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ABSTRACT

ATTENTION DYSFUNCTION IN AUTISM: PSYCHOPHYSIOLOGICAL AND
NEUROCHEMICAL PERSPECTIVES

BROWN. Digby Stephen Ormond. M.A. University of the
Witwatersrand, 1988,

Evored cardiac responses {ECK) and urinary catecholamine
concentrations, both putative indices of attention, were
examined in 36 autistics. who were diagnosed using DSM 11D
(APA, 1980) and the Childhood Autism Rating Scale {(Schopler et
al,, 1981, 1985). Controla were noimal s9x and age matched
children ranging from 4 to 14 years.

Urine samples were assaved by high performance liquid
chromatography. Homovaniilic acid (HVA) levels were
significantly elevated (p < .01), as waas dopamine {DA)
turnover, as indicated by a lower ratio ¢f DA/HVA (p < .01).
Noradrenaline (MA} turnover was decreased, ag evidenced by
higher NA/3-methoxy-4-hydroxyphenylglyecol (MHPG) levels (p <
.05). The ratio of HVA to total catecholamine synthesis was
increased in autism (p < .01}.

The ECR of the autistics showed a highly deviant pattern
{p ¢ ,01), indicating a failure to wrient to novel suditory

stimuli. whereas the normal childres showed orienting
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responses (OR) and habituaticn with stimulus repetition,

The results are discuszed in terms o>f the role
catecholamines play ir: attention. It was concluded that
gognitive style in autism may be characterized by information
redundancy, and that this may centre on mesolimbic and

mesocortical DA systems and the basal ganglia.
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Is it possible to identify the neurochemical basis of
attention dysfunction in autism? This question forms the
oentral theme of this project, and brings together a range of
scientific enquiry in biochemistry, psychophysiology and
autism.

Autism is a relatively recent entry in psychiatric
nosology, having first been desecribed in 1943 by Leo Kanner.
Many of the issues that pertain to the development of a
peychiatric classification, are still germane to autism. In
particular, these include (1} characterizing the nature of the
bagic deficit of the syndrome, and (2) the identification of
the cause of the syndrome (Maurer, 1986: Rutter and Schopler,
1987) .

Although it is considered good form to identify the
nature of the basic deficit of a syndrome in terms of its
cause, such precise characterization is not always possible.
It fails when the cause is unknown. or when multiple
etiologies are possible. This applies to autism. As Ornitz
(1987) observed:

The uniguensss of this syndrome {autism] suggests one
underlying pathophysiologic muchanism, although
multiple etiolegiea that could activate or replicate

such a have been ated. (Ornitz,

1987, p. 148)
As our understanding of autism has advanced, %o our

corception of the nature of the bacic deficit in autism has
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changed. Barly views on autism saw the basic deficit as a T

disturbance of affect (e.g. Bettelheim, 1967), however

experimental evidence did not verify these theories. RAs a

result there has been a shift towards conceptualizing the

basic deficit in neuropsychological terms (e.g. Ornitz, 1983).

This change in approach recognizes that while the cause

of autism is likely tn be found at a neurophysiclogical level.
P any account of the basic deficit must bs formulated in such a o

N way that it accounts for the social, cognitive and affective . @
deficits of the autistic.
o Whereas certainly we do not know that there is any
F?“‘;\ unitary basic deficit in autism (whether defined in

neuropsychological, neurophysiclogical or

neuropathological terms)., it is possible that there is B

one. Accordingly it is most important that research

continue to bs directed toward its possible

identification. ({(Rutter and Schopler, 19687, p. 168) " ‘

‘Two broad approaches to the basic deficit in autiem

P emerge from the literature, both of which emphasize the AN

. dysfunction of cognition in autism. On the one hand there are

those theor.sts who ses the fundamental problem in autism as
invelving a language deficit (e.g. Rutter, 1978; Rutter and
Schopler, 1987). On the other hand those workers who see the
)t basic deficit as centering on a deficiency of mensorimotor
. modulation (e.g. Ornitz, 1974, 1978, 1983).
b In this project I adopted the view that the basic deficit
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‘ in autism is related te an attention dysfunction. One of the s

y 14 aims of the study was to examine attention in autistic LS

S children. A dysfunction of attention may aceount f£or both the
o language Pathology views, and the sensorimotor modulation s Y

views, of the basic deficit in autism. Since attention is

such a fundamental psychological process, both positions may
be reducable to a dysfunction of attention. Previous studies e

{reviewed in later chapters) have indicated that attention is

dysfunctional in autiasm.

P4 Bttention

The study of attention has & venerable history. William

James was one of the first to deal directly with the issue of

what attention is:

Everyone knows what attention is. It ia the taking

possession by the mind, in clesr and vivid form, of 4
O one out of what seem several simultansously passihle

objects or trains of thought. Focalization, L
concentration of consciousness are of its essence. i

(James, 1890/1950, p. 403-404)

James (1890/1950) drew an analogy between attention and the
[ beam of a spotlight, the focus of which may be narrowed or
' widensd. Attention im concerned with the regulation of the
stream of consc..usness.

] James' {1890/1950) distinction between different kinda of
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attention remains applicable today. Firstly, he
differentiated batween mensorial attention and intellectual
attention. SHensorial attention was sttention paid to sense
objects, and int.llectual attention was attentlon paid to
ideas, Secondly, attention could be immediate or derived.
Derived attention wae attention that focused on an object
becawse of some past association with that object. Immediate
attention occurred when the object of interest was entirely
novel, and unrelated to past experience. Thirdly, James
distinguished between attention as passive, reflex,
involuntary and sffortless, as opposed to attention that was
active and voluntary and demande’ effort. Voluntar attention
waa always derived for James.

Despite its Mmsrican roots, attention was not to become a
key notion in American psychology until the rise of cognitive
psychology. It was in the Soviet Union that the adsa of
attention was elaborated. This development began with
Pavlov's (1927, 1928) work into reflexes.

Paviov (1927, 1928) saw the reflex as the basic paychic
act. For Pavlov the reflex was not limited to unconscious
reactions, as it was for James (1850/1950). Any behaviour,
whether conscious or unconscious, was the result of reflex
activity,

Pavlov's (1927, 1928) work represented an attempt to
describe all the reflexes., Paviov helieved that the strength

of a reflex was an index of the strength of the nervous




SHARTER GNEN  INTRODUGTIN race .

ayatem. He believed that pesople could be characterized
according to the strength of their nervous aystems, and this
idea led to the develo;-\msnt of Pavlov's typology (Gray, 1964).
Pavlov gaw all higher nervous system activity ag the reault of
the superimposition of simple reflexes. Hiz typology
categorized peopie into Qifferent personality types, on the
basis of the patterns of their reflex responses.
Paviov (1927, 19268} distinguished between two major
reflexes involved in attention. Of the firat he said:
I call it the 'What is it?' reflex. It is a reflex
which brings about the immediate regponse in man and
animals to the slightest changes in the world around
them, &o that they immediately orientate their
appropriste receptor organ in accordance with the
perceptibie guality in the agent bringing about the
change, making full investigation of it. The
biological significance of thia reflex is obvious.
{Paviov, 1927, p. 12)
Thig reflex is mimilar to Jamss' (1890/1950} desoription of

“pasgive immediate aensorial attention”:

the stimulus is a sense-lmpression, it wakes no
Aifference what its nature may bs, whether might, '
sound, smell, blow or inner pain, — or elme it is an
instinctive stimulus, a perception which, by reason of
ite nature... appeals to some one of our normal |

congenital impulges and has a dirsctly exaciting
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quality, (James, 1890, p. 415-417)

The second major reflex that Pavlov (1927, 1928)
described was a 'What is to be don-?' reflex. This reflex
caused the organism to take some kind of action in response to
stimulation. If evaluation of the stimulus inc cated danger,
then a defence response was eveked. This reflex was the
equivalent of James' (1890/1950) active, voluntary, derived
attention,

These two modes of attention have become concepts of
central importance to modern psychology. They appear under a
varjety of names, such as bottom up processing and top down
processing, or as preparception and perception, or arousal and
activation, or perception and association. However they are
lFbellsd, it is the idsa of a division in attention that is
important.

Paviov's (1927, 1928) work was taken up by Sokolov (1958,
1963), who described the orienting response (OR)}, defence
responge (DR} and adaptation response. Sokolov's OR was
sguivalent to Pavlov's 'What is it?’' response. The DR
identified by Sokolov was not identical to Pavlov's 'What ias
to be done?' response, but represented & specific instance of
the more general 'What is to be done?’' response.

Wnereas Pavlov's (1927, 1928) description of reflexes
focused on somatic components, such as head turning. Sokolov
(1958, 1963) emphasized the central nervous system and

autonomic nerveus system changes that accompanied the
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f appearance of a reflex, such as changes in
L ol logram (EEG) sy ization and blood presaure. Ty
3 " .

' okolov's pionesring work was taken up by psychophyeiology, ' L

. and portions of this study were in the same vein.

Atteption and Selfreaulation

Three major developments have influenced our
understanding of attention. Firstly, the concept of arousal
provided common link between work in neurophysiology and
studies on the psychophvsiology of attention. Brain areas
involved in arousal, were important in attention too,

Attention was characterized by a growing understanding of the

underlying brain mechanisms (Khomskaia, 1972/1982).

Secondly, with the -ise of cognitive psychology and the i
information processing revolution, attention was transformed

from vague blanket term, to one with srecific meanings. The

. role of attention in informatien processing began to be
understood, and mechanisms which controlled information £low N
P were delineated. Concepts central to attention, such as )

habituation, which can be traced back to Pavlov (1927, 1928),
were given precise definitions by information theory,

[N Attention came of age.

Thirdly, and much more recently, advances in biochemistry
o have meant that the neurochemical basim of sttentien has begun

to be explored.
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Current theories of attention reflect these thrse
developments (McGuiness and Pribram, 1980; Tucker and
Williamson, 1884). The ideas postulated in these theories
played a central role in this project. These theories linked
different aspects of attention to gpecific neurotransmitter
asystems. The 'What is it?' response was described as having 2
noradrencrgic basis, and the 'What i8 to be done?’ response
was belfeved to have a dopaminergic underpinning, . Evidence
{reviewsd in later c! -pters) suggests neurotransmitter
pathology in autistics.

According tc these theories, distinct moder. of

i i Pr haracte: ize the 'What is 1t?' and
'What is to be done?' responses. The 'What is it?' response
has been speculated to be under the control of a habituation
biased processing mechaniam (Tucker and Williamson, 1984).
Under "hese circumstances the locus of control in attention is
exterral. Ths locus of control in attention is internal when
inform: tion processing im modulated by a redundancy bias

As environmental demands change, so the locus of control
in attention shifts between internal and external sources.
Differences between individuals suggest that some people may
rely more on one mode of information processing control of
atlention, than another mede., Selfregulation of attention
varies between people. This kind of difference in 'cognitive
style' betwsen individuals parallels the distinctions that

Pavlov (1927, 1928) attempted to draw between people in terms
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of their differences in reflex reaponses.
This kind of thinkihg dovetails with developments in

psychiatry, where different psrsonality types are believed to

have ¢h di: L in their 1 makeup
{Crow, Johnstone, Longden and Qwen, 1978; Julien, 1981;
Swerdlow and Koob, 1987).

Goals of the Study

This project attempted o shed some light on the basic
deficit in autism by examining attention in & group of
autistic children. An evoked cardiac response (ECR) paradism

waa used, This sxperimental paradigm provided data about

ion pr i in the of

autistica. This data was intérer d in terms of

developed in psychophysiology, particularly the ideas of ;
habituation and redundancy biases, and internal and external b
loci of control.

The basic deficit in autism was examined in .nother way
by assaying urine samples from the children. Trie provided
infcmutior; about their neurochemical status.

Finally, an attempt was made to understand the
relationship between the peychophysiological data and the « :
neurochemical data, in terms of current models of the

neurochemistry of attention.
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CHAPTER TWO —- CURRENT PSYCHOPHYSIOLOGICAL ISSUES IN ATTENTION

The comparigon of measures of attention obtained from a
normal group and a clinical group, presumes that sttention in
the normal group can be theoretically medelled in some
fashion. Such comparisons assume that we know what attention
is, and how it can be measured, and this knowledge supplies
the basis on which comparisaons between normal and other groups
may be made in terms of the operation of attention,

It i= reasonable to make these assumptions. If they
vere not made, clinical groups would never be studied, bscause
research effort would be expended on developing and refining
theories of attention, and not on examining attention in
clinical populations. Making assumptions is acceptable,
provided problems associated with the assumed theories are
not overlooked. My intention in this chapter is not to
discuss theoeries of attention. That is beyond the scope of
this project. What is important in this chapter is to specify

the problems currently assoc{ated with traditional

ipterpretations of attention, and of evoked cardiac responses.

Attempts at the resclution of these problems have been

partially responsible for the development of influential
approaches to attention. These more recent models form the
2 theoretical underpinning to sttention in this study, and they

are briefly discussed in this chapter.

In this study attention was measured using evoked cardiac
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responses to auditory stimuli. The interpretation of the
results depends directly on the significance attached to
cardiac deceleration in regponse to stimulation. This is an
issue that has bsen the focus of a considerable amount of

debate in psychophysiological theorizing.

The 'Cardiac Decelsration as a Sensory Process' Agsumetion

An issue of considerable importance in cardiovascular
paychoshysiology has Deen whether evoked cardiac responses are
functionally related to a sensory process, or to a motor
Process. Viewa which hold that attention can he measured by
evoked cardiac changes. sssume that an ECR reflecte the
operstion of a sensory process, rather than a motor srocess.
An important rival to this view was the model propesed by
Obrist (Obrist, Howard, Lawler, Galasy, Mevers and Gasbelein
1974; Obrist, Langer, Grignclo, Light and McCubbin, 1980).

On this model changes in cardiovasculal output wera seen
as relating to metabolic demands, In particular, evoked
cardiac geceleration was taken as an index of somatic
quieting, prior to the execution of some action. Fof Obrist
et al. {1974, 1980) the function of cardiac deceleration was
related to priming of the musculature, and anticipated
metabolic demands. This reduvtion in muscle tone was seen as
related to attention only in so far as it might assist in

information processing by reducing the 'noise' associated with

Eom

o
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movement. Conversely, cardiac acceleration was associated

with the exevution of & given behaviour. On this view cardiac
reasponses were not directly related to attention, and indexed
metabolic demands, and not information processing demands.
Specifically, Obrist et al. (1880} predicted that during
orienting, cardiac deceleration would be accompanied by &
ceggation of motor activity, The Obrist madel (Obrist et al.,
1974, 1980) has existed alongside models which see the ECR as
indexing attention. Recently, Siegel, Savanes, Gaddy and
Campbell (1987) recently showed that deceleration during
orienting was not accompanied by somatomotor quisting, as
demanded hy Obrist model. The results of this experiment
provided support for models linking the ECR and attention, and
refuted some predictions made by Obrist et al. (1974, 1980).
Fiegel ot al. concluded that cardiac deceleration was an index
of gensory information processing. Their result lends
oredence to the assumption made in this research project that

attention may be measured by the ECR.

For the last 20 years evoked cardiac responses have besn
widely accepted as indices of the crienting response and the
defence response (Coles, 1983; Davies, 1983; Graham, 1579,
1582; Porges, 1984; Siddle, Kulack and Stenfert Kroese, 1983;

Velden and Schumacher, 1979}, This theoretical pomition may
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be traced back to a seminal article by Graham and Clifton
(1966) . in which they linked the work by Sckolov (1958, 1963)
N to that of Lacey and Lacey (Lacey, B.C. and Lacey, J.I., 1980;

Lacey, J,1 1967; Lacey, J.1. and Lacey, B.C., 1970, 1974;}.

" gokolov (1958, 1963) had been working on the orienting,

A defence and adaptation responses. His work wae largely an
extension and refinement of the ideas of Pavlov {1927, 1928).
Sokolov had identified some of the physiological components of

these reflex responses. He also developed an influential

account of attention to explain his results, which utilized Lo

© the concept of a mi tch between a neuronal

mode]l of a stimulus and the stimulus itself, an idea

originating in Gestalt psychology. Sokolov's work exemplifies

traditional approaches te the orienting and defence responses. E I o

The Laceys {Lacey. B.C. and Lacey, J.I., 1980; Lacey e

3.1., 1967; Lacey, J.1. and Lacey, B.C., 1970, 1974) had been .
LD researching the relationship between cardiac acceleration and
o deceleration, on the one hand, and the rejecuion and intake of

ke stimuli, on the other. The Laceys roted that tasks which

o required the intake of stimuli, were accompanisd by cardiac

: v
B . geceleration, whereas acceleratory responses were observed
under conditions where the rejection of sensory stimulation

c . was demanded. They concluded that the functiounal significance

" of cardiac deceleration was linked to the intake of stimuli.
O Graham and Clifton (1966) arsued that the cardiac ]

deceleration and concomitant sensory intake described by

§
b
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the Laceys (Lacey, B.C. and Lacey, J.1,, 1980; Lacey J.I..

1967: Lacey, J.1. and Lacey, B.C., 1970, 1974) was equivalant

to the orienting response, identifisd by Sokolov (1958, 1963).
As a corollary to this, Grabam and Clifton postulated that
cardiac acceleration was associated with Sokolov's defence
reflex. On the basis of the Graham and Clifton model it
followed that cardiac deceleration was an index of the
orienting reflex, and increased heart rate an index of the

defence responge.

Although the Graham and Clifton (1966) model is
satisfying in its symmetry. and in the links it draws between
divergent theories, it now appears that it, and portions of

Sokolov’'s (1958, 1963) views are incerrect. Anomalies between
theory and experimental results pose difficulties for the
interpretation of the psychophysiological dats obtained in
this study, in terms of the aforementioned theories,

What are these probleme with traditional interpretations?
Barry (1986) has argued powerfully against the Graham m:\d
Clifton (1966) model. According to Sokolov's (1958, 1963}
pozition, the magnitude of an orienting response (OR) is
directly proportional to the intensity of the stimulus.
However, on the basis of earlier studies of his own (Barry,

1977, cited in Barry, 1986) and hy the re-analysis of ECR data
aupplied by other paychophysiologists, Barry (1986) showed
that the magnitude of the ECR was not in a linear relationship

with the intensity of the stimuli, as predicted by Sokolov,
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but instead displaved an inverted "U" shape,

Barry (1966) also argued that the ECR does not reliably
oW the habituation effects for trials that is predicted by
Sokolov's (1958, 1963) theory o7 orienting. His argument for

the nonhabituation of the HECR is weaker than his argument

for the failure to find the predicted stimulus intensity -
response magnitude effects in the ECR. A substantial portion
of Barry's agrument that the ECR does not show habituation
effocts, depende on methodological issues which are not
germane to the problem, such as whether peripheral pulse is a
becter measure of cardiac activity than the electrocardiogrom.
Furthermore, graphs of Barry's own data do show habituation
effects, contrary to his clain}s of the nonhabituation of the
ECR.

Barry {1986) argued that the Graham and Clifton (1966)
model was incorrect because cardiac deceleration does not show
the intensit i and effects by
SBokolov'e (1958, 1963) theory of the OR. This portion of

Barry's argument rests on problems with Sokolov's theory, and
not directly with Graham and Clifton‘e account.

A more powerful argument against the Graham and Clifton
(1966} model is as follows, The threshold at which a stimulus
beging to evoke an acceleratory cardiac response, rather than
4 deceleratory remponse, should correspond to the threshold
between the orienting and the defence responses, according to
the Graham and Clifton adeount. However, Barry (1986} '

P it e o wws o . v v st rmnne = o) -
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examined his ewn data, as well as the data on which Graham and

N Clifton based their thesis, and found that this threshol?

- B effect could be ol';servad at stimulus intensities of as low as
40 dB. Bokolov {1863) postulated that the prepain threshold Vo

was at 65 dB. Thus at these stimulus intensities no defencse

response should be obgsrved. Yet application of the Graham

and Clifton model results in the shsurd claim that an
avceleratory cardiac response to a stimulus of such moderate

intensity is a defence response,

Given these problems, with the Graham and Clifton (1966) - R .o
: model, it would be invalid to interpret the cardiac data :
% obtained from this experiment in terms of their model. As is )
apparent from the psychophysiological literature, the modsl of . i,

orienting prorosed by Sokolov (1958, 1963) is extremely

infiuentisl. It is noteworthy therefore, that this model has

its share of problems, too.

Accordina to Sokolov (1958, 1963) the OR should be

elicited when a stimulus does not appesr when expected to

appear. This has been termed the ‘miesing stimulus effect!, \

and follows from the criterion for orienting that any change

in the properties of the stimulus should result in

re-eligitation (dishabituation} of the OR, However, :

experimontal aupport for the missing stimulus effect has !

ranged from equivoal to decidedly weak. ;
Barry (1986) found that missing stimuli evoked a skin :

conductance orienting response in only 50% of subjects. i
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giddle, Remington, Xuiack and Haines (1983) used a paired
stimulus paradigm to examine the missing stimulus effect.
Thiey found that when ome element of the stimulus pair was
omitted, dishabituation was observed in only 42% of subjects.
This increased to B3% when the intensity of the mtimulus was
changed from 65 dB to 105 dB. However, stimuli in the 105 dB
range are known to elicit defence responses, rather than
orienting responses (Graham, 1979: Turpin, 1986), and this
makes the figure of 83% difficult to interpret.

Cenvincing evidence that Sckolov's (1958, 1863)
predictions are not met by the omission of expected stimuli
cames from the only study to date done on the missing stimulus
effect in animale (Foreman and Thinue-Blanc, 1987). They
found that 15.4% of omitted stimuli produced orienting, as

opposed to 53.3% of stimuli which appeared unexpectedly. Thus

the unexpected appearance of a stimulug evokes an OR more

rellably that its unexpected omission. For Sckolav there

{
L ghould be no difference between these two responses.
These disconfirmatory results are important hecause
| according to Sokolov's (1958, 1963) theory, dishabituation to
- ’ a missing stimulus ocours because of the operation of a
7 i atimylus comparator mechanism which detects a mismatch between
{ the neuronal model of the stimutus, and the missing stimulus.
: For the seme reasons, the appearance of a stimulua where 1t is
unexpocted, should result in an orienting response. The

tailure to confirm the missing stimulus effect, and the .

iR 3

3
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finding that missing atimuli el{icit fewer ORs than unexpected
stimull, suggests that either the +%imulus comparator
mechanism is not correct as theorized by Sokoloy, or that
dighabituation to missing stimuli is not definitive of the
orienting response.

A recent study (Biddle, 1985) examined this jssue £rom
the point of view of the missing stimulus effect, and
concluded that comparator theories of orienting were sound.

It follows that the problem lies with Sokolov's (1958, 1963)
eriteria for orienting, Neverthelass, Sokolov’'s theor: has
many redeeming features, and it seems excessive to dismcard the
entire theory bacause one of the criteria for orienting has
besn shown to be incorrect. Theories of orienting, such as
those due to Pribram and McGuiness (1975) and Ohman {1879,
which take the important features of Sokolov's work, and build
on them to create more exacting accounts of the orientiny
response are appealing. It was therefore with reference to
theories such ap these that the cardiac data obtained in this

study was interpreted.

Currant C ptiong of the Evoked Cardjac

@Given the problems associated with the Graham amd Cliftrn
(1966) hypothesis, the partial refutation of Sckolov's (1958,
1963) theory of orienting LY the misming stimulus effect, and

the demise of the cardiac somatomotor hypothesiy (Obriat et
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PR b
. al., 1974, 1980), none of these traditional views may be used g
il a8 the theorstical basis for the interpretation of the

experimental results obtained in this study.

The ECR may be explained either by reference to models

which deal exclusively with the BCR, or by models of the
. orienting response that describe the ECR as an index of

. . orienting, The former is exempiified Dy the intake/rsjection

hypothesis of vhe Laceys (Lacey, B.C. and Lacey, J.I., 1980;

Lacey J.I., 1967; Lacey, 3.I. anu Lacey, B.C., 1970, 1974},
and the latter by accounts of orienting such as those by
Pribram and MeGuiness {(1975) and Ohman {1979).

The model of the ECR demcrihed by the Laceys is important ] . -
oy, because 1t emphasizes how different envirommental demands
b B

require gifferent kinds of information processing in

g actention. The notion of different kinds of information
Procesging is pivotal to thiz study. It implies the idea of

M ‘ecognitive style'.

C One of the aims of thie study was Lo examine how

. cognitive attention style differed hetween normal and autistic
. A children., We may distinguish between phasic changes in

' B attention which are related to environmental demands, and

tonic changes of attention which are related to cognitive - .

style. Given that cognition is dysfunctional in autism

| (Goldstein and Lancy, 1984; Sigman, Ungerer, Mundy and

0 gherman, 1987), phasic changes in their attention, as measured

by the ECR, ocour against a backaround churacterized by a
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certain cognitive sty'a. The nature of phamic chunges in

attention may provide an insight into the nature of tonic

attention related provesses. Cognitive styls in autistics may
be iliuminated by their ECR. vy e

The model of the Laceys (Lacey, B.C, and Lacey, J.I., N
I o
1974) puggests that cognitive style .ay also e described in K o (\J

1980; Lacey J.I., 1967; Lacey, J,I. & ° Lacey, B.C., 1970,

terms of intake and rejection. Autistics may bave a cognitive

style . haracterized by the augmonting of stimuli; they may be ES R
hyperresponsive. Alternatively autistics may tend to reduce
stimulation; they may be hyporesgongive.

Thie approach to cognitive sty.e is limited, and relates
to only one dimension of attention: the degree to which
information processing is facilitated. It says nothing slee
about how information is processed. Other important

to information pr Dy and cognitive stvle, are

indexed by erjenting behaviour. Thege include dimensions such
as arousal and habituation, When smen from a higher level

perspective, cognitive style is part of the pattern of i

selfregulation used by a person. The ability of the eutistic

to selfregulate may be Impaired.

- . Pribrem {Pribram, 1980a, 1980k, 1981; Pribram and
F\ g | McGuiness, 1975: McGuiness and Pribram, 1980) proposed a model
’; of attent that d of thres s arousal,

activation and effort., Arcusal and activation nuce seen as

involuntary processes, which, in regponse to situational

n ©
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demands, tontrolled the intake and rejection of information,

P respectively. Arcusal was linked to the orienting response,

or Paviov's (1927, 1528) 'What is it?‘ response, and

activation to motor readiness, or Pavliov's 'What is to be

done?' response.

