as the variability of the gene expressions, one could
assume the possibility of psychosocial correction of similarly induced adverse neural
structure and function. Surely, this must present a case for changing the argument of

nurture versus nature into a plea to nurture nature.

This chapter demonstrated the psychoneurological interaction in terms of the
CNA/SAM-axis. It showed that the central noradrenergic system primarily serves as
neuromodulator and in this capacity acts in concert with all other modulator
systems to set the psychological tonus. The next chapter will deal with the

neuroimmmunological interactions in terms of the CNA/SAM-axis.



3.53

References

1. Petty F, Kramer G, Wilson L, Chae Y-L. Learned helplessness and in vivo
hippocampal norepinephrine release. Pharmacol Biochem Behav 1993;46:231-
235.

2. Depression and suicide. In: EP Seligman, DL, Rosenhan. Abnormality. WW
Norton and Company, Inc., 1998, p246.

3. Bloom FE, Lazerson A. Emotions: The highs and the lows of the brain. In: Brain,
Mind and Behaviour. 2™ edition. Freeman and Company, NY, 1996, p23.

4. Bremner JD, Krystal JH, Southwick SM, Charney D. Noradrenergic mechanisms
in stress and anxiety. 1. Preclinical studies. Synapse 1996;23:28-38.

5. Grant SJ, Huang YH, Redmond DE. Benzodiazepines attenuate single unit

activity in the locus coeruleus. Life Sci 1979;27:22-31.

6. Aston-Jones G. Behavioural functions of locus coeruleus derived from cellular

attributes. Physiol Phsychol 1986;13:118-126.

7. Aston-Jones G, Shipley MT, Chovet G, Ennis M, van Bockstaele E, Pieribone V.
Afferent regulation of locus coeruleus neurons: anatomy, physiology and
pharmacology. In: CD Barnes and O Pomeiano, (eds). Progress in Brain Research,

Elsevier Sci. Publ., 1991, pp 501-519.

8. Kopin 1J, Eisenhofer G, Goldstein D. Sympathoadrenal medullary system and
stress. In: GP Chrousos, DL Loriaux and PW Gold, (eds). Mechanisms of
Physical and Emotional Stress. Plenum Press, NY and London, 1988, pp11 - 23.



10.

11.

12.

13.

14.

15.

16.

17.

3.54

Bremner JD, Krystal JH, Southwick, Charney DS. Noradrenergic mechanisms in

stress and anxiety: II. Clin Studies. Synapse 1996;23:39-51.

Barret JA, Shaikh MB, Edinger H, Siegel A. The effects of intrahypothalamic
injections of norepinephrine upon affective defense behaviour in the cat. Brain

Res 1987;426:381-384.

Rasmussen K, Jacobs BL. Single-unit activity of locus coeruleus neurons in the
freely moving cat II. Conditioning and pharmacological studies. Brain Res 1986;

371:335-344.

Rasmussen K, Morilak DA, Jacobs BL. Single-unit activity of locus coeruleus
neurons in the freely moving cat 1. During naturalistic behaviors and in reponse to

simple and complex stimuli. Brain Res 1986;371:324.

Levine ES, Litto WJ, Jacobs BL. Activity of cat locus coeruleus noradrenergic

neurons during the defense reaction. Brain Res 1990;531:189-195.

Grant SJ, Redmond DE. Neuronal activity of the locus coeruleus in awake

Macaca arctoides. Exp. Neurol 1984;84:701-708.

Redmond DE, Jr. New and old evidence for the involvement of a brain
norepinephrine system in anxiety. In: Phenomenology and Treatment of Anxiety.

Spectrum Publ., 1979, pp153-201.

Redmond D, Huang Y. New evidence for a locus coeruleus norepinephrine

connection with anxiety. Life Sci 1979;25:2149-2162.

Aghajanian G. Tolerance of locus coeruleus neurons to morphine and suppression

of withdrawal response by clonidine. Nature 1978;276:186-188.



3.55

18. Foote SL, Aston-Jones G, Bloom FE. Impulse activity of locus coeruleus neurons
in awake rats is a function of sensory stimulation and arousal. Proc Natl Acad Sci

USA 1980;77:3033-3037.

19. Aston-Jones G. The locus coeruleus: behavioural function of locus coereleus

derived from cellular attributes. Physiol Psychol 1985;13:118-126.

20. Abercrombie ED, Jacobs BL. Single-unit response of noradrenergivc neurons in
the locus coeruleus of freely moving cats II. Adaptaion to chronically presented

stressful stimuli. J Neurosci 1987;7:2844-2848.

21. Rosenzweig MR, Leiman AL, Breedlove SM. Learning and memory: Biological

perspectives. In: Biological Psychology. (2™ ed). Sinauer Ass. Inc., Sunderland,

Massachusetts, 1999, p519.

22. Rosenzweig MR, Leiman AL, Breedlove SM. Biological rhythms, sleep
dreaming. In: Biological Psychology (2™ ed). Sinauer Ass. Inc., Sunderland,

Massachusetts, 1999.

23. Bloom FE, Lazerson . Emotions: The highs and the lows of the brain. In: Brain,

Mind and Behaviour (2™ ed). WH Freeman and company, NY, 1996, pp207-235.

24. Bloom FE, Lazerson A. Homeostasis: Maintaining the internal environment. In:

Brain, Mind and Behaviour (2nd ed). WH Freeman and Company, NY, 1996
ppl37-166.

25. Solomon Z, Garo K, Bleich A, Grupper D. Reactivation of combat-related
posttraumatic stress disorder. Am. J. Psychiatry 1987;144:51-55.



3.56

26. Bremner JD, Southwick SM, Johnson DR, Yehuda R, Charney DS. Childhood
physical abuse in combat-related posttraumatic stress disorder. Am J Psychiatry
1993;150:235-239.

27. Bremner JD, Charney DS. The anxiety disorders. In: Conn's Current Therapies.
Raven Press, NY, 1994.

28. Davis M. Pharmacological and anatomical analysis of fear conditioning using the

fear-potentiated startle paradigm. Behav Neurosci 1986;100:814-824.

29. Davis M. The role of the amygdala in conditioned fear. In: J. Aggleton (ed), The
Amygdala, Neurobiological Aspects of Emotion, Memory and Mental
Dysfunction. Wiley Liss. NY, 1992, pp225-306.

30. Selden NRW, Robbins TW, Everitt BJ. Enhanced behavior conditioning to
context and impaired behaviour and neuroendocrine response to conditioned
stimuli following ceruleo-cortical noradernergic lessions: Support for an

attentional hypothesis of central noradrenergic function. J Neuro sci 1990; 10:531-
539.

31. Adell A, Garcia-Marquez C, Armario A, Gelpi E. Chronic stress increases
serotonin and noradrenaline in rat brain and sensitises their responses to further

acute stress. J Neurochem 1988;50:1678-1681.

32. Anisman H, Irwin J, Bowers W, Ahluwalia P, Zacharko RM. Variations of
norepinephrine concentrations following chronic stressor application. Pharmacol.

Biochem Behav 1987;26:653-659.

33. Nissenbaum LK, Zigmond MJ, Sved AF, Abercrombie ED. Prior exposure to
chronic stress results in enhanced synthesis and release of hippocampal

norepinephrine in response to a novel stressor. J Neurosci 1991;1 1:1478-1484.



3.57

34. Joh TH, Gregham C, Reis D. Chemical demonstration of increased accumulation

35.

36.

37.

38.

39.

40.

of tyrosine hydroxylase protein in sympathetic ganglia and adrenal medulla

elicited by reserpine. Proc Natl Acad Sci USA 1973;70:2767-2771.

Angulo J, Printz D, Ledoux M, McEwen BS. Isolation stress increases tyrosine
hydroxylase mRNA in the locus coeruleus and midbrain and decreases
proenkephalin mRNA in the striatum and nucleus accumbens. Mol Brain Res
1991;11:301-308.

Mamalaki E, Kvetnansky R, Brady LS, Gold PW, Herkenham M. Repeated
immobilization stress alters tyrosine hydroxylase, corticotropin-releasing hormone
and corticosteroid receptor messenger ribonucleic acid levels in rat brain. J.

Neuroendocrinol 1993;4: 689-699.

Velucci SV, Parrott RF. Expression of c-fos in the ovine brain following different
types of stress, or central administration of corticotrophin-releasing hormone. Exp

Physiol 1994;79:241-248.

Gizang-Ginsburg E, Ziff EB. Nerve growth factor regulates tyrosine hydroxylase
gene transcription through a nucleoprotein complex that contains c-fos. Genes

Dev 1990;4: 477-491.

Pavcovich LA, Cancela LM, Volosin M, Molina VA, Ramirez OA. Chronic stress
induces changes in locus coeruleus neuronal activity. Brain Res Bull 1990;24:

293-296.

Nakamura S. Axonal sprouting of noradrenergic locus coeruleus neurons
following repeated stress and antidepressant treatment. Progr Brain Res 1991;88:

587-598.



41.

42.

43.

44.

45.

46.

47.

48.

3.58

Stone E, Platt JE. Brain adrenergic receptors and resistance to stress. Brain Res

1982;237:405-414.

Stone EA, Stocky A. Platt J, Trullas R. Reduction of the cyclic adenosine 3'5'
monophosphate response to catecholamines in rat brain slices after repeated

restraint stress. J Pharmacol Exp Ther 1985;233:382-388.

Gannon M, EcEwen BS. Calmodulin involvement in stress- and corticosterone-
induced down-regulation of c-AMP generating systems in brain. J. Neurochem

1990;55:276-284.

Tsuda A, Tanaka M. Differential changes in noradrenaline turnover in specific
regions of rat brain produced by controllable and uncontrollable shocks. Behav

Neurosci 1985;99:802-817.

Weiss JM, Goodman PA, Lossito BG, Corrigan S, Charry JM, Baily WH.
Behavioral depression produced by an uncontrollable stressor: relationship to
norepinephrine, dopamine and serotonin levels in various region of rat brain.

Brain. Res. Rev 1981;3:167-205.

Lechin F, Van der Dijs B, Benaim M. Stress versus depression.[Review]. Prog.

Neuropsychopharmacol. Biol Psychiatry 1996;20(6):899-950.

Hellhammer DH, Rea MA, Bell M, Belkien L, Ludwig M. Learned helplessness:
Effects on brain monoamines and the pituitary-gonadal axis. Pharmacol Biochem

Behav 1984;21:481-485.

Anisman H, Zacharko RM. Multiple neurochemical and behavioral consequences

of stressors : Implications for depression. Pharmacol Ther 1990;46:119-136.



3.59

49. Anisman H, Zacharko RM. Depression as a consequence of inadequate

neurochemical adaptation in reponse to stress. Br J Psychiatry 1992;160:36-43.

50. Minor RR, Pelleymounter MA, Maier SF. Uncontrollable shock, forebrain
norepinephrine and stimulus selection during choice escape learning. Psychobiol

1988;16:135-145.

51. Weiss JM, Stone EA, Hanell N. Coping behavior and brain norepinephrine levels
in rats. J. Comp. Physiol Psychol 1970;72:153-160.

52. Kitayama I, Yaga T, Kayahara T, Nakano K, Murase S, Otani M, Nomura J.
Long-term stress degenerates, but imipramine regenerates, noradrenergic axons in

the rat cerebral cortex. Biol Psychiatry 1997; 42(8):687-696.

53. Zafar HM, Pare WP, Tejani-Butt SM. Effect of acute or repeated stress on
behavior and brain norepinephrine system in Wistar-Kyoto (WKY) rats. Brain

Res Bull 1997;44 (3):289-295.

54. Stone EA, Zhang Y, John S, Filer D, Bing G. Effect of locus coeruleus lesion on
c-fos expression in the cerebral cortex caused by yohimbine injection or stress.

Brain Res 1993; 603:181-185.

55. Chrousos GP, Gold PW. The concept of stress and stress systems disorders. J] Am
Med Ass 1992;267:1244-1252.

56. Once more with feeling. In: J Le Doux. The Emotional Brain. Phoenix Paperback,

London WC2H GEA, 1999, pp267-303.

57. Brain structures that mediate emotion. In: BT Donovan. Humors, Hormones and

the Mind. MacMillan Press. London, 1988, pp211-219.



3.60

58. Kaufman PG, Nemeroff CB. Stress, neuropeptides and systemic disease. Acad.

Press. Inc., NY, 1991, pp119-148.

59. Tassin JP, Lavielle S, Herve D, et al.. Collateral sprouting and reduced activity of

the rat mesocortical dopaminergic neurons after selective destruction of the

ascending noradrenergic bundles. Neurosc 1979;4:1569-1582.

60.Roth RH, Tam SY, Lda Y, Yang JS, Deutch AY. Stress and the

61.

62.

63.

64.

65.

66.

mesocorticolimbic dopamine systems. Ann NY Acad Sci 1988;537:138-147.

Deutch AY, Clark WA, Roth RH. Prefrontal cortical dopamine depletion
enhances the responsiveness of the mesolimbic dopamine neurons to stress. Brain

Res 1990;521:311-315.

Deutch AY, Goldstein M, Roth RH. Activation of the locus coeruleus by selective
stimulation of the ventral tegmental area. Brain Res 1986;363:307-314.

Imperato A, Puglisi-Allegra S, Casolini P, Angelucci L. Changes in brain
dopamine and acetylcholine release during and following stress are independent

of the pituitary-adrenocortical axis. Brain Res 1991;538:111-117.

Arnsten AF. Catecholamine regulation of the prefrontal cortex. J Psychopharm
1997;11(2):151-62.

Sakanaka M, Shibasaki T, Lederis K. Distribution and efferent projections of
corticotropin-releasing factor-like immunoreactivity in rat amygdaloid complex.

Brain Res 1986;382:213-238.

Wallace DM, Magnuson DJ, Gray TS. The amygdala-brainstem pathway:
selective innervation of dopaminergic, noradrenergic and adrenergic cells in the

rat. Neuro Sci Lett 1989;97:252-258.



67.

68.

69.

70.

71.

72.

73.

74.

75.

3.61

Magnuson DJ, Gray TS. Amygdala directly innervates parvocellular
paraventricular hypothalamic CRF, vasopressin and oxytocin containing cells.

[Abstract] Soc. Neurosci. 1988;14:1288-1291.

Mongeau R, Blier P, de Montigny C. The serotonergic and noradrenergic systems
of the hippocampus, their interactions and the effects of antidepressant treatments.

Brain Res Rev 1997;23:145-195.

Learning and memory. In: Brain, Mind and Behavior (2nd ed). Floyd E Bloom,
Arlyne Lazerson. WH Freeman and Company. NY, 1996, p261.

Leon M. Catecholaminergic contributions to early learning. Adv. Pharmacol

1998;42:961-964.

Remembrance of emotions past. In: J Le Doux. The emotional brain. Phoenix

paperbacks, London, 1998, p208.
Friedman M, Rosenman R. Type A behavior and your heart. Knopf, NY, 1974.

Palmero F, Codina V, Rosel J. Psychophysioloical activation, reactivity, and
recovery in type A and type B scorers when in a stressful laboratory situation.

Psychological Reports 1993;73:803-811.

Williams RB Jr, Suarez EC, Kuhn CM, Zimmerman EA, Sch:inberg SM.
Biobehavioral Basis of Coronary-Prone behavior in middle-aged men. Part 1:

Evidence for chronic SNS activation in Type A. Psychosom Med 1991;53:517-
527.

Emotion. In: BT Donovan. Humors, Hormones and the Mind. MacMillan Press

London, 1988, ppl164-171.



3.62

76. Emotions: The highs and lows of the brain. In: FE Bloom, A Lazerson. Brain,
Mind and Behavior (2™ ed). LWH Freeman and Co, NY, 1996, 216-218.

77. Boyce WT, Barr RG, Zeltzer LK. Temperament and the psychology of childhood.
Pediatrics 1992;90(3):483-486.

78. Chrousos GP, Loriaux DL, Gold PW. (eds) Mechanisms of physical and

emotional stress. Plenum Press, NY and London, 1988.

79. Arnsten AF, Steere JC, Jentsch DJ, Li BM. Noradrenergic influences on
prefrontal cortical cognitive function: opposing actions at postjunctional alpha 1

versus alpha 2 adrenergic receptors. Adv Pharmacol 1998;42:764-767.

80. Gabel S, Stadler J, Bjorn J, Shindledecker R, Bowden CL. Sensation seeking in
psychiatrically disturbed youth: relationship to biochemical parameters and

behavior problems. J. Am. Acad. Child Adolesc. Psychiatry 1994; 33(1):123-129.

81. Garvey MJ, Noyes R jr, Cook B, Blum N. Preliminary confirmation of the
proposed link between reward-dependence traits and norepinephrine. Psychiatry

Res 1996; 65(1):61-64.

82.Bergh C, Eklund T, Sodersten P, Nordin C. Altered dopamine function in
pathological gamling. Psychol Med 1997; 27(2):473-475.

83. Gabel S, Stadler J, Bjorn J, Shindledecker R. Homovanillic acid and dopamine-
beta-hydroxylase in male youth: relationships with paternal substance abuse and

antisocial behavior. Am J Drug Alcohol Abuse 1995; 21(3):363-378.

84. De Witte P. The role of neurotransmitters in alcohol dependence: Animal

research. Alcohol Alcohol 1996;31 (Suppl 1):13-16.



85.

86.

87.

88.

89.

90.

91.

92.

93.

3.63

Clayton CJ, Hicks RE. Ethanol, monoamines, and affect. J. Neural. Transm. Gen.
Sect 1994; 98(3):169-195.

Kaplan HI, Sadock BJ, Grebb JA. Kaplan and Sadock's Synopsis of Psychiatry.
Behavioral Sciences. Clinical Psychiatry. (7" ed). Williams and Wilkins.
Baltimore, Maryland 21 202, USA, 1994.

Kavoussi R, Armstead P, Coccaro E. The neurobiology of impulsive aggression.

Psychiatr Clin North Am 1997;20(2):395-403.

Figueroa E, Silk KR. Biological implications of childhood sexual abuse in

borderline personality disorder. J Personal Disor 1997;11(1):71-92.

Arango V, Underwood MD, Mann JJ. Biological alterations in the brainstem of
suicides. Psychiatr Clin North Am 1997;20(3):581-593.

Gilbert C. Major human cancers are preventable: Psychological stimuli induce a
dopamine-thyroid-immune efficient mechanism. Psych Clin North Am 1997;

20(3):581-593.

Pirke KM. Central and peripheral noradrenaline regulation in eating disorders.

Psychiatry Res 1996; 62(1):43-49.

McElroy SL, Pope HG Jr, Keck PE Jr, Hudson JI, Phillips KA, Strakowski SM.
Are impulse-control disorders related to bipolar disorder? Compr Psychiatry
1996;37(4):229-240.

Pliszka SR, McCracken JT, Maas JW. Catecholamines in attention-deficit
hyperactivity disorder: current perspectives. J. Am. Acad. Child Adolesc
Psychiatry 1996;35(3):264-272.



94.

95.

96.

97.

98.

99.

3.64

Kafka MP. A monoamine hypothesis for the pathophysiology of paraphillic
disorders. Arch Sex Behav 1997;26(4):343-358.

Krystal JH, Deutsch DN. Charney DS. The biological basis of panic disorder. J
Clin Psychiatry 1996; 57 (Suppl 10):23-31(discussion 32-33).

Brawman-Mintzer O, Lydiard RB. Biological basis of generalized anxiety

disorder. J Clin Psychiatry 1997; 58 Suppl 3:16-25 (discussion 26).