Pribram and McGuiness (1975} and McGuiness and Pribram
(1980) followed Graham and Clifton (1966) by linking cardiac

deceleration to o»ienting. However, their view of

the orienting res:onse was not equivalent to Sokolov's (1838,
1963) position (Spinks, Blowers and Shek, 1985; Spinks and

b giddle, 1983). Nor did Pribram see cardiac acceleration as an
index of the defence response. but rather as an index of
activation and motor readiness, Thersfore the criticisms
leveled at Graham and Clifton do net apply to Pribram's

linkege of cardiac deceleration to crienting. The Pribram

: model is also important because it links attention to anatomy
. and physiclogy. This will be Qiscussed in more detail in

. later chapters.

The model of Pribram and MeGuiness (1875} and McGuiness

E and Pribram (1980} has been extended by Tucker and Williamson

. = (1984) , who intreduced the concepts of a "habituation bias™
ana a "redundancy bias" into their model, to explain

L selfregulatory controls on attention, One of the important

. agpects of the work by the Laceys (Lacey, ¥.C. and Lacey,

J.1., 1980: Lacey J.I,, 1967; Lacey, J.I. and Lacey, B.8..

1970, 1574) was that it emphasized the importance of

|
i
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sslfregulation in attention (Velden and Schumacher, 1979).
The intake or rejection of stimulation is a consequence of the

information processing demands made on the organism by

environmental circumstances. The organism must selfregulate
the flow of information in order to allocate processing

resources with maximal efficiency and reapond optimaily to

prevailing envircnmental circumstances (Carver and Scheier.
1981; Scheier and Carver, 1982).

Selfregulation and attention are closely linked, and may
be indistinguishable from the point of view of information
processing and control theory (Carver and Scheier, 1981;

Scheier and Carver, 1982). The efficiency of attention is

Is by p P 1 overload or i incoheren
(Kahneman and Triesmen, 1984). Perceptusl overload occurs :
when the mechanisms which regulate responsivity to input fail,
and the organism is flooded with novel stimuli. Response

incoherence occura when the order of a sensory or motor ;

response set fractures, and, for instance, panic ensues.

Normally, orienting is followed by habituation. The
habituation bias imhibits further processing if the
information in a given stimulus is identical to a previous
stimulue, and is not otherwise significant. Thus, if there is
no change in the information content of the input, further
processing is attenuated, and the response of the organism to
the stimilus diminiches over time.

i
i
|
On the Tucker and Williamson (1984) model, the process of ‘
|
i
I
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arcusal operates by applying a habituation kias to incoming
astimuli. The effect of this bias is to prime the organism for
novel input, and prevent perceptual overload by gating out
stimuli that have already been processed, and Carry No New
information (Pribram, 1980; Tucker and Willlamson, 1984;
Wickens, 1984). X

The other process availadle to an organism which must

pelfregulate its is the bias,

above. Redundancy regulates information flow by restricting
the class of stimuli that may receive further processing. If
a signal is not a member of the criterion class, it is

congidered and its 2 ing is

inhibited. As the activation redundancy bias takes control of
attention, the amount of information processed becomes
restricted. The rate of information turnover under a
redundancy bias is low, whereas a habituation bias resulty in
a faster rate of information turnover.

Spinks et al. {1985) conaider one of the most influential
contemporary modeis of the orienting response to be Ohman's
(1979}, For Ohman the deceleratory ECR of tlie normal children
represents a preattentive call for processing space in the
limited capacity central processor, which he equated with
short term memory (STM). The capacity of STM may be allocated
to 8 aingle resource, or distributed (usually unequally)
amongst multiple competing resources (Davies, 1983, Wickens,
1984) . Ohman equates the ECR with orientiny. On thie View,
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failure to identify a stimulus results in a mismatch between

STH and long term memory (LTM). A mismatch initiates a search
of LTM, which is indexed by increased heart rate on this

account. The similarities with Sokolev (1958, 1963) ars i
apparent on the Ohman model.

When an orienting response occurs and the habituation

bias is operative, a paraliel information flow may be uszed to
increass processing efficiency and Prevent overload (Pribram, e i
1980). This is possible because parallel processing limits

the depth to which information is processed, and does not take
up capacity in the centrael processor (Schneider and Shiffrin,
1977) .

1877; Shiffrin and Schneider, It may thus proceed

rapidly, and in parallel with ongoing central processes and

other preattentive processes.

7

The arcusal-habituation and activation-redundancy rontrols
over attention are inversely related to each other (Tucker and
Williamson, 1984). Under conditions in which arousal based e
habituation bias dominates, the representational scope of the
organism is increased, and it is primed for the maximum number |
of novel inputs. The "focus" of attention is broadened.
Short term memory (STM) capacity rapidly becomes saturated by
information. Riso, under these conditions, because redundancy

Information turnover in STM therefore occurs

|

of information is minimal, the restraints on information flow {
are few, i
|

rapidly, frequentiy and easily.

By contrast, the dominance of the activation system has

J TR SR s Vs w
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the effect of sharply delimiting the representational scope
AN of attention. The "focus” of attention is narrowed.

< Information processing falls under the tight, internal

. cantrol of the organism, The rate of change in the
information channels is slowed. The redundancy bias primes

the organism for stimuli which are currently of significance, N

because of prevailing environmental conditions. Stimuli are
PR only processed If they satisfy the redundancy bias

requirements,

"l Summary

I have shown that there are a variety of problems

S associated with traditional views of the orienting response

(Sokelov, 1958, 1963), and its relation to mvoked cardiac

remponges (Graham and Clifton, 1966). These problems
s proscribed using these traditional views as the basis for the

interpretation of the experimental results.

More recent models of the orienting response (McGuiness '
. g and Pribram, 1980; Ohman, 1979; Pribram, 198¢, 1981; Pribram "
and McGuiness, 1975; Tucker and Williamson, 1984) avoid these i

. pitfalis. At the same time they provide some gonsiructs that

are useful in understanding the operation of attention
EA mechanisms. These may allow for a description of the
B autistic's attention processes in terms of selfregulatory

A control processes, such as habituation and redundancy. h

LI : .

|
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I now turn to a review of the literature on

S psychophysiological findings in autism. Tnis literature shows

that attention may be dysfunctional in autism. It also

implicates certain regions of the brain in the pathophysiology
- } of autism., Models of attention (McGuiness and Pribram, 1980:
o Pribram and McGuiness and Pribram, 1875; Tucker and

N Williamson, 1984) implicate certain brain areas in attention
processes. The connections between brain areas, attention and

autigm will be explored in subgeguent chapters.

.
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CHAPTER THREE -- PSYCHOPHYSIOLOGICAL FINDINGS IN AUTISM

In this chapter the literature on the psychophysiology of

ttentional funot ing in autist persons is= reviewed. The

chapter is divided into two major sections. In the first
section the electrophysiological correlates of central
nervous system (CNS) activity in autism are discussed. This
ssction focuses on electroencephalogram (EEG) and evoked
response potential findings in autism. Research on nystagmus
abnoxmalities is also covered. In the sscond section, the
psychophiziological correlates of autonomic nervous system
activity in autism are discussed. Two major types of
autonomic variables are considered; electrodermal responses
(EDR) and cardiovascular responses. Some less common
measures, such as respiratory period, are also reviewed, os
is some unusual data from soundfilm microanalysia of
autistica.

At imsue in this chapter is the guestion of what
poychophysiclogical studies indicate about the nature of
attontion in autiem. 1f attention is indeed dysfunctionai in
autism, as the literature roviewsd below suggests it im, then
it becomes necessary to attempt to specify the precise nature
of the attention deficit. A blanket term like attention
conveys little information. What is required is an analysis
that specifies what is dyafuncticnal in attention in autism,

Key issues include: (1) whether information processing in

!
h
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autism is augmented or reduced by stimulation, (2) whether or
not arcusal is normal in autism, and if not, whether
autistics are hyper or hypo aroused, (3) whether the

'What is it?' component of attention, or the 'What is to be
done?' component is dysfunctional, or both, and (4) how the
control proceasses of habituation and redundancy operate in

autism.

Central Nervous Yvstem Coxrelates of Attention in Butism

Electroencephalooram Studies. Despite the widespread
agresment that autistic persons are at greater risk of EEG
eabnormalities, and epileptic seizures, than the normal
popuiation, no pattern in the EEG emerges that is
characteristic of eutism (Golden, 1887). Findings include
paroxysmal spiking, increased slow wave potentials, and
generalized slowing (De Mever, Barton, De Meyer, Norton,
Allen ant Steele, 1973; Golden, 1987; Ornitz, 1979).

The most influential ~arly study on the EE@ in autism
wag by Hutt, Hutt, Lee and Qunsted (1964), They argued that
autistics were in a etate of chronic hyperarousal, and
reported that although the sleep EEG2 of autistics were
normal their waking EEG showed a marked increase in
desynchronized activity, as well as low voltage
irregularities, both suggestive of hyperarousal. On the

basis of their data, Hutt et al. argued that the autisbtic
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children in their study were in a state of arcusal similar to
the adult population, rather than showing the EEG arousal
profiles characterimtic of children their own age, or
younger. This view is not consistent with the freguently
advocated pesition that autism may be a developmental
digorder (Cohan, Paul and Volkmar, 1887}.

There is little agreement on the incidencs of EEG b
abnormalities in autistics (Golden, 1987). Cresk and
Pampiylione (1969, cited in Golden, 1987) reported abnormal
BEG's in 83% of their autistic subjects. Despite this high
incidence rate, no type of EEG abnormaiity emerged that was

characteristic of autism.

De Mever et al, (1973), undertock & major longitudinal
study which examined EEG profiles in 126 psychotic children,
first at approximately 5% vears and then again at 12 vears.

They found that 66% of their subjects showed marked EEG

abnormalities, and that 14% had epileptic seizurea, The
level of brain dysfunvtion, as measured by EEG and
paychometric testing at the firet assessment, was a poor i
predictor of general prognosis at the second asgessment.

1t shotld be nated that in the De Mever et al, (1y73)
study the term “autistic" was used in a very wide sense, and
covered three patient groups: early childhood schizophrenia,
primary autism and secondary autism. In terms of current
diagnostic oriteria leg. Amerdcan Psychiatric Asgoalation,

[
1
1980; Bchopler, Reichler and Renner, 1985) only the primary ;
{
i
i
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autistic, and perhaps some of the secondary autism wioup,
would be congidered autistic. It is not cledr how much the
percentages reported by De Mever et al. would change if more
stringent diagnostic ariteria were applied to their data.

What is the relevance of these EEG findings for autism
and attention? Dempite the vagueness of some of the data, it
is clear that some, probably the majority, of autistics have
pathological EEG profileg. Since arousel ie a major
camponent of attention, the finding (Hutt et al,. 1964) that
autistics seem to be hypsraroused implies that their
attentional abilities may be impaired in some fashion, Other
EEG data (De Mever et al., 1973; Golden, 1987), such as
spiking activity and slowing are consistent with a
generalized deficit in brain function in autism, which may he
related to arousmal.

Precisely how a generalized dysfunction in arousal would
sompromise attention in autisties is not clear from the EEG
studies. Hutt et al, (1964) suggested that the stercotypiea
characteristic of the autistic may be related to their level
of mensory stimulation, which in turn is related to their
level of arousai. In support of this view, they found that
as environmental complexity waa increased, and by
implication, levels of stimulation and arcusal, so did the
rate of stersotypiee., In terms of attention, the Hutt et al.
results were indicative of a dysfunction in the motor, rather

than the sensory, comeohents of attention in autism.

@
i
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Not all EEG studies have confirmed Hutt et al.'s (1964}
contenticn that autistics are hyperaroused, however. Lelord,
Laffont, Jugseaume and Stephant (1973) found no evidence for
hyperarousal in autistics. Furthermore, congeptualizations
of arousal have developed considerably since Hutt et al.'s
research. It is now generally accepted that arousal im not a
unidimensional process, but displays different
charactsristics depending on the attentional demands
currently made on the organism (Lacey, J.I., 1967; Lacey
J.1. and Lacey, B.C., 1970). Measures of arousal may show
changes in opposite directions, in response to stimulation
To specify the nature of the attentional dysfunction in
autism. more information is required than is supplied hy the
EEG.

The EEG is not a measure of phasic responses to
stimulation, but an index of tonic brain function. It
is a measure of the ongoing electrical activity of brain
tisaus at a given location. Buch data might tell us ahout
general dyafunctions, but they Proscribe more specific
interpretations, particularly as far as attention is
concerned. The EEG data reviewed above only indicates that
there is a severe disruption ~f the normal pattern of
electrical activity in the brains of a large proportion of
autistic persons. It lends support to the idea that
attention is dysfunctional in autism because a generalized

pathology in brain activity iz likely to effect a range of

P ] A ek e B e i e [ SR
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centrall” trolled functions, including attention.

T . on of the autistics' EEG is confounded by a
maj¢. : sl problem, which applies to most research
en au.i % is associated with a variety of

neurological cuiditions. such as epilepsy, mental
retardation, childhood psychosis, and general developmental
delays. Finding a difference between 2 normal control group
and an autigtic grour does not mean that the difference is
specific to autism, Depending on the aim of the study, and
the nature of the hypothesis, it may be appropriate to use
syecific control groups, such as a group matched for
mental age, or a psychotic group, in additional to
age matched normal subjects. Adequate controls are often
lacking in research on autism.
Orintz (1987) reviewed the EEG data on autism and
stated:
It can be concluded that abnormal EEGs do occur in
zome autistic children, reflecting the extent to
which infantile autism ocurs in association with
various orgapic eyndromea,., and thereby broadening
our appreciation of the multirle eticlogic factors
underlying autism. It can also be concliuded that the
presence of abnormal EEGs adds litile to our
understanding of the underiying autistic symptoms.
(Ornitz, 1987, p. 150)

For that reason event related potential (ERF) recordings
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have been more widely used to agsess autistics. This type of
data is more easily interpreted because under these
conditions the stim.lus is controlled. and the response ig
more apparent, and easily examined. The ERP experimental
paradigm allows for the assessment of components of
attention, such as orienting, habituation, and
dishabituation, although thig has
of ERP studies.

*t alwayz been the intent

Fein, Skoff and Mirsky
(1981) measured brainstem auditory evoked potentials (BAEP}
in 16 autistic children, and they reund bilaterally rrolonged
brainstem transmission time (BSTT) in 9 (56%) of them, This
ia consistent with the finding that the EEG of autistics is
usually s'owed (De Mever et al., 1973). Fein et &, (1881}
also reported that autistics were characterized by prolonged
left ear stimulation latencies. By examining the
relationship hetween the BAEP data and the concurrence of
autistic symptoms, they interpreted their findinga to
indicate that attentional and motivational abnormalities may
be more primary to autism than auditory or language
disorders.

iein et al.'s (1981) findings have been criticized by
Courchesne, Courchesne, Hicks, and Lincoln (19858) on the
grounds that Lhey did not inciude contrels in their study.
Courchesne et al. found that compared to & normal groue.

autistice showed no BAEP differences. They did. however,

iy
H
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find differentes for sense modality in the autistic group
{longer auditory latencies), that were not presen’ {n the
normal group. Despite Courchesne et al.‘s objections to the
lack of controls in the Fein et al. study, other reports
(discugsed below) on F-ain stem evoked wotentials in which
adequate controls were inciuded confirm the Fein et al.
findings.

Highly deviant transmission times were fourd in 57% of
autistics by Tanguay, Edwards, Buchwald, Schwafel and Allen
{19682} . Like Fein et al. (1981), they found that there was a
difference for the lateralization of stimuli. Although Fein
et al. (1981) found deviations in only the left ear, Tanguay
et al. (1982) found asymmetries for both ears, although no
individual autistic was deficient in both ears.

Tanyuay st al.’'s (1982) results are alsc intersesting in
other respects. Firstly, they used two control groups, both
normal and age matched, but one was matched for sex too,
They found that the number of deviations decreased (to 57%)
when autistics were compared to sex matched controls. This
indicates the importance of matching for sex in studies ¢
autism,

Segondliy, although they found increased transmission
time for some intarpesk intervale, they also 1ound decreased
transmisgion time for other intervals, This kind of
polarization and variability of findings may be of

importance, It may indicate that the deviance !rom normal is
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not always constant in autism, Perhaps the range of values a

physiological parameter may take on, is increased in autism;

P autism may be characterized by greater variahility in

physiological measures than normel. Tanguay et al.’'s (1982) ¥

om0 resuits showed congiderable variance for lateralization, and

were not skewed in favour of a particular side.

LA @illbery, Rosenhall and Johansson (1983) found evidence
N for deviant BETT 33% of their autistic subjects.

Intersstingly, none of the subjects in their psychotic

control group had abnormal auditory brainstem responses.
This indicates that deviant BSTTs are not a function of
peychosis in general, and may be specific to autism. Like

Tanguay et al. {1982), Giliberg et al, (1983) also reported -

an asymmetry in some of their autistic's brainstem responses,

that were not present in the normal control group. On the

basis of the distribution of their data they concluded that

there were two subtypes of autistica: one with no brainstem .
abnormalities, and one with marked brainstem

o electrophysiological deviance. B
s The evidence reviewed above SuFmorts the hypothesis that

a there i a dysfunction in the transmission of neurel impulses

in the brainstem of the autistic. BSTT may be either

W increased or decreased, and may be asymmetrical. Some
brainstem evoked response studies show that there is a

peripheral defect, indicated by a delay in Peak I latencies

i
i
i
i
|
©f the auditory brainstem response (Tansuay et al,, 1982). t
|
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Such a dysfunction is not directly asscciated with a
dysfunction of attention. Howaver, most of the brainstem

evoked responses that have been reported to be abnormal in

autistic children, are related to neural conductance occurring

at least 10 msec poet stimulus onset, They therefore imply a
caentral processing deficiency, and perhaps a consequent
dysfunction of attention (Qades, 1982).

Event related potentiala have also been studied at the
cortical level in autistics, Lelord st al. {1973) did an
avoked response experiment using sound coupled to light
stimuli. Their results revesled the presence of a late slow
wave potential, about 700 mgec after stimulus onset, that

appeared in only the autistic tracins These slow waves

were rarely observed when sound was presented alone during
the habituation series, and were elicited mostly by the
coupling of the stimuli. The potentials eveked were more
variable and irregular in the autistics then in normal
controls. The amplitude of the evoked response was smaller
in the autistics.

Since these siow waves were similar to the contingent
negative variation. a cheracteristic wave of cortical
depolarization that accompanies stimulation, and im
associated with motor priming, expectancy and anmticipation of
information (Pribram and McGuiness, 1975), Lelord et al,

(1973) proposed that the late =low waves represented a

aiffuse motor to both the » P 1 and the

|
|
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associative processes in autism. Their distinction between

perceptual and associative processes parallels the

distinction drawn earlfer between ‘What im {t?' responses.
. and orisnting calls for capacity in STM, on the one hand, and
‘What to do?' responses, and the search of LTH, and the
execution of behaviours, on the other. Note that the

o contingent negative variation itself does not appsar to be
dysfunctional in autism (Ornitz, 1987) and that the late slow

waves reported by Lelord et al, (1973) occur in addition to

the conbingent negative variation. This association of an
L N abnormal motor component to perception in autistics is

§ similar to Hutt et al.'s (1964) linkage of sterentypies to
environmental complexity.

Martineau, Laffont, Bruneau and Lelord (1980) replicated
the Lelord et ai, (1973} findings of 2 late slow wave
potential in the autistics, They also found significant
differences between the autistic and normal subjects on peaks
in the 100 ~ 400 msec range. Martineau et al. demonstrated
that the late slow wave potentials were either positive or
negative, again indicating the variability of results obtained
on sutistic children. Lelord, Callaway and Muh (1982) found

differences in cortical evoked potentials of autistics for

both sound and light stimuli, Depending on the site of the
electrode the latencies were either significantly longer or
shorter in the autistic children. This held true for stimuli

pregented either alone, or as part of a conditional stimulus

|
|
f
i
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paradigm. These tranamissiun time abnormalities at the

)
Lo cortical level are consistent with the BSTT deviances E
discussed above (Fein et al., 1961; Tanguay et al., 1982; |
Gillberg et al., 1983). 50 C

The P300, a normal late suditory evcked response usually ST e e
taken to indicate cognitive processing, has been the subject R N :
of & number of reports. Niwa, Ohta and Yamazaki (1983). -
examifed four autistic children, four Down's syndrome Yooy
children and five normal centrols. For the condition
involving no task, the autistics showed smaller amplitude of
response than the other two groups. This result is . .
consistent with Lelord et al.'s (1973) finding that evoked

response amplitude is smaller in autistics. Latenciss of the

FPS00 were no different amongst all the groups. Niwa et al. "

{1983) interpreted their results as indicating a deficiency
of the "active ntimulus evaluating process” in autistics,
They also arzisd that autistics are unable to discriminate
between stiiw«li, because nc difference in response was found

between tagks. This suggeats that components of attention )

which are related to the idvntification of stimuli, are
«lesfunnthnul in autism. These include the search of LTM,
and the comparisen of input with memory, both processes
associated with the Initiation of a response. Niwa et al.'s {
results must obviously be treated cautiously because of the |

small sample size. Their use of a Student t-test on such a

small sample ‘r wuiestionable.
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Courchesne, Kilman, Galambos and Lincoln (1984) found
that the P300 wave was evoked in their group of autistics
with an I > 70. This result implied that nonretarded
‘autistics processed information cognitively. For both
aroups, differences in P30Q components were observed Boross
tagks, Sensitivity tn differsnces between tasks is an
important index of information processing. I4 indicates an
ability to discriminate. Task sensitivity » “tnd in

autistics by Niwa et al, (1%83).

Courchesne st al.

(1984) found nonretardea o stics

differed from age matched pormal controls however, in terms

of the size of the P300 wave itself. In the autistics the

wave was typically only sbout a quarter of the amplitude to

the control group's,

al.

{1973) and Niwa et al.

This iz consigtent with the Lelord et

(1983) reports of reduced P300

amplitude in autism. Courchesne st al. also found that the
NBOO wave was decreased in amplitude in the autistics. This
is consistent with the findings by Lelord et al. (4973) and
Martineau et al. (1980) of abnormal activity in that time
region, Courcheane et al. suggested that the similarity they
found of the autistic evoked response compared tn that of
normal contrel c¢hildren of a younger age, implied a
maturational delay.

The Courchesne ot al. (1984) findings were replicated by
Courchesne, Linceln, Kilman and Galambes (1985b}, who in

addition found @ differsnce in mensory medalities, in line

e e 4 d s e PN
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with the differonce for modality found by the same group in
their brainstem evoked potential study on autism (Courchesne
et al., 1985a).

The gtudies of the Courchesne group (Courchesne et
al, 1984, 1985s, 1985b) are of particular interest because of
the emphasis they place on attention, The position that the
Ceurchesne group have adopted is that autistics are neither
hypersensitive nor hyposensitive to stimulation, but instead
that the amount of processing that an input receives is
limited, as demonstrated by the attenuated P300 amplitudes.
They postulated that information processing was limited in
this manner, either bescause processing capacity was
restricted in t!) autistic, or because the depth of
processing was shallow, Either interpretation is consistent
with & dysfunction of attention.

In a more recant study on the ERP in autism, Pritchard,
Raz and Rugust (1987) exanirned the P300 and the visual
augmenting or redusing of an eariiar N100 wave. Reduging is
agsociated with attempting to shut out increasing levels of
atimulation, whereas visual augmenting i< azsociated with
enhancing receptivity as stimulus intensity increases. They
found that autistics did not have significantly different
N10N amplitudes compared to normals, but that they were
significantly more often N100 augmentera. Pritchard et al.
(1987) therefore argued that autistics appeared to be

experiencing an overlcad of stimulus information, implyving
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that they were hypersensitive.

Con Pritchard et al. (1987) found no difference in the P300
3 of the autistics for & no task condition and a target
detection condition, whereas normal subjects differentiated
between tasks. Pritchard et al. proposed that, in response

to visual stimulation, attention resourcesz in autistics were

engaged uniformly, and indiscriminately, regardless of task

. context.
- The P300 findings of Pritchard st al. (1987} are not
o entirely consistent with the Courchesne st al. (1984, 1985b}

e results. Courchesne et al. (1984, 1985b) reported that
autistics were task responsive. Although Courchesne et al.

{1985b} found & thange in P300 for all tasks for all groups,

it was of note that in their autistic subjects this change

was only half the magnitude of the response raecordea from the

normals.
Pritchard ek al. (1987) arsued that their failure to

replicate the Courchesne et al. (1934, 1985b) findings may be

related to the difference in sense modality used. Pritchard

et al. used visual stimuli, but Courchesne et al. (1984) and

Courchesne et al, (1985h) used auditory stimuli. Tarly
studies reported that auditory processing wam more impaired

than vieual procéssing in autism (Hermelin and O'Connor,

1970), BAEP Peak I may be reduced in aukism (Tanguay et al., .
1982), Differences in redponse have bsen found for different 1

B senge modalities in autism (Fein et al.,, 19B1; Courchesne, et .
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al., 1985a). Thus differsnces in modality may account for
the differences between P300 studiea (Courchesne et al.,
1984, 1985b; Pritchard et al.. 1987) in autism, althoush a
recent rerort of a developmental bias for vision in normal
children, sugsests that differences on measures of attantion
should be expected hetween different sense modalities
(Guttentag, 1985).

Nvatagmus Studies in A .ism. This area of research has
been dominated by the work ~f Ornitz (1974, 1979. 1983, 1987

Ornitz, Atwell, Kaplan, and Westlake, 1985). Ornitz's

position is that the modulation of sensory input and motor
output is dysfunctional in autimm, and that this centres on a
pathology in brainstem, particularly the vest 'bular system.
He has studied nystagmus responses in normal and autistic

children. A nystagmus is an involuntary eye movement, which

js caused by a lesion in either the vestibular system, or in

the surrounding reticular formation. It can be evoked under
[ T experimental copditions in normal subjects by rapid rotation

and provides information about the integrity of brainstem

structures.

For the purposes of this review, we will discuss only

. the study done by Ornitz et al, (1983). Since Ornitz states:

Earlier vestibular studies in eutistic children,

M e although demonstrating sbnormal responses, have
- suffered from diasnostic imerecision, failure to

control for the effects of visual fixation, or the

S A i1 it s e a1t o st s st
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use of idiosyncratic response measures which are

|
o |
LT Sifficult to interpvet in terms of current models of ! i
the vestilulo-ocular response (VOR). (Ornitz st al., [ L
- 1985, p. 1018) £ T
B This means the extent to which valid generalizations may L S
be made from earlier nystagmus studies is limjted, I ER
therefore take it that the study by Ornitz et al. (1985) was ;
-l methodologically sound, and fres from the limftations of -
earlier studies. The Ornitz et al study is an excellent !

piece of research, and great care has been taken to ensure
its methodological rigour.

Ornitz et al. (1985) demonstrated that the primary
nystagmuw response (eye movement in the directio. opposmite to

rotation) had a prolonged time constant in the autistics.

There were fewer nyatagmus beats during the secondary

.o L respon (eye in the same direction aw i
L rotation) in the autistics, This was a puzzling finding
vince a primary nystagmus is always followed in normal
parsens by & secondary nystagmus resgonse, It was not clear
if this differents was a congequence of the exacting criteris
for a VOR adoptod in the study, or if some real difference
existed in the autistic population.

Given the atrict controls used in thia study, it was

concluded that the observed differsnce between autistice and '

normalg, on the primary nystagmus response to constant

A rotation, was not dus to developmental delays, rvetardation,
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visual input, sex differences, or level of aroutul. These
findings are consistent with a dysfunction in the brain stem
of the autistics.

As far as attention im concerned, Ornitz et ~1. (1985
stated that their results do not support the idea that
autistics are overhabituated, i.e. under-responsive. Rather
since habitnation of the VOR is associated with a shortening
of the time constant, the finding that the time constant in
autistice was longev, suggested that they were not
habituating at ail only very slowly. This may mean that
the autistics are hypersensitive.

Ornitz (1983) adopted the position that the evidence for
brainstem dyafunction in autism implicates a sensorimotor
modulation deficit, rather than a dvsfunction of arousal,
although he did speculate that brainstem arousal systems ire
invelved in the pathophysiology of autism. He placed an
emphasizs on the modulatory influence of motor systems on
attention, and argued that stereotypies sprovide the autistic
with an important source of sensory input

1 glose this section, noting that the correlates of
central nervous system activity in autisw are strongly
suggestive of brain dysfunction. Bvent related potential
studies indicute that the processing of sensury information
is deviant in sulism. This abnormality is present at many
stages of information processing, as demonstrated by the

brainstem dysfunction studies, and P300 data. In sum, these
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visual input, sex diffevences, or level of arousal. These ' i

findings are consistent with a dysfunction in the brain stem TA

of the autistics.
As far as attention is concerned, Ornitz et al. (1985) A

stated that their results do not surport the idea that

autistics are overhabituated, i.e. under-responsive. Rather,

since habituation of the VOR is associated with a shortening o

of the time constant, the finding that the time constant in

autistics was longer, suggested that they were not
habitvating at ati, or only very slowly. This may mean that

the autistiecs are hypersensitive,

brainstem dysfunction in autism implicates a sensorimotor

}
Ornitz (1983) adopted the position that the evidence for \
|
i

modulation deficit, rather than a dysfunction of arousal,
although he did speculate that brainstem arcusal systems are |
involved in the pathophysiology of autism. He placed an N A
emphasis on the modulatory influence of motor systems on
attention. and arsued that stereotypies provide the autistic ) N
with an important source of sensory input. ,
I cloge this section, noting that the correlates of
central nervous system activity in autism are strongly . .
suggestive of brain dysfunction, Event relat:d potential
studies indicate that the processing of semsory information
is deviant in autism, This abnormality is present at many
stages of information processing, as demonstrated by the

|
|
|
|
!

brainstem dyafunction studies, and 300 data. In sum, these 1
|
|
|
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findings suggest that evoked responses in autism are either
{1) delayed or (2) of diminished magnitude relative to the
normal population.

Various hypotheses have bean advanced regarding the
attentional status of autistice on the basis of these
gtudies. Some views suggest a dysfunction of arousai is
primary, and range from positions suggesting that autism is
characterized either by chronic hyperarousal (Hutt et al.,
1964} or hypoarousal (Rimland, 1964), Others suggest that
the locus ¢f the problem lies more directly with attention,
and the receptivity to stimulation; autistics ars seen as
excassively open to stimulation (e.y. Pritchard et al.,
1987) ., A more subtie approach guggests that the problem lies
in the regulation of components of attention (Courchesne et
al, 1984, 1985a, 198%b; Ornitz 1979, 1983). On these views
attention is dyvsfuncticnal in autism in terms of sensorimotor
integration and modulation (Ornitz, 1979, 1983), and the
modulation of the sensitivity of attention to stimuld
{Courchesne et al., 1984, 1985a, 1985h).

The extent to which CNS electruphysiclogical variables
provide information about attention is somewhat limited.
Autonomic measures allow for an analysis of some components
of attention, that are not eazily apparent in the EEG or ERP.
It is to these that we now turn.

AR e s s it oS Aok T s 0 oo
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AR ig Nervous Svatem Correlates of Attent in Autism

In this section I consider two physiological systems,

the cardiovascular aystem, and the skin. There are three

variables of major interest: (1) pressure related changes in

the vascular system. (2) the pattern of cardiac output, and
(3) conductivity changes in the skin potential. For

' completeness 1 alsc briefly d- jcuss some other miscellausous

] measures, such as regpiratory periocd, and soundfilm
W, microanalysis.

ste) i £ I first deal with
the vascular responses of autistics to stimulation. Sokolov

{1958, 1963) postulated that during the orienting response

there is a shifi in blood flew associated with rerception of
the stimuius. He suggested that peripheral vasoconstriction
occurs in tandem with vasodialation of the blood vessels that
serve the skull. He hypothesized that a defence response

evoked by high intensity stimuli, is accompanied by

vagoconstriction at the forshead and peripheral

vagodialation,

However, although thiw conceptualization ia
straightforward, it has not been extensively confirxmed by
expérimental data, While digital vasoconstriction has been

. reported to stimuli of a variety of intensities, the




EHART. 4 THREEI  POYEHOPHYBIOLGGEY OF ALTIEM PAGE 47.

predicted vascular changes at the skull have been sporadic,

. r,':“ and in general Sckolov's predictions of vascular changez have
: not been confirmed {Siddle et al., 1983), The vascular

LI findings in autistics reviewed below ghould therefore be 5
e interpreted with this in mind.

Cohen and Johnson (1977} tock vascular measures of ten

autistics over a variety of tasks, which were designed to : B

s either facilitate the intake of stimuli, or to increase their
rejection. On the basis of Sokolov's (1963) prediciions, it
follows that sensory intake will be associated with an

increase in peripheral vascular resistance (PVR}, along with
a decrease in peripheral dlood flow (PBF). Cohen and Johnson

found that mean blood pressure (systolic and dfastolic) did

not drop during the rests hetween tasks in the autistic

subjects, whereas a significant dror in pressure between
N tasks waw observed in the control groups: normal childrsn,

normal adults and atypical (but not autistic) children. This

indicated that there was no change in mean blood pressure in

autistios in response to the experimental tasks. Pritchard i

N~<( et al. (1987) also found task indifference in autistics, but ¢
i k Courchesne et al, (1984) and Courchesne et al, (1985b), did ‘ ’
not, RAs a group autistics were found by Cohen and Johnson
’ i (1977) to exhubit incredsed PBF, aad dscreased PVR. ,
N l Although Cohen and Johnson (1977) attempted assessment ; :

across sight different tasks, they were able to engage the

. attention of the autistics on only twe. On the first of

|
|
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these (viewing television) esutistics showed a significant

increage in systolic blood pressure, interpreted by Cohen

and Johnson to indicate the rejection of stimuli. The normal
and atypical grours showed a docrease in systolic blood i
presgure. There was ne differepce between any of the groups

on the mecend task, described only as a “perceptual task’.

In a later study, Kootz and Cohen (1981) examined 14
autistics at rest, during a social interaction task, and

during a response time task: The tasks were repeated over

three consecutive days. 2 significant grour X task
interaction was found for PBF, which was greater in the
autistics. This was coneistent with Cohen and Johnson . - .

(1677), and the view that autistics reject stimuli, Mean

blood prassure and PVR were both elevated in the autistics on
the social interaction task. Kootz and Cohen interereted
this to indicate the normal children's responses to the task,
and therefore a lack of responsivity in the autistics, &y
James and Bavry (1980} measured cephalic vasodialation
and peripheral vasoconstriction in response to novel visual
stimulation in 20 autistic children. They found autistics R @
had significantly higher cephalic vasodialation and greater
peripheral vasoconstriction. This vascular pattern was

opposite to that reported hy Cohen and Johnson (1977) and

o Kootz and Cohen (1881), James and Barry interprsted their
N resuits as indicating that the autistics were hyperresponsive §

! to novel stimulation. ! ) .

e cot
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In & larger study, James and Barry (1984) examined the
peripheral pulse amplitude rsmsonse (PPAR)

children.

in 40 autistic
They found that the magnitude of the FPAR was
greater in the autistics in response to auditory stimulation,
and distinguished them from normal and retarded children.

There were some problems associated with the James and
Barry (1980, 1984) studies. Jamee and Barry (1980, 1984)
defined a vascular response ag the greatest amplitude change
in the pulwe between the prestimulus pulse and a pulse 7 - 12
beats postatimulus, This is a far less precise measure than
uged by Cohen and Johnson {1977/ and Kootz &nd Cohen (1981},
and this limits comparison of results. In the Cohen and
Jeohnson, and Kootz and Cohen, studies the formula for PVR*
inciuded PBF. The fact that Cohen and Johnson, and Kootz and
Cohen, found PVR to be decreased in autism was therefore
releted to their finding that Peripheral blood flow was
increased. Pulse amplitude is a poorer measure of blood flow
than vagcular resistance, and therefor~ the measure James and
Barry (1280, 1984) used was less accurate then Cohen and
Johnson, and Kootz and Cwhen.

Kootz, Marinelli and Cohen (1982) compared high and low
functioning autistic children, They examined 16 autistic
children, again at re:t, during social interaction and during
a reaction time task., Prior to testing, the children were

all trained on the reaction time task. Despits @

tensive

* PVR = [DBP + !/« (SBP - DBP))/(PBF x 10}

where
955 « symtolic blood prasaure, DBP = disstolis blood pressure.
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teaching oniy haif of the children reached the criteria for
pr.ficiency on the task., Those c¢hildren that did not reach
eriterion level had the greater intellectual, linguistic and
social impairments, and where described as low functioning,

The tests were conducted in three phawes, first the
children were given an initial training at their .chool.
Then six months later a reminder seszlon wag given at their
sehaol. Finally, a week after the reminder training, the
children were tested in the laboratory. Kootz et al, (1982)
found a significant difference in the reaction time of the
children across settings, For the high functioning group the
reaction time remained relatively conatant, whereas
performance dscreaged for the iow functioning group, getbting
worde from initial session to reminder session to laboratory
sesaion. Feripheral blood flow of the low functioning
autigtics was elev -3 over that of the high functioning
autistic children for &ll conditions. Thiy was in line with
Cohen and Johnson (1977) and Kootz and Cohen (1981).

In the higher functioning autistics a clear change in
the pattern of the FBF response was discernable hetween
tasks. The low functioning group was not responsive to
changes in task., This is intereating. since it suggeste that
the inconsistencies between P300 studies for task
respongiveness (Pritchard et al., 1987; Courchesne et al.,
1984, 1985b) may be related to differdnces in the degree of

functioning in the autistic children used os subjocts in

Wby o v e et Mesotletman
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these experiments.

Cardiac Related Findings in Autiam. One of the earlieat
reported studies on the autonomic nervous system in autistics
was by MscCulloch and Williams (1971, cited in Ornitz, 1983,
1967). They found that heert rate variability was sreater in
autistics than in normals. They argued that the observed
variability in cardiac vesponse could reflsct the astivity of
the reticulsr formation, to what would normally be considered
insignificent stimuli. '

Cohen and Johnson (1977) feund a lack of responsivity
was also evident in their heart rate (HR) measures across
aifferent tasks: rest, social interaction and reaction time.
These findings were veplicated by Kootz and Cohen (1981), who
noted a failure of heart rate to diffarentiate between tasks.
These studies found that HR was more variable in autistics,
anu that their mean HR was higher than the controla'. These
elevated rates were not related to the unfamiliarity of the
testing situation, as later investigation showsd the same
elevation when HR was recorded at the autistics' schools
(Cohen and Johnaon, 1977) .

On the basis of these findings, Cohen and Johnson (1977)
and Kootz and Cohen (1981) Suggested that autistics where
hyperaroused, and that their failure to respond to
stimulation reflects a disruption in the mechanisms of
attention. They arsued that the autistic cardiac response

indicated an attempt to limit sensory input. Following the
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work of Lacey (1967; Lacey and Lacey, 1970), they proposed
that this was achieved by tonically elevated HR, which
facilitated the rejection of stimulation.

@Given that I examined cardiac and biochemical variables
in autism, it is interesting to note that Cohen and Johnson
{1977) speculated that the cardiac related attention
dysfunction they found might be related to an abnormality in
the dopaminergic systems of the brain. Kootz and Cohen
{1981) suggested that the noradrenergic system could be
implicated in the attentional dysfunction they observed in
autism,

Keotz et al. (1982) found that HR did not distinguish
between their high functioning and low functioning autistic
groups. The low functioning oroup showed a gradual decline
in HR over the three days of testing, and they speculatea
that this indicated the habituation of this group to the
laboratory. Kootz st al, argued that their remlts indicated
that the normsl attentional mechanisms of orier-{ 3 to
novelty were dysfunctional in the autistics, ar. *.at this
had a wids range of consedquences, ag seen in the symptoms of
the syndrome, R

Palkovitz and Wiesenfeld (1980) investigated cardiac
changes in 10 autistic children under thrne task conditiong:
socially meaningful spesch, nonsense speech and auditory
tones. This study differed from thome described akove, in

that it releted changes in cardiac function directly to &
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. gtimujus, rather than to a task condition. The Palkovitz and . e

o Wiesenfeld study was the first evoked cardiac ressonse study 4

in autism. In much the same way as EEG data provides

information sbout the tonic aspects of attention, the

cardiovascular studies of the Cohen group index generalized

responsivity, and not immedjate phasic responses to '

. . stimulation. Evoked cardiac responses are more illuminating
as regards attentional functioning. “ -

J
- In contrast to Cohen and Johnson (1977) and Kootz and to ‘. N )}

- Cohen (1980), Palkovitz and Wieswnfeld (1980) found no
A difference in mean tonic heart rate between autistics and
normal age matched controls.

1n relation to phasic stimulation, Palkovitz and

Wiesenfeld (1980} found a mignificant differsnce in ths

evoked cardiac response between ths autistics and the normals ' T ¢

V for all three different tasks, In the normal controls the
cardiac response was deceleratory for all conditions. The

v autistic subjects' responses to auditory tones showed an i

acceleratory tendency, which did not differ aignificantly from !
their prestimulus baseline. In gther words, they usiowed a
failure to orient to a socially meaningiess stimulu: For
tho meaningful speech and nonsense speech conditicts. the

N\ - autistice showed an initial orienting decelerator. romponse
to the stimul$, which was followed by a gignificas’
acceleratory trend. The autistics failed in» hab:i..u . o any

of the tasks, whereag clear habitustion profiles ~rv

i
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obtained for the normal controls. . *
“ .
B Palkovitz and Wiesenfeld (1980) interpreted their . 1/
findings to denote a major abnormality in the mechanisms . P
which control attention in autistics. The generazlly L w
E ) BN
— acceleratory trend to stimulation suggeated that they were - " ki

rejecting stimuli, and were hyporesponsive. Follewing Graham

. . and Clifton (1968), Palkovitz and Wissenfeld argued that the

' input of information into attention may be characterized as ° §
defensive in autistics. Palkovitz and Wiesenfeld did not ’
speculate on the significance of the failure of the autistic N
subjscta to habituate. A habituation failure implies a

dysfunction in hasic associative voynitive processes. This

will be taken up later. ’ 1,}
The second ECR study to be done in autism was by James I
and Barry (1984) on 40 autistic children. They feund that

o the magnitude of the ECR was larger in autistic children, I
. than in mentally retarded or normal children. Autistica
showed the greatest deceleration in response to stimulation.

This finding was opposite to that of Palkevitz and Wiesenfeld

RS (1980) .
M James and Barry (1984) measured heart rate from the
4':(7;, peripheral pulse. A recent study showed that because of

pulse transit time, the peripheral pulse is a far less

accurate measure of cardiac activity than the ECG (Barry and
Mitchell. 1987). This mukes the validity of the cardiac

mersures used in the James and Barry study questionable.
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Respiratory Period Studies in.Autism. Only two studies
have examined respiratory period in autistics, James and
Barry (1980, 1984) found that respiratory pause, defined as
the percentage increase in respiratery period for the cycle
containing the (novel) stimulus, over the prestimulus cycle,
differentiated the autiast{cs from normal and retarded
subje~ts. The most marked result of these studies was the
finding that respiratory period did not habituate to repeated
presentations of the stimulus in the autistic subjects,
vhereas a clear habituation profile was established for the
normals and retardates. This failure to habituate
respiratory period was consistent with Palkovitz and
Wiesenfelds' (1980) result of nonhabituation of heart rate
and sugsested a dysfunction of attention. There was no
significapt difference in the mean resting rate of the
regriratory pericd between the autistice and the controls.
Interpreting these date, and their vascular data (discussed
above) James and Barry (1980) suggested that their findings
indicated:

a degree of hypsrsensitivity to stimuli. Such a
hypersensitivity, combined with abnormalities in
habituating mechanisms, could suggest that autistic
children are constantly bombarded by a multitude of
envirommental stimuli. It is conceivable that the
atress of such constant sensory stimulation would

lead to aelective-attentional deficits, abnormal

"
“
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perceptual responses, and, ultimately behavioural
withdrawal as a defense mechanism. (James and

Barry, 1980, p. 545)

Electrodermal Pindings in Autism. As part of

their study of evoked cardiac responses in autism, Palkovitz
and Wiesenfeld (1980) included the electrodermal responae
{BDR} &s a dependent variable, They found a highly
signiticant difference between autistics and age matched
normals on their mean resting skin conductance levels. The
a\{tistl’cs showed higher levels, indicating greater arousal,
which Palkovitz and Wiesenfold interpreted as consistent with
their suggestion that atcention is 'defensive’ in autistices.
The relative amplitudes of the EDRs did not differsntiate the
two groups on any of the three experimental tasks. A large
difference between the two groups was found for spontaneous
EDRe. The autistica had five times as many spontaneous skin
gonductance responses as the normals.

Like Palkovitz and Wiesenfeld (1980), Stevens and
@Gruzelier (1964) also found that they could not differentiate
between autistics and their controls on measures of
slectrodermal responsivity and habituation. In this study
controls conmisted of a normal and a retarded group, each
with subjects matched for mental age, and chronological age
with the autistics., They cautiously suggested that their

data implied that response latency was delayed in autism,
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perceptual responses, and, ultimately behavioural

withdrawal as a defense mechanism. (James and

Barry, 1980, p. 545)

a1 mal Findings in Autism. As part of

their study of evoked cardiac responses in autism, Palkovitz
and Wiesenfeld (19808) included the electrodermal response
{EDR} &= a dependent variable. Thsy found a highly
significant difference between autistics and age matched
normals on their mean resting skin conductance levels. The
a\{ﬁistic: showed higher levels, indicating groater arousal,
which Palkovitz and ¥iesenfeld interpreted as consistent with
their suggestion that attention is 'defensive’ in autistics.
The relative amplitudes of the EDRe did not differsntiate the
twoe groups on any of the three experimental tasks., A large
difference hetween the two groups was found for spontanecus
EDRe. The autistics had five times as many spontaneous skin
conductance responses as the normals.

Like Palkovitz and Wiesenfeld (1580}, Stevens and
Gruzelier (1984) also found that they could not differentiate
between autistics and their controls on measures of
electrodermal responsivity and habituation, In this study
controls consisted of a normal and a retarded group, each
with subjects matched for mental age. and chronological age
with the autistica, They cautiously suggested that their

data implied that reaponse latency was delaved in autism,




CHACTRR THRIE: PEVEKORMYEIMLOGY OF AUTISM enoe 57,

since autistics showed a greater orienting response to the
ERN second member of the stimulus train, rather than the first.
This is consistent with those EEG reports of generalized

slowing in autism (De Meyer et al., 1973; Ornitz, 1979), and

‘ the svoked reaponse poteptial studies which found

transmission differsnces in autistic s jects (Fein et ail.,

1981; Tanguay et al., 1992; Gillberg et al., 1983).
S In the Stevens and Gruzelier (1984) study, response
: amplftude showed a decrease over triale only for uormal

G controls, suggesting that the autistics and mentally retarded
a controls had a slower habituation rate. Stevens and
Gruzelier concluded that this may imply that the processes of
habituation and sensitization are dysfunctional components of
attention in autism,

James and Barry (1984) studied EDR, and found

significant differences betwean autistic, mentally retarded

and normal children. Autistics showed the highest leveis of o

skin conductance. Habituation effects were less marked in

B the autistic children.

. The differencea between groups on EDR measures found by
. Stevens and Gruzelier (1964) and James and Barry (1984) were
: 3 1 not consistent with the EDR data of Palkovitz and Wiesenfeld
{1980), who found ne difference between autistice and

L normals in terms of rasponsivity.
. van Engeland (1964) compared 35 autistics to normal

children. child peychiatric patients and mentally retarded

Hish WSt an s e nberbr et et e
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controls. In contradistinction to Palkovitz and Wiesenfeld
(1980} he found no difference between the groups on frequency
of spontaneous EDRs. However, he did find that there were
proportionally more electrodermal nonresponders in the
autistic group than in any of the control groups. Although
Stevens ard Gruzelier (1984) and James and Barry

{1984) suggested that habituation rates may be siower in
autistios, van Engeland {1984) found no difference between
grouss on measures of habituation.

van Engeland (1984) split all his experimental groups
into two subgreups; a group with a high number of spontaneous
skin conductance responses (H), and a group with & low number
of skin conductance responses (L).

Amonggt the L subgroups, only the autistic subgroue
showed any difference by greater nonregponding on the first
trial of the stimulus gperiesz. This was similar to Stevens
and Gruzelier's (1984) report that orienting was delaved in
autisties,

Amongst the H subgroups, amplitude diatinguished
autigstics from retardates, but not from normals. Latency
differed between autistics and normals, and recovery rate was
greater in autistics than in ehild psychiatric patient
controls, or rotarded contrels.

Since electrodermal orienting response variables are
known to covary with I (Whate, 1974 cited in van Engeland,

1984), the data for a subgroup of high functioning autistics

i
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with 1Q > B0 were r-assessed. The H group showed faster
recovery rates than either the normal controls, or the child
paychiatric patisnt controls. van Engeland (1984) proposed
that this meant that rather than suppoging that autistics are

“closed" to atimulation, the faster recovery rates suggest

more {requent T and i PEN to
stimulation.

Of the autistic children with an IQ in the normal range,
16% were nonresponders. whereas only about 5% of the normals
are electrodermally nonresponsive. van Engeland (1984}
suggested that although this differsnce was statistically
sgignificant, these results are not definitive of autism.
Nonresponding is not a stable trait, but is state dependent.

The findings may thersfore be attributable to the demand

har ristics of the experiment, rather than any real
difference charactaristic of autism,

Soundfilm Microanalveis. 1 conclude this section with a
brief review of Condon (1985). Condon has done some
interesting work on the entrainment of the body to apeech,
and other sensory inputw. To examine Lhis relationship he
filmed a person spesking or being spoken to, Analysis of the
£3ilm on & frame-by-frame bagsis revoaled that behaviour is
made up of discrete, yet synchronized, “movement bundles'",
which Condon calls "process units to emphazize their
orgaxizational nature" {(p. 127). He ther fod the soundtrack

of the film into an oscilloscope, and filmed the screen of

i
N . |
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the oscilioscope. By aligning the oscilioscope recordings of
the language with frames of the film of the subject, he was
able to detect a synchrony between process units and features
in the oscilloscope record, i.e. there was an entrainment
between speach and behaviour. )

When Condon examined autistic children in this manner,
he found multiple entrainment and multiple orienting
responses to stimuli, which were not found in normal age and
sex mateched children. For all onsets of auditory stimuli,
autistics showed more stimuli entrained process units than
normal chiidren. Normal children have a process unit pattern
that decreases in response to stimulation. Instead of a
reduction in process units to stimulation, the autistics
responded with an increase in the number of process units, by
anything from 1 to 23 process units.

Condon found that autistics were self-asynchronous, i.e.
whereas normally & person's own process units are in
aynchrony with their own speech, this was not the case in
autistic children (nor dyalexic, nor Parkinson's patients).

When autigtics were compared to normals for eye movement
orienting responges to sound, they showed twice the number of
orienting responses. Condon suggested that the "multiple
orienting response may be enslaved in some way to the
multiple entrainment"

(1985, p. 148). This may mean that the

elevated number of process units in autism, are related

{perhaps causally} to the increase in perceptual mensitivity
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indexed by the relatively increased number of orienting

responses.

Condon's (1985) results are supportive of the view that
autistics are hypersensitive to stimulation. The 4
relationship of increased orienting to multiple entrainment
suggested that there may be a motor component to the

attentional deficit in autism.

Sunmary.

The studies reviewsd above imply that attention is
dysfunctional in autiam. However, no clear pattern emerges
from the iiterature, and different studies have often found
contradictory results. Two differing interpretations emerge
from the literature. On one view, attention is characterized

as augmenting stimulation in autism, and on the other

attention is seen as biaged for reducing sensory input in o
autism.
The elevated levels of bagal heart rate, and the
vascular pattern of increased FBF and decreased PVR, were
interpreted by Cohen and Johnson (1977), Kootz and Cohen
(1981} and Kootz et al. (1982) to indicate a defensive
attentional style in autistics, who were described as under
responsive and hvperaroused.
Phasic ocardiac changes which index attention where
interpreted by Palkovitz and Wiesenfeld (1980) te indicate
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YP i . and incr in basal skin conductancs
level were scen as indexing hyperarousal.