Southwick SM, Krystal JH, Bremner JD. Morgan CA, Nicolaou AL, Nagy LM,
Johnson DR, Heninger GR, Charney DS. Noradrenergic and serotonergic function

in posttraumatic stress disorder. Arch Gen Psychiatry. 1997;54(8):749-758.

Goddard AW, Charney DS. Toward an integrated neurobiology of panic disorder.
J Clin Psychiatry 1997;58 Suppl 2: 4-11. (discussion 11-12).

Meas M, Minner E, Suy C, Vandervorst, Raus J. Coexisting dysregulations of
both the sympathoadrenal system and hypothalamic-pituitary-adrenal-axis in
melancholia. J Neural Transm [Gen Sect] 1991; 85:195-210.

100. Fritze J. The adrenergic-cholinergic imbalance hypothesis of depression: a

review and a perspective. Rev neurosci 1993;4(1): 63-93.

101. Sulser F, Sanders-Bush E. The serotonin-norepinephrine link hypothesis of

affective disorders: receptor-receptor interactions in brain. Av Exp Med Biol

1987,221:489-572.

102. Veith RC, Lewis N, Linares OA, Barnes RF, Raskind MA, Villacres EC,

Murburg MM, Ashleigh EA. Castillo S, Peskind ER. Sympathetic nervous
system activity in major depression. Basal and desipramine-induced alterations in

plasma norepinephrine kinetics. Arch Gen Psychiatry 1994;51(5): 411-422.



3.65

103. Potter WZ, Manji HK. Catecholamines in depression. An Update. Clin Chem
1994;40(2):279-287.

104. Maas JW, Katz MM, Koslow SH, Swann A, Davis JM, Berman N, Bowden CL,
Stokes PE, Landis H. Adrenomedullary function in depressed patients. J
Psychiatry Res 1994; 28(4):357-367.

105. Dinan TG. Noradrenergic and serotonergic abnormalities in depression : stress-

induced dysfunction ?. J Clin Psychiatry 1996;57 (Suppl 4):14-81. [Abstract].

106. Klimek V, Stockmeier C, Overholser J, Meltzer HY, Kalka S, Dilley G, Ordway
GA. Reduced levels of norepinephrine transporters in the locus coeruleus in

major depression. J Neurosci 1997;17(21):8451-8458.

107. Mokrani MC, Duval F, Crocq MA, Bailey P, Macher JP. HPA axis dysfuntion in
depression:  correlation ~ with ~ monoamine  system  abnormalities.

Psychoneuroendocrinology 1997; 22( Suppl 1):S63-68.

108. Kelly CB, Cooper SJ. Plasma noradrenaline reponse to electroconvulsive therapy

in depressive illness. Br J Psychiatry 1997;171:182-186.

109. Arnsten AF, Steere JC, Hunt RD. The contribution of alpha 2-noradrenergic
mechanisms of prefrontal cortical significance for attention - deficit hyperactivity

disorder. Arch Gen Psychiatry 1996;53(5):448-455.

110. Carlsson A, Hansson LO, Waters N, Carlsson ML. Neurotransmitter aberrations
in schizophrenia: new perspectives and therapeutic implications. Life Sci 1997,

61(2):75-94.

111. Palmer AM. Neurochemical studies of Alzheimer's disease. Neurodegeneration

1996; 5(4):381-391.



3.66

112. Goddard AW, Charney DS. Toward an integrated neurobiology of panic
disorders. J Clin Psychiatry 1997; 58 suppl 2:4-11(discussion 11-2).

113. Fuxe K, Hokfelt T, Agnati LF, Johansson O, Goldstein M, Perez de la Mora M.
Possami L, Tapia R, Teran L, Palacios R. Mapping out central catecholamine
neurons: Immunohistochemical studies on catecholamine-synthesizing enzymes.
In : Psychopharmacology : A Generation of Progress. MA Lipton, A Di Mascio,
KK Killam, (eds), Raven Press, NY, 1978, pp67-94.

114. Sulser F. The serotonin-noradrenaline link-hypothesis of affective disorders. In:
Psychiatry, vol 2, P. Pichot, P Berner , R Wolf and K Thau (eds). Plenum
Publishing Corporation, 1985, pp411-416.

115. Sulser F, Conn PJ, Zawad JS, Sanders-Bush E. Molecular aspects of altered
transmembrane regulation of the noradrenaline signal by antidepressants. Benzon

Symposium on Drug Action, Copenhagen, 1996.

116. Goldberg D. A biosocial model for common mental disorders. Acta. Psychiart.
Scand. 1994; 90 (supp! 385):66-70.

117. Miyake S. Factors influencing mental workload indexes. Sangyo Ika Diagaku
Zasshi 1997;19(4):313-325.

118. Tache Y, Morley JE, Brown MR. Neuropeptides and stress (Hans Selye

simposia on neuroendocrinology and stress) Springer-Verlag. NY, 1989.

119. Swann AC, Secunda SK, Koslow SH, Katz MM, Bowden CL, Maas JW, Davis
JM, Robins E. Mania: Sympathoadrenal function and clinical state. Psychiatry
Res 1991;37:195-205.



3.67

120. Gibbons JL. Endocrine disorders. In: HH Lader, (ed). Mental Disorders and
Somatic Illness. Handbook of psychiatry (Vol 2). Cambridge Press, Cambridge,
1983, pp37-45.

121. Mitchell JP, Vulliet PR. Altered reactivity of the rat adrenal medulla following
periods of chronic stress. Adv Exp Med Biol 221:367-374.

122. Mind modulation of the autonomic nervous system. In: Rossi ER (ed). The

Psychobiology of Mind-Body Healing , Norton WW and company, NY, 1988

123. Bandura A. Catecholamine secretion as a function of perceived coping self-

efficacy. J Consel Clin Psych 1980; 58(3):406-414.

124. McEwen BS. Hormones modulate environmental control of a changing brain. In:
Comprehensive Human Physiology. R Greger and U Windhorst (eds) (Vol 1).
Springer-Verlag, Berlin, 1996, pp473-493.

125. Schwartz JP. Development and plasticity. Overview. Adv Pharmacol 1998;42:
877-882.

126. Huether G. The central adaptation syndrome: psychosocial stress as a trigger for

adaptive modifications of brain structure and brain function. Prog Neurobiol

1996;48:569-612.

127. Sorg O, Magistretti PJ. Characterization of the glycogenolysis elicited by
vasoactive-intestinal-peptide, noradrenline and adenosine in primary cultures.

Brain Res 1991;563:227-233.

128. Pape WP, Glavin GE. Restraint stress in biomedical research. Neurosci

Biobehav Rev 1986;10:339-370.



3.68

129. Schasfoort EMC, DeBruin LA, Korf J. Mild stress stimulates rat hippocampal
glucose utilization transiently via NMDA receptors as assessed by lactography.

Brain Res 1988;475.

130. Eiring A, Hal Manier D, Bieck PR, Mowells RD, Sulser F. The
"serotonin/norepinephrine link" beyond the B-adrenoceptor. Mol Brain Res.

1992;16:211-214.

131. Vaccarino FM, Hayward MD, Lee MW, Harigan DJ, Duman RS, Nestler EJ.
Induction of immediate early genes by c-AMP in primary cultures of neurons

from rat cerebral cortex. Molec Brain Res 1993;19:76-82.

132. Marshall KC, Christie MJ, Finlayson PG, Williams LT. Developmental aspects
of the locus coeruleus noradrenaline system. Progr Brain Res 1991;88:173-185.

133. Boyeson MG, Krobert KA. Cerebellar norepinhephrine infusions, facilitate
recovery after sensorimotor cortex injury. Brain Res Bull 1992; 29:435-439.

134. Levin BE, Dunn-Meywell A. Regulation of growth-associated protein 43 (GAP-
43) m-RNA associated with plastic change in the adult rat barrel receptor
complex. Molec Brain Res 1993;18:59-70.

135. Stone AA, Ariano MA. Are glial cells targets of the cerebral adrenergic systems
? Brain Res Rev 1989;14:297-308.

136. Bryan RMJ jr. Cerebral blood flow and energy metabolism during stress. Am J
Physiol 1990;259:H269-H280.

137. Bryan RM, Lehmann RAW. Cerebral glucose utilization after aversive
conditioning and during conditioned fear in rat. Brain Res 1988; 444:17-24.



3.69

138. Nathanson JA. Adrenergic receptors in brain microvessels. Trends. Neurol Sci

1983; 4: 422-424.

139. Ohata M, Takei HO, Fredericks WR, Rapoport SJ. Effects of immobilization
stress on cerebral blood flow and cerebrovascular permeability in spontateously

hypertensive rats. J Cereb Blood Flow Metab 1982;2:373-379.

140. Windhorst U. Bilateral organisation of the brain. In: Comprehénsive human
physiology. R Gregor and U Windhorst (eds) Vol 1. Springer-Verlag Berlin,
1996, pp1137-1160.

141. Partonen T. Possible pathophysiological mechanisms regulating food intake in
seasonal affective disorder. Med Hypotheses 1996; 47(3):215-216.

142. Huang QH, Takaki A, Arimura A. Central noradrenergic system modulates
plasma interleukin-6 production by peripheral interleukin-1. Am J Physiol 1997;
273:R731-738.

143. Witte EA, Marrocco RT. Alteration of brain noradrenergic activity in rhesus
monkeys affects the alerting component of overt orientating. Psychopharmacol

1997;132(4):315-323.

144. Dratman MB, Gordon JT. Thyroid hormones as neurotransmitters. Thyroid

1996; 6(6):639-647.

145. Amsten AF, Steere JC, Hunt RD. The contribution of alpha 2-noradrenergic
mechanisms of prefrontal cortical significance for attention - deficit hyperactivity

disorder. Arch Gen Psychiatry 1996;53(5):448-455.



3.70

146. Berridge CW. Modulation of forebrain electroencephalographic activity and
behavioral state by the locus coeruleus - noradrenergic system: involvement of

the medial septal area. Adv Pharmacol 1988;42:744-748.

147. Hasselmo ME, Linster C, Patil M, Cekic M. Noradrenergic suppression of
synaptic transmission may influence cortical signal-to-noise ratio. J] Neurophysiol

1997;77(6):3326-3339.

148. Katsuki H, Izumi Y, Zorumski CF. Noradrenergic regulation of synaptic
plasticity in the hippocampal CA1 region. J Neurophysiol 1997;77(6):3013-3020.

149. Michaloudi HC, Mjboudi M, Poulain DA, Papadopoulos GC, Theodosis DT.
The noradrenergic innervation of identified hypothalamic magnocellular somata
and its contribution to lactation-induced synaptic plasticity. J Neuroendocrinol

1997, 9(1):17-23.

150. Rorig B, Sutor B. Regulation of gap junction coupling in the developing
neocortex. Mol Neurobiol 1996; 12(3):225-249.

151. Bhatia SC, Saha S, Manchanda SK, Nayar U. Role of midbrain ventro-lateral
tegmental area (VYTA) adrenergic mechanisms in facilitation of
hypothalamically-induced predatory attack behaviour. Indian J Exp Biol
1997;35(4):332-337.

152. Holets VR. Anatomy and function of noradrenaline in the mammalian brain. In:
The Pharmacology of Noradrenaline in the Central Nervous System. Oxford
University Press, 1990, pp1-27.



4.1

CHAPTER 4

THE NEUROIMMUNOLOGICAL INTERACTION IN TERMS OF THE

CNA/SAM-AXIS

T he noradrenergic system, as one of the two major stress systems, consists, as was seen
| in the previous chapter, of the central noradrenergic system (CNA-system) and the

peripheral sympathoadrenomedullary system (SAM-axis). In this writing the
abbreviation CNA/SAM-axis will be used in referring to the noradrenergic system as a
whole. In the previous chapter it was shown that activation of the central noradrenergic
system and its sympathoadrenomedullary outflow are involved in many behavioural
functions and is a feature of almost all arousal states, including physical, emotional and
cognitive stress. It has further been linked to a variety of psychological/psychiatric
disorders. The aim of this chapter is to provide evidence for the bidirectional interaction
between the noradrenergic system and the immune system. This chapter thus represents

the neuroimmunological aspects of the psychoneuroimmunological interaction in terms of

the CNA/SAM-axis.

Introduction

Despite a vast amount of research on the interaction between the immune system and the
noradrenergic system, confusion still prevails. This makes the field rather inaccessible to
psychiatrists and physiologists alike. In order to arrive at a relatively rational conclusion, literally
hundreds of publications had to be scrutinised. Reductionistic strategies were therefore employed
in an attempt to present a simple heuristic representation of the interaction between the immune
system and the CNA/SAM-axis. Reductionistic strategies employed included a) presentation of
supporting evidence in table, rather than in descriptive format, b) short general discussions,
based on the contents of the tables, without superfluous duplication of reference to authors, c)
omission, where applicable, of the names of original authors, in favour of review authors, and d)
a final summary of the chapter in the form of a schematic presentation of the
neuroimmunological interaction in terms of the CNA/SAM-axis. For logistic reasons the immune

system is subdivided into the primary lymphoid organs, the secondary lymphoid organs, and the
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circulating immunocompetent cells and irn vivo immunity.

This chapter contains a condensation of what would normally be spread over several chapters.
Asin the previous chapter a small-scale version of the final schematic integration is presented at
the beginning of the chapter (Figure 4.1). The normal size version of Figure 4.1 is presented at
its rightful place at the end of the chapter, as Figure 4.4. Presenting the final figure at the
beginning of the chapter once again gives the reader, not interested in the detail, the opportunity

to get an insight into the bidirectional interaction by merely looking at the final scheme.
The subdivisions include:

4.1 The bidirectional interaction between the CNA/SAM-axis and the primary lymphoid
organs
4.1.1 Effect of the CNA/SAM-axis on the primary lymphoid organs
4.1.2 Effect of the primary lymphoid organs on the noradrenergic system
4.1.3 Summary of the bidirectional interaction between the CNA/SAM-axis and the primary
lymphoid organs

4.2 The bidirectional interaction between the CNA/SAM-axis and the secondary lymphoid

organs
4.2.1 Effect of the CNA/SAM-axis on the secondary lymphoid organs
4.2.2 Summary of the bidirectional interaction between the CNA/SAM-axis and the

secondary lymphoid organs

4.3 The bidirectional interaction between the CNA/SAM-axis, the circulating immunocompetent
cells and in vivo immunity
4.3.1 Effect of the CNA/SAM-axis on circulating immune cells and in vivo immunity

4.3.2 Effects of circulating immune cells and circulating immune substances on the

CNA/SAM-axis
4.4 Concluding summary of the neuroimmunological interaction in terms of the CNA/SAM-axis

Figure 4.1 is presented on the next page, followed by the legend to Figure 4.1 on the subsequent

page.
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Effects of the immune system on the noradrenergic activity
< |

THYMIC EFFECT ON NORADRENERGIC FUNCTION
AND NORADRENERGIC CONTROL CENTRES
. Necessary for development of neuro-secretory function

NORADRENERGIC ACTIVITY
and IMMUNITY

Effects on immune system

| l

NORADRENERGIC EFFECT ON SECONDARY

EFFECT ON BONE

IN VIVO SECONDARY PRIMARY PHYCHOSOCIAL dur]ng early development .
IMMUNO - LYMPH LYMPH DISPOSITION 2. Malnten.ance of adrenoceptor density )
REACTIVITY ORGANS ORGANS 3. Regulation of adrenoreceptor responsiveness
4. Neuroregulatory effects through thymus-derived
+ T cytokines ( IL-1, IL-3, MCSF, etc. ), thymus-derived
NORADRENERGIC hormones ( prolactin, ADH, oxytocin, tachykinins etc. )

and thymic peptides

MARROW 5. Behaviour effects include increase in spontaneous

LYMPHOID ORGANS ( SPLEEN ) Role in perfusion, behaviour, suppression of anxiety and increased

1. Involved in prenatal splenic development cellular migration resistance to stress
2. Regulates splenic perfusion and leukocyte
3. Regulates lymphocyte and granulocyte release release A
from lymphoid tissue in a blood-flow dependent
and independent manner * NORADRENERG!C EFFECTS ON T]-IYMUS
4. Direct role in lymphocyte trafficking, antigen 1. Regulatory function in thymus perfusion and release of
processing and presentation as well as cytokines { cells from thymus o
B ek et oot g
. . . §
= Ejsgggislaf?é:ur:gﬂ)%?ggFr):;?:?i?/(iatybm curtails ! 3. Cont!'ols thymic micro-environmgnt by inﬂuenping intra-
6.G ™ ive. but b thymic _neurohormonal and peptlgjerglc secretion
- ‘oenerally iImmunosuppressive, but may be 4. Essential for thymus-dependent immunological
immune-enhancing, dependent on receptor competence
type, stimulus intensity and duration as well as 5. Involved in thymus involution
general immunological status 6. Controls stimulus responsiveness of cells
7. Dual effect within same immunological reaction § 7. Controls excessive immunological responses
with stimulation in the inductive phase and 8. May be a factor in gender-dependent differences in
inhibition in the effector phase L immunological responsitivity through interaction with
8. Bz-adrenoceptor-cAMP-protein kinase activity £ é! . steroid hormones
inhibits pro-inflammatory pathway and stimulates &Q‘l*
anti-inflammatory pathway through differential .
effects on TH1 and TH2 cells. Can shift immune BONE Thymosms.
MARROW Thymopeptins
response from cellular to humoral Th X
. ymulin
K] THYMUS Cytokines
w ‘ Tachykinins
Neurohypophysial
NORADRENERGIC EFFECT ON IN VIVO hormones
IMMUNOREACTIVITY

=N

. Beta-adrenoceptors are found on lymphocytes, monocytes
granulocytes and macrophage
2. Alpha-adrenoceptors are found on some immune cells and
on vasculature (important in cell traffic and release)
3. Most phagocyte functions appear to be suppressed by NA
4. Essential for T-cell response ( cytotoxic T-cell activity,
Con A-induced proliferation, IL -2 production, IL -2

EFFECTS OF THE IMMUNE

receptor expression, T-cell dependent antibody response ) SYSTEM ON NEUROLOGICAL
but control excessive reactivity FUNCTION.
5. Tonic inhibition of tumoricidal activity ( NK-cell activity etc ) . Sensory function

. Affects neuronal firing rate

. Affects rate of noradrenaline
secretion and stimulates
adrenoceptor expression

. Regulatory feedback through
immunocompetent cell-derived
cytokines, neuro-endocrine and
peptidergic substances

. Possible antibody - induced
cerebral effect

. Stimulation of the central stress
response with a basal tonic
inhibitory effect on stress-relaied
behaviour

and T-independent antibody responses ( polyclonal B-cell
responses)
. Inhibition of macrophage antigen presenting activity
. Immunological effects of NA stimulation are dependent on
receptor type and density, intensity and duration of
stimulation as well as on stage of immunological reaction and
immunology status
8. Effects on immune responses influence cytokine production
9. Helps to localize inflammatory response
10. Protects body from the tissue damage inflicted by
overproduction of systemic proinflammatory cytokines
11. Stress-induced adrenergic stimulation may expose the
body to infectious complications and autoimmune diseases
and tumour growth
12. Hypoactivity may predispose to fibromyalgia/chronic fatigue
syndrome

~N o

SUMMARY OF NEUROIMMUNOLOGICAL INTERACTION EFFECTS OF NORADRENERGEC ACTIVITY ON IMMUNITY

Necessary for immunodevelopment and immunocompetence

Major factor in immunorestraint

Essential for self-tolerance ( basal tonic inhibitory effect helps to curtail auto-immune reactivity )

Opposite effects with acute ( enhancement ) and chronic ( suppression ) hyperstimulation

Variations in noradrenergic activity implicated in tumourgenesis, chronic inflammatory disorders, stress-induced

Immuno-incompetence and allergies

Implicated as a factor in the immune alterations obtained through conditioning and in immune alterations with drug abuse
EFFECTS OF THE IMMUNE SYSTEM ON NORADRENERGIC ACTIVITY

Necessary for neurosecretory development and maintenance of adrenoceptor expression and functional integrity

Acts as sensory system to alert CNS about peripheral infectious and immunological occurences

Immunologically-derived cytokines give rise to the central stress response through induction of stress hormone secretion

( HPA-axis and CNA/SAM-axis ) and inhibition of anti-stress hormones ( GH, LH, FSH etc )

Immunologically-derived cytokines implicated in behavioural effects such as sickness behaviour, mood changes, sleep, eat

and locomotor disturbances, anxiety, as well as exploratory, coping and related behavioural phenomena

Excessive immunological inflammatory activity may predispose to psychological disorders

Cytokine therapy can have neurotoxic effects partially mediated via central NA system

CETINES

o
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Eimnrs 4 1- A erhomatic ronracantatinn nf tha hidirartinnal interacntinn hahaween the CNIA/QARM_avie and the immimne evatem
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Legend to Figure 4.1

Figure 4.1: A schematic representation of the bidirectional interaction between the
CNA/SAM-axis and the immune system.