An aiternative position has been espoused which suggests
that autistics are hypersensitive to stimulation. James and
Barry's (1980, 19B4) vascular responges indicated sensory
intake, as did their measures of respiratory period. Dslayed
EDR . 1 lack of habituation were seen to indicate a
dysfunction of sensitization mechanisms in attention by
Stevens and Gruzelier (1984), van Engeland (1984) took
faster EDR recovery rates as demonstrating hyperresponsivensss
in autism, and thia is in line with Condon's (1985) findings
of multiple orienting responses in autistic ..ilt: ..,

The electrophysiclogical correlates of CNS activity,
cortical and brainstsm ERPs, and the nystasmus studies,
indicate brain dysfunction in autism. The relevance of these
data for attention in autism is linked to the information the
paychophyeiclogical correlates of autonomic nervous system
activity supply, about the intake or rejection of stimuli.
The CNS data is consistent with imbalances in either
the 'intake' or the 'rejection' system, and this may mean
that it ie oversimplistic to conceive of the problem in
attention in autism as relating directly to either the intake
or the rejection of stimuli. It is more probable that the
problem relates to the balance beiween the two mechanisms, as

suggested by Courchesne et al. (1984, 1985a, 1985b).
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CHAPTER FOUR -~ BRAIN REGIONS IMPLICATED IN AUTISM

The literature, reviewed in the previous chapter, on the

] electrophysiologival correlates of CNS activity in autism, o . o

: implies that thers is & pathology of some kind in the A I

. autistic's brain. As the previous chapter also indicated,

attention appears to be dysfunctional in autism, It is

therefore reasonable to suppose that those regions of the B

brain invelved in attention, may show gigrs of pathalogy in

autism,
In this chapter I first discuss those uream of the hrain
implicated in attention. This section is rather brief. The t

literature on the relation between brain and attention is too

masgive to review thoroughly here, This section therefore

focuses on the brain .n attention within the context of the

model of attention ariginally developed by Pribram (McGuiness N B N

and Pribram, 1980; Tucker and Williamgon, 1984; Pribram,

1980, 1981; Pribram and McGuiness, 1973), N

This mode. of attention allocates a major rols to the
catecholamines. In this project, catecholamines were asgayed
in the children. Evidence raviewed in the next chaphter
suggests that there may be a catecholaminergic involvement in
autism. Therefore those areas of the brain that contain
catecholamines, may be involved in the hypothemized brain
dysfunction in autism. and they are rsviewed.

Next, studies which have examinad the brains of autistics
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are examined. These studies provide the most direct data on
Pathology of the brain in autism. Finally, some theoretical

modeie of brain dysfunction in autism are briefly reviewed.

The term “attention” covers a wide range of informatien
processing asctivities, from basic sensory perception, to
higher order cognitive manipulations of information that
extrapolate meaning. [t comes as no aurprize therefore, that
the areas of the brain implicated in attention span all
levels of organization in the brain, from the brain stem, to
the cortex (Khomskaia, 1972/1982).

Certain areas of the brain are consistently implicated
in attention. These include the reticular activating system,
the hypothalamus, the amygdala, the hippocampus, the limbic
system and the frontal cortex (Khomskaia, 1972/1982; Pribram
and McGuiness, 1975),

The arousal respense, or the orienting response, is
centered on the amygdala. The amygdala is innervated by
efferents from the hypothalamus, which in turn receives
afferents from the ascending reticular activating system.
The amygsdala appears to control orienting and habituation to
stimuli by means of two reciprocally acting circults that
connect it to the frontal cortex (MuGuiness and Pribram,
1975; Pribram and McGuiness, 1980).
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An orbitofrontal pathway appears to be involved in
inhibiting responses, and section of this frontoamygdala
pathway results in a failure of habituation. A second
dorsolateral pathway that conpects the amygdala to the
frontal cortex ie related to the initiation of the orienting
response, and damage to thesa pathways eliminates orienting
behaviour (McGuiness and Pribram, 1975; Pribram and
McGuiness, 1980). The role of these frontoamygdala fibres
appears to be related to the tuning of the c¥anism's
response tu environmental stimuli, via their connectiecns to
the hypothalamus and the reticular formstion. This allows
for the level of arousal to appropriately controlled
(McGuiness and Pribram, 1975; Pribram and MoGuineds, 1980).

The areas of the brain involved in ﬂcti‘vation, or motor
readiness, are located within the basal ganglia, The
appearance of the contingent negative variation, indicating
the operation of expvectancy controls in activation, is
assovisted with activity in the basal ganglia and dorsal
thalamus (McBuiness and Pribram, 1978: Pribram and McGuiness,
1980) . Lesions in the basal ganglia produce characteristic
behavioural problems associated with the initiation and
execution of movement (Marsden, 1984).

In the Pribram and McGuiness (1975) model of attention,
effort is considered to be modulated by hippocampal
functioning. The hippocampus is involved with the storage of

information in short term memory (Rawiinc, 1985).
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Anatomical Diagtribution ef the Catecholamines

The models of attention due to McGuiness and Pribram
(1580) and Tucker and Williamson (1984) link arousal to
noradrenergic functicning and activation to dopaminergic
functioning, The acoount of the distribution of the
catecholamines that follows complements the description of
the anatomical structures involved in attention given ahove.
Since attention is & complex Process, it makes better sense
to conceive of its neural basis ag depending oo the operation
of a system of fibres, structurss and chemicals, rather than
attempting to isolate discrate areas involved in attention.

Noradrenaline. There are two major NA pathwavs in the
brian, the locus ceruleus system and the lateral tegmental
aystem (Moore, 1980). The locus cerulsus system is the most
clearly detineated of the twe. In the spinal cord descending
efferents of the locus ceruleus NA system are found in the
gray matter of the dorsal and ventral horns, aes well ag in
the lateral horn, which contains preganglionic cells of the
autonomic nervous system (Barr and Kiernan, 1983). These
descending noradrenergic spinal pathways begin in the medulla
of the brainstem, and are particulariy dense in the region
surrounding the root of the vagus nerve, which serves the
myocardium (Kruk and Pycock, 1878),

The locus ceruleus, which is located in the floor of the
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fourth ventricle, is the source of most of the NA in the
brain, and hag the highest density of NA (Carpenter, 1978;
Redmond and Huang, 1979). Three major ascending pathways
begin in the the locus ceruleus including the dormal
tegmental bundle, the largest NA projection (Barr and
Kiernan, 1982). This bundle passee ventrally into the
tegmentum, where it synapses with the median forebrain bundle
at the level of the hypothalamus. As the locus ceruleus NA
system traverses rostrally and ventrally, it gives off
branches which innervate the amygdala, mamillary bodies,
hypothalamus, cingulate gyrus and other areas of the limbic
gystem {Mocre, 1980). Dorsal NA pathways enter the cortex at
« the f-ontal pole, and then course posteriorly to the sensory
and association coteses (Kruk and Pycock, 1979; Tucker and
Williamson, 1984).

The lateral tegmental NA system, or ventral NA bundle,
as it is occasicnally called, begins ventrally and caudally
to the logus ceruleus, in the area of tho lateral group of
the reticular nucliei (Moore, 1980). Ventral NA fibres
deacend to innervats spinal gray, and ascend to nuclei in the
braingtem, hypothalamus and limbic system, as well as areas
of the bamsal forebrain (Kruk and Pycock, 1979; Moore, 1880).

Dopaming. There are four major identified dopaminergic
pathways: the nigrostristal system, the tuber .nfundibular
system, the mesolimbic and the mesocortical systems (Bunney

and Aghajanian, 1979).
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‘The tuberoinfundibular system appears to be invelved in
neurchormonal activity that centres on the hypothalamus and
pituitary (Carpenter, 1978; Kruk and Pycock, 1879).
dopamine system is not considered parft of the

This

- textrapyramidal’ system, or part of the basal sanglia

(Graybiel, 1984).

The major DA pathway in the brain is the

nigroneostriatal system {(Moore, 1580), Cell bodies of this

system are located in the substantia nigra, pars compacta and

the ventral t tal area (VMT) (Carp v, 1978; Moore,

1980), and project to the putamen and caudate nucleus, and to
parts of the ventral striatum, including the globus pallidus.
‘The nigrostriatal system alsc has important connections with
the thalamus and the premotor cortex (Barr and Kiernan, 1983;

Graybiel, 1984).

The mesclimbic and mesocortical dopaminergic pathways
# have cell bodies in the substantia nigra, as well as in the
. ventral tegymental nucleus. The substantia nigra and ventral
tegmental arsa are the source of most of the DA in the brain.

zince mesolimbic, mesocortical and nigrostriatal DA fibres

A ] all have their origin in these areas, The mesolimbic and

mesocortical systems are occasionally grouped as a single

I system by some authors (e.g. Tucker and Willlamson, 1984},
but this is incorrect {Glowinski, Tassin and Thierry, 1984;
Iversen, 1984).

The mewolimbic system 18 comprised of fibres from the

: by
»
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hippocampus, amygdala and septum, which project to arsas in
the ventrai striatum, particularly the pucleus accumbens,
olfactory tubercle and anterior olfactory nucleus (Iversen,
1984; Moore, 1$80), The mesocortical DA system is
characterised by projections from the prefrontal cortex to
the doreal striatum, including the caudate nucleus and the
putamen (lversen, 1984)}. Interestingly, dopaminergic
innervation of the frontal cortex is confined to the
prefrontal cortex (Glowinski et al., 1584).

The mesocortical and mesolimbic DA systems may also be
differentiated on the basis of their differential
responsitivity to neurcleptic druge. Mesocortical DA does
not show tolerance, whereas tolerance is observed in both
mesolimbic and nigrostriatal DA. The turnover of DA is much
higher in the prefrontal cortex than in the mesolimbic system

{Glowinski et aul., 1984).

Brain Areas Impiicated iu Autiam

Damage is sometimes apparent in the autistic brain.
DsLong {1978} examined the pneumoencephalograms of autistics
and found that the temporal horn of the left lateral
ventricle was dialated. The medial wall of the lateral
ventricle, which is formed by the medial contours of the
hippocampus, was flattened and bulged into the ventricle, and

showed atrophy. Delong hypothesized that 2 unilateral lesion
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of the hippocampus may explain verbal learning difficulties
o :u in autigu.
: Nuclear magnetic resonance imaging was used to compars
midsagittal scans of the fourth ventricle in autistic and
normal subjects by Gaffney, Kupermen, Tsai, Minchin and
Hassanein (1987)., Like Delong (1978), they too found
ventriclar enlargement, This implied a change in the
structures which define the fourth ventricle: the pons,
cerebelium and medulia. This result may be of particular
significance for noradrenergic functioning in autism, since
the locus ceruleus is located at the rogtral end of the
sulcus limitans on the floor of the fourth ventricle.

Few postmortem examinations of the brains of autiatic
persons have been pexrformed., In the first published report
(Willlams, Hauser, Dominick, Purpura, Delong and Swisher,
1980} sutopsied braina of four mentally retarded persons with

autistic traits. Their descriptions of the patiants suggest

that only case 1 was classically autistic. PFor thig case

atrophy of the ordhitefrontal and and anterior temporal cortex

was apparent. No other abnorun)ities were present in the

brain of patient 1. Patient 3 showed similer cortical

atrophy to patient 1, am well as reduced demsity of
[ l cersbellar Purkinje cells. Patients 2 and 4 wers Ires from
5 “' any signs of pathology.
) Brain prepartations of & 29 vear oid autistic male,

-, killed in a motor actident wers compared with that of a 25
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yvear old normal male who died of & heart attack (Baumann and
Kemper, 1985). Cell packing was denser in all layers of the
subiculum of the hippocampus. The entorhinal cortex. which
is the anterior part of the parahippocampal gyrus, showed

increased cell packing of all layers, except in a band of

cells, the lamina dessicans, in which cells were sparse. The
clear zone of the lamina dessicans usually dissapears in
childhood. its presence in the brain of the autistic
indiceted a developmental delay.

In the hypothalamus, cell density was increased by
66%, Neurons were fewer, and nerve cell bodies smaller, in
the septum of the autistic. In the amygdala, cell size was
reduced and cell packing density increased by 28% - 40%, The
cerebellum had a marked loss of Purkinje cella, and the
cersbellar peduncles were thinned ard elongated., This was
similar to the pattern of cerebellar pathology reported by
Williams et al., (1980). Bauman and Kemper (1985) found the
fourth ventricle was enlarged, in line with Gaffney et al.

(1987) ,

Meodels of Brain Dzafunction in Autism

Damasio and Maurer {1578) and Maurer (1986) postulated
that brain dysfunction in autism centres on the mesolimbic
and mesocortical dopaminergic cireuitry. Damasio and Maurer

(1978) saw the motor stereotvries of the autistic as a sign
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‘of a basal ganglia invelvement, possibly including part of
the thalamus. They argued that because autism can be
distinguished from childhood aphasia, the damage is not
related to the primary language areas of the brain, bub
instead is probabiy related to a dysfunction in the mesial
azpects of the forebrain, the cingulate gyrus and the
supplementary motor area. With regard to the attention
dysfunctions of the autistic, Damasio and Maurer (1978)
speculated that an inappropriate control of a parietal
command function that normally operates to evaluate the
social significance of a stimulus may be responsible for
inattention.

Ornitz (1983) has developed a model of brain function in
autiem, that describes three levels of processing of sensory
information. The first level is mediated by the vestinular
nuclel and surrounding regions of the reticular formation,
The second level involves the convergence of sensory pathways
on the medial thalamus. The connections of the medial
thalamus to the caudate nucleus and the substantia nigra is
emphasized by Ornitz (1983). A third lsvel of processing
depends on the functioning of the reticular nucleus of the
thalamus, which acts as a gating mechanism for sslsctive
awareness, and has connections with the prefrontal cortex

(Ornitz, 1983).
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Summary

There is some overlap between the areas of the brain
that have been speculated to be involved in the pathogenesis
of autism (Damasio and Maurer, 1978: Maurer, 1986: Ornitz,
1983) and’ those areas implicated experimentally (Baumann and
Kemper, 1985; Delong, 1979; Gaffney et al., 1987).

The finding that the hippocampus and hypothalamus show
gigns of pathology in autism ({Baumann and Kemper, 1985:
Gaffney et al., 1987) is of particular interest, because
thege regions of the brain are involved in the normal
Processes of attention and arousal (Khomskala, 1972/1982;
Pribram and McGuiness, 1975; McGuiness and Pribram, 1980;
Tucker and Williamson, 15984).

Infiuential models of the neuroanatomy of autism
lmplicate the mesolimbic and mesccortical dopaminergic
systems (Damasio and Maurer, 1878 Maurgr, 1986). This is
consistent with a dysfunction of the activation mechanisms in
attention (McGuinesa and Pribram, 1980), and may alsc effect
higher order motivation and effort (Tucker and Williamson,
1984} .
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CHAPTER FIVE ~- THE NEUROCHEMISTRY OF AUTISM

The literature reviewed in earlier chapters suggests that
the cognitive deficits of autistic children may have
measurable paychophysiological components., These CNS and
autonomic electrophysiological measures of autistice show
deviance frcm normal patterrs of reaponsivity. This suggests
that there may brain pathology in autism, and direct
poatmortem study (Boumann and Kemper 1985) and indirect
evidence such as the longer brainstem transmission latencies
(Fein et al., 1981; Gillbery et al., 1983; Tanguay et al.,
1982) support this view.

What is the nature of this brain pathology? It seems
apparent from the literature that there is no clear lesion in
autism. Anomalies in the physiclogical correlates of
attention imply a pathulogy of smome kind in the underlying
neural mechanisms. The data reviewed above 1s consistent with
the view that the problem with the autistic brain includes a
neurochemical component. In this chapter the neurochemistry
of autism is explored.

Research into the neurochemistry of autism has been
motivated by a number of factors, not all of which are
related to attention. Much of the emphasis has besn on
symptom reduction by pharmacological intervention, easpecially
with neurolepticz (e.g. Campbell et al., 1982, 1987). The

efficacy of drug treatment is highly variable, and results are

i
S S
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uncertain for individual cases, althoush in general
L neuroleptic treatment has proved to be of value in aw' sm
| (Campbsll, 1978).
oo Witnin a broader pharmacologic context, research on
- - schizophrenia has given rise to a chemical model of psychotic

syndromes, which postulates a dysfunction in dopaminergic

neurctransmitter systems (Crow et al,, 1978; Julien, 1981).
Given that autism is claseified under childhood paychosis
" N (American Psychiatric Association, 1980), and that bcth

autistics and schizophrenics are responsive to neurcleptic

treatment, it is reascnable to suppose that the neurochemical
pathology of autism may be related to that of schizephrenia.
Note, however, that autism and schizophrenia ave strictly
separated by most authorities (e,g. Rutter and Schorler,

1987) . Nevertheless, these smimilarities do suggest that

dopaminergic metaholism may be impajred in autism, whatever

ite relationship to schizophrenia may be.

4 A second avenue of research that has been pursued in the

'. study of the biochemistry of autism has baen more directly

4 rolated to an interest in the status of attention in
autiatics, This work, initiated by the Cohien group (Cohen,
Caparulo, Shaywitz and Bowers, 1977: Cohen. Shaywitz, Johnsor
and Bowers, 1974; Cohen, Young and Roth, 1977; Young, Cohen,
Caparilo, Brown and Maas, 1979; Young, Kavanagh, Anderson,
Shaywitz and Cohen, 1982), has developed in tandem with

paychophyziological studies of autism (Cohen and Johnson,
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1977; Kootz and Cohen, 1981; Kootz et al., 1587).

Altogether, the neurochemical findings in autism cover a
wide range, and it i3 necessary to restrict the scope of this
review to those neurcchemicals that seem to be invelved in
attention. Current data implicates the catecholamines,
dopamine (DA} and noradrenaline (NA)}, a&s critically involved
in attention (Aston-Jones, 1985: Foote, Bloom and Aston—Jones,
1983: Iversen and Iversen, 1975; McGuiness and Pribram, 1980:
Panksepp, 1986; Sara, 1983; Tucker and Williamson, 1964). The
review that follows concentrates on dopamine and noradrenaline
related findings in autism.

For completeness, I mention that serotonin

(3-hydroxytrystophan, 5-HT), also a monoamine, li DA and NA,
shows signs of dysfunctionzl metabelism in autism, and some
evidence suggests that the same heolds true for the oried
peptides. Autistic symptoms such ae motor activity
disturbances and distractability show improvement following
pharmacologic intervention in the serotoninergic syctem
(August, Raz, Papanicolaou, Baird, Hirsch and Hru, 1981,
Although pletelet levels of B-HT have consittently besm
reported to be elevated in autism {Andérson and Hoghinz,
1987; lIsrangkun, Newman, Patel, Duruibe and Abou-lssz, 1968)
it appears that platelet 5-HT ia not a measure of neuronal
function (Young et al.. 1982). The sugwestion that elevated
platelet 5-HT may be related to mental retardation, rather

than autism (Young et al., 1982), has not been confirmed by a
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AR recent study which showed that neither IR nor items on the

N Autism Behaviour Checklist, wers related to platelst rich
plasme concentrations of 5-HT in autistics (Kuperman, Eeeghly,
Burns and Tsai, 1987).

Other evidence suggests that opiod peptides may be
aystunctional in autism. This group of neurchormones may he
involved in neurotranemission (Hokf§1t, Elde, Johansson,
S Ljungdahl, Schultzberg, Fuxe. et al., 1379), although their
‘ status as neurotransmitters has not been entirely confirmed
(Bachelard, 1981), It peptides do not meet the criteria tor
neurotransmitters, they are nevertheless indisputably a type
of neuromodulator (Hokf8lt et al., 1979,

Gillbers, Trygetad and Foss (1382) found that urinary

measures of peptide excretion in autistics showed a

characteristic pattern in 54% of autistics and 17% of children
with other psychoses, This pattern was seen in no other
control group. Israngkun et al. (1986) found a peptide

e chromatogram profile which was characteristic of autism, and
ERSRTI identified mothionine enkephalin as elevated in autistics.

. ’ @illperg, Terenius and Lénnerholm {1985) found no difference

* in brogpinal fluid me of opiod tid between

autigtic and normal children, Sahley and Panksepp (1587) base

. their sophisticated analysis of the social deficits in autism
T on a presumed deficit in brain opiod concentrations,
- B Before ! review the catechclamine findings in autism, I

give 2 brief overview of the metabolism of the catecholamines
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recent gtudy which showed that neither IQ nor items on the
Autism Behaviour Checklist, were related to platelet rich
plasma concentrations of 5-HT in autisties (Kuperman, Beeghly,
Burns and Tsai, 1987).

Other evidence suggests th-t opiod peptides may be
dysfunctional in autism. Th group of neurchormones may be
involved in neurotransmission (Hokf&lt, Blde, Johansson,
Ljungdahl, Schultzberg, Fuxe, et al., 1979), although their
status as neurotransmitters has not been entirely confirmed
{Bachelard, 1981). 1f peptides do not meet the criteria for
neurotransmitters, they are revertheless indisputably a type
of neuromodulator (Hokfélt et al., 19749).

Gillberg, Trygstad and Fogs (1982) found that urinary
measures of peptide excretion in autistics showed a
eharacteristic pattern in 54% of autistics and 17% of children
with other psychoses, This pattern was seen in no other
control group, Israngkun et al. (1986) found a peptide
chromatogram profile which was characteristic of sutism, and
identified methiunine enkephalin as elevated in autictics.
Gillberg, Terenius and Lénnerholm (1685) found no difference
in cerebrospinal fluld measures of opiod peptides between
autistic and normal children. Sahley and Panksepp (1967) bame
their =sophistivated analysis of the social deficits in autism
on a presumed deficii in brain opiod cor~ Lrationa,

Before I review the catacholamine findings in autism, I

give a brief overview of the metabolism of the catecholamines
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in the brain, This will make what follows much clearer.

: noli

- The catecholamines are those neurotransmitters that

contain a catechol nucleus and an amine group, In the brain

y these products are dopamine (DA), noradrenaline (NA) and

s epingphrine. Citecholamines occur in the brain, in chromaffin
cells of the adrenal medulla, and in sympathetic sauglia. WA
kol and epinephrine are metabolites of DA. The metabolic pathway

is as follows (see Figure 1). (In this section the following

ﬁ#‘ references were used; Bachelard, 1981; Cooper, Bloom and Roth,
- 1978; Foote et al., 1983; Julien, 1981; Kruk and Pycock, 1979: : X
s, Moore and Kelly, 1979; Richards, 1983, Young et al., 1982. :

Mo, . oo uid

All general neurochemical information may be found in these

sources, or in any neurochemistry text. Points that are
specific to certain authors are referenced accordingly.)
Catechelamine Svnthesis. Catecholamine synthesis is

[ catalysed by tyresine hydroxylase, an enzyme, which

hydroxylates the amine acid tyrosine, to produce
* dihydroxyphenylalanine (DOPA). Thie initial step iz the
rate limiting peint in the synthesis of catecholamines, and is

inhibited by the end producte of the metabolic cycle, viz.

catecholamines or catechols. During periods of high

sympathetic activity a pool of strategic NA is depleted,

removing its inhibitory influence on tyrosine hydroxylase.




o GHAPTRR FIVE:  NEUROOWEMIATRY @R ALITIOM PaGE 7.

; Dopamin ki
o
. -
K

HO'

. ‘ Dot~ - tycrantoss

. oH W .
2
W .
< HO
- o

Fgure 1. 77, e ot 7
'DOPA = Diyciroxyphenylaianine,

The resultant increase in tyrosine hydroxylase activity

reegtablishes normal levels of NE, and the negative feedback

i e e th wom————. o s ~ e e o F:
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loop becomes operational again (Cooper et al., 1978).

There are other mechtanisms which operate to control the
metabolism of catecholamines over both the short and long
term. Short term changes in catecholamine activity tend to
increase turnover rate by reducing the affinity of tyrosine
hydroxylase for endproduct inhibitors. and increasing its
affinity for tyrosine and the relevant metabolic cofactor.
Long term alterations in catecholamine synthemis result in an
increase in the amount of available tyrosine hyvdroxylase
(Cooper et al,, 1978).

Catecholamine synthesis is also mediated by endocrine
factors. Levels of circulating adrenocorticotrophic hermone
{ACTH} are known to increase catecholamine levels (Kizer and
Youngblaod, 1978).

DOFA is converted into dopamine by the removal of COa
from the amine by DOPA decarboxylase, an enzyme which
catalysee a wide range of neuroactive substances. It is of
relevance to autism to note in passing that DOPA decarboxylase
requires pyridoxal phosphate. a vitamin B, derivative, as a
coenzyme. DA is then transformed into NA by the action of
dopamine~B-hydroxyiase, which oxidages a side chain of the
amine, and utilizes ascorbic acid as a cofactor.

This patnway is the major pathway of catecholamine
aynthesis. It has been speculated that catecholemines may
also be synthesized by alternative routes. Firstly, tyrosine

may converted into tyramine by DOFA decarboxylase, and it has

WIS
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been observed in vive that tyramine may he converted into DA
in the liver by unknown catechol forming enzymes. Secondly,

in vitro studies show that tyramine may be converted into

ne by dopami B-hy ylage, and then into NA by

unknown enzymes (Cooper et al., 1978).
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. i
. . Once & neurotransmitter has bean synthesized and rele.sed

K S into the synaptic cleft, it must be inactivated. This occurs

. either by the reuptake of the neurotransmitcer into the

N neuron, or by the breakdown of the neurctransmitter intu its ;

- metabolic byproducts. Bince reuprtake cannot be measured
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T are othorwise different.

homovanillic acid (HVA) (see Figure 2).

MaO
R DOFEG = 34 Dlvdm)wphmylglycoh

= hydroyphomytglycol,

directly (for ethical reasons), it is not discussed further.

require monoamine oxidase (MAO} and catechol-C-methyltrans—

Although both DA and NA

ferase (COMT) for their breakdown, their motabolic pathways

The endproduct of DA metabolism is

There are two

identified pathways for the conversion of DA into HVA.

Firgtly, DA may be catalysed into 3,4-dihydroxyphenylacetic
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agid (DOPAC) by monoamine oxidase (MAC). MAC has two
subtypes, MAOa and MAOe. MAQ. acts selectively on

geroctonin and NA (Bachelard, 1981). MAOs acta on a wider
range of amines, including DA (Kruk and Pycock, 13979). DA is
therefore catalysed into DOPAC by MAOw. DOPAC is then
converted into HVA by the action of COMT. Secondly, DA may be
converted into S—meth.oxytyrumine by COMT, which i= in turn
transformed into HVA by the action of MAOm.

Noradrenaline is metabolized by the following three
pathways. For the first two pathways, the endproduct is
vanillylmandelic acid (3-methoxy-d4-hydroxymandslic acid, VMA}
{see Figure 3), and for the third pathway the endpioduct is
3-methoxy-4-hydroxyphenyigiycol (MHPG) (see Figure 4).
Firstly, NA may be converted into 3,4-Cihydroxymandelic acid
{DOMA) by MAOa, and then into VMA by COMT (see Figure 3,
This is the major metabolic pathway to VMA from NA. Secondly,
COMT may catalyze NA into normetanephrine (NM). which is then
converted intc VMA by MAOa (see Figure 3)., Thirdly, NA is
converted into MHPG by the action of MAO, which creates
3,4-dihydroxyshenrlglycol, which is in turn metabelized into
MHPG by COMT {(smee Figure 4},

In order to assess the functioning of DA and/or NA in
autistics some technique mugt be uged that allows activity in
the metabolic cycle of the catecholamines to be measured,
This may be achieved either directly or indirectly,

Typically, this has involved an indirect assesement by means

- - 8 o,
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of the administration of a pbarmacological agent with & known
chemical action. RAlternatively, zome element of behaviour
that is known to depend on & given neurctransmitter may be
agsessed, and this may provide gome insight into the

biochemical status of the patient. With the development of

in y it has become
pogsible to directly measure the level of one ox more of the
peurctransmitters, or related subatances, in certain
preparations, such as plasme or urine., It is particularly
with the direct assessment of neurochemicals in autistics that
this chapter is concerned, since this study was in the same

vein,

Horadrenorgic Findings in Bubiom

One of the sarliest studies on catscholamines in autism

wae by L rebe and L (1976} . Using the
thin leyer chromatograshy techniques avallable at the time,
they assaved the urine . 74 autistic subjoovts. No controls
were used. They found traces of DOPAC in 88% of autimtics,
and VMA in 24%. Other chemicals found are not of relevanse to-
sttention, and are not discussed here. It iz interesting to .
compare the gengitivity of thia method with the one used in
the present study. In this study VMA was routinely assemsed
in all the children. At isaue were the reiative

v of 1s, not in vhat percentage of

|
|
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subjects a given chemical was found.

Noradrenaline and Dopami ylase. Lake, Ziegler

and Murphy {1977) measured the levels of plasma NA and
dopamine-f~hydroxylase (DEBH) in 11 autistic patients, and in
their parents and siblings, Compared to age matched normal
children, the level of plasma NA in autistics was doubled, and
the level of DPH was significantly lower. They found that the
level of DPH was significantly reduced in the relatives of the
autistics, and that the autistics did not differ from their
families in terms of D8#H concentration. Lake &t al. (1977)
did not report the relationships for familial NA. They noted
that the relationship hetwesn DBH and NA did not follow the
expe.ted pattern in autism, since if NA levels are elevated,
then the levels of its precursor, DSH, should be elevated too.
In the Leke et al. study, blocd samples were taken after a 20
minute rest period, They spaculated that their finding of
slavated NA levels may refluct the failure of the autistics to
reach normal basal level during the rest period because of
chronic hyperarousal. More recently Israngkun et al (1986)
found plasma NA to be significantly elevated in 14 autistic
subjects, compared to 10 age matched normal controls,

‘The reiavance of increaged plasms NA for attention is
undexmined by the fact that plasma NA is not of central orizin
(Anderson and Hoshino, 1987). This does not entirely rule out
a peripheral invelvement of NA in attention. For instance,

the cardiac controls on attention require the operation of
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peripheral neural mechanisms (Graham, 1962; Lacey, J.I., 1967:
Lacey, B.C. and Lacey, J.I., 1970, 1974; Natelson, 1985).
Lake et al.'s {1877) results remain applicable to attentional
functioning in autism, despite this codx. In fact, the origin
of any biochemical must be taken into account when

interpreting its relsvance, particularly for psycholopical

functions that are known to involve a central nervous system
component .
Some of the Lake et al. (1977} findings were not

confirmed by Belmaker, Hattab and Ebstein (1978), who reported
DH to be slevated in 15 children with functicnal paychosis.
The Belmoker et al. (1978) study is mot directly comparabie to

the Lake et al. etudy. Whereas Lake et al. compared autistice
to normals, Belmaker et al.'s (1978) controls were a group of
10 children diaghosed with brain damage or mental retardation.
placed sutistic and childhood

surthermore, Belmaker et al,

schizophrenic patients intc the same category. Differences
between the autistic and childhood schizophrenic groups were
not reported, as they did not approach statistical
significance, supposedly because of the small numbers
involved, Belmaker et al. specul-ted that their finding of
elovated DPH may indicate hyperarousal in autism.

In 1986 Garnier, Comoy, Barthelmy, Leddet, Garreau, Muh
and Lelord examined plasma DBH in 19 autistic children.
Campared to normal ghildren there were no sighificant DBH

differences in the autistic group. However, plazma DRH was
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LA elavated in hivher functioning autistics over low functioning

autistics. No differences wers found between the low

functioning autistics and the normal children, Following,
3 - . Lake ot al). (1977) and Belmaker et al. (1978), Garnier et al.
{15B6) suggested that autistics may he chronically

hyperaroused. N
Thus, as far as DBH is concerned, the whole range of L e

Possible findings have been observed in autism; Lake et al. e W '7
{1977} found decreased leveis, Belmaker et al. (1978) reported -
increases in DBH, while Garnier et al, (1986) found no . .
difference. These authors have all suggested that their DFH
findings imely a moradrenergic involvement, however the
direction of any predigted changes may not be asg axpected. as B R 3

Lake et al,'s finding of increased plasma NA levels and " .

decreased DBH indicated.
A-Mathoxv-d-Hydroxyphenviglveol. Youny et al. (1979)

studied 24 hour levels of urinsry MHP@ in five autistic boys, . a

and found MHPE to be significantly decreased compered to age d

matehed normal males. It will recalled that on the basis

of their cardiovascular findings, Kootz and Cehen (1981)
FRT speculated that there may be a noradrenergic involvement in

autism. Youny st al, suggeated that an alteration in NA L

activity may explain the iwpaired resulation of attention,
A arousal and anxiety in autism, and be related ta its
SR involvement both centrally and autonomically, cspecially in

the contrel of cardiovascular functioning.
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™ findings of Young et al. (1979} wers not replicated

in & ~ by Gillberg, Svennerhoim and Hamilton-Heiberg
. N llherg and Svennerhoim (1987). who found levels
i 1al fluid (CSF) MHPG did not differentiate
autiavic scts from sex and age matched normal contro.

It therefore appears that the drop in MHPG observed by Young
et al. may be attributable to their small sample size.

In sum the data implicating a noradrenergic involvement
in autism is equiveocal. Direct measures of NA activity do not
consistently chow a difference between autistic and other
groups, und most of the support for the noradrenergic
hypothesis comes from extrapolation from the data
(reviewsd sbove) jidicating that arousal and attention may be

dysfunctional in autism.

Depaminrraic.Findings in Autism

for a i gic

jllie Acid.
involvement in autiem is much stronger than the comparable NA
data. The first publighed report of relevance examined levels
of CSF HVA and S-hydroxyindoleacetic acid, the major serotonin
metaboiite, In 9 autistic children, 11 atypical children and
10 epileptic children (Cohen et al., 1574). The experimental
progedure involved admitting the children to hospital, and

putting them o» a courme of probenecid prier to the lumbar
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puncture. Levels of HVA were significantly different between
N the three groups. The mean for HVA in autistics was lower
than the in atypical group. The mean of the epileptic group
is not available fr m the data Cohen &t al. reported. The
range of the values for the autistic grour was greater than in

the atypical grous.

‘The same experimental procedure as Cohen et al. (1974)

. was adopted by Cohen et al. (1877 ' ex~apt that they used
different control groups; other childhood paychosis, central
proceseing disturbance, childhood aphasia and pediatric
R patients who were relatively normal. They found that

A autistics exhibited the greatest range of values, particularly
for HVA, but that overall there were no significant

differences betwesn the groups, except for

S-hydrozyindoleacetic acid.

Both the Cohen et al. (1974, 1977a) studies used
probenecid, a membrane blocker which prevents the active
transport of acid metabolites of neurotransmitters from the
‘ CSF. Administering probenecid prior to 2 lumbar puncture was
believed to give a more accurate measure of central neuronal
W function than otherwise. However, there are numerous

methodological problems asgsociated with the use of probenseid,

which seriously impede the analysis of CSF samples obtained
after probenecid administration (Winsbers, Hurwic, Sverd and
Klutch, 1978).

o In CSF studies by Gillberg et al. (1%t} and Gillberg and
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Svennerholm (1887), in which probenecid was not uged,
depaminergic dysfunction in autism was more clearly implicated
than by Cohent et al. (1977a). Levels of HVA were
significantly elevated in autistics, and showed & greater
range than normal sex and age matched control children. Of
all the groups examined, only the autistics showed an isolated
increase in HVA. 1In all the other groups there was eifher no
increase, or the increase was associated with an increase in
the levels of MHPG of and/or 5-hydroxyindoleacetic acid. In
this gense the autistics differsd from other childhood
paychosss contrel groupe. These results also suggested that
the increase in HVA was not associatea with mental
retardstion. In the mentally retarded groups HVA levels fell
within the normal range, and there was no correlation between
HVA levels and IQ for any of the groups. In their studies,
Gillberg et al. (1983) and Giliberg and Svennerholm (1387},
found that HVA was also elevated in controls with progressive
encerhalopathy, and those with meningitis.

In addition to plasma DBH levels, Garnier et al, (15986}
examined levels of urinary HVA, which was found to be elevated

in autistics. A negative correlation between HVA and DBH in

high functioning autistics was B . but the
reason for this wag not clear.

Reports currently in press. or in prepara“ion (Minderaa
et al., cited in Anderson and Hoshina, 1987} found no

difference betwesn autistic and normal children for either
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plasma HVA, urinary HVA, or urinary DA,

Pyridoxal Some

sting resuits have been
obtained with the use of vitamin Ba in autism (Rimiand,
Callaway and Dreyfus 1978; Lelord et al., 1982), These
results are of relevance to dopaminergic function in autism,
although this iz sometimes overlocked in reviews (e.y. Young
et al., 1982). As noted in the mection on catechclamine
metabolism, pyridoxal phosphate (vitamin Bs) is a necessary

cofactor in the catabolism of DOPA to dopamine.

Rimland et al. (1978) i 1 differen
before, during end alter treatment with vitamin Ba in a
double blind study, and found a significant increase in
autistic symptoms on cessation of treatment. Since vitamin
Ba may also interact with the serotonergic neural system,
Rimland et al. interpreted their findings as consistent with
elovated levels of plasma serotonin in autism. They noted
that the oheerved differences may have been the result of a
dopaminergically based change.

Dopamine has been more directly implicated by the vitamin
B, studies of Lelord, Callaway, Muh, Arlot, Sauvage,

Garreau and Domenech (1$78), and Lelord et al. (1962). Lelord
et al. (1978) examined urinary levels of HVA before and during
vitamin B. therapy, They found that compared to a normal
controls, the autistics had elevated prelherapy levels of HVA.
Treatment reduced the levels of HVA in autistics, and was

associated with a reduction in symptoms. Their results were

i
i
{
|

PR R




OHARTER FIVEs NEURGSHEMIGTEY OF AWTIOM cagE 9B,

replicated by Lelord st al. (1982}, who in addition found that
average evoked potentials showed a "normalization" by
oo treatment. Vitamin Bu treatment was associated with
. changes in the svoked recordinga in both autistic and normals.
Metabolic Enzvmes. Next I discuss reports which exsmined
levels of platelet MAO in autisu. Platelet MAO is associated

with MAGs, rather than MAQ. (Cohen, Young and Roth,

R 1977b), and therefore these findings apply to dopamine, not
N noradrenaline. Cohen et al. (1977n) studied 31 autistic
individuals who were found not to differ significantly from
- normal controls, Lake et al. (1977) found that autistics did
gl not differ from their relatives, nor from normal controls for
levels of platelet MAO. Neither did clinical populations
differ from each cther; MAD levels were similar in autistic,

childhood schizophranic, mentally retsrded and brain damaged

patients (Belmaker et al., 1978).

Belmaker et al. (1978) also found that COMT, the other
major catecholamine enzyme, was not significantly different in
autiem, Since COMT is inveoived in the degradation of both NA

and DA, this finding is relevant to both systems, subject to

the limitations of the Belmaker et al. study discussed above.

. Blink Rate. Lastly I briefly review some studies which

on

implicate & DA involvement in autism, but did not measure DA
or related compounds dirsctly, Blink rate, an index of
N dopaminergic activity (Schelkunov, Kenunen, Pushkov, and

“ Charitonov, 1986; Stevenm, 1978), was measured in 15 autistic
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children, and was found tc be significantly higher than in
normal controls (Goldberg, Maltz, Bow, Karson and Leleszi,
1967}, This sharply distinguished the autistics from a
mentally retarded group which had lower hlink rates than
normal. These results indicated that elevated DA turnover was
not related to mental retardation, but to the psychiatric
syndrome of autism.

Eharmacotherapy. Haloperidol, a DA antagonist,
significantly facilitates learning and decreases maladaptive
behaviour in autistics {Campbell st =l., 1982). Given the
vital role of DA in motor fumctisn, it might be expected that
reducing DA turnover would decrease the freguency of
stersotypies in autism. Strangely, stereotypies were not
decreased by haloperidel treatment (Campbell et al., 1982).

In a recent review of the pharmacological treatment of
autiam, Camphell et al. (1987) concluded that autistic
symptomolgy i= best treated by DA agonists, such as

haloeperidol, than other pharmacologic compounds.

Burmary.

Catecholamine metabolism seems to be disturbed in autism.
The svidence for a noradrenergic involvement in autiam is
equivocal. Although plasma NA has besen shown to be elevated
by Lake ot al. (1977}, other measures of noradrshergic

activity, such as concentrations of MHP@ (Young et al., 1979;

[T |
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children, and was found to bhe significantly higher than in
normal controls (Soldberg, Maltz, Bow, Karson and Leleszi,
1987). This sharply distinguished the autistics from a
mentally retarded group which had lower blink rates than
normal. ‘These results indicated that elevated DA turnover was
not related to mental retardation, but to the psychiatric
syndrome of autism.

Bharmacothgrasy. Haloperidol, a DA antagonist,
significantly facilitates learning and decreases maladaptive
behaviour in autistics (Campbell et al., 1982). Given the
vital role of DA in motor function, it might be expected that
reducing DA turnover would decreass the frequency of
stereotypies in autism. Strangely, stersotypies were not
decreased by haloperidel treatment (Campbell et al., 1982).

In a recent review of the pharmacolegical treatment of
autism, Campbel] et al. {1987) concluded that autistic
symptomolgy is best treated Dy DA agonists, such as

haloperidos, than other pharmacologic compounds.
. Surpmary

Catecholemine metabolism seems to be disturbed in autism,

&
The evidence for a noradrenergic involvement in autism 1s
\‘ egulvecal. Although plasma NA haz been shown to be elevated
- L by Lake et al. (1977), other measures of noradrenergic
,;; activity, such ag concventrations of MHPG (Young et al,, 1979;
N
w
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"_ Gillberg et al., 1983; Gillberg and Svennerhoim, 1987) do not
o favour a noradrensrgic invelvement in autism.

The mogt consistent catecholamine finding in autism has
. beent an elevated level of HVA, the endproduct of dopamine
metabolism. Levels of CSF HVA were shown to be elevated in M

autism by Gillberg et al. (1983) and Gillberg and Svennerhelm

(1967). Similar £indings were reported for urinary HVA by G T e
Lelord et al. (1978, 1982), and Garnier et &i (1986). B
Discontirmatory results wers chtained hy . (974, w /
1977a) for CSF HVA, but there wers method. roblems

with that study. WNegative results were also reported to have

been found by Minderaa et al. (in press, cited in Anderson and i 4

Hoshino, 1987) for urinary and plasma HVA. i

The higher concentrations of HVA in autism probably
indicated an increase in the turnover rate of DA in the
nervous system, and increase in the rate at which it is
biosynthesized. Since MAQC and COMT levels are normal in
autism (Cohen ot al., 1977; Lake st al., 1977; Belmaker et g

" al., 1978), the source of the elevated HVA levels must lie in
“ ‘( the gynthesis of DA, rather than iIn its breakdown. This view
"_ N is supported by interventions in DA synthesi~ which have

- : K therapeutic benefit (Campbell et al., 1982, 1987). The study
v of Landgrebe and Landgrebe (1976) found a higher percentage of
v biochemicals related to catecholamine synthesis, than
biochemicals related to their breakdown, in the urdne of

autistics.

7
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Thers is good reason to conclude that there iz a
bigechemical involvement in autism. In particular it appears
that dopaminorgic metabolism is characterised by increased

turnover.

The literature discussed to this point suggests that

attention is dysfunctional in autism,

and that dopaminergic

metabolism is disturbed.

Is there any relation between the

neurochemical imbalances in autism,

and the attention deficits

that have been observed? Any attemp: to answer this question
musi consider the relationship betwsen attention and B g

neurochemistry. . [

A e e ML T oa NN, B s e ne ton Sk b o e o o
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CHAPTER §IX —— ATTE TION AND NEUROCHEMISTRY

What role do the catecholamines play in the modulation of
attention? 1t should not be thought that catecholamines are
the only neurochemicals that have been implicated in the
control of attention. Acetylcheline, for instance, is
believed to be involved in attention and memory (Panksepp,
1986) . However, in thiz project the focus is on the
catecholamines.

The neurochemical basis of attention may be studied in
two kinds of subjects, Firstly, the neurochemical status of
patient populations with known attention deficits may
examined. Secondly, the effocts of pharmacological
manipulations on atiention may be explored in experimental
animals. Both kinds of study are reviewed in this chapter. In
order to provide & perspective on thege data, [ first hriefly
discuss theoretical views on the relationship between

attention and neurochemistry.

Theeretical Pogitfons on Abkentiop and Neurochemistry

The most comprehensive theorstical treatments of the

neur 1 basis of attention are McGuiness and Pribram

(1980) and Tucker and Williamson (1984), Tucker and
Williamson (1984) drew strongly on Mc@uiness and Pribram
ch of their argument on the model

(1980), who in turn based
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of attention delineated by Pribram (Pribram, 1980, 1981;:
Pribram and McGuiness, 1975). Recall that this medel,
discussed above, identified thres control mechanisms on
attention: arousal, activation and effort.

McGuiness and Pribram (1930) dercribed the activation
system as based on dopamineryic controls, which were modulated
by acetylecholine, and t* 3 arousal system as dependent on the
cperation of noradrenal e, which was modulated hy serotonin
The effort mechanism identified by McGuiness and Pribram
(1980) fell under the control of opiocd peptides. The strength
of ths MoGuiness and Pribram model lies in its neuroanatomical
and neurophysiological basis, Some of this information haam
already been discussed in earlier chapters. The McGuiness and
Pribram neurcchemical postulatss are lacgely speculative, and
based on evidence which only indivectly implicated NA and DA
in attention.

Tucker and Williamson {1984) extended the mode! of
attention developed by McGuingss and Pribram (1980). They
discarded the eifort constrigt, since they argued that
compenents of effert may be better explained by referencw to
higher order properties of the activation system, which
allowed for veluntary (effortful) motor acts. Thus opiod
peptides have no rele in the Tucker and Williamson model. The
Tucker and Williamson model attempts to illuminate the nature
of the arcusal and activation processes by reference to the

rroperties of noradrenergic and depaminergic




BMAPTER BI%e  ATTENTION AND NELRGGHEMIETRY aoE 9v.

* neurotransmission, respechively.

The theoratical import of the Tucker and Williamson

(1984) model lies in their recognitien that the pattern in o
b which certain neurochemicals function, may make them best

suited to modulating particular psychological functions that

operate in a similar manner. For ingtance, vne of the 1

g properties of noradrenergic newal transmission includes
- firing in respanse to sensory evoked orienting behaviours o .

(Aston-Jones, 1985; Foote et al, 11983); Sara, 1965). The

excitability of the locus ceruleus is modulated by a system of

inhibitory NA fibres, which ipbibits locus ceruleus firing in

respanse to external environmental stimuii, which might
otherwise inappropristely disrupt ongeing behaviour. This
operational property may make the NA neurons best suited for

modulating the control of organism by external inputs. The

. point of the Tucker and Williemson model is an attempt to 11~k
N the effects of DA or NA on neurens in the brain, to the

ot behavioural effacts of these gams neurcchemicals.

s Animsl Studies on the Neurochemistry of Attention ~

3 Noradrenaline and Abtention. MA is involved with
modulating the level of arousal, and covaries with sleep-wake
w¢ycles (Balechard, 1881). Arousal is a major component of
attention (Davies, 1988; McGuiness and Pribram, 1980), This

muggests that arousal as a component of ettention may bhe
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K modulated by NA, Furthermore, moradrenaline turnover changes
in response to the presence of envirommental stimuli {Foote

et al., 1983}, irrespective of whether a response is elicited

from the organism or not (Iversen and Iversen, 1975}. "nis is
conaistent with the role asgigned to NA by Tucker and
Williamson (1984) ip the 'What is it?‘ orienting response,

NA has been implicated in learning, since various tasks

that reguire the establishment of learned contingencies are
A affected by NA . fpulations (Iversen and Iversen, 1973;
-7 Pankseps 1986). o. in (1978) suggested that ability of NA
pathways to regenerate and reorganize was consistent with
their alleged rols in associative thinking and learning. The
role NA plays in learning may be accomplished by the capacity
of noradrenergic fikbres to inhibit neuronal discharge in the

senaory cortices, while amplifying the signal~to-ncise ratio a )

of incoming stimuli (Aston-Jones, 1965; Foote et al., 1983;
N Sara, 198%)., Thig mechanism may provide the hasis of NA's *

hypothesized role in selective attention (Panksepp, 1986). A

B neural mechanism of this kind is compatible with the role o

ascribed to NA in orienting by Asten~Jones (1985), McGuiness Y
and Pribram (1980) and Tucker and Williamson (1984).

On the basis of studies on the stump tail monkey (Macaca

crotoides) in which efther the locus ceruleus was stimulated,

or NA antagonists or agoniste were administered, Redmond and H

' Huang (1979) concluded that the NA was involved in Lhe \

RN modulatien of fear and anxiety. NA was consistently
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implicated in the operation of the fight-flight mechanism.
Redmond and Huang postulated that this mechanism opurated at P i

P diffarent levels of intensity. At moderate levels they

suggested that it functioned as a cautionary device, and at

low levels as “a novelty detector, a stimulus enhancer or an S
o attention focuser” (Redmond and Huang, 1979, p. 2159). Only at

high levels of NA activation was a fight-flight response

slicited. Their data supports the hypothetical role of NA in =
N orienting responses. ) T
. Tucker and Williamson (1984) have postulated that - « ‘\
e noradrenaline controls the habituation bias in attention. The

operation of the habituation bias primes the organism for

novelty. For Tucker and Williamson the neuronal model, and

the match-mismatch process involved in orienting is based in

noradrenergic control.

Tucker and Williamson (1£84) suggested that the role of

NA in orienting was partially a result of the modulation of

reward by NA. While it is now accepted that reward in the

. intracranial selfstimulation paradigm is modulated by DA

o ‘, (Stein, 1978}, Tucker and Williamson have argued that NA is
important to motivated interactions with the environment. The
E well documented involvemenlt of noradrenergic mechanisms in the
© 1 control of satiety, drinking and feeding (Iversen and Iversen,
1975) may be related to this type of motivated environmental

R interactivn.
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¥otor Control and Dopamine. The role of DA in the
control of motor behaviour is well documented. Parkinmon's
digease is the result of decreased levels of DA in the basal
ganglia, particularly in the nigrostriatal pathway, and is
ugually treated by administration of L-DOPA, a precursor of DA
{iversen and lversen, 1975; Marsden, 1984). Corpus striatum
pathology is also associated with tremors, athetosis, choreas
and ballism (Carpenter, 1978).

Animal studies of the roie of DA in movement are
particularly interesting. Bxtrapyramidal Parkinsonlike
symptomology may be induced in animals by treatment with
6-hydroxydopamine (6-OHDA), a dopaminergic seurotoxin, or by
administration of chlorpromazine, a DA antagonist (Iversen and
Iversen, 1975). Administration of apomorshine or
d—amphetamine, both DR agonists, results in motor
stereotypies, in which an element of the normal behavicural
repertoire is endlessly repeated (Dickinson and Curzon. 1983
Iversen and Ivermen, 1975). The parallels bhetween these
repetitive behaviours and autistic stereotypies are very
suggestive.

In vivo analysis of neurochemicals in freely moving
conscious rats has been accomplished with the application of
newly davelaoped voltammetyy push-pull perfusion technigues
(Freed, 1986). Dopamine metabolism showsd an increased
turnover rate in rats trained to circle for a water reward.

DOPAC levels were increased in the substantia nigra on the
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side contralateral to the turn, and decreassd on the
ipailateral side. This asymmetry was normalized after
circling movements ceased. There was a 300% increase in DOPAC
levels after 20 minutes of turning. Freed's (1986) results
are in effect a replication of the classic studies by
Ungerstedt (1971, cited in Iversen and Iversen, 1973), except
that Ungerstedt induced DA asymmetry by treatment with 6-OHDA,
and Freed trained his rats to turn.

On the hasis of studies which implicated DA in movement,
and 3n the induction of sterectypies, Iversen and Iversen
(1975) suggested that dopaminergic mechanisms may function
like a motor probability generator. On this view the effects
of apomorphine administration are explained as the increasing
the probability of a narrow range of behaviours. RAs the
level of DA increases, s0 behaviours become increasingly
species specific and more stereotyped.

Tversen and Iversen postulated that DA was involved in
controlling response arcusal mechanisms. The failure of an
animal to respond after lesions to dopaminergic systems, may
indicate a disruption of wrousai, rather than be directly
related to movement inhibition in & straightforward manner.

This position was given a more sorhisticated treatment by
the model of movement proposed by Evarts and Wise (1984) which
emphasizerd the importance of higher order control in the

ing of i . The ul i of planned

movemants requires behavioural units to be exescuted in tha
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appropriate seguences, An important function of DA appears to
be the higher order control of wotor sequences, This skill
appears to be dysfunctional in Parkinson's patiente (Marsden,
1984}, and manifests as a disruption of the motor Plan in
teleclogical behaviours.