[On the left hand side of the diagram the effect of the CNA/SAM-axis on the primary lymphoid organ
(thymus and bone marrow) immunity, the secondary lymphoid organ (spleen and lymph nodes) immunity,
and on in vivo immunological reactivity and competence are shown. The right hand side represents the
effects of the immune system on the functional and developmental aspects of the CNA/SAM-axis. At the

bottom of the page the overall effects are summarised.]
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4.1 Bidirectional interaction between the CNA/SAM-axis and the primary lymphoid

organs

4.1.1 Effect of the CNA/SAM-axis on the primary lymphoid organs.
Its as yet impossible to be dogmatic about the interaction between the CNA/SAM system and the

primary lymphoid organs, as

o the results of in vitro tests do not represent a good reflection of occurrences in the in vivo
environment

o a multitude of factors influence the microenvironment, and by implication the functional
integrity, of the primary lymphoid organs

0 the interaction is dependent on the chronological order of neural and immune stimulation,

a previous immunological sensitisation, and on the duration of the heightened noradrenergic
stimulation

0 across-species extrapolation of results may sometimes lead to confusion

Investigating the effect of adrenergic function on the vascular and blood flow behaviour of the

thymus is fairly simple in comparison to that on the cellular elements. This is especially true

when referring to the mechanisms of negative and positive selection of T-cells, which form part

of the differentiation process of bone marrow derived thymic cells. Maturation and

differentiation of thymic cells are known to be influenced both by extra-thymic neuroendocrine

factors and by the microenvironment of the thymus itself. The microenvironment of the thymus

is however, also affected by the neuroendocrine regulatory mechanisms. The regulatory role of

neuro-endocrinological substances on the thymocytes, be it direct or through an influence on the

microenvironment, is a two-way street as humoral substances from the thymus are in turn able to

influence extra-thymic endocrine secretion. These interactions are touched upon in the following

paragraphs.

The microenvironment of the thymus is largely a product of the secretory ability of the thymic
epithelial cells, and of the cellular interactions mediated through adhesion molecules and
membrane receptors (1). Cell-to-cell interactions are probably also regulated by humoral factors.

The epithelial cells of the thymus are known to secrete:
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o peptide hormones such as the thymosins, thymopeptin and thymulin (1,2,3). Thymosins,
such as thymosin-0.;, thymosin B4 and thymosin factor 5, exert functions such as the
induction of lymphopoiesis, stimulation of T-cell maturation, maintenance of T-cell
reactivity as well as augmentation of mitogen responses, alloreactivity and lymphokine
production (4,5).

o cytokines such as interleukin-1, interleukin-3, interleukin-6, as well as the granulocyte
macrophage colony stimulating factor, (6,7,8)

o intracellular matrix proteins, including type IV collagen, laminin and fibronectin (9) and
probably a number of hormones not generally associated with the thymus, such as
prolactin, antidiuretic hormone, and oxytocin (1,10). Thymic epithelial cells are said to
synthesize neuroendocrine-related peptides belonging to the 3 neuroendocrine families

i.e. the neurohypophysial, the tachykinin and the insulin families (11).

The above factors all contribute to the microenvironment of the thymus - directly as well as
indirectly through their effects on thymocyte proliferation, maturation and differentiation and

thus by implication, to thymic immune function.

The secretory function of the thymic epithelial cells, and therefore the micro- environment of the
thymus, is further known to be influenced by the so-called developmental hormones of the
circulation, such as the thyroid hormones, insulin, glucocorticoids, growth hormone and

prolactin. Evidence for their role in thymic function is seen in

o the expression of their receptors on thymic epithelial cells

0 their modulation of thymic hormone secretion, of cytokeratin expression and of
cellular proliferative processes (12,2)

a in patients with hormonal disturbances where the stimulatory effects of hormones
such as the thyroid hormones, insulin and growth hormone are borne out by changes
in thymic hormone levels in patients with hypopituitarism, acromegaly, hyper- and

hypothyroidism, low T3 syndromes and in patients with type 1 diabetes mellitus (10).

Prolactin is perhaps the major neurohypophysial hormone with regard to thymic function.

Prolactin has even been suggested to be the determining factor in thymic immunological

competence (1).
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Immunohistochemical studies further demonstrate an abundancy of peptidergic innervations and

peptidergic receptors in the thymus and indications are that neuropeptidergic modulation is

involved in alterations of the immune response (13,14,8). Reported thymus-associated

peptidergic activities include vasoactive intestinal peptide (VIP), neuropeptide Y (NPY),

calcitonin gene-related peptide (CGRP) and substance-P (SP). The existence of co-localisation of

various transmitter substances within a single nerve fibre has also been reported. In view of co-

localised monaminergic and peptidergic transmitter substances, such as noradrenaline and

substance P, a functional modulatory co-operation is suggested between the sympathetic nervous

system and the influence of peptide hormones on thymic immune function. This presents yet

another confounding factor in the attempt to define the role of one single influence, such as the

noradrenergic system, on primary lymphoid organ immunity.

Publications dealing with the effects of the CNA/SAM system on thymus immune function are

summarised in Table 4.1. The results of various workers are presented in table form in an attempt

to gain some insight into this field, where a marked degree of confusion still exists.

Table 4.1 : Noradrenergic influence on primary lymphoid organs

ORGAN

BONE
MARROW

THYMUS

INNERVATION

Myelinated and unmyelinated fibres in
bone marrow

Fibres found in association with
vascular plexuses and marrow
substance

Innervation of bone marrow starts late
in foetal life - just before the onset of
haemopoietic activity

Nerve endings among lymphopoeitic
and haemopoietic cells and along
vasculature

Sympathectomy and a,-adrenergic
antagonist increase peripheral blood
leukocyte count

Controversy as to whether s%mpathetic
fibres have any synapses with cells,
and thus any direct influence on cell
development and release

NA release mobilizes fat from the
marrow

Prozasin (a;-antagonist) increases
peripheral leukocyte count and may
possibly increase n;f'elopmesxs. Same
effect with chemical sympathectomy

The tha/rr;lus can correct the brain alpha and
beta-adrenoceptor decrease in density which
occurs in old age

TECHNIQUE

Light and electron
microcopy

Fluorescence
microcopy

Microscopy

Immuno-
histochemistry

Chemical
sympathectomy with
hydroxydopamine

Silverstaining Falck
— Hill;

histofluorescence

Pharmacological

manipulation with

Rrozasm and with 6-
ydroxydopamine

Neonatal thymus
graft v

FUNCTIONAL IMPLICATIONS

Innervation of bone marrow

Possible role in hemopoiesis and
cell migration through blood flow
effects

May be involved in blood flow,
cellular migration and release

Possible influence on
haemopoiesis and perfusion

A role for NA innervation in
th{mlc perfusion and leukocyte
release

Speculation that effects on cell
release may be secondary to effect
on peripheral resistance or effect
via volume transmission

May be just a blood flow
phenomenon

There is a two-way effect between
CNS and thymus. Thymus
supports CNS

receptor density

REFERENCES
Calvo, 1968
(15)

Felten et al,

Felten and Felten
1991 (16,17)

Calvo & Haas,
1969;

Miller &
McCuskey,
1973 (1&19)
Ciibson-Berry et
al

1993 (20)

Maestroni et al,
1992

@1
Takase and
Nomura
1957; Muller and
McCuskey 1973;
De Pace and
Webber, 1975
(22,19,23)

Tran et al, 1987
(24)

Maestroni et al,
1992

@1
Rossolini et al,
1991

(25)



Mature thy.moc[ﬁ'tes (= cortisone resistant)
express twice the number of beta-
adrenoceptors per cell as immature
(cortisone sentitive) thymocytes

NA innervation predominantly vascular in
early development. Vascular innervation
increases with growth

NA innervation of the thymic parenchyma is
predominantly a post -natal occurence

The cortical zone is the first parenchymal
area to be innervated followed by a dramatic
increase in the innervation of the
corticomedullary junction

NA fibres to the thymus are derived
grcdommamly from post ganglionic cell

odies of the superior cervical ganglion and
stellate ganglion

In the adult a network of NA fibres in
association with blood vessels, arterial and
venous plexuses, intralobular septa and
distributed amongst thymocytes of
subcaﬁsular, corticals cortico-medullary and
medullary parenchyma. Cortical
parenchyma (immature th?'mocg'tes) well
1nnervated. Cortico-medullary boundry
gmponqnt for thymocyte emigration)

ensely innervated. Peak parenchymal
density occurs after involution, Increase in
embryogenic innervation matched by an
increase in thymic NA concentration,
Noradrenergic supply to medulla limited
mainly to bloodvesséls

Thymocytes in early developmental stages
demonstrate higher cAMP responses to NA
stimulation than that during later
developmental stages

Thymocyte maturation is accompanied by
an increase in B-adrenoceptor density
Sespecmlly in cortex and paracortex) and a

ecrease in 2nd messenger responsiveness
to NA stimulation

Mature spleen cells show a smaller cAMP
response to isoproterenol than mature adult
stage thymocytes

NA fibres are maintained with aging -
accompanied by an increase in thymic NA
concentration. An agigearam;e of
hyperinnervation with thymic involution

B-adrenergic receptors shown on
thymocytes

Rat thymus contains ¢;gredominantly B,-
adrenoreceptors (78%). Upregulation is seen
under influence of sex steroid hormones

Ligand bindin,
stugdies ¢

Electron microscopy;

Fluoressence
immunochemistry

Fluorescence
histochemistry

Fluorescence
histochemistry

Fluorescence
histochemistry

Ultra structural
microscopy,
Fluorescerce
histochemistry, TH*

immunocytochemistr

y. Liquid

chromatography with

electrochemic:
detection (HEC)

Equilibrium binding
assays

Equilibrium binding
studies LCEC for
monoamines

uilibrium bindin
B?Idies &

Fluorescence
histochemistry.
LCEC for
monoamines

Mostly receptor-
liga.m?, ndm

Radio-ligand binding

studies

binding assays

Innervation, as for the thymus as a
whole, increases with maturation

A role in thymic perfusion

Sugﬁests a very low or no role of
the NA system in foetal
development

Confirmation of sympathetic
nervous system innervation of
thymus

A role for NA in vascular

restgtanc% blood flow and
erhaps thymocyte migration,

gnthm as well as from the thymus

A possible role for NA in

thymocyte proliferation

and mafuration. .

Peak density after involution may

merely refléct L

the decrease in thymic size

Maly be a role for NA in early
cellular developmental
processes OR a function of lower

receptor densit{‘. .
and NA availability

N_Iafy be a role for NA in
differentiation of thymic
cells. May be a functional
down/up regulatory
mechanism

Possibly further prove of a
decreased responsiveness
with maturation. or of a up/down
regulatory .
mechaniSm due a change in
receptor density of NA ¢
oncentration

May be secondary to thymic
involution (thymus

thus shows sfower NA fibre
development but |

more prominent maintenance of
fibres 1n adulthood .

than secondary lymphoid organs

Indicates a role for sympathetic
system in immunity

Suggests gender associated NA
modulation of cell

mediated immune responses.
Could be of significance

in gender-dependent immune
responses
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Fuch§ etal,
Bach'1975
(26,27)

Bulloch and
Pomerantz, 1984;
Ackerman et al,
1991, Singh,
1984; Williams

and
Felten 1981
(28,29,30,31)

Ackerman et al,
1991; Bellinger
etal, 1992

29,8)

Ackerman et al,
1991

29

Bulloch and
Pomerantz, 1984,
Tollefson and
Bulloch, 1990
(28,32)

>

Ackerman et al,

1991;

Bellinger et al,

1988;

Bellinger et al,
90;

1990;

Felten et al,
1985; 1987,
Williams and

etal,

1991; Madden et
al, 1995; Bulloch
etal

l2998 23 14,16,31
54,1335,36)’ '

Singh,1979

37
Bellinger et al,
1989;

Ackerman et
al,1991; Fuchs et
al,1988; Bach,
1975
(38,29,26,27)

Bach 1975

(2]

Ackerman et al,
1991

(29)
Fuchs et al,
Singh 1979;
sgngﬂ, 1984;
Singh and
Owen,1976;
Singh et al, 1979

(26,37,39,40)

Marchetti et al,
1990

41
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Thymic B, adrenergic receptors show a clear Autoradiography B,-adrenoreceptors density in the Marchetti et al,
sexual dimorphism in .receRtor organization thymus is . 1990;
during sexual maturation. Receptor density modulated by steriod hormones Marchetti and
decreases with castration and increases through transcriptional Labrie 1990
when castrated rats receive oestradiol control of B,-adrenoceptor gene

expression

(42,43)

Adrenaline increases thymocyte Tissue culture Suggests increased proliferation MacManus et al,
proliferation into the métaphase in a time preparation with B, -stimulation 1971
and concentration dependent fashion g’he rocess is stimulated b,

phosphodiesterase inhibitors| (44)
Increases in intracellular cycle AMP Tissue culture cAMP promotes cellular Scheid et al,
augments differentiation and maturational preparations maturation and proliferation. ;
marker expression (Thy-1) of thymic stem NA raises CAMP concentration Scheid et al,
cells. This process 1s modulated by thymic and would thus by implication 1975;
hormonal factors. May act synergictically stimulate differentiation and Singh and
with thymopoeitin maturation Owen,1975;

Singh and
Owen, 1976
(45,46,47,39)

Thymus-dependent immune function and Thymic grafts NA necessary fot T-cell | Bulloch et al,
hormonal activity is suppressed in the dependent immune function 1987
absence of NA innervation (36)
Severence of the sympathetic supply to the Surgical NA stimulation necessary for Wan et al, 1993
thymus supgresses the proliferative response sympathectomy thymic proliferative =~
to footshock and mitogens response to stimulation in adult

rodents (48)
Chemical denervation of the thymus Chemical . Suggests that NA inhibits cellular Kendall-Al-
supports thymocyte proliferation in the denervation with 6- proliferation in thymus. Shawaf,
thymic cortex but induces weight loss and hydroxydopamine or Secretion of other humoral 1991
apoptosis of the thymus quanethidine factors are however also

suppressed by 6-

hydroxydopamine (49)
NA innervation suptpresse§ thymocyte Foetal thymic Sympathetic system suppresses Singh, 1985a;
proliferation and differentiation in grafts transplantation proliferation and = Singh,1985b

(may represent inhibits differentiation
chronic effect) (50,51)

Neuropeptide Y associated with NA fibres Microscopy Perhaps a functional modulation Kendall and Al-

The immune response induces marked time Radio-ligand binding The NA activity should always be Morale et al,
dependent changes in B-adrenoceptor studies, interpreted in L 1992
numbers and distribution as well as in the Autoradiography the IFh; of any antigenic
cAMP response Northern blot stimulation as it may trigger
an up of down regulation of 8,-
gene expression (52)
Acute immobolization stress increases Bo- 3H) - DHA specific Result of receptor density should Kuberu et al,
adrenoceptor binding sites on thymocytes in inding be analysed as a X 1992
a time-of -stress-application dependen function of psychological state
manner. Chronic stress does not show the and exposure time
same effects (53)
Restoration of B,-adrenergic responsiveness Neonatal grafts. Some humoral thymic factor Rossolini et al,
in the brain of old mice and of young Thymic extract affects adrenergic 1991
athymic mice ] . Receptor responsiveness
administration (54)
The t.hg'mic extract (TME) modifies the Grafts, TME Some thymically- derived Basso et al,
isoproterenol- induced increase in administration moleculés can increase e
submandibular gland and brain cortex DNA «-adrenoceptor density Rossolini et al,
synthesis. TME increases a;-adrenoceptor
ensity (55,54)
Antigenically induced lesioning of the locus SRBA as antigen, The sympathetic nervous system, Jankovic et al,
coeruleus promotes thi/rqus involution and Tuberculin as antigen by implication, | . 1994;
CD4"* lymphocyte depletion of blood and contribute to thymic involution Nikolic et al,
suppresses the Arthus and delayed skin 1993;
reactions Jovanova -
(56,57)
Thymic sympathectomy enhances thymosin 6-Hydroxydopamine The sympathetic system Hall et al, 1982
oy pmduction (60HD) su glresses the secretion
of thymosin o, from epithelial

of NA function by
neuropeptide Y

cells

shawaf,
1991 (49)

(58)

From published reports (see Table 4.1 for references) it can be deduced that

o Noradrenergic innervation of endothelial cells, epithelial cells, thymocytes, macrophages
and mast cells have been established beyond doubt. Most of the noradrenaline found in

the thymus appears to be of noradrenergic fibre origin, rather than being derived from the
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circulating catecholamine pool.

From ontogenic studies the adrenergic innervation would appear to be of little
importance for prenatal thymic development as innervation is predominantly a postnatal
development.

The first thymic effects during development are probably that on vascular diameter and
thus on blood flow.

The first parenchymal innervation during development is seen in the cortical zone that
generally contains the immature thymocytes. This may imply that the sympathetic system
is of importance for the early development of thymocytes and is supported by the
reported positive catecholamine influence on differentiation and receptor expression. The
second parenchymal area to develop adrenoceptor functionality is the cortico-medullary
junction, which would suggest a role for NA in thymocyte migration.

From published data it is conceivable that oi;-adrenergic receptors predominate on
vascular and capsular elements, which would support the suggestion of an adrenergic
control of thymus perfusion and, by implication, in cell traffic.

Adrenoreceptors on the thymocytes and other parenchymal elements are predominantly
B,, which is common for most metabolic/secretory adrenergically induced functions in
the body. A variety of factors such as the sex steroids seem to be able to bring about an
up or a down regulation in adrenoreceptor density and in the stimulated c-AMP response.
Too little is, however, known about the context, in terms of other factors of the thymic
microenvironment in which these alterations occur, in order to come to any conclusion
for the thymus per se.

An increase in adrenoceptor density with a concomitant suppression of the stimulus
responsiveness would appear to accompany the maturation of thymocytes. Whether this
phenomenon reflects part of the maturation process, or whether it is merely a function of
noradrenaline availability is not yet clear.

The apparent positive effect of NA on thymocyte early development, differentiation and
on receptor expression as well as the suppression of thymic hormonal activity in the
absence of NA, may point toward a role for the sympathetic system in enhancing thymus-
dependent immunity during the early stages.