Stereotypies in autism may be the result of a breakdown
in the control of voluntary movements caused by elevated DA,
turnover. Animal studies show that excessive DA stimulation
causes stei>typies (Dickinson and Curzon, 1983). The nature
of the deficit in Parkinson's disease, particularly the
disruption of higher order control over movement suggests the
failure of gimilar mechanisme in autism. Disruption of normal
DA metabolism appears to impede the correct selection of a
motor plan unit from amongst the possible alternatives (Evarts
and Wise, 1984; Marsden, 1984). This failurs to make the
appropriate selection may parallel the consequences of
dopaminergic metabolic imbalances on the control of sensory
attention.

Sensory Control and Dopamine. The discussion has
emphasized the motor components of dopaminergic systems up to
this point. Ungerstedt (1971, cited in Ivereen and Iversen,
1975) proposed that the function of DA in behaviour had tec do
with the activation of the striatum hy arousing sensory
stimuli. Ungerstedt suggested that the normal role of DA was
concerned with sensitization and the initiation of appropriate

responges. For Ungerstedt the lack of responsivensss observed

ety
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after destruction of DA pathways by 6-OHDA was indicative of a
sensory loss.

There is evidence that DA is involved in cognitive
processes. Low doses of haloperideol facilitate active
avoidance, but similar doses of amphetamine cause a delay
in she extinction of active avoidance, and facilitate passive
avoidance (Kovacs and De Wied, 1978, cited in Oades, 1982),
It appears that when DA transmission is increased it becomes
more difficult for the animal to make the link between changed
stimulus conditions and appropriate changes in avoidance
behaviour. This indicates a selsction dysfunction,

The role of DA in cognition is also evidenced by the
finding of an increase in striatal DA synthesis during the
performance and acquisition of a fixed ratic operant task
(Heffner and Seiden, 1980). In this study DA turnover in the
caudate nucleus and putamen was positively correlated with the
number of lever presses made by the experimental animals, No
changes in DA turnover were found in the hypothalamus of in
the mesolimbic area.

Rats trained on a delayed alternation task on a T-maze
showed deficits in both the accuracy and latency of their
vesponges after destruction of DA AL0 cells by 6~OHDA (Simon,
Scatton and Le Moal, 1980). The Al0 cell group is situated in
the rostral portion of the brain stem, and includes the
ventral tegmental area (VMI). There are projections from the

VMT to the prefrontal and striatal cortex as part of the
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7
‘ K mesacortical and mesolimbic dopaminergic systems. The
destruction of DA ceils in the brain stem impaired the
o retention of a learnt response, Simon et al. (1980) commanted
< that:
<l The experimental animals showed postoperatively more
- collateral or 'irrelevant' behaviours becauss they
. Presented attentional deficits manifested by an enhanced
R distractability or to enviry 1

stimuli. This renders the animal unable to smelect

relevant information. (Simon et al., 1980, p. 151},
Simon et al. (1980) speculated that the prolonged latency
of the response in 6-QHDA treated animals wup indicative of a

Stein (1978} postulated that

mativation deficit.
catecholamines were necessary for reward behaviours, and were

inveived in motivation and affect, Furthermore, it is
dopamine that is specifically involved with reward behaviour:
gestructjon of NA fibres by 6-OHDA caused no change in the
selfstimulatory behaviour of rats. bui destruction of the DA
pathweys caused significant changes in the pattern of
1978) .

gelfstimulation in experimental animals (Stein, Stein

argusd that DA provided the arousal necessiry for
selfstimulation., He notsd that sdministration of haloper 'dol,

a DA antagonist, blocked selfgtimulatory behaviour.

f The role of DA in exploratory behaviour was examined by
[ Fink and Smith (1980).
- in rats using §-OHDA injected inte the anterior lateral

They selnctively destroyed DA naurons
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hypothalamus, and thsn tested each animal by placing a novel
wooden cube in an alcove in the animal's home cage, The
number of approaches made inte the alcove were used as an
index of exploratory behaviour, Legioned animaly showed a
reduction in the number of approaches. Thiz was not a due' to
a failure to notice the cube, because the latency for the
first responge was the same in both experimental and control
animals. Nor was it due to & deficit in general activity
level in treated animals, since photecell counts of activity
were the same in ali animals.

The number of approaches in treated animals could be
increased by administration of epomorphine, a DR agonist. Of
interest was the finding that apomorphine reduced the numbsr
of exploratory behaviours in untreated rats. Fink and Bmith
(1980) also found that the effect of apomcrphine could be
reversad in the 6-OHDA animala the treatment with pimozide, a
DA receptor antagonist.

All substances administered to the experimental
animals were radioactive. In subsequent analysis of the
animals’ braing, Pink and Smith (1880) found a lack of
fluorsscence in the nucla‘us accumbens, olfactory tubercule,
deep layers of the frontal cortex and the anterior cingulate
gyrus. There was a loss of cell.bodies from the ventral
tegmental area (A10)., No fluorescence was observed in the
caudate nucleus of these rats, as might have besen expected.

Their results indicated that DA afferents from the VMT wers
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necessary for the exploration of novel environments.

These results were important because they indicated that
exploratory behaviour was reduced by both the destruction of
DA fibres, and the pharmacological induction of acute dopamine

supersensitivity. Thus dysfunction is observed when DA

metabolism is both i and A ased. The P!
curve takes the familiar inverted "U" shape., This is
consistent with Iversen and Iversen's (1875) assertion that
norimal striatal responaiveness depends on the level of DA
mediated arousal.

‘The function of DA in exploration may be undergtood as
controlling the orienting response to novel stimuli, In the
cage of the Fink and Smith (1980) the untreated rats oriented
to the novel stimuli. The act of going into the alcove to
examine the stimuli, is well accounted for by Chman's (1979)
theory of the orienting response: the initial novelty of the
stimulus elicits a call for processing capacity. This was
followed by a voluntary exploration vf the alcove.

These studies implicate DA in cognitive processes and
suggest a role for DA in the proceseing of sensory stimuld,
Direct evidence for & role of DA in sensory information
processing was produced by Chiodo, Antelman, Caggiula and

Lineberry (1980), who found that zingle unit recordings of ihe

substantia nigra's zona showed dis ges in respon
to sensory stimulation. Chiodo et al. suggested these

responses were not involved in the transmission of specific
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gensory information, because they occurred for different
modalities, but were instead related to the role of DA in the
behaviourally activating prorerties of sensory stimulation.
Chiocdo et al.'s (1980) interpretation of their results
was confirmed by Camp and Rudy (1987) who showed that
behavioural activation in rat pups was inhibited by
haleperidel and facilitated by administration of L-DOPA or
apomerphine, It is interesting to note that behavioural
activation as defined by Camp and Rudy referred to highly
stereotypad behaviours such as suckling. and this is
consistent with Iversen and Iversen's (1973) contention that
elevated DA incrsases stereotyped species specific behaviours.
Blocking is a conditioned learning phenomenon in which
animals are conditioned by reinforcement to respond to a
stimulus (CSa). The same stimulus is then pajred with a
secend stimulus (CS») to form a compound stimulus
(C9x) ., and responses are again reinforced. Under these
circumstances the CSs provides no new information about the
reinforcing event. When the stimuli are subsequently
Presented separately Lo the animals, and witrout
reinforcement, the animals should show greater responding to
the CSa and a blocking ot response to the CS., since
they had previously learnt that the second stimulus carrivd no
additional information sbout reinforcement. Blocking thus
represents the operation of a selective attention mechanism.

Using & blocking paradigm, Crider, Solomon and McMahon
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(1982} treated rats with amphetamine. They found that
blocking was abolished in the treated animals, but was
unchanged in untreated rats. These results indicated that an
increase of DA turnover resulted in a selective attention
deficit. Crider et al. (1982} were able to abolish the
blocking deficit by administration of haloperidol,

A recent report by Crider, Blockel and Solomon (1986}
showed that prolonged treatment with halopsridol, which
induces DA supersensitivity, also resulted in a selective
attention deficit in rats, a evidenced by the failure of rats
treated with DA antagonists to block ressonses to CSu.

Concerned that the failure to block responses in the
haloperidol treated rate was the result of a
hyperresponsiveness, rather than a selective attention deficit,
Crider ot al. (1986) conducted a second experiment. In this
study they introduced a novel click. They found that
responses te the click wera eguivalent for the treated and
untreated animals, This indi{cated that the treated animals
were not respu.ding to just any stimulus, and showed no signs
of nhyperresponsivity. Instead these results indicated that
the haloperidol treated rats were unable to ignore the G,
even though the information it carried was redundant.

Crider et al, (1986) auggested that their results Sndicated an
attentional perseveration. much like the perseverative
stereotypies induced by the administration of amchetamine or

apomorshine, Animals first attended to, and then failed to
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tune out stimuli that carried no information value.

Beninger {1983} noted that nonresponses in animal
studies of the DA system are frequently the result of sensory
neglect. rather than a motor deficit. Rats with G-OHDA
lesions of the substantia nigra showed a negiect for stimuli
on the side contralateral to the lesion, The opposite effect
was observed in rats treatad with unilateral intrastriatal
injections of DA. These animals showed enhanced responsivity
to stimuii contralateral to the injection. Beninger concluded
that the problem faced by these animals was interfacing
sensory inputs with responge systems,

This line of thinking was extended by Lidsky, Manetto and
Schneider (1985) whe argued persuasively that one «f the major
functions of the basal ganglia in the control of movement was
their ability to gate mensory Inputs intc the motor system.
They saw the DA'rich besal ganglia functioning as sensory
analyzers for motor systems,

These findings of dopamine involvement in aensory aspects
of atteéntion run contrary to the medel of dopaminergic vontrol
developod by Tucker and Williamson (1984). On their model DA
is allovated a minimal role in sensory processing, its major
function ia motor cdntroi, although Tucker and Williamson do
ascribe some importance te DA in the integration of perceptual
and motor information. The studies discussad above imply a
far greater role in pensory processing and selective attention

to DA than the Tucker and Williamson model does.
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Btfention Dvefunctions in Other Clinical Populations

Dopaminergic dysfunction is characteristic of a number of
neuropsychological syndromes associated with attention
dysfunction. This data provides further evidence for the role
9f DA in attention.

Bttention Deficit Dis¢edor. The Diagnostic and
{tatistical Manual (IiI; of the American Psychiatric
hasociation (1980) defined two forms of attention deficit
digorder (ADD}, one with associated hyperactivity (ADDH) and
@ without (ADD}. Reviews of the neurochemistry of ADD
(’agkin, Shaywitz, Shaywitz, Anderson and Cohen, 1984) and of
hi peractivity (Shaywitz, Shaywitz, Cohen and Young, 1983)
itdicated that urinary HVA wa. unchanged, levels of CSF HVA
measured using probenecid loading were decreased, MHPG was
lowered, and platelet MAO» appeared to be reduced, in
lwperactive ADD children, Both Raskin et al. (1984) and
‘fhaywitz et al. (1903) concluded that ADD and ADDH mey ba
Jssociated with a dopaminergic abnormality. This position is
complemented by the clinically well documented effect of
methylphenidate (a DA agonist) in ameliorating ADD symphoms.

In autistics methyliphenidate decreases skin conductance
responga, as it does in ADD ¢hildren, indicating lowering of
arousal levels ‘Mokrid et al., 1887), The relevance of

neurochemical findings in ADD to autism was aizo indicated by
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the similarity in peptide profiles found letween ADD children
and childrer with early onset childhood autism (Mokrid et al..
1987). 1Interestingly, this characteristic profile was
digtinct from the profile obtained from children ?iagncsad
with delayed onset childhoed autism (and who therefore did nhot
meet the DSM 11l criteria for autism).

Althous.. thore does appear to be some evidence that
autiza and ADD have a common neurochemical profile
characterized by disturbances in DA metabolism, the evidence
for a DA abnormality in ADD is far less compelling than that
for autism. Nevertheless, these data do support the position
that DA is implicated in attention dysfunction.

8chi a. nia is iated with

abnormalities in attention (Oades, 1982), and as [ have noted,
it has been hypothesized to ne crused by a dopaminergic
imbalance (Crow et al., 1978; Julien, 1981). The dopamine
theory of schizophrenia traditionally stated that DA turnover
wag increased in schizophrenics (Crow et al.. 1978), but
recent data suggests that DA may be reduced in
institutionalized schizophrenic patients (Karoum, Karson.
Bigelow, Lawsoen and Wyatt, 1987). Nevertheless, the direction
of the concentration gradient may not bs as important as the
finding of a DA metabolic disturbance in schizopbrenia.

The administration of DA agonists, such as amphetamine,
are known to produce acute psychotic states akin to

schizophrenia {Crow et al,, 1978: Iversen and Iversen, 1875).
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Neuroleptics, which interact with dopaminergic chemistry,

usually by blocking DA reuptake, are useful in the

logical ment of i nia. These data

suggest that there may be some relationship between
dopaminergic dysfunction and attention in schizophrenia.

Korsakoff's Psvchosig. Korsskef({'s syndrome is usually
the result of alcoholic poisoning, but may also be caused by
trauma to the brain, and is asscciated wikth specific cognitive
and sensory deficits. These patients show anterograde
amnesia, which appears to be due to their increased
sensitivity to proactive interference, in which little new
information can be retained because of interference in
short term memory processes caused by established memories
(Butters, 1978). Korsakoff's syndrome is often accompanied by
lesions of the hippocampus, although it now appears that the
most consistently observed lesion in the syndrome is in the
dorsal medial nucleus of the thalamus (Butters, 1878).
Lesions of the hippocampus caused abnormal indistractability
in monkeys (Pribram and McGuiness, 1975), which may indicate a
habituation failure in these animals. Lesions of thalamic
nuclei are alsc associated with attention deficits,
particularly those which fit into the meglect syndrome
{Heilman, 1978}.

Thus, it may be that Korsekoff's patients have a
dysfunction in attention, although the nature of the

dysfunction is in all probability clearly distinguishable from
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Vo that observed in autism. It is interesting to note that MHPG .

and HVA levels are reduced in Korsskoff's psychosis, and that

this decrement is directly associated with cognitive deficits, o .

as measured by the Weschler Adult Intelligence Scale and other L

psychometric batteries, in these patients (Mair, McEntee and s .

Zatorre, 1985). L °
Mentaj Retardation. One of the methodological ic-ues in HEO

regearch on autism is whether or not any observed symptoms are " 0
the product of autiem, or if they are related instead to
retardation associated with autism (Yule, 1978}. The
literature reviewed in carlier chaupters indicated that
autistics may be differentiated from mental retardates by both

! electrophysiological and neurochemical measures. It has besen

found that CSF levels of S-hydroxyindoieacetic acid, HVA and
NA were significantly elevated in young Down's syndrome

subjects, as compared to normal age matched controls. In . -

M older Down's syndrome patients, NA and S-hydroxyindoleacetic
acid are still elevated, but HVA levels are not (Kay, @
Schapiro, Riker, Haxby, Rapoport and Cutler, 1987). This

result indicates that while autism and mental retardation are

separate and distinguishable syndromes, they may share some

similar monoaminergic mechanisms, and on the basis of the

foregoing discuasion, it is reasonable to conciude that these

may be associated with an attention deficit.
The common thread of dopamine pathology in the

neuropaychological syndromes just described suggests that it




DHARTER DX ATTENTIGN AND NELRGCHEMIETRY
is part of the pathogenesis of these syndromes, and manifests
as a cognitive-affective attention dysfunction in the patient.
Swerdlow and Kooh (1987) have prorosod a model of dopamine
dystunction that centres on a cortico-stristo-pallido-thalamic
loop. This forms the basis to their analysis of DA pathology
in schizophrenia, mania and depression. They stated:
The goal of this approach is not to understand the
etiology of a single disease, but rather to study how
dysfunction in a single brain system contributes to
similar behavioural abnormalitics in different dissass
processea. (Swerdlow and Koob, 1987, p. 202)

The behavioural abnormalities to which Swerdlow and Koob
(1987) referred are related to attention dysfunctions of the
kind discussed ahove. On their model, the neural basis of
these dysfunctiong is to be found in the mesolimbic and
mesocortical dopaminergic pathways. It is illuminating to
quote Swerdlow and Koobs' description of the function of the
corticostriatal intsrface:

This circuitry functions to allow the NAC [nucleus
acoumbens) to select and maintain particular sets of
impnlges originating in limbic structures and frontal
cortex. These impulses form the basis of emotional
and cognitive processes which are narrowed and
amplified by the intrinsic Spiny I matrix of the NAC:
ongoing emotional and cognitive processes are

reinforced while conflicting impulses are 'filtered’
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or suppressed. Thus, the primary function of
dopaminergic activity in this hypothesized circuitry
is to modulate the capacity of the intrinsic Spiny I
matrix to 'filter out' irrelevant patterns, 'initiate’
new patterns, or 'switch' existing patterns of
cognitive and emotjonal information. (8werdlow and

Koob, 1987, ». 203~204)

Summary

The studies reviewsd in this chapter indicated that
attention has a neurochemical basis. Animal studies of
no-adrenergic function show that it is involved in orienting
to stimuli., The data is consistent with the mode! of the
neurochemistry of attention proposed by ¥sGuiness and Pribram
(1980) and Tucker and Williamson (1984).

Animal studies of the role of DA in attention are less
supportive of the McGuiness and Pribram (1980} and Tucker and
Williamson (1984) models. The role of DA in motor activity is
related to higher order processes, such as the sequencing of
behaviours and the choice of appropriate acts from the
animal's repertoire (Evarts and Wiae, 1984; Iversen and
Iversen, 1975; Marsden, 1984). Dopamine appears to ba
critically invelved in the sensory components of attention
particularly the selection of stimuli (Crider et al., 1982,

19686; Simon et al., 1980). Belective attention may have a
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dopaminergic basis.

Clinical groups with attention deficits show signs of DA
pathology. The model of DA functioning in mental illness
developed by Swerdlow and Koob (1987), assigns important
attention related functions to DA, such as switching between
stimuli and filtering stimuli. It is interesting to note the
close overlap between the brain areas they implicate, and the
areas implicated by Ornitz (1983) and Damasio and Maurer

(1978) in the oathophysiology of autism.
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CHAPTER SEVEN —— METHOD
Subiects

Autisticg. O©f 36 autistic children included in the
study, 20 were drawn from the Unica School for Rutistic
Children, Pretoria, and 16 from the Johanneshburg Autistic
School, Johanneaburg. The age of the children ranged from 4
to 14 vears. The average age was 8.86 years. Thers were 24
males and 12 females.

Nine children were on medication at the time of the
experimental procedures. Three were taking Tegratol: two
had been for 2 vears, and one for 18 months. One of these
children was suffering from Douchene's muscular dystrophy.
A further three were on Meleril. Of these. one had used
Meleril for 5 months, and another for an ungpecified time.
The other child, had been on Meleril for 8 months, and had
discontinued use for 4 months prior to testing. Since thers
was a remote possibility that some residual pharmacologic
effect was present, this child was placed in the medication
group. The other three children on medication had heen taking
Zaditern, Neulactal and Epilim for 2 months, 2% vears and 5%
years, respectively. All the other autistics had been
medication fres for at least six monthe prior to the
commencement of the study.

A letter explaining the expt imental procedure was sent
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to the parents of ail the children, requesting their
permizsion for the inclusion of their child in the study.
Parents who allowed their children to participate signed a
written congent, form, and comrleted a protocol specifying
their child's biographic details.

hdmiseion to the two autistic schools was usually made on
the basis of recommendations by either a team of clinical
paychologists and psychiatrists, or by an experienced
neurclogist. These professionals made their diagnoses using
the Diagnostic and Statistical Manual (DSM III) of the
American Psychiatric Association (APA, 1980).

However, since this procedure was not applied to all
admissions, an additional disgnosis was made by me ior each
child using the Childhood Autism Rating Scale (CARS)
(8chopler, Reichler, DeVellis and Daly, 1980; Schopler et al.,
1983). Of the diagnostic scales currently available, the CARS
i® the most extensively tested, and appears to be the most
reliable scals (Parks, 1983). The diagnosis was made on the
basis of obgervations of the child, and discusgions which I
had with sach thild's teacher., 5ix children who fell into the
'not autistic' category of the CARS were excluded from the
study.

Controld. The issue of what conatitute appropriate
controls for research in autism remains contentious (Kistner
and Robbina, 1986). Yule (1979) has argued convincingly that

controls should include a grous of equivalent mental age to

%

N
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the autistics. This requirement frequently takes the form of
including a group of mentally retarded children as a control
group (Kistner and Robbins 1586). Although it was criginally
planned to include an mentally retarded control group in thias
study, this proposal was not accepted by the Ethics Committee
of the University of the Witwatersrand. Therefore, although
not having a mentally retarded control group compromised the
methodelegical rigour of this study, one wes not included.

A control group of normal children was used. While some
authorities have contended that matchiny is not necessary,
since the relevant variables are unknown in autism (Campbell,
1978}, it was decided tc match for age and sex. gex is well
known to be siewed in favour of males in autism (Rutter,
1978), and this was apparent from the 2:1 ratio of malas to
females among the autistic children uzed in this study. Since
cardiac responaivity is known to vary with age (@raham, Anthony
and .Zsigler. 1983), and since binchamical variables may vary
with age. it was decided to match for age.

Normal age and sex matched children were drawn from the
Ridge 8chool, Johannesburg and Auckland Park Preparatory
8chool, Johannesburg. Written parental permission was
ohtained before testing began, None of these children were on
any medication, nor had been for six months prior to the

experimont .
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Cardiac Variables
Cardiot . Interbeat interva. (IBI) was

measured using a cardiotachometer {(Buttress, manuscr -t in
preparation), loaned by the National Institute of Personnel
Research. IBI 15 defined as the latency period betwsen
Buccessive occurrences of the R wave, which appears in the
electrocardiogram (ECG? as the peak of the QRS complex, and
corresgonds to the depolarization and contraction of the
ventricles. R

Cardiac activity can bs measured as either rate or
period, The most basic unit of measure of heart period (HP)
is interbeat interval (IBI). The most common measure of heart
rate (HR) is beats per minute (BPM). There is some question
as to whether ER or IBl is the better measure, since
transformations from IBI to HR are nonlinear (8iddle and
Tuxpin, 1980). It has been argued that the transformation of
raw IBL data into HR introduces errors intn the means,
variance and degree of skewness of the tranaformed data, and
that these errors have the effect of obscuring small evoked
cardiac responses in the EC8 (Khachaturian, Kerr, Kruger and
Sohachter, 1972). Others have smuggeated that converting the
frequency distributions of groups frem IBI to HR, skews the
resultant HR frequency distribution away from normality, and
that this results in introduction of statistically signifjcant

differences between groups (Jennings, Stringfellow and Graham,
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1974) .

Graham (1980) demonstrated that these effects were an
artifact of the method of computer simulation used in those
studies, and were not related to a gtatistical transformation
error.

The output of the cardictachometer was a &.u. voltage. A
5 V output signal was equivalent to an IBI of 1030 msec, a
2.5 V signal corresponded to an IBI of 500 msec, and so on.
Testing the eguipment indicated that che input was directly
proportional to the output for voltages below 10 V, but that
an exponential nonlinear re'ationship between input and
output appeared when voltages exceeded 10 V. Since 10 V was
squivalent to a 2 sec IBl (or 33 beats per minute), and IBI
almost never exceeds this value (except in the dving), it was
decided not to correct for this noniinearity.

The cardiotachometer utilized an enalog-to-digital/
digital-to-analog (AD-DA) processor. Cardicelectric activity
was read from the clectrode leads attached to the subject,
and then awpiified. Each time an R wave was detected a timer
was set to zero., When the next R wave occurred, the timer
value was stored in memory and the timer reset. The digital
value in memory was then transformed by the AD-DA processor
inte an analoeg voltage aukput proportional ko the IBL.

Cardiac activity was monitored during a 5 minute
foreperiod, to establish the subject's mean IBI. There is no

standard length of time over which basal HR or IBI is
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established, It has heen suggested that adaptation periods of // .
at least 18 minutes should be used (Hastrup, 1986), because
this reduces that chance of making & Type Il error. since the
longer the adaptation foreperiod the lower the mean HR ) ¢
reported. This finding is of course not surprising. If the ’
adaptation period was long enough the subject would fall

asleep, resulting in even lower mean HRs. After consultation

with the staff of the autistic schools invelved in the study

it was depided {hat 5 minutes was about the longest an " N
autistic child could be expected to sit still. Indeed, some
children fidgsted so much during the foreperiod that the
mession had to be terminated and restarted after the child
guietened down. v
Electrodes. As is customary, Ag/AgCl (gi'ver-silver T -
chloride) ei-strodes (Devkman, Inc.. U.8.A.) wers used to

detect the R wave. This metal, compared to other slectrode
metals, is the least prone to drift in the potential baseline, .
and therefire gives the most accurate and reliable measure of
current flow (Stern, Ray and Davis, 1580). The skin was first

lightly abraded to remove the stratum corneum. A small amount

of electrode adhesive paste (Beckman EEG Adhesive paste, ~
Beckman, Inc., U.8.A.) was placed on the electrode site, and
the cup of the electrode filled with paste. The electrode was
then secured in slace using an electrode collar and standard
electrical insulation tape,

The leads where connected to the subject as follows. One 4
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lead was atixed to the right clavicle. The other was attached
to the left 6th or 7th rib, and an sarth was connected to the
left ankie. None of the standard limb lead cornections were
appropriate when examining autistic children, because limb
leads are more susceptibly to distortion by movement
artifacts, whereas leads to the torso are not as prone to
artifacts (Brener, 1980; Stern et al., 1980). Furthermore,
the torso lead configuration used was the one recommendsd for
use on the cardiotachometer.

Computer Apparatus.

was fed into channel 0 of a 16 channel, 12 bit unipolar AD-DA
R.S.A}.

The output of the cardiotachometer
card (FPC-010, Peter's Computer Imports, ‘The card was
installed in an 16 bit microcomputer using a 9088 central
processing unit running at 8 MHz (Computer Warehouse CW16
Excel, R.S,A.). The output channels of the AD-DA card where
read at the input port of the computer using instructions
assembled in GWBASIC (Microsoft Corp., U.S.A.)}. Each
subject's [BI data were stored in the random access memory of
the computer until the end of the experimental session, at
which time they were saved to disk for later analyria,

The rate at which the computer samples the °
the subject, iam of

cardiot . and the cardiot

relevance for two reasons. Firstly, to avoid loaing

information, the computer should read the input port from t'e
AD-DA card at least as fast us the smailest possible IBI,

minus the computer processing time, If this were not the

4
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cage, then depolarization of the myocardium could ccour and
not be detected, because the computer would he engaged in
processing previous signals. Secondly, because this
particular cardiotachometer used IBI as the output, error was
congtant for any given pericd. This had the necessary
consequence that error was nonlinear with reaspsct to rate,
Under these circumstances resolution must be of the order of 1
msec if the error is to remain leas than 1 beat at typical
rates (Grahem, 1980). The AD-DA card sampled the
cardiotachomster every 60 usec. The rate at which ths
cardiotachometer sampled the subject was urknown, but was
estimated to be of the same order as the resolution of the
AD-DA card in the computer. This was well below the 1 msec
limit discussed by Graham (1980} .

Stimyli. In order to elicit an orienting response rather
than a defence response or & startle response, the physical
and temporal properties of the stimuli used in a
paychephysiclogical experiment need to be precisely
controlled. It is known that stimulus intensities above the
prepain range evoke dsfence responses. Sokolov (1963)
identitied thia as range as hetwsen 65 -~ 85 dB for auditory
stimuli, Subseguent research has medified estimates of the
eprepain range, which fs now oonsidered to lie betwsen 75 4B
and 95 @B (Turpin, 1986}. It was therefore decided to use 60
4B SPL (sound pressure level} stimuli to emsure that an OR wag

elicited, and not & defence or startle resmponse. Stimuli were

f e e |
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N delivered through Grason-Stadler headphonea (Model Dt,
© Grason-Stadler, U.5.A.}.

Each stimulus was of 2 sec duration. Stimulus duration . .

does not appear to be a relevant variable, since physiological
M responses are known to be similar for stimuli of between 2 to

30 sec duration (Graham, 1$82).

Although stimulus duration does not effect the kind of

o physiological response elicited by the stimuii, the rise and
fall time of the stimuli do (Turein, 1886). Stimuli which

have no controlled rise and fall times elicit startle : . “

responres or transisnt detecting responses, rather than ORs,

even if they fall helow the prepain range in intensity ‘ P

(6raham et al., 1983; Graham, 1979, 1982). The stimuli were .

therefore given rise and fall times of 200 msec each, with a : N

Plateau of 1600 msec (=ee Figure 5).

T T ¥
0 408 1000 1800 2000
s Milllsaconds . .
’ Fgure 5 A 2l e,
“Thoiral 14 stitull were 1000 Hz sach (solid line), Tho 161h twas,
500 Hz(dotted Hina).
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In order to test for the presence or absence of
orienting, habituation end dishabituation, & train of 15
stimuli were u. 4. To eligit orienting, stimuli had the
physical properties deacribed above, and were novel for all
subjects. The interstimulus interval was 2 sec. The first
14 stimuli were all 1000 Hz. Repeated presentation of
identical stimuli should result in habituation of the

physioclogical response (Sckolov, 1858, 1963). The laat

stimulus was 500 Hz. A change in the physical properties of
the stimulus should elicit a dishabituation response, in which
the subject re-orients to the stimuli (Sokelov, 1958, 1963).
Test Conditions. Each session was conducted in a quiet
classroom at the child‘'s school. All the children were
familiar with the class in which the testing was conducted.
‘Thie experimental situation was chosen in preference to the
laboratory. It was rationaiized that since autistic persons
freqguently display intolerance to.s change of environment,
moving them to a laboratory may impose a pattern on the
cardiac data that would override anv effect that may be due to
the experimental manipulation, possibly obscuring relevant
data. In normal children a change i: tonic HR has been
measured over consecutive days of testing, and attributed to
habituatfon to the laboratory envircnment (Kootz and Cohen,
1981). A similar patterh is found amongst autistic children
(Kootz and Cohen, 1981), and appears to be greater for lower

£ ing autist , than high ioning autistics (Kootz,
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ot al., 1962). Thus the greater the degree of autism, the
larger the cardiac resronse to the novelty of the laboratory.

A familiar environment was therefore used in the testing
in an attempt to control for this effect. Of course this
meant that environmental variables which are known to
influence 1BI, such as temperature and humidity, were not
controlled., All recordings where done between 8.30am and
1.30pm, over a period of five weeks.

Each session was begun once the child had become
acoustomed to the electrodes. In seven cases, autistic
subjects were unable to accommodats to the electrodes, and
testing had to be discontinued. Thus for the cardiac data the
size of the autistic sample decreased from 36 te 29.

Once the 5 minute foreperiod was complete, and basal HR
had been established, the computer sent a 5 V pulse via the
AD-DA card which activated the auditory stimuli. Presentation
of the stimuli lasted one minute, and the session concluded

with another minute of recording.

Biochemical Aggavs

Although CSF and blood provide accurate indices of brain
metabolism, the invasiveness of the assoclated procedures
proseribed their uase. Therefore the urine of the subjects was
assayed. Of the biological fluilds that can be obtained

noninvasively (urine, sweat, smaliva), urine is the fluid of
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cheice (Christie and Woodman, 1980). Since the urine contains
neurotransmitters and metabolites produced by both the CNS and
peripheral nervous system, it is a less accurate index of

brain than CSF.

Chy graphic i have been by high
performance liquid chromatography with slectrochemical
detection (HPLC-ED) (Davidson and Fitzpatrick, 1985; Kodama
and Nekata, 1984). HPLC-ED may be used to measure the
concentration of neurochemicals in a variety of preparations,
including urine. The technique is sensitive and exact. The
Department of Medical Biochemistry, University of the
Witwatersrand, which is equipped with HPLC-ED, was approached,
and agreed to assist with assays.

A search of the HPLC literature was conducted to find a
method which allowed for the simultaneous determination of NA,
DA, MHPG, and HVA, and which was compatible with the HPLC
equipment at the Department of Medical Biochemistry, Some
methods returned values for all the monoamines, their
metakolites, and amine acid precursors (e.g, Oka, Kojima,
Togari and Nagatsu, 1984), but were complex and difficult to
use. A relatively simple technique described by Bockstaels,
Dillen, Claeys, and De Potter (1983}, was modified, and the
final assay returned values for NE, DA, MHP@, VMA and HVA
concentrations.

A technician was emnloyed to set up the HPLC equipment,

and to begin running assays. Once the experiment was in
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progress a member of staff at the Departument completed the
assays.

Urine Cellegtion. Urine gpecimens were collected from
th~ first urine of the morning. They were temporarily stored
on ice in 50 ml urine specimen bottles containing i ml &M HC1
(hydrochleric acid). Once in the laboratory, aliquots of
2.5 ml were prepared and stored at ~20° C until required,

For the normal children only one urine sample was taken.
For each autistic chiid it was decided to take three wrine
samples, This was only achieved in 9 cases; from 1§ two
samplea each were taken, and from 8 only one sample each was
obtained., When more than one sample was taken, the assays
were averaged to give the final concentration value for that
child,

Sample Workue. For sach assay two test tubss were each
filled with 1 ml aliquots of defrosted urine, To one test
tube 1 ml of internal standard was added, and to the other 1
ml of double distilled water. The internal standard consisted
of 2 mg/ 100 ml of DA, HVA, MHPG, VMA, and 1 mg/ 100 ml of NA.
Thus, for each subject there was ong spiked sample and one
unepiked semple. The spiked aliguot contained catecholamines
in quantities approximately squal to those expected in the
sample, The difference between the spiked and the unspiked
samples was Used to determine the concentration of the
vatecholamines (Bockstaele et al., 1983).

Half a millilitre of trichloracetic acid (TCA) was added
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to each teat tube to deproteinize the urine, The tubes were
mixed on a vortex and then kept in the refrigerator for 10
winutes to allow for protein precipitation, Next, they were
centrifuged at 3000 rpm at 4° € for 10 minutes. The
supernatant was removed, and filtered using a 2 ml sterile
ayringe fitted with Millex HV4 filter unit (Millipore,
U.S.A.}. Twenty microlitres (20 uml) of filtered supernatant
was then injected into the column of the HPLC,

Apparatus. The HPLC analyses Were performed using a LKB
2150 HPLC pump (Bloanalvtical Systems, U.3,A.) equipped with a
gpherisorb C18 reverse phase column 250 mm by 4.5 mm (Phase
Separations, Britain). The HPLC was also fitted with a 7 uml
protective Broumelile guard column RP18 (Phase Separations,
Britain), All the HPLC tubes were stainless steel or teflon.
Electrochemical detsction was done with a Biocanalytical
Systems LC-4A detector (Biocanalytical Systems, U.S.A.) with a
carbon puste working electrode and a Ag/AgCl reference
electrode,

Mobile Phase. The running buffer consisted of 950 mi
double distilled water, to which 0.82 g (0.1 M) CHsCOONa
{sodium acetats) and 30 mg disodium EDTA {ethylene Adiamine
tetrascetic acid) was added. The EDTA was used to stabilize
the catecholamines, which are known to be unatable at alkaline
pH {Davidson and Fitzpatrick, 1985; Taylor, Ried, Geddes and
Curle, 1983). A precise pH of 4.0 was obtained by using
glacial CHsCOOH (acetic acid). This further stabilized the
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catecholamines. Lastly, 50 ml of MeOH (methanol) was added.
The final solution therefore contained 5% MeOH.

The fiow rate of the HPLC was set to 1.0 ml/ min, with a
resultant pressure of 92 bar. The potential for the
electrochemical detection was +0.8 V against the reference
electrode. The detection range was «100 nA. All equipment
waa filtered and degassed daily prior to use.

Quantitative Analvsis. Concentration of neurotransmitter
or metabolite was bamed on the compariaon of the spiked to the

ungpiked sample chromatogram, according to the eguation:

X = Axlupopiked) . %Y
Ax(spiked) - Ax(unspiked)
where;
X = amount of metabolite X in the aliquot, and
Y = amount of added metabolite in the spiked aliguot
(Bockstaele et al., 1983),

Peak arsas were integrated using a 3390a Integrator
{Hewlett-Packard, U.8.R,) to give a final concentration value
in mg/d.

Dats Analveig

Data analysls was done using Statpak (NorthWest

Analytical, Ine., U.5.A.) on a micro computer equipped with an
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8088 processor. Input files for Statpak were created hy

exporting data in ASCII (American Standard Code for

I I ge) format from gpx made with
Framework II (Ashton-Tate, U,S.A.).

The HPLC chromatogram gave concentrations for
catecholamines (NA, DA) and related metabolites (MHPG, VMA,
HYA) as mg/d. TFollowing the rationale of the data analysis
p‘rocedura used in the National Institute for Mental Health's
Collaborative Program on the Psychohiology of Depressian
(Becunda, Koslow, Redmond, Garver, Ramsey, Croughman, et al.,
1980) it was decided to subject the biochemical data te
further analyses, as used by Maas, Koslow, Davis, Katz,
Frazer, Bowden, et al., {1987).

This involved calculating the ratios between precursors
and products for the following: DA/HVA, DA/NA, NA/MHPG, NA/VA
and MHPG/VMA. Next, an estimate of total catecholamine
syuthesis (CA) was obtained by summing the concentrations of
DA, HVA, NA, MHPG and VMA. This was used to determine the
following ratios of specific neurochemicals to the total
synthesis of catscheclamines: DA/CA, HVA/CA, NA/CA, MHPG/CA,
VMA/CA. FPrecursor-product ratios srovide an index of turnover
rate, and ratios that have CA as the dencminator inde: ar
aspect of the relationship betwsen a gpecific neurochemical
and catecholamines in general. This latter measure provides &
measure of the interaction betwsen noradrenergic mechanisms

and dopaminergic mechanisms.

///
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CHAPTER EIGHT -- RESULTS

Lardiac Variables

8ince cardiac responsivity to the auditory stimuli was

examined, IBI wes first converted to heart rate, since events

in real time are not comparable to events in cardiac time

(Graham, 1878)

82 ..

80 4.
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Heart rate was analyzed using & two way analysis of
variance for repeated measures (Wilaon, 1967). There was a

significant difference between the evoked cardiac response of
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the autistic children and the normal children (E = 16,27, df =
1/56, p < 0.01), Heart rate showed significant changes over
time (B = 41.22, df = 15/15, p < 0.01). The interaction
betwsen groups and time was significant (E =~ 38.87, df =
6§/336, p < 0.0L} {ses Figurs 6}.

Biochemical Yariablea

The difference between the autisti. children and the
normal children for DA, HVA, NA, MHPG and VMM was examined for
sach biochemical variable using & two tailed Student t-test.
Of these substances. HVA was significantly slevated in the
autistic sample (L ~ 3.322, df = 35, p < 0,01). No other
urinary neurochemical concentration was significantly
different butween experimental groups {see Table 1 and
Pigure 7).

Of the precursor-product ratios. .ignificant differences
hetween autistics and normals were found for DA/RVA (f =
2.983, df = 35, p < 0.01) and NA/MHPG (f = 2.201, df = 35, p <
0.05), The DA/HVA ratio was lower in the autistics, and the
NA/MHPG ratio wam higher. The remaining Fracursor—product
ratios aid not approach significance {(see Table 2 and Pigure
8.
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Neur 1
— Sroup.  DA/EVI DA/NA NA/MHPG* NA/VMA MHPG/VMA
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Note. Unit = mg/d
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The ratio of HVA/CA was significantly higher in
autistics (L = 3.065, gf = 35, p = 0.01). The ratios of all
other neurothemicals fo CA were not gignificant. Nor was
there any difference between autistics and normals for the
total catecholamine synthesis (CA) (see Table 3 and Figure 9).

For the neurochemical variables that were significantly
different betwssn autistic and normal children (HVA, DA/HVA,
NA/MHPG and HVA/CA), & Pearson correlation was calculated
between these variables and the scores on the CARS,
Correlations greater than 0.3 and less than -0.3 were desmed
to be of sufficient magnitude to warrant reporting. Only
three cerrelations met this criterion, For HVA and itsm 14 of
the CARS (activity level} p = -0,34, For HVA/CA and item 14
the correlation was —0.46, and for HVA/CA ard item 1 (relating

to people) r = -0.49.




i o -
i S
OMAPTER GIEMTI  REBULTE magE 380
Takle 3
it
R »
st ! ical N P
N o Grous __DA/CA. HUA/GA® NA/GA. _ VMA/CA_MHPG/Ch.CA | B
© Autistic 7,25 0,16 9.50 0,52 0.15  13.78
- Normal 7.8l 0,10 7.44 0,59 0,16 14,32 N
] Note. Unit = mg/d .
e *p ¢ 0.01 ,
/ =
L e
=

a~o3




CHABTER EXBHTI  REOLLTE PaGE 141,

Cardiac—Biochemical Interactions

The differsnces between the autistic childrsn and the
normal children on the cardiac verisbles were regressed
against the differences betwsen groups on the biochemical
measures, uming a forward stepwise multiple regression. These
interactions were only significant for trial one of the
experimont; for other trials the interactions were not
significant. Presentation of the first auditory stimulus
(trial one) occured during seconds three and four of the
experiment.

The correlation between the difference in HVA values and
differences in cardiac activity during trial one was I = 0.38.
The difference between groups was significantly predicted by
HVA difference scores (B* = 0.14, E = 4,50, df = 1/27, p <
6.05), No significant predictive relationship existed for
differences betwsen the remaining catecholamines and related
compounds (NA, MHPG, VMA and DA),

For the precursor—product ratio differsnces nohe of the
regression relationships were signiticant

The difference between ratios of individual
neurochemicals to total catecholamine synthesis (CA) was
significantly related to the difference between groups for
cardiac activity during second four only. Ths highest

correlation was for HVA/CA, which was r = 0.53, Regreasion
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relatiunships were sfgnificant for HVA/CA (E* = 0.28,
E = 10.36, df = 1/27, p < 0.01), NA/CA (B® = 0.36,

E - 7.21, df - 2/26, B < 0.01), MHPG/CA (B* = 0.40,
E = 5.62, af = 3/25), VMA/CA (R® = 0,43, E = 4.51,
df = 4/24) and DA/CA (R* = 0.52, E = 5.03, df = 5/23,
B < 0.01).
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CHAPTER NINE -~ DISCUSSION

In this study I measured the ECR of 29 autiatic children
and their age and sex matched normal controls, to a train of
18 auditeory stimuli of moderate intensity. Urine samples from
36 autistic children and their controls were assaved by HPLC
to determine the concentrations of the catecholamines NA,
MHPG, VMA, DA and HVA,

The psychophysiclogical rasults demonstrated that
attention was dysfunctional in autistics. This interpretation
was consistent with the results of earlier psychorhysiological
studies into autonomic response patterns in autism (Cohen and
Johnson, 1977; Condon, 1965; Jemes and Barry, 1980, 1984;
Kootz and Cohen, 1981; Kootz et al,, 1982; Stevens and
Gruzelier, 1984; Palkovitz and Wiesenfeld, 1980: van Engsland,
1984). The evoked cardisc response of the autistic children
differed markedly from that of the normal children.

The neurcchemical data confirmed existing evidence
(Belmaker et al., 1978; Cohen et al., 1974, 1977; Garnier et
al., 1986; Gillberg st al., 1983; Gillberg and Svennerholm,

1987;

Israngkun et al., 1986; Lake et al., 1977: Lelord et

al., 1977, 1962; Young et al., 1879) for

metanolism of catecholamines in autism.

a pathology in the

A biochemical

abnormality wes demonstrated in both dopeminergic and

noradrenergic neurotransmitter systems.

The magnitude of the

neurochemical metabolic disorder was greater in the
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dopaminergic system, than in the noradrenergic system.

The relation between the biochemical and the
psychophysiological data was examined. Statistical analysis
indicated that the differsnce in attention between normal and
autistic children, as measured by cardiac responsivity to
stimulation, was predicted by the difference between the twa
experimental groups on measures of dopaminergic activity.
However, this relationship held for the first trial only. The
ECR difference between autistics and normals was greatest for
the first trial, and diminished as the normal children
habituated to the stimuli, This implied that the dopaminergic
pathology contributed significantly to the attention
dyefunction in autiem, at the point where the difference
between autistics and normals was greatest. On later trials,
although the two groups differed in terms of their ECR, this
difference was not attributable to the dopaminergic
differences betwsen the groups.

Thus, the relationship between the paychophysiological
data and the neurochemical data provided some insight into the
issue of whether or not the bior' .mical basis of attention
dyafunction in autism could be identified. However, it was
elear that the dopaminergic abnormality was only a small part
of the attention dysfunction in autism. Factors which
contributed to the remaining variance in cardiac reaponsivity
to stimulation were not identified, but appeared not to be

related to neurcchemical abnormality in autism,

»
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1 now turn to a more detailed discussion of the results
of this study. I begin with a discussion of the
psychophysiological results. Next the neurochemical data is
discussed and compared to other studies. Finally, the
relation between attention status and neurochemiral
functioning i= analyzed, in the light of the experimental

findings,

Psychephvsiclogical Results

There are two relevant questions to be answered: 'How do
the results obtained in this experiment compare to other
regearch on evoked cardiac responses in autism?' and 'What do
these results mean?'

Comparison with Other Research. To my Knowledge only aix
studies (Cohen and Johnson, 1977; James and Barry, 1980, 1984;
Kootz and Cohen, 1981; Kootz et al,, 1982: Palkovitz and
Wiesenfeld, 1980 ~- reviewed in Chapter 3) have been done on
the cardiovascular psychophysiclegy of autism, and of these,
only two exsmined the ECR (James and Barry, 1984; Palkovitz
and Wisgenfeld, 1580).

Mean heart rate did not differ significantly between the
autistic and the normal children in this studv, This reault
was in contrast to some studies which have documented elevated
tonic heart rate in autistice (Cohen and Johnsun, 1977; James

and Barry, 1980, 1984; Kootz and Cohen, 1981; Kootz et al.,

—f




4

N
\\lv
T

2

CuARTER MINE  DIOGUBSON PAGE sas.

1 now turn to a more detailed discussion of the results
of this study. I begin with a discussion of the
psychophysiclogical results. Next the neurochemical data is
discussed and compared to other studies. Finally, the
relatien between attention status and neurochemical
functioning is analyzed, in the light of the experimental

findings,

Payehophvsioloaical Results

There are two relevant questions to be answered: 'How do
the results obtained in this experiment compare to other
research on evoked cardiac responses in autism?' and 'What do
these results mean?’

Comparison sith Other Research. To my knowledge only six
studies (Cohen and Johnson, 1977; Jemes and Barry, 1980, 1984;
Kootz and Ce .sn, 1981; Kootz et al,, 1982; Palkovitz and
Wiesenfeld, 1980 —~ reviswed in Chawter 3) have been done on
the cardiovascular peychophysiology of autism, and of these,
only two examined the BCR (James and Barry, 1984; Palkovitz
and Wiesenfeld. 1980).

Mean heart rate did not differ significar”ly between the
autistic and the normal children in this study. This result
was in contrast to some studies which have documcnted olevated
tonic heart rate in autistios (Cohen and Johnson, 1677; James

and Barry, 1980, 1984; Kootz and Cohen, 1981; Kootz et al.,
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1982), but was consistent with Palkovitz and Wiesenfeld
{1980}, who found no ditference between autistics and normals
for mean heart rate.

The ECR profile for the normal children in this study
showed the expected pattern of deceleration in response to
stimujation, and gradual habitustion of this evoked response
with stimulus repetition. A different response pattern was
found in the autistic children. They showed no cardiac
deceleration, instead they showed a sradual increase in heart
rate (see Figure 6). This pattern of response was similar to
that reported by Palkovitz and Wiesenfeld 1u80) for the
condition in vhich they presented 300 Hz auditory stimuli to
autistic children. 1t was different, however, to the response
pattern reported by James and Barry (1984}, who fourd that
autistics exhibited greater deceleration in response to
stimulation than either normal or retarded groups.

Although some studies have found that autistics failed to
habituate (James and Barry, 1980: Palkovitz and Wiesenfeld,
1980), the ECR profile of the autiatics in this study should
not be compared to other studies on those terms. This is
becauze the autistic children did not show either habituation
or nonhabituation, @ince they failed to respond to the
stimuli in the first place, A nonresponse cannot be said to

habituate (Barry, 1986).
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k. Some authors (e.g. Cohen and
1981) have suggeated, on the
¢logical studies, that autistics display a
* ~ation. Zeution should be exsrcismed
. stics’ ECR in terms of the

s (Lacey, B.C. and Lacey, J.I.,
1870,

.ucey, J.1. and Lacey, B.C,,

1974) .

The failure of the autistic children to show a
deceleratory ECR may not be interpreted to mean that they tend
The rejecticn of sensory information

1967,

to reject stimulation,
corrseponds to an increase in heart rate (Lacey J.I.,
Lacey, J.1. and Lacey, B.C., 1970). Although heart rate did
ghow a tendency to accelerate relative to baseline in the
autistics, thie change was not significantly different from
baseline heart rate, and therefore probably reflected & tonic
change in heart rate rather than the avtive phamic reiection
of sensmory stimulation. For the rejection hypsthegie to he
applied to the ECR profile, the acceleratory reaponse should
have been immediate and steep, and not as delayed and gradual
ag it was. At best, this result meant that autistics did not
show the characteristic peychophysiological signg of the
intake of information, It would be invaiid to conclude that
this was equivalent to the rejection of information.

The intake/rejection model of the Laceys (Lavsy, B.C. and
1967; Lacey, J.I. and Lacey,

Lacey, J.1., 1980; Lacey J,1.,
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B.C., 1970, 1874) does not provide a useful &aalytic tool in
this instance, The nonresponse of the autistics does not fall
neatly into their model. The Laceys assumed that sensory
information processi 3 will ocour in response to stimulation,
but this did not appear to hold for the autistics, who showed
no signs of phagic autenomic yesronding (see Figure 6).

The lack of a deceleratory ECR in autistic children may

indicate a pr informatio” =y ng patholegy,
along the lines of the model of orienting described by Ohman
(1979). The ECR of the autistics lends support to the view
that they have difficulty in orienting to stimuli, and
interrupting ongoing cognitive activity in £TM, ag well ag
difficulty initiating central processing of incoming
information. by the redistribution of processing capacity,
The autistic ECR profile obtaihed in this study was indicative
of a failure of this arcusal based preattentive parallel
process interrupt system. Either, there was no call for
capacity in the central proceasor, when one should have been
made, or the call, the interrupt, was made, but was
unsuccessful. The differences in the ECRe showed reduced
orienting among the autistics.

The nonresponse of the autistics may have heen a reault
of a bireakdown of the habituation bias. Alternatively, it may
have resulted from a deficiency in the operation of the
redundancy bias. Both possibilities are discussed below.

The reciprocal ralationship between habitu..jon and redundancy
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probably sntails that a breakdown in either system will affect ’ B
the other system in some manner, and that it may be incorrect
to vonceptualize the problem in autism as residing with only 2
habituation or redundancy.

The lack of responge in the autistics may Le bhecause no

mismatch occured, and as a result no preattentive procsssing

wasz initiated. A mismatch process deficit in the habituation
bias controls on attentiocn, would have the consequence that
stimuli would not be identified as novel (or significant) dy

the autistics. . habituation bias dysfunction would make

autistios more susceptible to noise in information channels.

and less likely to orient to information, and produce a

mismatch signal in response to novel stimuli. The ECR of the

i sutistics may indicats the operation of precisely such a

dysfunctiocpal process.

The observed autonomic nonresponse of the autistica may
. have been the result of a deficient redundancy bias. The ECR
profile of the autistics suggests that a redundancy bias may
have been operative at the time of the experiment, This would
have the result of making the autistic child nonresponsive,
= because the redundancy bias restr.cted the range of stimuli
which the child would srocess. Under such conditions, many

stimuli would be irrelevant because they failed to meet the

criteria for the response set, as determined by the r

Booer biag, The failure of the autistics to demonstrats a

-, deceleratory cardiac reamponse may be because the stimuli fell t
|

v by
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: M ocutside the range of the redundancy bias Whereav stimuli
were processed as novel by the normal children, the same
stimuli resulted in a nonresponse in the autisties.

The nonresponsiveness of the autistics may be because
they wers unable to inhibit existing neural patterns, and

bring about a change in the focus of attention. Autistic

children may be unable to orient to sensory stimuli, Decause

they perseverate at the sensory level. They were unable to
! make the switeh between one atimulus configuration (silence)
' and another {stimuli). Interrupting and overriding the

existing responma gset appeared more difficult in the

autistics. A problem of such & nature may stem directly from
the operation of an redundancy bias, which under normal
circumstances operates to restrict information change (Tucker

and Williameon, 1984). If the redundancy bias is too powerful

in autism, then change in the sensory response set may be made
. mors difficult than normal. The obtained ECR profile

LTI suggested that this may have boen the case.