Despite thymic innervation being predominantly a postnatal development, the
innervation is, in contrast to other lymphoid organs, maintained for a longer period than

that of the spleen - with peak density found during thymic involution. This might merely
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be a reflection of the shrinkage of the thymic mass, without a concomitant decrease in the
number of adrenergic fibres. However indications, are that the sympathetic system might
be involved in thymic involution as lesioning of the locus coeruleus promotes thymic
involution.

Integrating the implied stimulation on early development, the possibility that NA may be
involved in eventual thymic involution, would suggest both a developmental and an
inhibitory role for the sympathetic nervous system in the cellular immune system.

It would further appear as if sympathetic stimulation may have an inhibitory effect on the
thymic epithelial cell secretory function as thymosin a; increases after pharmacological
sympathectomy.

Thymic extract has in turn been shown to increase cerebral o,;-adrenoceptor density.
The localisation of monoaminergic and peptidergic substances in the same fibres points
towards the modulation of sympathetic activity by other neurotransmitters.

Certain interactions such as the effect of thymic hormones on the maintenance of
adrenergic responsiveness have been shown. A functional interdependency is also known
to exist between adrenergic activities on the one hand, and steroid hormones, as well as a

number of thymic humoral substances.

It is clear that a multitude of substances are involved in the immunology of the thymus and that it

is virtually impossible to decipher the role of any individual factor. A further confounding factor

in establishing the effect of the sympathetic system on thymic function is that very few of the

workers tried to distinguish between acute and chronic noradrenergic influences. This is

important as it is well known that acute and chronic stress-induced neuroendocrine alteration of

the immune system may differ.

In conclusion it appears reasonable to assume that the CNA/SAM-axis affects thymic immune

functions

]

a
u]
Q

by regulating postnatal thymic perfusion and thus also cellular migration and maturation
by being a factor in the control of the microenvironment of the thymus

by being necessary for normal thymic developmental immunocompetence but

by also being involved in the control of excessive immunological responses and in

thymic involution
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4.1.2 Effect of the primary lymphoid organs on the noradrenergic system.

It would appear that the primary lymphoid organs, and in particular the thymus, might have a
positive effects on the nervous system. Very little is known about the effect on the CNA/SAM
system per se. It has however been shown that thymic grafting can restore B-adrenergic
responsiveness and that thymic extracts can increase 0,;-adrenoceptor density. This increase in
density was however seen to be accompanied by a decrease in receptor-mediated
responsiveness (55). Whether these two effects occur simultaneously, and whether it has any

functional implication is not clear.

However, indications are that the thymus may be necessary for the maturation of the
neuroendocrine system during early life and that it might perhaps also play a role in the
neuroendocrine secretory functions of the adult brain. This is substantiated by the fact that
neuroendocrine abnormalities are known to result from either the congenital absence of the
thymus or from neonatal thymectomy. (59,60) A possible regulatory role on neuroendocrine
function is further seen in the effect of thymus-derived immunoregulatory substances on

neuroendocrine function (61). See Table 4.2.

Table 4.2: Influence of thymus-derived substances on the neurological system

THYMIC FACTOR EFFECT ON NERVOUS SYSTEM
Thymosin B4 Stimulates hypothalamic-pituitary-gonadal axis in vitro
Thymosin o Stimulates hypothalamic-pituitary-adrenal axis in vivo
Thymosin Fs Stimulates hypothalamic-pituitary-adrenal axis in vivo
Lymphokines Decrease hypothalamic noradrenaline
Lymphokines Stimulate glial cells
Interleukin 1 Stimulates hypothalamic thermoregulatory centres
Interleukin 1 Stimulates slow-wave sleep
C3, Modulates feeding behaviour at level of hypothalamus

ACTH (Neural and pituitary peptide also produced by lymphocytes)
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3-Endorphin (Neural and pituitary peptide also produced by lymphocytes)

Interferon Induces lethargy and depression

Adapted from Hall et al, 1985 (61). See references in 61.

The thymic effects on the nervous system would appear to decline with aging. This apparently
results from the combined effects of the age-associated thymus involution and a desensitisation

of the neuroendocrine tissues to thymus-derived immunotransmitter substances.

Summary on the bidirectional interaction between the CNA/SAM-axis and

the primary lymphoid organs.

In conclusion it can be said that

the neuroendocrine system would appear to be essential for the ontogenic
development of the thymus

the thymus is in turn necessary for the early development and maintenance of the
neuroendocrine system

a bidirectional influence exists between the thymus and the neuroendocrine system
with regard to secretory and other cellular functions

although the nervous system is essential for the development of thymus-dependent
immunocompetence, it is also involved in restraining unwarranted cellular immunity
and in thymic involution

the adrenergic influence on thymic function should not be seen as a major
independent effect but rather as one aspect of the neuroendocrine, immunotransmitter

milieu that regulates thymus function.

The interaction between the primary lymphoid organs and the CNA/SAM-axis is summarised on

the next page in Figure 4.2.
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Effect of the immune system on noradrenergic activity

/THYMIC EFFECT ON NORADRENERGIC FUNCTIOD

1. Necessary for development of neurosecretory
function during early development

2. Maintenance of adrenoceptor density

3. Regulation of adrenoreceptor responsiveness

4. Neuroregulatory effects through thymus-derived
cytokines (IL-1, IL-3, MCSF, etc.), thymus-derived

PSYCHOSOCIAL hormones (prolactin, ADH, oxytocin, tachykinins etc.)
DISPOSITION and thymic peptides

5. Behavior effects including increase in spontaneous
behavior, suppression of anxiety and increased

. resistance to stress
Noradrenergic effects on K /
primary lymphoid organs A
. )
NORADRE- NORADRENERGIC EFFECTS ON THYMUS
NERGIC EFFECT 1. Regulatory function in thymus perfusion and
release of cells from thymus
ON BONE 2. Necessary for early post-natal development,
MARROW including thymocyte differentiation and
: : receptor expression
Role in pe:rfusgon, 3. Controls thymic microenviranment by
cellular migration influencing intra-thymic neurohormonal and
nd leukocvte peptidergic secretions
\a d leukocy J 4. Essential for thymus-dependent immunological
competence
5. Involved in thymus involution
6. Controls stimulus responsiveness of cells
7. Curtails excessive immunological responses
8. May be a factor in gender-dependent
v differences in immunclogical responsitivity
(5 ;} through interaction with steroid hormones /
: . )
Thymosins
\‘, Thymopeptins
35 » Thymulin
BONE ' Cytokines
MARROW THYMUS Tachykinins
Thymus-derived
N J

Figure 4.2: Bidirectional interaction between the primary lymphoid organs and the
CNA/SAM -axis
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4.2  Bi-directional interaction between the CNA/SAM-axis and the secondary lymphoid

organs

4.2.1 Effect of the CNA/SAM-axis on the secondary lymphoid organs
A comprehensive discussion, including all the work done on the adrenergic influence on secondary
lymphoid organ immunity is beyond the scope of this writing. The results of representative

publications dealing with the innervation and some of the major findings on the influence of the

noradrenergic system on secondary lymphoid organs are summarised in Table 4.3.

Table 4.3: Noradrenergic influence on secondary lymphoid organs

ORGAN OBSERVATION TECHNIQUE FUNCTIONAL REFERENCES
IMPLICATION
SPLEEN 1.NA fibres along splenic Electron microscopy Early findings on vascular Ader et al, 1990; Felten et al,
artery, central artery and its Fluorescence histochemistry and capsular innervation 1987; Felten et al, 1987;

branches, the peri-ateriolar
lymphatic sheath (PALS), and
in assoiation with capsular and
trabecular systems and in
splenic parenchyma (marginal
sinus, the marginal zone,
parafollicular zone)

2.No innervation of B-cell
follicles could be shown with
fluorescence histochemistry.
Single fibres into follicles
could only be shown by double

Isolated perfused human spleen
Double-lable immunocyto-
chemistry

Double lable immuno-
cytochemistry
Fluorescence histochemistry

point towards a role in smooth
muscle contraction and thus
resistance to blood flow

Sympathetic innervation of
follicles is minimal or absent

Felten and Felten 1992; Felten
et al, 1992; Williams and
Felten 1981; Ackerman et al,
1991.

(64,65,66,67,17,

31,29)

Felten et al, 1987

lable immunocytochemistry (65)

# 3.Fibres in red pulp mainly in Fluorescence histo-chemistry Sympathetic effect Felten et al, 1985
areas adjacent to trabecular and predominantly (66)
venous plexuses On blood flow?

4.Cell bodies of post
ganglionic fibres to spleen
situated either in the

Indicates innervation pathway

Bellinger et al, 1989
Nance and Burns, 1989

paravertebral ganglia or (38,68)
coeliac-superior mesentric

ganglionic complex

5.TH" nerve fibres in pposition Double-lable immuno- Direct contact exists between Felten et al, 1987a

to CD19* T-cells, T-helper
cells and T-cytotoxic cells of
the PALS, the CD19" T-cells
and SIgM'B-cells of the para-
follicular zone as well as

the ED3* macrophages and
IgM*B-cells of the marginal

cytochemistry

SAM axes and splenic cells —
Evidence for neural immune
interaction at splenic cellular
level

Felten et al, 1987b
Felten et al, 1992

Sinus (65,66,67)
6.Close association between  Electron microscopy Cryptocine arrangement Galindo and Imaeda, 1962
fibres and cellular elements of (69)

white pulp

7.Direct close apposition
between NA nerve terminals
and lymphocytes and
macrophages of the white pulp
appositions are closer than
smooth muscle synapses or
neuro-effector junctions

Immunocytochemistry (TH*

specific antibodies)

8.Innervation declines with age Fluorescence histo-chemistry

Imply direct influence for the
sympathetic system on splenic
lymphocytes and macrophages

In contrast to thymus where no

Felten and Olschowka, 1987
Felten et al, 1987b

(70,66)

Ackerman et al, 1991

in parallel with a decline in the decrease occur

number of splenic lymphocytes (29)

and macrophages

9.Destruction of NA fibre Neurotoxin destruction or/and The majority of splenic NA is of Bellinger et al, 1989

terminals all but completely
clear the spleen of NA

ganglionectomy HPLC

NA fibre origin

Felten et al, 1987b
Williams et al, 1981



10.More common to find Histochemistry
innervation in association with

T-dependent than with B-

dependent areas. Areas which

contain mixed cells i.e. T-

lymphocytes, B-lymphocytes,

macrophages, etc. are largely

innervated by noradrenergic/

NPY containing fibres

11.Splenic diameter decreases Adrenergic stimulants
with intravenous administration Sonomicrometry

of O;-adrenergic stimulants
(dogs)

12.The suppressive effect of
morphine on conA-stimulated lymphocyte functions
proliferation of splenic
lymphocytes is mediated
through macrophage derived
nitric oxide .
13.The majority of splenic
adrenoceptors belong to class
B, and are found in the capsule,
marginal zone of red and white
pulp with low densities in the
white pulp

14.Increase in lymphocyte and Pharmacological manipulation
granulocyte release from the
spleen after NA and ISO
injection. Blocked by both
phentolamine and propanolol
without a change in blood flow
15.The SNS inhibits antigen
processing/presentation and T-
helper cell response
16.Propanolol suppresses the
conditioned prevention of
adjuvant-induced arthritis
17.Propanalol blocks the
conditioned suppressive effect
on splenic mitogen
responsiveness

18.The alpha adrenoceptor
antagonist phentolamine
blocks the cold stress
augmentation of mitogen -
induced splenic lymphocyte
IgG and IgM production. Beta
blockers enhance the effects of
cold stres

19.Pretreatment with a non-
selective B-adrenergic
antagonist, a B, antagonist as
well as a B, antagonist prevents
the suppressive effect of
morphine on mitogen induced
proliferation of splenic cells
20.Suppressor T-cells have the Ligand binding
highest density, cytotoxic T-
cells and intermediate density
and helper T-cells the lowest
drenoceptor density. Splenic 8-
cells (in mice) express twice
the number of B-adrenoceptors
than T-cells

21.Spleen cell adrenoceptor
density decrease with
immunisation

22.NA and ISO enhances LPS in vitro exposure
induced proliferation and

differentiation of splenic

lymphocytes

[125] cyanopindolol
autoradiography

in vivo

Pavlovian conditioning

Pavlovian conditioning

Pharmacological intervention

Pharmacological manipulation

SRBC immunization

Pharmacological manipulation of
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(38,66,34)
More significant influence of NA Felten et al 1987a+b
on the cellular than humoral
immunity

(65,66)

Splenic contraction is mediated ~ Ojiri et al, 1993
through O,-adrenoceptor activity

(Y]
Splenic macrophages are Fecho et al, 1994
innervated by adrenergic fibres

but effects often indirect

(72)
It is suggested that beta- Fernandez-Lopez et al, 1994
adrenoceptors are present on
mature splenic cells and not
likely to be involved in homing

mechanisms (73)

Emstrom and Sandberg, 1973
Ernstrém and Soder, 1975

Release not a mere blood flow-
induced phenomenon.
Both O and B-adrenoceptors

involved (74,75)

Immune suppression by SNS Heilig et al, 1993
76)

The sympathetic suppressor effect ~ Lysle et al, 1991

on splenic proliferation is mediated

through B-receptors an

Conditioned immune alterations of Lysle et al, 1991

splenic lymphocytes are mediated

through B-receptors

an
Both alpha and beta effects on Carr et al, 1993
the immune response and the two
may directly oppose each other

(78)

B-adrenoceptors are involved in the Fecho et al, 1993
immune suppressive effect of
morphine

a9
Kahn et al, 1986
Van Tits et al, 1990
Kobilka, 1992
Fuchs et al, 1988

1.May be a noradrenaline up or
down regulation

2.8-cells may be influenced by
NA from adjacent areas

(80,81,82,83)
Lymphocyte activation changed Fuchs et al, 1988
(0O) B-adrenoceptor density
(83)

B-effect (blocked by propanolol) Kouassi et al, 1988

(84)



LYMPH
NODES
AND

. LYMPHOID
TISSUE OF
GIT

GALT
(Gut
associated
lymphoid
tissue)

1.NA fibres enter lymphnodes Fluorescence histochemistry
at hilus, run along vasculature, Double lable immunocyto-
distribute in medullary cords  chemistry

amongst mixed populations of

lymphocytes and macrophages

in subcapsular regions spares

innervation of B8-lymphocyte

follicles

2.In lymph nodes NA fibres  Fluorescence histo-chemistry
found within subcapsular zone, Double-lable immunocyto-
paracortical regions, cortical ~ chemistry

regions, medullary cords. No
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Ackerman et al, 1987
Felten et al, 1987b
Felten et al, 1984

Felten et al, 1981

Felten et al, 1992

Giron et al, 1980
Madden and Felten, 1995
(85,66,86,87,88,

89)

Same general pattern as spleen

Felten and Felten, 1991
Felten et al, 1987a

Giron et al, 1980
Madden and Felten, 1995

Same general pattern as spleen

obvious innervation of B-cell (77,65,88,89)
follicles
3.In rodents NA fibres to Fluorescence histo-chemistry Possibly a concomitant decrease Bellinger et al, 1989

of NA Innervation/function and Madden and Felten, 1995
cell-mediated immune function.

Corresponds to spleen. Opposite

cervical, mesentric and
popliteal lymph nodes. Decline
in number and activity as a

function of age from thymus (38,89)
4.Substances which raise Administration of serotonin and Multiple influences on release of =~ Moore, 1984
intracellular C-GMP augment substance P lymphocytes from lymph nodes

the release of lymphocytes (90)
5.Infusion of dbcAMP Chemical sympathectomy The autonomic system should by =~ Moore and Lachman,
decreases lymphocyte release. implication thus be able to regulate 1982

Infusion of dbcGMP increases lymphocyte release directly — not a

lymphocyte release blood flow phenomenon 1)

6.Sympathectomy enhances thein vitro - isolated lymph-node An inhibitory effect on circulating Madden and Livnat, 1991

collection of lymphocytes in  perfusion lymphocyte numbers

lymphnodes and decreases the

migration of lymphocytes from 92)
lymphnodes

7.The primary antibody 6-hydroxydopamine 6-hydroxydopamine sympathectomy Miles et al, 1981

Besedovsky et al, 1979

Hall et al, 1982

Madden and Livnat, 1991
(93,94,95,92)

Felten and Felten, 1991

Felten et al, 1987

Giron et al, 1980

has wider neural effects and fibre
regrowth may occur. Adrenal
medullary catecholamines may
effect intact receptors

Corresponds to other secondary
lymphoid tissue. Indicates a direct
influence of sympathetic nervous
system on lymphocyte trafficking,
antigen processing and presentation
as well as on T-cell function, B-cells
maybe affected by sympathetically
altered T-cell functions such as
altered cytokine production

response in sympathectomized
animals varies from unaltered,
to enhanced to suppressed

1.NA fibres of GIT lymphoid Electron microscopy
tissue distributed through T- Fluorescence histo-chemistry, etc.

dependent zones and in lamina
propria. No evidence of 8-
lymphocyte follicle innervation

(17,65,88)

SNS = Sympathetic nervous system; NA = noradrenaline; GIT = gastro-intestinal; SRBC = sheep red blood cell; LPS =
lipopolysaccharide

The following discussion is based on publications referred to in the table above and on a

number of publications of which the references appear in the text.

In contrast to the thymus, i.e. to primary lymphoid tissue, noradrenergic innervation of
the secondary lymphoid organs is present during the early developmental periods and
declines with age. The noradrenergic innervation of the spleen appears to precede the
development of the cellular elements, which would imply a role for the sympathetic
nervous system in the developmental and maturational processes. An age-dependent
decline in the adrenergic innervation would appear to parallel the decrease in the number

of splenic lymphocytes and macrophages.
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The distribution of noradrenergic innervation to secondary lymphoid organs implies a
direct role for the sympathetic nervous system in mechanisms such as lymphocyte
trafficking, antigen processing, antigen presentation and as a result, T-lymphocyte
functional integrity. B-cell function would, if affected, be influenced, either indirectly by
noradrenaline-induced changes in T-cell and macrophage activity or by cytokine
production, or directly by noradrenaline, diffusing from fibres, not in direct contact with

B-cells.

It is clear that the CNA/SAM-axis effect on the spleen and other secondary lymphoid
organs depends on

o the adrenergic receptor type

the concentration of noradrenaline

the receptor density

the presence of peptidergic innervation

the presence of cytokines

0O 0O O 0D ©

the cell-type involved in the immune response
the antigenicity of the stimulus

the time of adrenergic stimulation relative to the antigen stimulation

0O O O

the duration of the adrenergic stimulation (acute or chronic)

the activation state of the immune cells at the time of noradrenergic stimulation.

[m]

The reader is referred to Table 4.3 and to a number of reviews for more details on the
effects of the above-mentioned factors on the adrenergically —induced alterations in the

secondary lymphoid organ immune response (62,35,63 29,8).

4.2.2 Summary of the bidirectional interaction between the CNA/SAM-axis and the
secondary lymphoid organs.

From Table 4.3, and in considering from the number of factors that may be influential in
determining splenic immune reactivity in response to adrenergic stimulation, it is evident
that the sympathetic influence can't summarily be described as either inhibitory or
stimulatory. Probably the best, yet vastly oversimplified, way to summarise the effect of
the adrenergic influence on secondary lymphoid tissue would be to say that

noradrenergic stimulation:
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may either enhance or inhibit the immune response - depending on the context
augments the primary immune response
enhances the activation or initiation of cell-mediated responses

inhibits end-stage effector cell functions

0O 0 0o o o

is essential for immunocompetence but suppresses immune function at high levels of

noradrenaline

0 would under basal conditions, appear to have a tonic inhibitory role which helps to

curtail autoimmunity

Indications are that splenic immune responses may in turn influence the nervous system.
This would be discussed in the next section as such effects are often not distinguishable

form that of the circulating immunocompetent cells.

The interaction between the secondary lymphoid organs and the CNA/SAM-axis

(noradrenergic activity) is summarised in Figure 4.3 (next page).



(1. 5, /#6, TNFac activates
the sympathetic nervous
system

2. 73l increase hypothalamic
NA turnover

3. Peripheral immune
responses selectively activate
certain sympathetic pathways

N

J

PSYCHOSOCIAL
DISPOSITION
NORADRENERGIC
INFLUENCE

SPLEEN and LYMPH NODES

|

v
v

ﬁ\IORADRENERGIC EFFECT ON SECONDARY LYMPHOI[N
ORGANS

1. Involved in prenatal splenic development

2. Regulates splenic perfusion and, in animals, contraction

3. Regulates lymphocyte and granulocyte release from lymphoid
tissue in a blood-flow dependent and independent manner

4. Direct role in lymphocyte trafficking, antigen processing and
presentation as well as cytokine production

5. Essential for immunocompetence but curtails excessive
immunological reactivity

6. Generally immunosuppressive, but may be immune-
enhancing, dependent on receptor type, stimulus intensity and
duration as well as general immunological status

7. Greater suppression of Th-1 than Th-2 cells, thus differential
production of cytokines and immunoglobulin isotypes

Dual effect within one immunological response:

e  Stimulation of inductive phase (MHC type |l expression,
antigen presentation, B-cell activation)

e Dual effect on proliferative phase: receptor and stimulus
strength dependent

¢ Inhibition of effector phase (antibody production and CTL-

\ activity /

'

v

Cytokines and inflammatory
cells and mediators
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Figure 4.3: Bidirectiona!l interaction between the secondary lymphoid organs and the

CNA/SAM-axis
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4.3. Bidirectional interaction between the CNA/SAM-axis, the circulating

immunocompetent cells and in vivo immunity.

4.3.1 Effects of the CNA/SAM-axis on circulating immune cells and ir vivo immunity.

Some of the major findings concerning the effects of sympathetic stimulation on immune cells
and on in vivo immunological competency are referred to in Table 4.4. The following synoptic
discussion is based largely on publications referred to in Table 4.4 and on references listed in
Table 4.4. All references are therefore not duplicated in this discussion. The table does not
include all available or only original publications as such a compilation would be beyond the
scope of this writing. Because of the magnitude of the published work, references to review

articles rather than original articles are sometimes provided.

Beta-adrenoceptors are found on T-and on 8-lymphocytes, macrophages, monocytes, neutrophils,
basophils and on eosinophils. These receptors are upregulated in the presence of B-blockers and
down-regulated in the presence of B-agonists, increased with cellular maturation and may
increase or decrease with mitogen stimulation - depending on the signal transduction pathway
[This was reviewed by Madden and Felden, 1995 (62)]. The response upon a noradrenergically
induced increase in cAMP depends on the receptor density, the signal pathway, the duration of
the stimulus, the time of stimulation relative to the immune stimulus, the summation of other

influences and on previous immunisations (See Table 4.4 for references).

Table 4.4: The effect of sympathetic stimulation on immunological cells and on

general in vivo immunocompetence

1. Early in vitro studies : An oversimplification - complexity of Hadden et al, 1970
a. B-adrenoceptor stimulation interaction evidenced by following Melmon et al, 1974
(1cAMP): Inhibition of lymphocyte comments Bourne et al, 1974

proliferation, antibody secretion and
production of pro-inflammatory
substances

b. o-adrenoceptor stimulation:
Augmentation of lymphocyte
proliferation, antibody secretion,
production of pro-inflammatory

substances (98,99,100)

2. In general an inhibition of *Inhibition of neutrophil phago- Zurier et al, 1974

granulocyte function (in vitro) cytosis and lysozymal release Nielson, 1987
*Inhibition of neutrophil Gibson-Berry et al,
respiratory burst 1993
*Decreased rate of superoxide Yukawa et al, 1990

production Rivkin et al, 1975



3. Sympathetic stimulation can
stimulate or suppress lymphocyte
activity depending on the type of
immunological stimulus (i.e. intra-
cellular pathway) the duration of the
stimulus and the sympathetic
stimulation, the time of application of
NA stimulation relative to time of
stimulus (B-cells/B-adrenoceptor) (in
vitro)

4.. B-adrenergic stimulation
generally inhibits T-cell activity.
Inhibition (if present) depends on B-
adrenoceptor density, duration of NA
exposure and intracellular pathway
(in vitro)

5. Dual T-cell stimulation  through
B3-adrenergic and -cell receptors
increases cAMP concen-tration
and~ [CaMP] is generally
associated with suppression of cell
proliferation

6. Lysis of cells by NK cells and
Cytotoxic lymphocytes (CTL) are
inhibited by B-adrenoceptor
stimulation in a dose dependent
manner. Noradrenalin can influence
macrophages and NK-cell activity
either directly of through regulation of
cytokine production in vitro

7.a. B-adrenoceptor activation
generally inhibits stimulus- induced
cytokine production (depending on
timing of B-adrenoceptor
stimulation relative to immune
stimulus) The reponsiveness of
cells to cytokines is generally
inhibited by adrenergic stimulation
b. Synergistic action between

*Shortened period of superoxide
production (some contradiction)
*Inhibition of antigen-induced
histamine and SRS-A release from
sensitized basophils and other cells
(i.e. | in IgE-mediated hypersen-
sitivity)

*A transient increase in circulating
granulocytes with acute stimula-
tion

* ¥ NK cell cytotoxicity

LPS + NA simultaneously : 1
proliferation of spleen cells; LPS with
later NA : no effect; NA 1 proliferation
after polyclonal B-cell morigen; NA
inhibits proliferation of anti IgM
antibodies, differences between
direct B-cell stimulation and antigen
presenting cells induced stimulation

NA (and other factors which
1cAMP)inhibits T-cell proliferation, 1¢-
2 production (!anti-CD3-induced T-
cell proliferation and enriched CD4*,
CD8*, CD45 RO* lymphocyte
subpopulations)

* 4 cAMP inhibits transmembrane
signalling events which in turn
prevent activated T-cells to transmit
from the Go to the G1 of the cell
cycle

* 4 cAMP suppresses the expression
of proto-oncogenes c-myc and c-Ha-
ras

*4 cAMP in activated T-cells
suppresses 1/-2 production

Lower doses (10°M) would appear to
inhibited, and doses above 10°M
may potentiate NK activity. CTL-
induced target cell lysis is inhibited
and exocytosis of granules
suppressed by adrenergic stimulation

Inhibition of the production of TNF by
monocytes and macrophages. IFN
induced activation of macrophages is
inhibited by NA. Inhibition further
augmented by VIP (.. 1TcAMP). B-
receptor stimulation +1¢-4 increase
the expression of CD23 IgE
receptors. 1¢-2 induction of LAK cells

increased by a-agonist
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Harvath et al, 1991
Lichtenstein and
Margolis, 1968
Assem et al, 1969
Bourne et al, 1974
Ishizaka et al, 1971
Madden and Felton,
1995
(101,102,20,103,
104,105,106,107,99,
108,109,89)

Li et al, 1990
Chartash et al, 1988
Kawakami et al,
1993

(110,111,112)

Hadden et al, 1970
Kammer et al, 1988
Carlson et al, 1989
Bartik et al, 1993

(98,113,114,115)

Reviewed by
Roszman and
Carlson, 1991

(96)

Katz et al. 1982
Hellstrand et al.
1985

Strom et al. 1973

(116,117,118)

Severn et al, 1992
Spengler et al, 1994
Irimajiri et al, 1985
Koff and Dunegan,
1985

Beckner and Farrar,
1988

Paul-Eugene et al,
1993



adrenoceptor and cytokines may
alter the response

c. Isolated reports of cytokine
stimula-tion by a-stimula-tion (in
vitro)

8. Multicellular mechanistic
Immune reponses indicate that B-
adrenergic stimulation might be
essential for early events and might
suppress the final events of antibody
production. a-Receptors would
appear to enchance the final immune
reponse (in vitro)

9. Cytotoxic lymphocytes and
antigen-induced proliferation need B-
adrenoceptor stimulation during early
developmental stages. a-Stimulation
may work in concert with 3-
stimulation. Perhaps o and B3 effects
oppose each other with B-stimulating
early events and a stimulating later
events with B suppressing later
stages and o earlier stages (in vitro)

10. In vivo experiments with
chemical or surgical sympathectomy
in adults indicate that sympathetic
stimulation

a. generally suppresses T-
independent antibody responses and
enhances T-dependent responses
b. reduces cell mediated
responses (delayed type hypersen-
sitivity, 10-2 production, CTL-activity)
c. may increase of decrease
cellular proliferation

11. Catecholamine infusion
Showed that time of sympathetic
stimulation relative to immune
stimulus determines the immune
effect. The acute effects include
redistribution of immune cells and the
chronic effect would indicate immune
suppression (in vivo)

12. The sympathetic system has a
tonic inhibitory role in autoimmune
disease :

Observations in autoimmune and
other pathologies, as well as in
aging, indicate that

a. the sympathetic system
controls (!) immunological reactions
against "self-antigens" and in
sodoing prevents auto-immune

NA added in beginning to cell
cultures increases antibody
response, NA added late in process
inhibits immune response

Terbutalin and ISO at inital stages in
mixed culture: 4 CTL generation.
Phentolamine:

tlytic activity. Phenylephrine:

| antigen-specific proliferation of
lymphoid cells

a. Sympathectomy reduces antibody
responses in adult rodents if 6-
OHDA was used

b. Neonatally sympathectomized
adult aminals show enhanced
antibody production - in an aged-
dependent way

c. Cell-mediated immune responses
reduced after sympathectomy
Opposite effects on T-dependentand
T-independent antibody responses

Early NA and continuous NA infusion
inhibits T-cell proliferation and
antibody response, but may lead to a
transient increase in circulating
immune cells (1 release) - no change
in blood flow

Sympathectomy exacerbates
experimental rheumatoid arthritis,
hastens onset and augments
inflammation and skeletal
deterioration, of RA. A reduced NA
activity associated with SLE, auto-
immune haemolytic anaemia, and
other auto-immune diseases

4.23

(119,120,121,122,12
3,124)

Melmon et al, 1974
Sanders and Powell-
Oliver, 1992

Ron and Sprent,
1987

(99,125,126)

Hatfield et al, 1986
Heilig et al, 1993
Madden and Felten,
1995

(127,76,89)

Fuchs et al, 1988
Livnat et al, 1985
Hall et al, 1982
Kasahara et al, 1977
Madden and Felten,
1995

(26,128,95,129, 89)

Felsner et al, 1992
Gader, 1974

Crary et al, 1983
Ernstrém and
Sandberg, 1973
Ernstréom and Sdder,
1975

McHale and
Thornbury, 1990
(130,131,132,133,13
4,135)

Levine et al, 1988
Breneman et al,
1993

Cunnick et al, 1990
Sonnenfeld et al,
1992 .
Dobbs et al, 1993
Madden and Felten,
1995



disease

b. stress-induced enhancement of
NA stimulation inhibits splenic T-cell
proliferation, IFN3 production and
increases vulnerability to herpes
simplex and other infections agents
(in vivo)

13. Stress-induced decreases in
CD4* cells, increases in NK-cell
number and cytolytic activity are only
significant in high sympathetic
reactors to acute stress

14. In auto-immune disease,
sympathetic activity is reduced prior
to onset of symptoms and chemical
sympathectomy worsens the severity
of the disease.

15. The immune modulatory effects
of prolonged elevation of
catecholamine levels differs from
short term sympathetic stimulation
and noradrenaline and adrenaline
may have opposite immune
modulating effects

The sympathetic system in the
stress-induced modulation of the
immune system is more pronounced
in high sympathetic reactors to acute
stress

Evidence exists for an immune
suppressor function

Sympathetic effect depends on the
duration of the stimulation and on the
receptor type
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Rogers and Fozdar,
1996

(136,137,138,139,14
0,89,141)

Matthews et al, 1995

(142)

Madden et al, 1995

(35)
Harris et al, 1995

(143)

It is, as was previously mentioned, clear that the effect of the sympathetic system on the
immune system cannot summarily be considered as either inhibitory or stimulatory. The
results of noradrenergic stimulation on the immune system has, for the major part, been
analysed in terms of its stimulatory effect on intracellular cCAMP levels. Within this
context lie numerous factors that can complicate a simple deduction as to the effect of the
sympathetic system on immunity. An example of this is the fact that cAMP has been
reported to be essential for cellular maturation and proliferation (92) but that raised
cAMP levels have also been said to suppress the expression of a number of proto-
oncogenes. However, the expression of proto-oncogenes such as c-myc and c-Ha-ras are
known to be important for the development of the proliferative potential of lymphocytes
(96). Another confounding factor in drawing a parallel between in vivo sympathetic
stimulation and the immune effect is the multitude of substances, other than
noradrenaline, which are capable of modifying intracellular cAMP activity, some of them
co-transmitters of the adrenergic system. A discussion on the control of intracellular
cAMP activity is in itself a very wide subject that can easily be considered a separate
independent field of research. It can, however, surely be seen as yet another connection
between, or entrance for the cellular biologist into the field of psychoneuroimmunology,

and by implication, into the field of psychology. A third group of confounding factors in
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reading the sympathetic effect from the results of in vivo sympathetic stimulation is
adrenoceptor distribution, expression and reactivity, but even more so the type of
adrenoceptors present. Direct opposing effects have been ascribed to 8 and a-receptors
respectively and a variety of, especially 8-adrenoceptor subtypes, is presently being

investigated.

It is therefore evident that the effect of sympathetic stimulation on in vivo
immunoreactivity could never be interpreted as an irrevocable effect as it is intrinsically
dependent on factors such as the physiological environment, the chronological order of
immune vs. neurotransmitter stimulus, and the duration of the stimulus. In the light of our
present knowledge and insight it is perhaps only possible to summarise the general

effects in broad terms.

As such it is possibie to say that it has by now unequivocally been established that the
sympathetic system can, depending on the internal environmental context, exert, either a
stimulatory or inhibitory influence on the immune system. It is further feasible that both
stimulating and inhibiting influences may be exerted within the same immunological
response. Such a potentially dual modulatory role for the adrenergic system has earlier

been postulated by Madden and Livnat (92) describing

0 astimulating role during the inductive phase of the immune reponse
o either a stimulatory or inhibitory role, depending on the strength of the noradrenergic
impact, during the proliferative phase

0 an inhibitory role during the effector phase

In view of the complexity of predicting the effect of the noradrenergic influence on
specific immune responses it would perhaps be more apt to try and define the influence
on total in vivo immunocompetence. In such an assessment of immunological
functionality one should consider the immune responsiveness to noradrenergic stimuli as
well as the role in self-tolerance. A role for the adrenergic system has been described for
both. The adrenergic effect on immunological responsiveness would appear to be of a
dual nature, i.e., it could be immunostimulatory or immunorestraining.

An immunorestraining function for the sympathetic system is evident in (see table 4.4, as
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well as reviews 35, 29 and 92 for references)

o it’s reported role in prevention of autoimmune diseases

o the increased vulnerability to herpes simplex and other microbial agents during
periods of excessive, stress induced sympathetic activity and

o in the enhancement of certain immune responses in the presence of sympathectomy

and adrenoceptor blockers

An immunostimulating role from the noradrenergic system has also been confirmed established.
The necessity of a functionally intact adrenergic system for immunocompetence is highlighted in
an overview by Ackerman et al, (29) which deals with the ontogeny and senescence of the
noradrenergic system's influence on immunological affecters. It is perhaps best illustrated by the
similarity between the effects of ageing and that of sympathectomy. Similarities between the age-
associated decline in immunocompetence and the effects of sympathetic denervation on the

immune responsiveness can be seen in Table 4.5.

Table 4.5: A comparison between the effects of aging and the effects of chemical

sympathectomy on the immune system.

IMMUNE RESPONSE AGING RESULT OF
SYMPATHEC-

T-Cell responses

Delayed-type hypersensitivity v v
Cytotoxic T-lymphocyte activity v v
con A-induced proliferation M M
Interleukin-2 production -
Interleukin —2 receptors B
Polyclonal B-cell responses
Lipopolysaccharide induced proliferation s s
Immunoglobulin secretion in reponse to poly-clonal B-  * -
cell stimulation
Antibody reponse
Primary T-dependent antigen T v
Secondary T-dependent antigen b v
Primary T-independent antigen v “
Tumoricidal activity
NK-cell activity $ a

Resistance to tumor challenge

(Adapted from Ackerman et al, 1991 (29)) ;  =increased; ¥ =decreased,; 2 = increased or decreased.
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More evidence in support of a role for the CNA/SAM-axis in immunocompetence was seen in
the earlier subdivisions that dealt with the primary and secondary lymphoid organs, in the
references in Tables 4.1,4.3 and 4.4, and in a multitude of other publications, not referred to in

this writing.

It is further known that the psychological disposition of the individual plays a markedly
dominant role in the immunoreactivity of the individual. This emotional influence is especially
important in conditions of stress where both the two major stress axis, i.e. the HPA-axis and the
CNA/SAM-axis, are stimulated. The degree to which an individual or animal feels in control of a
situation would appear to be a major determinant in the outcome of this neurological influence
on immunocompetence. Evidence points towards a role for the noradrenergic system in this
respect (97). This is however dealt with in more detail in the chapter on the

psychoimmunological interaction and in the final chapter.

In summary it can, with regard to the effect of the CNA/SAM-axis on circulating immune cells

and total in vivo immunity, be said that

o arole for the sympathetic system in the control of the in vivo immune syétem has
been shown beyond any doubt

o the magnitude on the adrenergic system on total immunity, relative to that of other
influences such as other hormones and neuroactive agents, is still speculative

o the sympathetic system is necessary for immunological competence, especially
during the developmental stages, but can also curb unwarranted immunological
reactivity '

G sympathetic activity may within the same immune response, stimulate the process
(during the inductive phase) as well as suppress it (during the effector phase)

o itis feasible to accept that the outcome of high noradrenergic activity on the immune
system depends on the perception of the individual. This psychological influence

would, however, be deferred to a later chapter dealing primarily with this aspect.

4.3.2 Effects of circulating immune cells and substances on the CNA/SAM-axis.

The effect of the immune system on the nervous system can be assessed either through
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ascertaining the alterations in the central noradrenergic system (CNA) function and

structure, or by observation of the effects on peripheral adrenergic functions (SAM-axis).

Direct immunological effects include (89).

o increased sympathetic firing rates in the adrenal medulla and spleen upon 1¢-1
infusion

o increased firing rates in the ventro-medial hypothalamus, as well changes in
adrenergic neurotransmitter concentrations and neuronal activity in diverse areas of
the hypothalamus and brainstem upon either cytokine administration or immune
stimulation

o awide spectrum of neuroendocrine hormones which are secreted by immunological
competent cells and which can either act as autocrine or paracrine regulatory
hormones or can feed back to the central nervous system - especially the
hypothalamus - to inhibit nervous system secretory activity. This might in turn affect
central sympathetic activity

0 the effects of immunologically derived cytokines that, over and above their many

other central nervous effects, can modulate central noradrenergic functioning (144).