It is interesting to speculate that if the severity of

this dysfunction of attention in autism fluctuates temporally

and spatially, then attention may be impaired more severely at
e one time, as compared to another, and may be more impaired for
some types of stimulil than ovhers. An attention dysfunction

of variable temporal and spatial severity msy explain the

appearance of lsolated areas of intact attention in autism, as

L evidenced by idiot savant autistic children (Restak, 1982).
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5. During the final trail the frequency of the stimulus was
’ halved, According to Sokolov's {1958, 1963) theory this

i should have had the effect of dishabituating the orienting
responge. In the normal children heart rate did decelerate at

this point, although not to the extent that was predicted by

8Bokelov‘s theory. It hasm been speculated that ORs to changes

in stimulus parameters of this sort represent voluntary o et

responses and not involuntary reflexes (Maltzman. 1979). This e i
o may be why the masnitude of this response was not ag great am v

for the opset of the stimulus train, in the normal children.

If Maltzman i# correct then this kind of voluntary orienting
rosponse was absent in autistics.
This experiment was designed to elicit an external

control of information processing in attention. The stimuli

were novel, and no other information processing demands were b

made on the children at the time of the experiment. In the
normal children, attention was brought under extsrnal control

by the stimuli, as predicted by theory and shown by their

L orienting response. The nonresponse of the sutistics may

y indicate that their attention remained under internal control,
A despite the experimental conditions. The autistic children ~
B . appeared to be indifferent to stimulation, and this may be
because their attention was under tight internal control of

R the redundancy bias.
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Neurachemizal Results

A clear difference was found between the autistic and the

normal children on urinery measures of chemical activity of
the dopaminergic system. There was also evidence of a
noradrenergic involvement in autism. . g “ o b

G with Other Reasearch. In this study levels of

urinary HVA were found to he significantly elevated in
autistica. Of the six reported studies (Garnier et al., 1986;
Gillbsrg et al., 1983; Gillberg and Svennerholm, 1987: Lelord
et al,, 1978, 1982; Mindexraa et al,, in press, cited in
Anderson and Hoshine, 1987) which compared either urinary, ) i '\
plasma or CSF levels of HVA between normal and autistic
groups, oniy one (Minderaa et al., cited in Anderson and
Hoghino, 1987) fcund no difference between groups (for urine
and plasma). The other five studies found that HVA levels
were significantly elevated in autistics (Garnier et al..
1966; Gillberg et ai., 1933; Gillbery and Svennerhclm, 1987;
Lelord et al,, 1978, 1982).

None of the reported studies examined the ratios of
precursors to products, or the ratjog of individual
neurochemicals to total catecholamine synthesis, as was done
in this report, and therefore nmo comwparison was possible. I
found that the ratic of DA/HVA was decreased, and HVA/CA was
increased.

Only Minderaa et al. (rited in Anderzon and Hoshino,
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1987} have examined DA directly, and they found, as I did,
that there was no difference between autistics and normals for .

N urinary DA.
' No studies have examined the ratio of urinary NA/MHPG in

I found this ratic was increased in autistics,

autism.
B Plasma NA has been found to be elevated in autistics
(Israngkun et al., 1986; lLake et al., 1577). Urinary MHPG was

decreased in the autistics studied by Young et al, (1977), hut

soncentrations were unchangsd in the present study, CSF MHPG N 2
wag unchanged in the Gillberg et al. (1983) and Gillberg and : ’
Svennerholm (1987) studies.

Interpretation of the 1 Datg. The slevated

levels of HVA indicated that dopaminergic turnover was

increaged in autism, The same conclusion was supported by the

decrease in the precursor-product ratio of DA/HVA in autism,

The increase in the ratio of HVA/CA in autistics jndicated .
. that DA turnove. is increased, relative to the concentrations :

of all catechojasines.

g The incveese in the ratio of NA/MHPG indicated that the
b p turnover of NA was decreased in autism. The NA/MHPG
ST difference wag not as marked as the difference in dopaminersic

transmission between the two groups., Thia was indicated by
the nonsignificance of the difierence in MHPG concentrutions
betwesr autistics and normals, whereas Lhe corresvonding
dopeminergic metabolite, HVA, was significantly different

between groups, Further, the value of p was 0.01 for the

s s ne s o e
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DR/HVA precursor-product ratio, but g was only 0.05 for the
N&/MHPG precursor-product ratio.

Thege results confirmed other reports which have
indicated that catecholamine metabolism was pathological in
autism {Belmaker et al., 1978: Cohen st al., 1974, 1977;
Garnier et al., 1986; Gillberg et al., 1983; Gillberg and
Bvennerholm, 1987; Israngkun et al., 1986; Lake et al.,
Llelord et al., 1977, 1982, Young et al., 1979), It follows
that thome anatomical regions of the brain which have been

shown to contain catecho'amines (reviewed in are
implicated in the pathology of autism.

The finding of a dopaminergic pathology in aut... is
consistent with models of mental dimorders which plare an

emphasis on the role of DA in the eticlogy of these syndromes

{Crow et al., 1978; Julien, 1981; Swerdlow and Koob, 1967).
Cleariy, earlier studies which found DA abnormalities in ’

autism {(Garnier et al., 1985: Gillbery et al., 1983; Gillberg !

Models of dopaminergic pathology in mental iliness were

once specific to schizophrenia (Crow et al., 1978). However,

the model praposed by Swerdlow and Koob (1987) postulated that
a DA disorder underlies & variety of mental illnesses,
including schizophrenia, menia and depression. Thia
broadening of the spectrum of disorders to which the DA modsl

w7 of mental illness is applicable reflects a new approach to the

PR . i
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and Svennerholm, 1987; Lelord et al., 1978, 1982), are also i

consistent with dopaminergic models ¢f mental illness. ‘
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relation between neuropsychiatric disorders and brain
dysfunction: g U

Rt The goal of this approach is not to understand the . .

etiology of a single disease, but rather to atudy how r B
dysfunction in a single brain system contributes to 3,
similar behavioural abnormalities in different disease

processes. (Swerdlow and Koob, 1987, p. 202) Mgl a Tt

1 have alrsady discussed the brain system to which
Bwerdlow and Koob (1987} refer: the mesclimbic and H
mesocortical dopaminergic systems centred on a
cortico-striato—-paliido~ thalamic loop.

Thug, if the Swerdlow and Koob (1587) model is correct,
then the brain regions implicated fn autism may be narrowed

down from areas containing catecholamines, to mesolimbic and 9

mesocort.ical dopaminergic systems. On the basis of researci
done on the braine of autistics (DeLong, 1879; Gaffney et al.,
1987; Bauman and Kemper, 1987 —— reviewed in Chapter 4} it ’ . -

reasonable to conclude that mesolimbic and mesocortical DA may

be dysfunctional in autism,

The Neurochemistry of Kttention .in Autism

The fact that an atten*ien dysfunction and a neurochemical

pathology were found in the seme autistic childien susgested
that these deficits were related in some way. Nevertheless,

co-ogourrence is not evidence for Interaction, nor causation.

I . R BN T s oMt et it S e Sommek s ot s ae s s Bl TRl e it B ot dsert st he o e e o
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The stepwise multiple regression showed that some of the
variance in attention may be ac ounted for by the chemical
differsnce between autistic and normal children. This meant
that the attention dysfunction was related to neurochemical
status in autism.

Az I have ] have noted above, the regression was only
gignificant for the first trial. Thus only when the
difference in attention between normal and autistic children
was at its most extreme, d.d the neurcchemical difference
between the two groups contribute to the attention dysfunction
in the autistics. This meant that there were other factors
involved in the attention dysfunction in autistics. The
attention dysfunction cannot be explained solely by reference
to the nsurochemical differences betwsen autistic and normal
children. Nevertheless, the attention dysfunction was related
to the neurochemical pathology. There does appsar to be a

n between

ttention and try.

1 found that of the biochemicals agsaved, HVA values
regressed significantly on the cardiac values, during the
first trial, The ratios that included total wvatecholamine
synthesis in the denominutor were all significantly related to
cardiac responsivity. There were two characterismtics to thia
data (a) the relation between HVA and attention and, (b) the
relation between total catecholamine synthesis and attention.
‘The HVA related data indicated that qifferences in the

turnover of dopamine between autistic and normal children,
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contributed significantly to the variance in the sutistics'
ECR during the first trial. The resreasion data showed no
specific noradrenergic involvement. Differences in attsntion
were alsoc related to total catecholamine synthesis, indicating
that differences in the overall pattern of catecholamine
metabolism contribute to differsnces in attention betwsen
sutistic and normal children.

Central ve. Perisheral lssuss. It is appropriate to
digress briefly at this poir to discuss an imsue which may be
token to proscribe linking .tention and neurochemicals on the

basig of the data obtained in this study. Since a major

of attenti involves n hemical functioning
within the (NS, rather than the peripheral nervous system, the
extent to which the urinary neurochemicals assayed in this
study reflect CNS agtivity is of relevance.

VMA ig known to be largely of peripheral origin (Cooper et
al, 1978), and was studied here only because the assay
procedurs returned values for VMA, in addition to the
neurcchemicals of intereawt. The proportion of DA and NA in
urine that is of central origin is unknown. Until recently DA
and NA could not be detected oculaide the blood-brain barrier
(Cooper ot al., 1978). However, the development of more
sensitive techniques, such as HPLC, the detection of DA and NA
in plasma and urine has besn possibie. Eatimates of the
peroentage of urinary MHPG of central origin have ranged from

20% (Blombery, Kopin, Gordon, Markey and Ebart, 1980} to 60%
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(Raskin et al.. 1964; Shaywitz et al., 1983). Central DA
functioning appears to be reliably indexed by urinary HVA, as
destruction of central DA neurons by 6-OHDA., causes a marked
decrease in levels of urinary HVA (Peyrin, Simon,
Cottet—Bymard, Brunesu and LeMeal, 1982). Soms 72% of
urinary HVA has been shown to be of central origin (Peyrifi st
al.).

The fact that not all the neurachemicals found in urine
are of central origin, must be borne in mind when evaluating
the results obtained in this research. However, it is not an
issue of critical methodological fmport, although it would be
interesting to know how Using (SF measures instead of urine,
would have changed the pattern of the results. Nevertheless,
the cctecholamine most clearly implicated in autiem in this
study was HVA, and urinary HVA appears to be a good index of
central DA functioning (Peyrin et al., 1982}. Furthermore, it
should be remembered that attention ies not solely CNS function,

ag skin conductance, electrucardiograms, electromyograms and

other 1ological measures 2o aptly a
«ttention has identifiable autenemiz components. Thus.
including both perirheral and tentral measures of
neurochemical functioning may be appropriate when discussing
attention.

Categholamings and Attention. The finding that during
trial one, evoked cardiac responses were related to HVA

levels, provided evidence that dopaminergic metabolic
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pathology, rather than noradrenergic patholegy, was related to

orienting response dysfunction in autism.

The theory of the neur ical basis of
originally advanced by McGuinese and Pribram (1960} and
then revised by Tucker and Williamson (1984) predicted that a
dysfunction of the orienting responss would be related to o
noradrenergic dysfunction. On that model, attention deficits
o1 the sort found in autistics in this study would be caused
by a NA involvement. [n thim respect, my data do not confirm
the Tucker and Williamson model.

Tucker and Wili 1son (1984) ars ambivalent about “he
role of DA u attention. On the one hand they imply DA is not
directly inveived in information processing

Although DA systems thus target motor functions, and
do not appear to have the major role in sensory
processes shown by NE, they do appear important to
coordinating motor output with perceptual
information. (Tucker and Williamson, 1984, p. 192).

This would seem to imply that DA is only indirectly
involved in information processing via its role in
soordinating porceptual data with motor behavieur, Here, its
primary function i{s meen as modulating sequential, ordered,
motor behaviours, and maintaining motor readiness, perhaps by
influencing motivation via mesolimbic DA conpections (Tucker
and Williamson, 1984). On the other hand, Tucker and

Williamson seem to suggest that DA has a highly significant

ot ooty wota s e, o
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role in information processing:
Although the immediate effect of ‘a redundancy bias ia

te meintain constancy in attention. over a period of

time a succession of attentional foci produce a

* differentiation of the stimulus array in specific
b elements. This differentiation of percepts or
cancepts may reflect a higher order capacity.., that
depends on the.., elementery control of a redundancy
M bias. (Tucker and Williamson, 1984. p. 205}

This suggests & different perspective on the role of DA
in attention, implying that DA may be intimately invelved in
information processing. It is difficult to recopcile the Da
tindings of this study with the former view of DA in
attention. However, the latter view moy provide a useful

me&ns of understanding the role of DA in attention dysfunction

in gutism,

The direct involvement of DA in attention has been shown
by animal studies (e,g. Chiodo et al., 1980; Crider et al.,
1982, 1986: Fink and Smith, 1980; Simon et al., 1980 -~

reviewed in Chapter 6). and by human clinical groups with

attention deficit disorders. and corresponding DA deficiencies

Gt (e.5. Raskin et al,, 1984; Shaywitz et al., 1983), These data
support the view that information processing is directly
N affected by a dopaminergic mechanism.
L As T have noted above, the nonresponse of the autistics
L may be related to a breakdown in the normal habituation bias
N
s . 3
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contral on attention, or it may be related to a malfunction in
the redundancy biag controi. Following Tucker and Williamson
(1984), a habituation bias deficit implies a noradrenergic
pathology, and a redundancy bias dysfunction a dopaminergic
deficiency. ‘

The neurcochemical data obtained from the autistic
children suggested a diminished NA turnover rate. The
consequence of an impairment of the habituation bias through
iow NA turnover, might be that novel input is attenuated,
instead of being processed. If this is so in the autistics,
then it is consistent with their ECR profile. The decrease in
NA turnover indicated by the increased NA/MHPG ratio in
autism, may be responsible for an attention deficit in autism
which takes the form of diminished responsivity to nove)
input.

This view was not supported by the multiple regression
analysis, which indicated that neither NA/MHPG, NA, nor MHPG
were predictors of attention dysfunction, Thua, although a
noradrenergic pathology was found in the autistics, it does
not appear to be related to the observed attention
dysfunction.

The results obtained from the autistic children may be
interpreted in terms of Tucker and Willimmson's (1984)
construct of redundancy. The finding of dopaminergic
abnormalities in eutism in this study lent support to this

view, and the regression indicated that DA and attention were
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related in the autistica, at least for the first trial.

If the r bias is dysf ional in autistics,

then they would be less responsive to information, An

overactive dopaminergic based redundancy bias would make most

information irrelevant. The autistic would become
~ B overselsctive. Thism mavy explain the cardiac nonresponse of

the autistics to stimulation,

hccording to Pavlev (1927, 1928} the 'What fs it?'
response precedes the ‘What is to be done?' response; arousal
- M precedes activation (Pribram and MeGuiness, 1975); habituation
biases operate before redundancy biases (Tucker and
Wiiliamson, 1984). If autism is characterized by the

operation of a rsedundancy bias on information flow in

attention, *his may explain the delays reported in brainstem

transmission time (Fein et al., 1981; Tanguay et al., 19B2;

. Gillberg et al., 1983), as well as delaved skin conductance
[P ) response latencies in autism (Stevens and Gruzelier. 1984).
L The operation of the redundancy bias may explain the appearance
of late slow waves in the autistic evoked responss potential
{Leiord et al., 1973; Martineau et al., 1980). Since the

operation of redundancy requires retrieval of information from

long term memory and cognitive processing, the deviance in

e P300 peaks in autism (Courchesne st al., 1984, 1985h;

Pritchard et al., 1987; Niwa et al., 1983) may be due to the

redundancy bias,

It should be noted that dopamine turhover increases
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tremendously with motor activity (Preed, 1986). Since

autistic children are often hyperactive, it might be objected
that the DA measures obtained in this study index motor
activity, rather than eny other alleged seusory attention
related properties of the DA. However, since the urine
samples obtained from the children were all early morning
samples, they were relatively free from any compounding
effects of movement, and therefore may index "nonmovement®
related DA,

The function of DA may be to order and structure
information flow by limiting its turnover rate, and
restricting the inamut of new information (Evarts and Wise,
1984; Marsden, 1984; Tucker and Williamson, 1984). This is
consistent with the role of DA in both motor and sensory
control. If the redundancy bias was increased in a motor
¢hannel by elevated DA, then the result would be behavioural

stereotypies (Dickinson and Curson, 1983; Iversen and Iversen,

1875). This is with the pr of

autistic children. Stereotypies, such as hand flapping and
rocking back and forth, are one of the hallmarks of autistic
behaviour.

What would the effect of increased DA turnover be on
attention in autistics? Under normal metabolic conditions, DA
may aseist in promoting a focused mode of attention. However,
this may change when DA metabolism is pathologically elevated,

as in the cese of the autistics, Rats with increased DA




OHABTER NI DEGOUREIEN rhsE 140,

turnover showed diminished

Smith, 1980}.

interest in novel stimuli (Fink and
Selective attention was impaired in rats
treated with amphetamine, and these animals showed an
inability to filter out irrelevant stimuli (Crider et al.,
1982, 1986). The autistic children in this study shawed
similar thanges in responsivity, as indicated by their failure
to orient to novel stimuli. Thus the attention dyafunction in
the autistic children may de directly related to their
increased DA turnover rate.

These changes in attention may be related to arousal.
This would be consistent with Iversen and Iversen (1975) who
postulated that nonresponse in 6—CHDA treated animals to
stimulation may be rsiated to the role of DA in arcusal. [t
is also consistent with Hutt st al.'s (1964) suggestion that
autistics are hyperaroused.

The effect of eievated DA on sensory attention may alsec
be related to the role of DA in effort. It will be recalled
that whereas McGuiness and PFribram (1980) allocated the
effort construct in their mode] of attention to peptide
controls, Tucker and Williamson (1984) included effort in the
domain of DA, and not peptides, Bffort is important in the
control the organism has in exiting from stimulus-responge
loops (Pribram and McGuines=, 1973).

The motor mtereotyples that result from elevated DA
(Pickinson and Curson, 1983;

Iversen and Iversen, 1973) may

have an analogue in attention in autistics, This may take the
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form of sensory perseveration. The perseveration of
attention may result from a failure of the effort system to
exit the autistic's attention from & mensorimotor response
loop, The autistics did not asppear to be able to respond to
the information properties of new stimuli, because they may
have been unable to exit the stimulus-response loop that was
current, and refocus their attention on incoming stimuli.
fince effort is & higher order construct, and involves
voluntary processes, as opposed to involuntary processes such
as activation, the failure of the autistics to reseond %o
stimulation may be related to & motivational deficiency in
autfam., This im consistent with the role of DA in motivation
{Panksepp, 1986; Stein, 1978).

Senpory perseveration in autism may also result from the
operation of the redundancy biam. As I have noted, the effect
of a redundancy hias is to restrict information change, and
impose order on sensory processing. A redundancy bias that
was malfunctional would result in an abnormally tight
restriction on information processing. The rate of change in
the information channels would be minimal. In this sense, a
redundancy hias that was overactive would cause perseveration
at a sensory attention level. This may be part of the
mechanism involved in the attention dysfunction observed in
the autistice., Their attention may be overwhslmed by the
redundancy bias, and this mey explain their unresponsiveness

to stimulation,
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The dopaminergic involvement in autism, as found by this
study and others (Garnier et al., 1986; Gillberg et al., 1983;
Gillberg and Svennerhoim, 1987: Lelord et al,, 1978, 1982),
ané the link betwesn attention dysfunction and dopaminergic
measures, support the view that ‘cognitive style' in autistice
shows a high degree of internal controi. Thiam is a
consequence of the redundancy bias. From this it follows that
the scope of the representation of the ea‘ernal environment is
constricted in autism. The ‘beam of the gpollight' of
attention is narrowed in autism. BAn internal locus of
information control corresponds to & cognitive style in which
paat representations tend to control information flow, more

than new incoming data.

Imelications for Future Research

Imexovements. This study could be improved by being
repeated with more control grouss. If controls were matched
for mental age and chronological age (Yule, 1979). then the
extent to which mental retardation contributes to these
findings in autistics could be gauged. The confounding effect
of mental retardation might also be lessened if only high
functioning sutistics were used in future studies. N

Urine is a relatively inexact measure of CNS

catecholamine activity. Future studiss could, if ethical T

conaiderations permit, use CSF instead of uripe. A wider '
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range of neurochemicals could aiso bs assayed, since evidence
suggests that opiod peptides (Billbery et al., 1982, 1985:
Israngkun et al., 1886) and serotonin {Anderson and Hoshino,
1987; August ot al., 1984) may be involved in the pathogenesis
of autism.

In this study attention was assessed under very straight
forward conditions. However, responses to a train of
aimple auditory stimuli provide a limited amount of
information sbout attention. Other tasks could be included in
the experimental paradigm of future research. In particular,
the blocking paradigm of Crider et al. (1986) would provids
for an interesting and informative assessment of attention in
autism. Tasgks could also be designed on which success demands
the approeriate application of the habituation and redundancy
biases, A more exact test of habituation and redundancy in
autism would help illuminate the nature of the attention
dysfunction in autism.

Extensions. The results of these experiments implied
that the redundancy bias is weighted too high in autistics.
In terms of the remediation of autistic symptomology 2 few
alternatives suggest themseives. Firsatly, redundancy may he
present in autistics in their motor stersotypiss. An
occcupational therapy programme could be developed to sttempt
to extinguish the repetitive behaviours. Secondly, since
redundancy implies that new stimuli are likely to be rejected

in favour of reprocessing existing stimuli, attention training
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tasks could be developed which emphasize creative responses to
novel stimuli, Tasks cuuld be designed which reward orienting
to novelty.

Thirdly, and much more difficult. would be the
institution of a programme to activate effort in autistics.

It is not clear to me how autistice could be motivated.

Qenglusion

The resgulte of this study confirmed the findings of
earlier studies into the neurochemistry of autism, which found
that dopaminergic metabolism was elevated (Garnier et al.,
1986: Gillbery et al., 1983; @illberg and Svennerholm, 1887;
Lelord et al., 1978, 1982). Somewhat unexpected, was the
resilt that showed that noradrensrgic metabolism was decreaaed
in autism. Thie was consistent with the finding that
dopamine-f~ hydroxylase levels were decreased in autistics
(Lake et al., 1977), as were urinary MHPG levels (Young et
al., 1979).

On the basis of the psychophyaiologiss! findingz of this
study it may be concluded that attention 1. - itism is
dysfunciional. Of the two studies that hav. :xamined the
evoked cardiac response in autism, one (James and Barry, 1984)
found that heart rate deceleration in response¢ %o stimulation
was greater in autistics than normuls, The other (Palkovitz

and Wissenfeid, 1980) found that autistics showed no
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it deceleration in response to auditory stimulation, and this is
consistent with the results of this study,

The absence of a deceleratory cardiac response in the

R autistics represented the breakdown of the orienting response, . :
v and the setting aside of processing capacity in short term

~ g memory (Chman, 1979), as well as the failure of the autistice

to voluntarily procesg novel stimuli (Maltzman, 1979).

S One of the key issues in this study was whether the

biochemical basis of attention dysfunction in autiem could be

identified. This study contributed towards that goal,
Dopaminergic abnormalities were shown to be significantly E N N
related to the failure of the autistics to orient to the

stimuli. Thus DA is part of the neurochemical substrate of

attention dysfunction in autism.

The attention dysfunction in autism may be interpreted to v

i
depend on the malfunctioning of a redundsncy bias, This bias R
is one of the normal mechanisms that allow for chu i

I

selfregulation of attention in response to anvironmental

o demands (Tucker and Williamson, 1984; Wicksns, 1984). The
s operation of the redundancy bias has been shown to depend on :

/
.- dopaminergic functioning (Tucker and Williamsor), The !

elevated levels of dopamine in autism may therefore load the
redundancy bias to reject inceming informatirn as irrelevant,
and minimize orienting behaviour.

.o The ovaractivation of the redundancy b, by elevated

dopamine turnover may cause attention to perunerate in
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senzorimotor response sets in the autistic's consclousness.
The perdeveration in attention produced by DA excess,
parallels the perseveration in motor behaviour caused by
inereased DA turnover, and manifested as gtereotypies. The
role of DA in attention is supported by &nimal studies, which
showed that selective attention deficits can be induced in
experimental animals by the manipulation of DA metabolism
(Crider et al., 1982, 1986; Fink and Smith, 1980; Simon et
al., 1980). A DA mechanism in attention is also indicated by
other clinical grouss that present with both DA abnormalities
and attention dysfunction (Raskin et al., 1984; Shavwitz et
at, 1983),

A dysfunction of attention in autism is also indicated by
the congruence of brain areas implicated in attention
(Khomskaia, 1972/1982: Pribram and McGuiness, 1975; MeGuiness
and Pribram, 1980) and brain regions found to show signs of
pathology in autism (Bauman and Kemper, 1985; Delong, 1979;
Gatfney et al., 1987). Hrain regions rich i. catecholamines
aiso show an overlap with areas involved in attention, and
implicated in autism. 6ince the catecholamines are implicated
in attention (MoGuinems and Pribram, 1980; Panksepp, 1986;
‘Tugker and Williamson, 1384), this lends support to the view
that attention dysfunction in asutism is related to
dopaminergic abnormalities,

Dopamine pathology 15 belisved to be common to a veriety

of mental illnesses, and is thought to center on & common
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dysfunction in information processing in a series of neuronal
loops centered on the cortico-striato-pallido-thalamic regions
of the brain (8Swerdlow and Koob, 1587). Autism may
bs one of the syndromes accounted for by this model.

The cognitive style of the autistics shows a tight
internal control over all stimulj that are processed. Inatead
of orienting normally te stimulation, the autistic children
appeared not to respond, as was shown by their cardiac
response profile. This nonresponse may be related to a
cognitive style in which the representational secope of
sirention is narrowed, and only stimuli which are relevant
bacause of past associations are processed. This distinction
between internal and external factors in cognition appears to
identify important factors in the hreakdown of Tognitive
processes because of biological abnormalities, snd features in
two models of biclogical basis of information processing:
Tariot and Weingartner (1986), and Tucker and Willismson
(1984) .

Relating cognitive style to physiclogical parameters is
in essence an extension of the programme embarked on by Pavlov
(1927, 1928). Autistic consciousness may be characteriged as
tightly bound to the internal contrel of perseverating
sensorimotor stimulus-response gets in attention by an

overactive dopaminergic redundancy bias.

e e N |
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