The exact cerebral targets are not always known, but peripherally derived cytokines have been
implicated in a variety of psychological effects and even in some psychiatric disturbances. It was
shown that such cytokines may be involved in changes in eating, sleeping and exploratory
behaviour, as well as in socialisation and other behavioural functions and that they may be a
factor in chronic fatigue, sickness behaviour and mood disturbances (145, 146). At present it
would appear that the affects of the immune system on the central nervous system are mediated
predominantly through immunologically derived cytokines and other inflammatory mediators.
Various ways had been suggested by which these cytokines may reach their neural targets within
the blood brain barrier (145). Cytokines are said to be transported across the blood brain barrier
by cytokine-specific transport mechanisms or through areas with a high permeability for
cytokines. Cytokines have further been shown to mediate their cerebral effects, either by binding
to receptors on peripheral nerves, or by influencing the intracerebral prostaglandin production.
There are also indications that the cytokine-producing leukocytes themselves may gain entry into
the central nervous system to produce their cytokines in situ. Other substances said to be
involved in the transduction of immunological occurrences into cerebral events include various

immune modulators, as well as leukocyte-derived peptides and steroids. At least one of the
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mechanisms mentioned has been shown to be involved in the immunological effect on the central
noradrenergic system, i.e., the prostaglandin-dependent mechanism. In transmitting information
about peripheral immunological event to the central nervous system, the immune system acts as
yet another sensory system. The immune system has, in fact, in the past been likened to a sixth

sense organ (147).

The effect of immunologically derived cytokines on the brain and on behaviour is the subject of
Chapter 6. It is therefore necessary to summarise the influence of the sympathetic nervous
system on cytokine production. Probably the most important point to be addressed is the
differential effect of the catecholamines on the secretion of pro-inflammatory and anti-
inflammatory cytokines. Stimulation of the f,~adrenoceptor—cAMP-protein kinase pathway
stimulates the production of anti-inflammatory cytokines such as interleukin-10 (IL-10),
transforming growth factor-f (TGFp), interleukin-4 (IL-4), interleukin-13 (IL-13) and suppresses
the release of pro-inflammatory cytokines such as interferon-gamma (INFy), interleukin-2 (IL-2)
and tumour necrosis factor -alpha (TNFq). Stress-induced noradrenaline activity can therefore
cause a suppression of T helper type 1 (Th1) responses and cellular immunity while stimulating

T helper type 2 (Th2) responses and humoral immunity (148).

This is a very important aspect for anyone wanting to understand the effect of stress on
conditions such as allergies, autoimmune diseases, chronic inflammatory conditions and
probably the connection between stress-related mental disturbances and immune disturbances.
However, it requires a cutting-edge knowledge of immunology and is therefore beyond the aim
of this thesis. Some of the essential detail would be discussed in chapter 6 where the influence of

the immune system on behaviour is dealt with.
4.4  Summary of the neuroimmunological interaction in terms of the CNA/SAM-axis.

The immune system has for long been considered an autonomous system with considerable self-
regulatory capabilities. The same applies to the SAM-axis as one of the two major divisions of
the autonomic nervous system. It is, however, becoming increasingly clear that the immune and
sympathetic systems can be affected by other factors and that a bidirectional influence exist
between them. Indications are that the bidirectional influence between the immune system and

the CNA/SAM-axis can either be stimulatory or inhibitory, depending on the ontogenic stage, the
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phase of the immunological reaction, the potency and duration of the stimulation as well as the
magnitude of other neural and humoral influences. A sustained stimulatory bidirectional
interaction would, in effect, represent a positive reverberating feedback loop between the two
systems. This would appear to be the case during the early ontogenic period where sound
immunological development seems to be dependent on normal functional development of the
noradrenergic system, and vice versa. This positive functional interdependence probably exists
for life - as can be seen in the effect of the immune system on receptor density and other factors,
and in the positive effect of the sympathetic system during the early phases of immunological
responses. However, it is evident that negative feedback between the two systems also exists,
especially form the neural to the immunological system. This appears to be especially true during
the effector phases of immune responses and with regard to the curtailing of unwarranted
immunological activity. The CNA/SAM-axis would, in fact, appear to be a major restraining
factor against the development of autoimmune disorders and in controlling certain inflammatory
conditions. It would further appear that excessive noradrenergic activity, as seen during severe

negative stress, could predispose to infections and tumour growth.

Recent indications of differential modulatory effects of stress-induced noradrenalin secretion
on cytokine release offer extremely promising therapeutic possibilities for the treatment of stress-

related disorders.

Perhaps the interactions between the two systems can best be summarised by saying that the
immune system should indeed be seen as one more target of the central nervous system, and that
the immune system can in turn act as an additional sensory organ informing the central nervous
system about immunological related events and as such can serve as neurological, and by

implication, as behavioural, response modifier.

The content of this chapter is presented on the next page, as Figure 4.4, as a heuristic diagram of
the bidirectional interaction. As a small-scale version (Figure 4.1), it was also shown at the
beginning of the chapter in an attempt to facilitate the reading of the chapter. It is given here in

normal size as a summary of the work presented and because it is considerably easier to read.
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Figure 4.4: A schematic representation of the bidirectional interaction between the CNA/SAM-axis and the immune system.
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Legend to Figure 4.4

Figure 4.4: A schematic representation of the bidirectional interaction between the
CNA/SAM-axis and the immune system

[On the left hand side of the diagram the effects of the CNA/SAM-axis on primary lymphoid organ
(thymus and bone marrow) immunity, secondary lymphoid organ (spleen and lymph nodes) immunity,
and on in vivo immunological reactivity and competence are shown. The right hand side represents the
effects of the immune system on the functional and developmental aspects of the CNA/SAM-axis. At the

bottom of the page the overall effects are summarised.]
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This chapter presented the neuroimmunological interaction between the CNA/SAM-axis
and the immune system. In combination with the previous chapter, i.e., Chapter 3, it
describes psychoneuroimmunology in terms of the CNA/SAM-axis. The next chapter will

show the psychoneuroimmunological interaction in terms of the CRH/HPA-axis.
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5.1

CHAPTER 5

THE PSYCHONEUROIMMUNOLOGICAL INTERACTION IN TERMS OF THE
CRH/HPA-AXIS.

The Central Role of CRH in the Psychoneuroimmunological Interaction of the Two
Main Stress Axes

The previous two chapters demonstrated the psychoneuroimmunological
interaction in terms of the first of the two major stress axes, i.e., the central
noradrenergic/peripheral sympathoadrenomedullary system (CNA/SAM-axis). This
chapter deals with psychoneuroimmunology in terms of the other major stress axis,
i.e., the central corticotropin-releasing hormone/peripheral hypothalamo-pituitary-
adrenocortical axis (CRH/HPA-axis). In the CNA/SAM-axis the neurotransmitter
noradrenaline plays a pivotal role in both the central and peripheral effects, while
cortisol is generally seen as the main effector hormone of the CRH/HPA-axis, both
for immunological and behavioural functions. In depth scrutiny of the subject lead
to the conclusion that the last assumption is a misconception. This chapter will show
that a) CRH is the dominant neurohormonal factor of the CRH/HPA-axis and that,
in this role, controls not only the neurological-behavioural functions, but also the
immunological reactivity and status, and b) that it not only regulates CRH/HPA-
axis activity, but is also in control of the CNA/SAM-axis. The aim of the first section
of this chapter is to demonstrate the distribution of CRH neurons in the central
nervous system, as well as the central role of CRH in the integration and regulation
of autonomic nervous system activity, neuroendocrine function and in behaviour.
The second section will deal with the central role of the CRH/HPA-axis in
immunological homeostasis, i.e., the neuroimmunological role of the CRH/HPA-
axis. The third section demonstrates the central role of CRH in

psychoneuroimmunology in terms of both major stress axes.



52
Introduction

Chapter 2 provided evidence for an interaction between the psychological disposition and
the immune system, i.e., for a psychoimmunological link. It focussed on providing prove
that enough evidence exists for the interaction to be considered a normal phenomenon of
all behavioural processes and psychological abnormalities, and that behaviour can in
almost all circumstances become a biological response modifier and vice versa. The
underlying mechanisms that link the psychological and immunological events were at
that stage largely ignored. The next step was to show the main stress axes, i.e., the
CNA/SAM-axis and the CRH/HPA-axis, as underlying psychoneuroimmunological
mediators. The third and fourth chapters demonstrated that in terms of the CNA/SAM-
axis, i.e., the third chapter dealt with the psychoneurological and the fourth chapter with
the neuroimmunological interactions in terms of the CNA/SAM-axis. The current chapter
concentrates on psychoneuroimmunology in terms of the CRH/HPA-axis. It demonstrates
that corticotropin-releasing hormone (CRH), plays a central role in the integration of
autonomic function, somatic motor function, neuroendocrine activity and behavioural

functions, as well as in the neuroendocrine control of immunity.

The essence of psychoneuroimmunology in terms of the CRH/HPA-axis can be
condensed into four large diagrams (Figures 5.1, 5.2, 5.3 and 5.4). These diagrams are
presented right at the beginning of the chapter, followed by descriptive supporting
evidence. A fifth key diagram (Figure 5.15) is found right at the end of the chapter and.

presents psychoneuroimmunology in terms of the two main stress axes. Other figures are

included for explanatory purposes.

The contents of this chapter is thus summarized in Figures 5.1 to 5.4 and Figure 5.15.

These figures are:

Figure 5.1: The psychoneurological interaction in terms of the CRH/ HPA-axis.

The central role of CRH in the control of the neurohormonal and behavioural

stress response.
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Figure 5.2: The neuroimmunological interaction in terms of the CRH/ HPA-axis.

The central role of CRH in the neurohormonal control of immunity.
Figure 5.3: The effects of acute and chronic increases in glucocorticoids.

Figure 5.4: Outline of the central role of corticotropin-releasing hormone in

psychoneuroimmunology in terms of the CRH/HPA-axis.

Figure 5.15: Psychoneuroimmunology in terms of the two main stress axes.

The central role of corticotropin-releasing hormone.

In the paragraphs, following upon the figures, more detailed explanatory discussions will

be provided. These explanatory discussions are subdivided into:

Section 5.1:  The psychoneurological interaction in terms of the CRH/ HPA-axis.
The central nervous system CRH system and the central role of CRH in

the stress response.

In Section 5.1 the distribution of the CRH neurons throughout the CNS is discussed. It is
demonstrated that the central, as well as the peripheral, stress response, including the

CNA/SAM-axis, are under CRH control. The section explains and expands on Figure 5.1.

Section 5.2: The neuroimmunological interaction in terms of the CRH/ HPA-axis:

The central role of CRH in the neurohormonal control of immunity

In this section it is shown that CRH is ultimately in control of the total immunological
effects of the CRH/HPA-axis, as well as the immunological effects of other hormones of
the stress response. The immunological effects of the hormones influenced by CRH will

briefly be reviewed. This section explains and expands on Figure 5.2 and Figure 5.3.
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Section 5.3:  Psychoneuroimmunology in terms of the two main stress axes.

The central role of corticotropin-releasing hormone.

This section combines work from the previous 2 sections, as well as from Chapter 3 and
Chapter 4 in order to show CRH as the central element in psychoneuroimmunology in

terms of the two main stress axes. It is summarized in Figure 5.15.

In the explanatory discussion of sections 1 and 2 some of the main figures are subdivided

in order to facilitate the understanding of the chapter as a whole.

Figures 5.1 to 5.4, followed by their respective legends, are presented on the next eight

pages.
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Legend to Figure 5.1

Figure 5.1: The psychoneurological interaction in terms of the CRH/ HPA -axis.

The central role of CRH in the control of the neurohormonal and behavioural

stress response.

[The scheme illustrates the distribution of CRH neurons throughout the central nervous system.
CRH neuronal cell bodies are found in the paraventricular nucleus (PVN) of the hypothalamus.
These neurons are in control of the HPA-axis and its functions. By controlling the secretion of
cortisol the PVN CRH neurons indirectly control and integrate the functions mediated by cortisol,
including a) the permissive functions of cortisol on metabolic regulation, b) cortisol’s behavioural
effects, ¢) its immunological effects, d) its control of the stress response through negative
feedback to the hippocampus, e) its stimulatory effect on the CRH neurons of the amygdala that
in turn stimulate CRH and ADH neurons of the hypothalamus and, f) the effects of cortisol on
diurnal rhythms. The CRH neurons of the PVN are mainly involved with the control of peripheral
stress responses. However, PVN CRH neurons also project to other areas such as the arcuate
nucleus, the brain stem and the spinal cord where they help to coordinate the stress response.
CRH neurons are also found in the brain stem and intermediolateral column of the spinal cord
where they influence and coordinate autonomic functions, somatic motor functions and
behavioural functions and from where they control the CNA/SAM-axis. The most important
group of CRH neurons, with regard to behavioural functions are found in the amygdala. They
project to and stimulate the activity of the PVN CRH neurons of the hypothalamus where they
integrate and control autonomic and endocrine functions, project to the autonomic nuclei of the
brain stem to control SAM-axis activity, and project to the arrxinergic nuclei of the brain stem
that, in turn, project back to the cortex to control the emotional and cognitive functions of the
brain. These pervasive CRH projections from the amygdala greatly contribute to the integration
of the neuroendocrine, autonomic nervous system and behavioural responses during
psychologically-induced stress. Clusters of CRH neurons are further found in the cerebral
association areas and limbic structures that help with the analysis of information and the

formation of perceptions about potential stressors.]



NORADRENALINE DOPAMINE
ADRENALINE SEROTONIN
ADH ACETYLCHOLINE
THYROID HORMONES GROWTH HORMONE
ENDORPHINS
PROLACTIN
ENKEPHALINS
GONADOTROPHINS OXYTOCIN

Immunological effects of

CONTROL OF THE CENTRAL
STRESS PESTPNSE (20)

HYPOTHALAMUS
PARAVENTRICULAR
NUCLEUS

Activation by
neurosensory
stimuli (e.g. limbic
system)and by
humoral factors
(e.g. cytokines)

B- endorphin

ANTERIOR
PITUITARY,
(AP)

ADRENAL
CORTEX &~

GLUCOCORTICOIDS

All with their own immunomodulatory effects

Immunological effect of CRH from immune cells and nerve endings
Control the pain of inflammation by stimulation of the local release of opioid peptides 8)
Mast cell degranulation with vasodilation, increased vascular permeability, fluid
extravasation and hypotension (19)

CRH receptors on immune cells and immune accessory cells, e.g. macrophages mast
cells, leukocytes, as well as inflamed synovia (19)

CRH stimulates IL-1 secretion from monocyte (19)

CRH stimulates IL-2 secretion from lymphocytes (19)

CRH stimulates IL-6 secretion from mononuclear cells (19)

CRH stimulates IL-2 receptor expression (19)

CRH enhances chemotaxis (19)

Stimulates lymphocyte proliferation (19)

CRH stimulates the production of reactive oxygen radicals by macrophages (19)
Increased hypersecretion in human autoimmune inflammatory diseases and
Hashimoto’s thyroiditis (19)

Inhibition of certain immune and inflammatory responses points towards a bi-phasic
action

Immunological effects of a-Melanocyte stimulating hormone
Antagonises pyrogenic and pro-inflammatory response

Effects production as well as secretion of cytokines (IL-1, IL-6, TNF, IFNY) (11)
Reduces neurogenic aspects of inflammatory response (11)

Immunological effects of - endorphin and other opioids
Inhibitory effect on most immune functions — independent of steroids (1)
Co-factors in determining Th1-Th2 response - favours Th2 response (1)
Decreases T-lymphocyte mitogenic response, IFN secretion, expression of
HLA class 11 antigens, T-cell receptor CD3 complex IL-2 receptor,

Immunological effects of ACTH

Inhibits the immediate response to injury by suppression of vascular leakage (6).
Steroidogenic effect — stimulates secretion of immune active glucocorticoids

Exerts direct immunological effects as well as indirect through neuroendocrine
modulation.

Influence phagocytosis processes (cellular migration,chemotaxis, endocytosis, etc) —-
usually

positively, in concert with cytokines and other immune modulators (15).
Dose-dependent effect on humoral immunity, but generally inhibitory (15).

Immunological effects of glucocorticoids (cortisol)

Primary iymphoid tissues:

Role in thymic cell development, T-cell selection, apoptosis of cells in thymus (2)
Secondary lymphoid tissue:

Role in splenic T-cell selection — peripheral T-cell selection - through clonal
deletion and expansion (2).

Necessary for initial antigen-specific response (2) in secondary lymphoid tissues
Total in vivo immune response:

Generally anti-inflammatory at pharmacological levels — immune modulatory in
physiological levels

Bi-phasic response — dose-dependent and exposure time-dependent

May be a prerequisite for the coordinated immune response (5)

Plays a role in maintaining the appropriate balance between the expression of
inhibitors and effectors of apoptosis of cells (12)

Basal physiological and low acute stress levels of GC, in a time, dosage, and
cytokine-dependent manner can enhance almost all aspects of immune function
( normal regulation and acute adaptive stress response)

During infections: Excessive pro-inflammatory cytokines will stimulate HPA-axis to
increase cortisol to immune-inhibitory levels (protection of body against systemic
inflammatory response, self-damage and autoimmune processes)
Pharmacological dosages: generally immune suppressive — with a shift from
proinflammatory to antiinflammatory cytokine response.

Allergic reactions to corticosteroids may develop (14)

Mechanisms:

Acute stress: Tcirculating neutrophils; | circulating lymphocytes (Th, Tc, B-cells,

NKC), monocytes. Represent redistribution of leukocytes rather than destruction (17).

Long acute to chronic: | Total leukocyte numbers.

Modulation of the immunological effects (differentiation, cell proliferation,
inflammatory and immune responses) of peptide hormones, metalloproteinases and
of cytokines by interfering with the activity of other transcription factors such as
CREB, AP-1 and NF-xB (3).

Inhibits antigen presentation by macrophages as well as their production of IL-1, IL-2
IL-6, IFNYy (18).

Arrests lymphocyte proliferation in stage GO and G1 (18)

Suppresses the differentiation of monocytes to macrophages (18)

impoitant role in Th1/Th2 response: favours Th2 cytokine responses { autoimmunity
linked to Th1-responses; allergy and asthma linked to Th2-responses) (2)
Upregulation of certain cytokine receptors — enhancement of cytokine action (2)
Induction of acute phase responses — including behaviour (2)

Stimulatory effect on early B-cell responses (Th2-response) (2)

The type 1 GC receptor-cortisoi compiex acts as functional antagonist of the type 2 receptor
which means that cortisol can induce opposing effects (20).

The affinity of GC receptors are determined by genetic polymorphisms, associations with
immunophilins, and by various cytokines (20)

In inflammation:

Inhibits the immediate inflammatory response to injury by suppression of vascular leakage
(6).

Many of the anti-inflammatory effects mediated through a combination of the up-regulation
of anti-inflammatory mediators and the down-regulation of pro-inflammatory mediators
Binds to GRE on glucocorticoid-responsive genes and increases the transcription of genes
coding for anti-inflammatory proteins (lipocortin-1, IL-10, IL-1 receptor antagonist,, neutral
endopeptidases) (7)

Inhibits the expression of multiple inflammatory genes (pro-inflammatory cytokines,
enzymes, receptors, adhesion molecules) through direct inhibitory interaction between
activated GC receptors and activated transcription factors (7).

Can suppress gene expression of immune-related substances by changing chromatin
structure (7).

Stimulates lipocortin-1 production that in turn inhibits phospholipase A, activity with a
resultant decrease in the production of inflammatory mediators such as prostaglandins and
leukotrienes (18)

Stimulates the secretion of neutrophil-derived lipocortin-1, which inhibits neutrophil
extravasation in response to chemotaxic stimuli (9)

Decreases the expression of the gene that codes for cyclooxygenase-2 — thus further
suppresses the production of inflammatory prostaglandins (18)

Control local inflammation through lipocortin-induced detachment of neutrophils from
postcapillary venules (4).

Inhibits the gene that encodes for nitric oxide synthase (18)

Stabilises lysosomal membranes - thus reduces local release of proteolytic enzymes and
hyaluronidase (18)

Inhibits the differentiation and proliferation of mast cells (18)

Suppresses the proliferation of fibroblasts, as well as their synthesis and deposition of fibrils
(18)

Not only does GC regulate cytokine secretion, but cytokines modulate the function and
expression of GC receptors (13)

Mediates the production of thymosin B sulfoxide by monocytes which inhibits neutrophil
chemotaxis, lowers neutrophil adhesion to endothelial cells and causes neutrophil dispersion
(10)

Mediates expression of adhesion molecules (glucocorticoid-induced adhesion match)
through stimulation of the production of cytokines and lipocortins which control adhesion
molecule expression (18)

Figure 5.2 The neuroimmunological interaction in terms of the CRH/HPA-axis. Central role of CRH in the neurohormonal control of immunity.

Le
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Figure 5.2: The neuroimmunological interaction in terms of the CRH/ HPA-axis.
The central role of CRH in the neurohormonal control of immunity.

[CRH controls the secretion of pro-opiomelanocortin (POMC) that contains within its structure B-
endorphin, a-MSH and ACTH. Each of these hormones has their own immunological effects.
ACTH also regulates the release of cortisol — a steroid hormone with both immuno-enhancing and
immunosuppressive effects. CRH is, in addition in control of the activity of the neurohormonal
factors of the central stress response. Each of these substances has either immuno-enhancing or
immunosuppressive effects or both. CRH thus controls the immune system directly through its
own effects on the immunological processes and indirectly a) through its control of the POMC-
derived substances and the ACTH-controlled release of cortisol, as well as b) its control over the

neurohormonal substances of the central stress response.]
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Figure 5.3 :

The effects of acute and chronic increases in glucocorticoids.

On the left is shown acute -induced immune enhancement, i.e., redistribution of
areas where needed and a totalse in innate, humoral and cellular immunity. This
seen as an adaptational response to protect the body against infections, but
autoimmune and inflammatory responses.On the right is shown immune
prolonged ds of stress or at pharmacological levels. This can predispose to
development of cancer but offer some protection against autoimmune and
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Figure 5.3: The difference between chronic and acute stress-induced stimulation of

the HPA -axis.

[On the left is shown acute stress-induced immunoenhancement, i.e., redistribution of leukocytes
to areas where needed and a total increase in innate, humoral and

cellular immunity. This should be seen as an adaptational response to protect the body against
infectious stressors, but can predispose to autoimmune and inflammatory complications. On the
right is shown immunosuppression that occurs during prolonged periods of uncontrollable stress
or at pharmacological levels of glucocorticoids. This can predispose to infections, allergies and
cancer development, but offer some protection against autoimmune and chronic inflammatory

conditions.]
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Legend to Figure 5.4

Figure 5.4: Outline of the central role of CRH in psychoneurcimmunology in terms
of the CRH/HPA-axis

[The psychoneuroimmunological integration is shown in four layers with the top horisontal layer
representing the psycho-, the middle layer the neuro- and the bottom layer the immunological
aspects. A more detailed presentation of the psychoneuroimmunological interaction is

incorporated into Figure 5.15]
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5.1 The central nervous system CRH system and the central role of CRH in the

neurohormonal and behavioural stress response.

The aim of this section is to show, firstly, the distribution of CRH neurons throughout the
nervous system and secondly the central nervous systtm CRH neuronal system as
integrator between the various psychological and physiological functions of the stress

response. This section describes the information shown in Figure 5.1.

Around 1956 Hans Selye described the role of the hypothalamo-pituitary-adrenocortical
(HPA) axis in the stress response (22). He also described the stress reaction that follows
upon psychological stressors as the non-specific stress response. Although we know
today that large variations in the pattern of the non-specific stress may occur, the term
non-specific stress response, as coined by Selye, is still used to distinguish it from the
homeostatic disturbances caused by specific stimuli where homeostasis can be returned to
normal by feedback mechanisms specific for the disturbance. Perhaps it is at this stage
necessary to mention that the non-specific stress response is, in contrast to the specific
stress response, not a correction of the disturbed homeostasis, but rather, a new
homeostasis aimed at helping to cope with the stressor. Today it has, in certain circles,
become customary to refer to allostasis rather than to the non-specific stress response.
Allostasis is seen as the regulation of the internal milieu through neurohormonal changes
— in other words to keep internal stability through adaptational changes in the
neurohormonal homeostasis (23,24). The term allostatic load can be seen as the
equivalent for the description “the effects of chronic stress”, i.e., it is the price the body
and mind pay for containing the effects of arousing stimuli and for the anticipations of

negative events (25).

Formal recognition of the relativity of the non-specificity in the so-called non-specific
stress response started around 1968 with the writings of Mason (26). Mason’s big
problem with the theory of Selye was that only the efferent leg of the stress response was
taken into consideration and that very little was said about the nature, strength and

chronicity of the stimulus input (26).
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Since the work of Mason many contributors have shown that the nature of the so-called
non-specific stress response is determined by factors such as the context in which it
occurs, the psychosocial environment, and the perception of the individual about the
stressor, which, in turn, is determined by earlier cognitive and emotional experiences and
genetics. In short, the major determinants would appear to be the extent to which the
individual sees the situation as potentially controllable — a phenomenon largely dependent
on coping skills and the need for the individual to be in control. Of the two major stress
axes, activation of the HPA-axis is the least likely to have a set pattern of activation and
is most probably to the largest extent influenced by the psychological factors just

mentioned in the previous sentence. This would be born out by subsequent writings.

The aim of this section is to demonstrate the ubiquitous distribution of CRH neurons
throughout the central nervous system, and to demonstrate the central role of CRH, the
first hormone of the HPA-axis, in the stress response and in the integration of the
behavioural, neuroendocrine, autonomic nervous system, somatic motor and immune
responses to stress. This was summarised in Figure 5.1. The following paragraphs will
provide a brief description, with the necessary references, of the information presented in

Figure 5.1.

Figure 5.1 illustrates the distribution of CRH neurons throughout the central nervous
system, as well as the pervasiveness of their projections — through which the CRH system
coordinates and integrates the various modalities of the stress response. It has in fact been
hypothesized that the major function of CRH is to regulate and coordinate the body’s

autonomic, endocrine, metabolic, behavioural and emotional responses to stressors (27).

Through its influence on, and control of the HPA-axis and the CNA/SAM-axis, as well as
the co-operative control of the two axes on other neurohormonal systems, the CRH
system occupies a central role in the stress response. The claim of the hypothesis that
CRH controls the functions of the CNA/SAM-axis is supported by the results of
pharmacological administration of CRH. Pharmacological administration of CRH leads

to the typical “fight-or-flight” circulatory pattern (28), increased firing of the sympathetic
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nerves, increased blood levels of adrenaline and noradrenaline, an increase in blood sugar
(29), decreased parasympathetic activity, increased motor activity, decreased sexual
drive, appetite, and water intake (27) and an increase in the firing rate of the nucleus

coeruleus (30).

The distribution of CRH neurons, their projections and coordinating functions are shown
in Figure 5.1. The largest collection of CRH neurons is found in the paraventricular
nucleus (PVN) of the hypothalamus (20,31). These are the neurons known to initiate and
regulate HPA-axis activity and which are ultimately the primary stimulators of cortisol
secretion. This was shown on the left side of Figure 5.1 and the relevant section of it is
reproduced at this point as Figure 5.5 - in an attempt to facilitate the reading of this

section.

Figure 5.5 schematically shows that the CRH neurons of the paraventricular nucleus
project to the median eminence from where the secreted CRH travels via a portal system
to the anterior pituitary. In the anterior pituitary CRH stimulates the release of pro-
opiomelanocortin (POMC). From the POMC molecule are derived several hormones,
amongst others the adrenocorticotropic hormone (ACTH) and B-endorphin. 3-Endorphin
is a major stress buffer and counteracts many of the stress response reactions of the other
stress hormones. ACTH travels via the circulation to the adrenal cortex where it
stimulates the production and release of cortisol. The secretory activities of CRH, as well
as the role of cortisol in the stress response — especially its behavioural effects - will be

discussed on the next couple of pages.
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A number of facts should be considered when viewing these CRH neurons in terms of the

stress response:

o The paraventricular nucleus (PVN) CRH neuronal activity is stimulated, to a large
extent, primarily by neurosecretory stimuli from brain centra involved in higher brain
functions and by humoral factors such as immune cell-derived cytokines. Peripheral
sensory information reaches the PVN either via the reticular formation or via the
hypothalamus to the cerebral cortex, to the limbic system — the latter of major
importance with regard to CRH secretion in response to stress (32).

o The HPA-axis, which is mainly stimulated by PVN CRH activity, is under negative
feedback control due to the effect of cortisol on a) the hypothalamus, where cortisol
inhibits gene expression, b) the anterior pituitary, where the rate of POMC synthesis
is inhibited at nuclear level and, c) at the hippocampus — where stimulation of the
hippocampal cortisol receptors lead to inhibition of CRH production and CRH release
from the hypothalamus (33,34,35). The effect of cortisol on the hippocampus is of
great importance for the behavioural functions, as the hippocampus plays a role in
long-term declarative memories, as well as in the integration of emotional and
cognitive processes (36).

o The paraventricular nucleus contains neurons that secrete mainly CRH and neurons
that secrete CRH, as well as ADH (20,31).

0 A synergistic cooperation exists between CRH and ADH with regard to the
stimulation of ACTH from the anterior pituitary and arcuate nucleus. ADH increases
the effectivity of CRH by a factor four (20,31).

o The same synergism between CRH and ADH is seen with regard to the effects of
CRH effects on behavioural functions (20,31).

o During prolonged stress, impulses from the amygdala cause an increase in the ratio
between paraventricular nucleus neurons that secrete both ADH and CRH and
neurons that secrete only CRH (20,31).

o Cortisol has a ten times stronger negative feedback on the neurons that secrete only
CRH than on neurons that secrete both CRH and ADH - in fact, the negative
feedback to the latter is rather weak (20,31).
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a The activity of CRH during periods of prolonged stress is thus effectively several
times higher during chronic stress as a result of a) the synergism between ADH and
CRH, b) the stress-induced effect of the amygdala on the CRH:CRH/ADH neuronal
ratio and c) the difference in the negative feedback on the two types of CRH
producing neurons (20,31).

o During prolonged periods of distress the negative feedback of the high cortisol levels
on the HPA-axis, via the hippocampus, is further reduced due to cortisol-induced
damage to the hippocampus. The hippocampal control of the HPA-axis is the most
important of the various negative feedbacks on the HPA-axis and cortisol-induced
damage to the hippocampus and inhibition of hippocampal function may lead to
further increases in cortisol production, adrenocortical hypertrophy and eventually
damage to both the adrenal cortex and the hippocampus. The cortisol-induced
hippocampal damage is accompanied by behavioural alterations such as poor explicit
memory. The total picture of stress-induced hypercortisolaemia, with the
accompanied hippocampal damage and memory impairment, is known as the

glucocorticoid cascade hypothesis (37).

The indirect psychological, as well as physiological effects of CRH, i.e., those exerted via
the HPA-axis, are extremely pervasive. Cortisol alone has several types of functions, all

contributing to the integration of the stress response:

o The permissive functions of cortisol, probably the best known of its functions, are
those where cortisol plays a major endocrine regulatory role in the control of
metabolic processes. These effects and their contribution to psychopathological and
pathophysiological processes are well known (38).

a Cortisol also plays a very important role in the control of many potentially harmful
stress-related responses, in fact, cortisol is a very important factor in the adaptation to
stress (31).

o It has a major impact on the diurnal rhythmicity, with alterations in its own diurnal

secretory pattern seen during periods of chronic stress (31).
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a It is further know that cortisol, in addition to its role as negative feedback mechanism

of its own secretion via the hippocampus and hypothalamus, may also feedback to the

amygdala and amygdalar outflow and to the hippocampus, i.e., to structures involved

with the formation of emotions and memory (39).

a Cortisol influences behaviour in a variety of ways. Direct effects of cortisol on

behaviour were published even before the 60’s (32), as can be seen from reports of

The inability to concentrate, drowsiness, restlessness, insomnia, irritability,
and apprehension reported in some patients with adrenal insufﬁciéncy

Reports of depression and sometimes psychosis in some patients with
Addisons disease

Various psychological disturbances reported in a number of patients with
Cushing’s syndrome or with ultra-long term therapeutic administration of high
dosages of cortisol, including confusion, anxiety, insomnia, delusions,
hallucinations, derealisation or psychotic depression, but sometimes also the
opposite such as euphoria, elation and an increase in social activity
Alterations in mental state upon cessation of long term steroid treatment,

including illusions, paranoia, derealization and bizarre behaviour

Associations seen between certain mental disturbances and abnormalities of

cortisol metabolism. In general it would appear that cortisol may be a factor in
the exacerbation of psychological disturbances during new, aversive
situations, with failure of ego defense mechanisms, ego disintegration, and
loss of control. Hypocortisolaemia has been implicated as a contributing factor
in the inability to selectively concentrate attention and the inability to
correctly receive and integrate information — both processes of major

importance in the development of appropriate perception

o More recent work further confirms a clear connection between cortisol and the

behavioural functions

e Cortisol, at chronic stress-induced levels, is now generally accepted to give rise to

loss of hippocampal neurons with a loss of some of the hippocampal-associated

behavioural functions (40) and memory impairment
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e Occupancy of low-affinity hippocampal receptors at stress levels of

glucocorticoids can lead to (41)

a. transient reduction in long-term potentiation — perhaps giving rise to
stress-induced and diurnal variations in working memory

b. suppression of hippocampal neurogenesis

c. atrophy of apical dendrites

e Occupancy of high-affinity mineralocorticoid receptors (MR) by low levels of
glucocorticoids prolongs long term potentiation 42)

e Stimulation of the bed nucleus stria terminalis by cortisol increases CRH gene
expression which signals adversity — a sort of early warning system of
potential danger (43)

e Clinical correlations between high cortisol levels and cognitive impairment
are seen in

a. Cushing’s disease, Alzheimer’s disease, aging and depression where
links were shown between cortisol-related cognitive deficits and loss
of hippocampal volume (44,45,46,47,48)

b. Childhood physical and sexual abuse, loss of hippocampal volume and
cognitive deficits such as memory impairment (49)

e Acute stress-induced cortisol secretion has, in addition to the effect of long
term exposure to glucocorticoids with the accompanying hippocampal
damage, also been shown to impair cognitive function. The connection was
seen in mental arithmic tests by an inverse correlation between cortisol
response and mental performance (50), poor retention of word lists during
stress-induced high cortisol secretion (51) and in impaired declarative memory
and spatial learning upon cortisol administration (51). This acute effect of
cortisol is in direct contrast to the cognitive enhancement of acute stress-

induced catecholamine secretion, discussed in a previous chapter.

In just looking at the effects of cortisol we can already, as shown in the previous pages,
see how CRH, via its cortisol-stimulating effect, can integrate endocrine, metabolic,

diurnal, stress regulatory and behavioural functions. The influence of the paraventricular
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nucleus CRH neurons is, however, much more pervasive than that mediated through its
control of the HPA-axis functions and cortisol secretion. Additional effects, as will be
seen in the following paragraphs, are mediated via projections from the paraventricular
nucleus CRH neurons to the arcuate nucleus, the brain stem and the intermediolateral
column of the spinal cord. The section of Figure 5.1 that deals with these projections is

reproduced below as Figure 5.6.
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Figure 5.6: CRH projections from the paraventricular nucleus (PVN) CRH neurons
of the hypothalamus to the arcuate nucleus, brain stem and intermediolateral

column of the spinal cord
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CRH projections from the paraventricular nucleus to the brain stem synapse with a) the
nucleus paragigantocellularis, through which they influence functions such as the
integration of motor responses associated with the nucleus paragigantocellularis, b) the
nucleus tractus solitarius, which is involved with sympathetic regulation of
cardiovascular responses and c) the locus coeruleus, i.e., the major brain stem
noradrenergic nucleus from where fibres project to, and activate virtually all areas of the
central nervous system. The noradrenergic fibres from the locus coeruleus is a major
source of cerebral activation, as well as an important factor in mood determination
(32,52). These projections thus represent indirect CRH effects on CNS activation. These
detailed interactions of CRH neurons with brain stem nuclei are shown in Figure 5.1 and

Figure 5.7.

CRH projections from the paraventricular nucleus, also reach the intermediolateral
column of the spinal cord where the cell bodies of the preganglionic sympathetic
neuronal fibres are located. By influencing the transfer of information in the
intermediolateral column, CRH can virtually affect sympathetic functions throughout the
body — including the secretory activity of the adrenal medulla. The sympathetic nervous
system can further be influenced by CRH due to the fact that some of the preganglionic
neurons are in fact CRH neurons. These are just two of the possible ways in which the
HPA-axis can regulate functions of the SAM-axis. Another example, previously
mentioned, is through projections to the brain stem autonomic nuclei. It is in fact now
known that CRH can produce all the physiological characteristics of the “fight-or flight”
response, i.e., the typical SAM-axis stress response (20,31,53).

In addition to the CRH projections to the brain stem, clusters of CRH neuronal cell
bodies can also be found in the brain stem (Figure 5.1 and Figure 5.7 on the next page).
These neurons project to the intermediolateral column of the spinal cord grey matter
where they, as mentioned before, influence the peripheral SAM-axis functions. This is
accomplished by influencing the transfer of information to the preganglionic sympathetic
fibres situated in the intermediolateral column of the spinal cord. Projections from the

brain stem CRH neurons also go to the prefrontal cortex, i.e., the supramodal association
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areas involved in higher cognitive functions such prolonged thought processes, the
elaboration of thought, working memory and other higher cognitive functions, as well as
to other cerebral association areas where CRH influences the processing of information
and the perceptions. A third important area which receives projections from, and is
influenced by CRH projections from the brain stem is the limbic system, especially areas
such as the insular cortex - an area necessary for unimodal association involving
somesthetic information, the cingulate cortex — an area also involved in unimodal
associations, and the hippocampus — an area of great importance for long-term declarative

memory (20,32).

The brain stem CRH influence on the behavioural functions are further extended by the
stimulatory effect of CRH on the brain stem locus coeruleus neurons— the major group of
central nervous system noradrenergic (CNA) neurons (see Chapter 3 for references).
These neurons, as well as their functions and interactions with other neuronal systems of
the brain were discussed in great detail in chapter 3. Some of the behavioural functions of
the central noradrenergic system are summarised in Figure 5.7. It is shown that moderate
controllable stress leads to adaptational changes in the brain, as well as to increases in
adaptational plasticity of the noradrenergic system. Uncontrollable stress, in contrast will

generally lead to negative effects on the brain and noradrenergic system.

In looking at the appropriate section of Figure 5.1, as reproduced on the next page as
Figure 5.7, it should be clear that the brain stem CRH neurons and its projections can
help to integrate and coordinate the behavioural functions, CNA/SAM-activity, and

motor functions of the stress response.
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The major CRH neurons, with regard to the behavioural responses are found in the
amygdala (54). These neurons are of great importance during the stress response where
they play a role in the integration of autonomic, neuroendocrine, and behavioural
responses to stress. The responses that occur upon stimulation of the amygdala are very
similar to those seen upon central CRH injections. During conditions of emotional stress
amygdalar CRH neurons are known to be stimulated to increase their CRH output and
similar responses are seen in the amygdala upon central CRH injections (20,31,54). The
appropriate part of Figure 5.1 showing amygdalar and other cerebral CRH nuclei is seen

below as Figure 5.8. The discussion of Figure 5.8 follows on the next pages.
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Figure 5.8: CRH neurons and their projections in the amygdala and other

structures involved with emotional and cognitive processes
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Upon stressor-induced stimulation of the amygdala impulses are sent, as previously
mentioned, to the paraventricular nucleus of the hypothalamus to increase the number of
neurons that secrete both CRH and ADH. This will strengthen the CRH-induced ACTH-
stimulating effect with an increase in cortisol and cortisol-related functions as well as the
CRH-induced behavioural effects. During the central stress response integrated
information from the amygdala is also sent, as shown in Figure 5.8, to areas of the
hypothalamus, brain stem autonomic nuclei, brain stem aminergic nuclei, cerebral
association areas, and limbic system, to coordinate the stress response. The .importance of
the CRH neurons of the amygdala in the coordination of the stress response is that the
amygdala receives integrated information from the prefrontal cortex and limbic system,
areas of great importance for analysis of incoming information, for the elaboration of
thought and the development of perceptions. Information from the amygdala is
subsequently sent to the brain stem and hypothalamus. Impulses from the hypothalamus
and autonomic nuclei of the brain stem control almost all peripheral aspects of the stress
response, while impulses from the aminergic nuclei of the brain stem control the
activation state of the cerebral cortex and underlie most mood states (20,31,54). The CRH
projections from the central nucleus of the amygdala go to the bed nucleus of the stria
terminalis, the lateral hypothalamus, the midbrain central grey, the raphe nﬁclei, the
parabrachial region and the nucleus tractus solitarius. Amygdaloid CRH neurons that
project directly to‘ dopaminergic, noradenergic, cholinergic, histaminergic and
serotonergic neurons of the brain stem (54) are of great importance in setting the mood
and activation state of the cerebral cortex during the stress response. The behavioural
functions of the aminergic nuclei were shown in Figure 3.6 of the chapter which dealt
with the psychoneurological interaction in terms of the central noradrenergic system, i.e.,
Chapter 3. To stress the importance of these CRH connections from the amygdala, a
structure strongly associated with emotion and implicit memory, and the brain stem
aminergic nuclei, it is perhaps necessary to recap some of the major functions of the
aminergic nuclei. These nuclei project back to the higher brain centra and serve as major

neuroendocrine regulators (55) in that
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0 the nigrostriatal dopaminergic system, which amongst others responds to aversive, as
well as to appetitive information, is involved in attention, motivation and in alerting
the individual.

o the raphe nuclei or brain stem serotonergic system, that increases the excitability of
its target neurons which may explain why the system is often associated with
depression.

o the basal nucleus of Meynert or acetyl cholinergic system, which is strongly
associated with learning and memory. '

o the tuberomammillary nucleus or histaminergic system, known to act asymetrically
with regard to the hemispheres, and which is implicated in aggressive behaviour,

circadian rhythms and abnormalities such as catalepsy

It is highly likely that CRH fibres from the amygdala also innervate CRH neurons in most
of the areas to which they project, and that the CRH neurons of these areas project back
to the amygdala (54). The amygdala is thus part of a network of brain nuclei that forms

the basis of the stress response and that are interconnected by CRH neuronal pathways

(54).

Indications are that major functional differences exist between the CRH neurons of the
amygdala and that of the paraventricular nucleus. The paraventricular nucleus CRH
neurons are under negative feedback control of the glucocorticoids, while in the case of
the amygdalar CRH neurons, as well as those of the lateral bed nucleus of the stria
terminalis, this is not the case and the regulation of CRH gene expression can be
dissociated from that of the paraventricular nucleus (56). The CRH neurons of the
amygdala are thought to be involved with fear and anxiety and in a number of clinical
syndromes such as melancholic depression, excessive shyness and fearfulness in children,
the posttraumatic stress syndrome, anticipatory anxiety, and self-administration of

psychotropic drugs (56).

The prefrontal cortex, the cingulate cortex, the insular cortex, and other association areas,

as well as the limbic system, also contain clusters of CRH neuronal cell bodies - in



5.28

addition to the CRH projections received from the brain stem and amygdala. These
neurons, in turn, project, amongst other to the central nucleus of the amygdala. The
association between these areas and the amygdala are important in the formation of
emotional responses and in the appraisal of external events and internal sensations. CRH
projections between the central nucleus of the amygdala, the lateral nucleus of the
amygdala, the septum, the bed nucleus of the stria terminalis and the hippocampus help to
integrate their individual contributions to the central stress response (20,31). The CRH
neurons also activate forebrain noradrenergic activity, a pathway involved in the effect of
early life experiences on adult behaviour (57). Another interesting collaboration between
cortical/limbic system structures and CRH is that the effect of CRH on hippocampal
neurons which would appear to be the enhancement of learning and memory
consolidation — this is apparently accomplished through CRH1 receptors (58). In contrast
to the effect on the hippocampus, the effect of CRH on the septum is to impair learning.
At very high concentrations CRH will not only impair learning, but would cause severe
anxiety, These effects are mediated via CRH2 receptors (58). When excessive CRH is
associated with the development of anxiety it generally occurs when acting in
collaboration with amygdaloid structures. It is, however, likely that some minimal level
of preconditioned fear must be present for CRH to exert its anxiogenic effect (59). CRH,
and its effects on cerebral structures involved in cognition and emotion, are implicated in
a variety of abnormal behaviours. An in depth discussion of this would, however, require

a thorough knowledge of the various CRH receptor type and their functions.

The preceding paragraphs showed the distribution of CRH neurons and their projections
throughout the central nervous system, as well as their integrative functions. The next
section will deal with the central corticotropin-releasing hormone/hypothalamo-pituitary-

adrenocortical axis and immunity.
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5.2 The neuroimmunological interaction in terms of the CRH/HPA-axis. The central

role of CRH in the neurohormonal control of immunity

The influence of the hypothalamo-pituitary-adrenocortical (HPA) axis on the immune
system is generally accepted. The knowledge of most people does, however, begins and
ends with the effects of the final effector hormones, i.e., the glucocorticosteroids, on
immunity. Even with regard to the effects of the glucocorticosteroids there are many
misapprehensions. The most obvious mistake made is to see these steroid hormones only
as immunosuppressive while, at basal physiological concentrations, they are necessary
for normal immunocompetence. Another mistake is to see the glucocorticoid hormones as

the only immunologically active substances of the CRH/HP A-axis.

The integrated scheme of CRH in immunological context was presented at the beginning
of the chapter as Figure 5.2. The hormones of the HPA-axis consist of the hypothalamic-
derived corticotropin-releasing hormone (CRH), which stimulates the release of pro-
opiomelanocortin (POMC) from the anterior pituitary and other nuclei. POMC contains
several hormones within its structure. Among the more important of these are [3-
endorphin, MSH and the adrenocorticotropic hormone or ACTH. ACTH, in turn,
stimulates the release of the glucocorticoids from the adrenal cortex — the major
glucocorticosteroid hormone in man being cortisol (60). The physiological-anatomical
relationship of the HPA-axis can be seen in Figure 5.9 — a subdivision of Figure 5.2.

HYPOTHALAMUS
PARAVENTRICULAR
NUCLEUS

o-MSH
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ACTH
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Figure 5.9: The CRH/HPA-axis
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The aim of this section of the chapter is to demonstrate the influence of the CRH/HPA-
axis on immunity, and more specifically the central neurohormonal role of CRH in
immunological homeostasis. This was presented schematically in Figure 5.2. Before
discussing this a few facts should be noted. The concept that the major stress axes, and in
this case the CRH/HPA-axis, are generally immunosuppressive is, as was previously
mentioned, evolutionary unsound and derived from experiments in which the effects of
pharmacological dosages of steroids were tested and where synthetic steroids such as
dexamethasone, rather than cortisol, were used. Cortisol has, in fact, immune-enhancing
as well as immunosuppressive effects. It is, however, also important to remember that
cortisol is just one of the CRH/HPA-axis hormones and that the ultimate influence of the
CRH/HPA-axis is a function of the immunological effects of the total spectrum of

hormones of the axis.

CRH is the first hormone of the cascade and as such the main regulator of the secretion of
all other hormones of the CRH/HPA-axis, including the POMC-derived B-endorphin,
MSH and the adrenocorticotropic hormone or ACTH, as well as the adrenocortex-derived
cortisol. CRH, as well as the hormones derived from the mother compound POMC, are
immunological active in their own right. CRH, the first hormone of the HPA-axis, can, as
seen in the first section, underlie the total central stress response, i.e., it has a regulatory
influence on virtually all neurohormonal factors that form part of the response.
Neurohormonal substances that form part of the central stress response include the
gonadotropins, thyroid hormones, noradrenaline, serotonin, acetyl choline, dopamine, -
endorphins, and other opioids, growth hormone, insulin, and others. All of these
substances have immunological effects (61,62). Thus, as major regulator of the central
stress response, including the activity of the CNA/SAM-axis and the CRH/HPA-axis,
CRH can influence the immune system

o directly, through what appears to be mainly its pro-inflammatory actions

o indirectly, by changing the activity-level of the hormones of the HPA-axis

o indirectly, by its control over the SAM-axis. (Chapter 4 dealt exclusively with SAM-

axis immune function.)
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o indirectly, due to its control over a wide spectrum of neurohormonal factors that form
part of the central stress response — each of them known to have immune-related

effects.

It is therefore warranted to ascribe a central role to CRH in the immunological adaptation

of the stress response.

The previous paragraph summarised the central role of CRH in the neurohormonal
control of the immune system. In the following paragraphs the roles of the individual
neurohormonal factors mentioned are briefly touched upon. This is done merely to
substantiate the claim made that CRH fulfills a central role in stress-induced

neuroendocrine regulation of immune function.

5.2.1 Cortisol as immunological regulator

As cortisol is generally seen as the major, and by some less informed individuals, as the
only, immunologically active substance of the HPA-axis, it will be the first hormone to
be addressed. Cortisol is well known for its immunosuppressive effects and is often
assumed to be only immunosuppressive. The reason why cortisol is, in an immunological
sense, the best known hormone of the HPA-axis is that it belongs to a class of steroids
often used, in pharmacological dosages, for immune suppression after organ
transplantation and in chronic inflammatory conditions such as rheumatoid arthritis. This
idea of cortisol being only immune suppressive is again one of the major misconceptions
about the HPA-axis and its effects on immune function — a misconception that can have
seriously deleterious effects in its therapeutic applications. Cortisol is, in fact, necessary
for normal immunocompetence and it is would appear to be immune suppressive mainly
at pharmacological levels and at the levels seen in chronic aversive stress situations.
Several good reviews on the immune modulating (63,64) and immunoenhancing (65)

influences of cortisol can be found and this will not be discussed here in any great detail.

The overall effects of cortisol (glucocorticoids) were presented in Figure 5.1 and the

relevant section of Figure 5.2 is presented below as Figure 5.10.
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GLUCOCORTICOIDS

Immunological effects of glucocorticoids (cortisol)

Primary lymphoid tissue
Role in thymic cell development, T-cell selection, apoptosis of cells in thymus (2).

Secondary lymphoid tissue

Role in splenic T-cell selection — peripheral T-cell selection through clonal depletion and
expansion (2). Necessary for initial antigen-specific response (2) in secondary lymphoid tissue.

Total in vivo immune response

Generally anti-inflammatory at pharmacological levels — immune modulatory at physiological
levels. Biphasic response — dose-dependent and exposure time-dependent. May be a prerequisite
for the coordinated immune response (5).

Plays a role in maintaining the appropriate balance between the effectors and inhibitors of
apoptosis of cells (12).

Basal physiological and low acute stress levels, in a time-, dosage- and cytokine-dependent
manner, can enhance almost all aspects of immune function (normal regulation).

During infections: Excessive pro-inflammatory cytokine production will stimulate HPA-axis to
increase cortisol release to immune inhibitory levels (protection of body against infection,
systemic inflammatory response, self-damage and autoimmune processes).

Pharmacological dosages: Generally immune suppressive, with a shift from pro-inflammatory to
anti-inflammatory cytokine production. Allergic reactions to corticosteroids may develop (14).

Mechanisms

Acute stress: Increased circulating neutrophils; decreased circulating lymphocytes (Th, Tc, B-
cells, NKCs,) and monocytes. Represent redistribution of leukocytes rather than destruction (17).
Long acute to chronic stress: Decreased total leukocyte numbers. Modulation of immunological
effects (differentiation, proliferation, inflammatory and immune responses) of peptide hormones,
metalloproteinases and cytokines by interfering with the activity of other transcription factors
such as CREB, AP-1 and NKkB (3). Inhibits antigen presentation by macrophages, as well as
their production of IL-1, IL-2, IL-6, IFNy (18).

Arrests lymphocyte proliferation in stage GO and G1 (18).

Suppresses the differentiation of monocytes to macrophages (18).

Important role in Th1/Th2 response: Favours the shift to a Th2 cytokine response (autoimmunity
linked to Th-1 responses; allergy and asthma linked linked to Th-2 responses) (2).

Upregulation of certain cytokine receptors and enhancement of related responses (2).

Induction of acute phase responses — including behaviour (2).

Stimulatory effect on B-cell responses (Th-2 responses) (2).

The type 1 GC receptor/cortisol complex acts as functional antagonist of the type 2 receptor
which means.that cortisol can have opposing effects (20).

The affinity of GC receptors are determined by genetic polymorphism, associations with
immunophilins, and by various cytokines (20).
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Immunological effects of glucocorticoids (cortisol) - continued

In inflammation

Inhibits the immediate inflammatory response to injury by suppression of vascular leakage (6).
Many of the anti-inflammatory effects are mediated through a combination of the up-regulation of
anti-inflammatory mediators and the down-regulation of pro-inflammatory mediators. Binds to
GRE on glucocorticoid responsive genes and increases the transcription of genes coding for anti-
inflammatory proteins (lipocortin-1, IL-10, IL-1receptor antagonist and neutral peptidases) (7).
Inhibits the expression of multiple inflammatory genes (pro-inflammatory cytokines, enzymes,
receptors, adhesion molecules) through direct inhibitory interaction between activated GC
receptors and activated transcription factors (7).

Can suppress gene expression in immune-related substances by changing chromatin structure (7).
Stimulates lipocortin-1 that in turn inhibits phospholipase A2 activity with a resultant decrease in
the production of inflammatory mediators such as prostaglandins and leukotrienes (18).
Stimulates the secretion of neutrophil-derived lipocortin-1which inhibits extravasation in
response to chemotactic stimuli (9).

Decreases the expression of the gene that codes for cyclo-oxygenase 2, thus further suppresses the
production of inflammatory prostaglandins (18).

Controls local inflammation through lipocortin-induced detachment of neutrophils from post-
capillary venules (4). Inhibits the gene that encodes for nitric oxide synthase (18).

Stabilises lysosomal membranes, thus reducing local release of proteolytic enzymes and
hyaluronidase (18).

Inhibits the differentiation and proliferation of mast cells (18). Suppresses the proliferation of
fibroblasts, as well as their synthesis and deposition of fibrils (18). Not only does GC regulate
cytokine secretion, but cytokines modulate the function and expression of GC receptors (13).
Mediates the production of thymosin-f-sulfoxide by monocytes that inhibits neutrophil
chemotaxis, lowers neutrophil adhesion to endothelial cells and causes neutrophil dispersion (10).
Mediates expression of adhesion molecules (glucocorticoid-induced adhesion match) through
stimulation of the production of cytokines and lipocortins that control adhesion molecule

expression (18).

Figure 5.10: The role of cortisol in the neurohormonal control of immunity
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A number of immunological effects of stress-induced cortisol secretion should be
mentioned as these facts are of importance for any individual who attempts to understand
the influence of the psychological disposition on the immune system. This is especially
important as acute and chronic emotional stress may have direct opposite influences on
the immune system. It should, however, be remembered that the in vivo effects are often a
reflection of the combined action of both major stress axes — a fact that is perhaps of
lesser importance as the SAM-axis is under strong CRH influence, as was discussed in

the first section of this chapter.

The first aspect to be addressed is the significant decrease in numbers of almost all
circulating leucocytes with acute stressor application. This was previously seen as
immune suppressive. It is, however, now realised that it merely represent a functional
redistribution of these cells from the circulation to organs such as lymphoid tissues,
mucosal sites and the skin. This is, in other words, an adaptative mechanism of
physiological significance where immunocompetent cells are directed to areas of defense
and immunosurveillance. Upon the disappearance of the acute stressor these cells return
to the circulation and it is mostly only with chronic stress, where the glucocorticosteroid
levels remain above basal levels for a significant amount of time, that
glucocorticosteroid-induced apoptosis with an absolute reduction in cell numbers will
occur (66). Research on these aspects has even solved the riddle of how these cells are
transiently removed from the circulation and sequestered in distant organs and structures
through the expression of cytokine-induced expression of adherence molecules. This
aspect would, however not further be addressed here. In addition to cellular
redistribution, the immuno-enhancement of innate immune functions has further been
verified by reports of the glucocorticoid’s ability to increase the expression of pro-
infammatory cytokines (IL-6, TNF, IL-6, MIF) receptors, the induction of acute phase
proteins, serum amyloid A-3 mRNA levels, certain complement fractions and a decrease
in the endogenous IL-1 receptor antagonist. A link between the effect of cortisol on acute
phase proteins and psychological conditions such as depression has also been shown by

several groups (67), but would be addressed at a later stage.
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The second aspect to be mentioned is the immune-enhancing effect of cortisol on both
cellular and humoral immune function by acute stress-induced activity of the HPA-axis.
In addition to the functional cellular redistribution during acute stress it is now becoming
evident that many immune functions are enhanced by acute stressors, including delayed
type skin hypersensitivity reactions, the primary and at times even the secondary immune
responses, mitogen and anti-T cell receptor-induced proliferation of splenocytes, as well
as secretion of nitric oxide, IL-1p and TNF-o (68). A very clear indication that the
glucocorticoids could be immune enhancing is the fact that low levels of cortisol is
necessary for antibody production in in vitro cell cultures, and that the variability of the
cortisol concentration in different batches of serum may give rise to in vitro variability in
antibody production (69). One of the more interesting effects of glucocorticoids on the
enhancement of immune function is its synergistic action with cytokines. These effects
would not be described here but it is of importance to remember when, at a later stage the
behavioural-cytokine interaction is discussed as both cortisol and cytokines have several

behavioural effects.

The immune-enhancing effects of the glucocorticoids are probably best illustrated by
practical examples such as the fact that administration of physiological dosages of
glucorticoids reduces the number of respiratory infection in patients with adrenocortical
insufficiency, reduces the symptoms of respiratory illness when introduced at the onset of
the disease, increases the resistance to influenza virus, can be effective in cases of
mononucleosis and can sometimes exacerbate inflammatory responses (67). The
functional implications of the stress-induced enhancement of immunoreactivity could
obviously also include beneficial effects in conditions such as cancer and infection.
However, it could have seriously deleterious effects during autoimmune and chronic
inflammatory conditions. A typical case of the latter is the negative effects of day-to-day
acute stressors on rheumatoid arthritis (70), and on the onset and exarcerbation of

psoriasis and perhaps in multiple sclerosis (71).

In contrast to the just mentioned immune-enhancing effects, the immunosuppressive

effects of glucocorticoids are much better known — mainly because glucocorticoid
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hormones are, in pharmacological dosages, widely used as immunosuppressive agents.
The immunosuppressive effects of pharmacological administered glucocorticoids are
widely reviewed and described in textbooks. Some of the effects include suppression of
the synthesis or secretion of immunoglobulins, prostaglandins, leukotriens, histamine,
cytokines, reactive oxygen species, as well as suppression of almost all macrophage
functions, mitogen and antigen lymphocyte proliferation, NK cell activity and leukocyte
migration and activation (67). P