University of Pretoria etd — Claassen, M (2006)

CHAPTER 3

NEUROANATOMICAL OBSERVATIONS OF THE BRAIN IN
AUTISM

3.1 INTRODUCTION

This chapter first describes normal brain develomgnéollowed by neuroanatomical
observations of the brain in autism. Steffenbdr@9(@:495) found that almost 90 percent
of a sample of autistic children had evidence bfan abnormality. Recently it has been
reported that a substantial proportion of casesass®ciated with megalocephaly, an
abnormal enlargement of the head (Courchesne 2004:Various other anatomical sites
in the brain have been hypothesized as the primawnyce of pathology, such as enlarged
brain size, reductions in the area of the corputsiam, and abnormalities of the
cerebellum and the medial temporal lobe structtiverefore the relevance of structural
brain differences found among individuals diagnosgtl autistic disorder, as well as how
these differences link to different stages of pangmed foetal development are reviewed
in this chapter. Because this research focuseprematal stress and autism, findings
related to brain abnormalities as well as alteredral programming due to prenatal stress

will complement the review.
3.2 NORMAL BRAIN DEVELOPMENT

The brain develops through a series of overlapmtages (Teicher et al 2002:397).
Embryonic and foetal stages of development of thendn brain are characterised by a
series of changes that take place in a relativegdfsequence, i.e., cell birth (neurogenesis
and gliogenesis), cell migration, cell differentya, cell maturation (dendritic and axonal
growth), synaptogenesis (formation of synapseg)gnammed cell death (apoptosis) and
synaptic pruning, and myelogenesis (formation otlmy (Kolb & Whishaw 2003:610).
A't the time that an egg is fertilized by a sperrhuman embryo consists of just a single

cell, which starts to divide, and by the™day the embryo consists of several sheets of

The conversion of DNA to RNA is called transcriptioThe conversion of RNA to proteins is called
translation (Panksepp 1998:98).

80



University of Pretoria etd — Claassen, M (2006)

cells with a raised middle area, representing ttmmifve body. At about 18 days after
conception the human brain starts to develop frieenrteuroectoderm, a placode of cells
that are induced to differentiate from the surrongdectoderm. This differentiation is
induced by factors such as retinoids and follisté@lark 2002). Retinoic acid can alter
the pattern of transcriptional factors in neurdegitl cells, explaining some of the
craniofacial defects seen in retinoid embryopat@jaik 2002:3). Almost all steps in
organogenesis are controlled by retinoic acidss guggesting that retinol is necessary for
normal development of embryonic tissues, neuromath and cellular differentiation
(Zachman 1995:1634S; Perrotta et al 2003:457;idd&bLarondelle 2005:15%. Retinal
lesions include atrophy and gliosis of the gangtefi layer and the nerve fibre layer (Van
der Lugt & Prozesky 1989:99). At three weeks af@nception the human embryo has a
primitive brain, essentially consisting of a sheétells (neural plate), which rolls up to
form a structure called the neural tube (Kolb & Whaw 2003:611). The neural tube
forms in axial fusion, with closure occurring in samultaneous caudal and cranial
progression at 22 days of gestation (Clark 2002:2yhis event practically represents the
start of the central nervous system (CNS). Eveforbethe neural tube is seen on
gestational day 21, critical events in the formatiof the CNS have taken place.
Gastrulation establishes a midline, axes for dersatral and anterior-posterior
orientation, and symmetry. The notochord and sesrdevelop during this phase to induce
the ectoderm to form the neural plate and to estasegmental organization. During this
process of neurulation, the cranial neuropore ef rieural tube closes by 24 days of
gestation and serves as the foundation for furthein development. The caudal
neuropore of the neural tube closes by gestatidagl26 and serves as the foundation for
further spinal cord development (Schmid & Rotenl®595:4).

The body and nervous system change rapidly duhiegnext three weeks of gestation.
After neurulation described in the preceding paaphr subsequent processes such as cell
migration and differentiation, dendritic and axogabwth, synaptogenesis, programmed
apoptosis and myelogenesis start after gestatidagpl28, but some of these processes
continue postnatally, for example glial and synajasmation that continue to vigorously
until approximately three years of age (Schmid &ddberg 2005:4). By seven weeks of

gestation (49 days), the embryo starts to resembiteniature person, and by about 100
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days after conception, the brain looks distinctiyian; however, it does not begin to form
gyri and sulci until about seven months. At fdim, i.e., 40 weeks, the brain grossly
resembles the adult brain, though its cellular citme is different (Kolb & Whishaw
2003:611).

This programmed prenatal cortical development neaglibrupted by deficits in the genetic

program, intrauterine trauma, the influence of ¢oxgents, or other factors that may lead
to the pathogenesis of developmental disordersiidi®od. It is postulated that specific

toxins may have mechanisms to exploit certain pksriduring development, as illustrated
in table 3.1below (Schmid & Rotenberg 2005:5).

As depicted in table 3.1, neural proliferation idnerable to ethanol, organophosphates,
and MeHg disruption. It follows that if prolifefan is altered, migration may also be
altered, leading to ectopic tissues. Cell difféision may be changed and or interrupted
by ethanol, nicotine, MeHG, and lead. Some ofgame agents, ethanol, lead, MeHg,
parathion, permethrin, di-isopropyl fluorophospkaé®d PCB compounds are involved in
altering synaptogenesis. These insults may coatitau disrupt programmed cortical
development for years (Schmid & Rotenberg 2005; r€lmesne 2004; Levitt 2003;
Nicolson & Szatmari 2003; Dawson et al 2002; Clagk2; Sparks et al 2002; Schultz &
Klin 2002; Teicher et al 2002). Myelination peaksring the third trimester in humans
and continues into the young adult years, accognion the developing brain’s longer
period of vulnerability (Coleman 1994:107). Mysliion disturbances have been linked to
malnutrition, iron deficiency, alcohol, and leadbesures (Schmid & Rotenberg 2005:5).
In addition, programmed cell death or apoptosishinggso be disrupted by toxic exposures
through a shift in the balance of neurotrophic algnresulting in an increase or decrease
in the number of cells. Ethanol, lead, MeHg, af@BP have been implicated in altered
cell numbers (Schmid & Rotenberg 2005:5). Eachhete developmental processes is

now discussed in more detail.
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Table 3.1

Potential neurotoxic agents and their agwgenic windows

Age

Process in developmen

t Potential neurotoxic

agents

Altered outcomes

0 to 4 weeks of gestatio

N

Gastrulation-notochor|

and somite formation.

dRetinoic acid.

Disordered polarity,
malformations of the

hindbrain and spinal

cord.
4 weeks of gestation Neurogenesis in spinal Hot tubs; Folic acid Anencephaly,
cord and hindbrain. antagonists. hydrocephaly.

28

gestation

to 35 weeks o

f

Migration.

lonizing radiation;
MeHg.

Ectopia, Cerebral palsy,

Learning disorders.

Middle-late pregnancy

Neuron proliferation al

synaptogenesis.

ntlead; PCBs; MeHg.

Neurobehavioral defici

ts.

Third trimester

Neurogenesis in
cerebellum,
hippocampus cell
migration, myelination,

synaptogenesis.

Pesticides.

Multiple: poor motor
control, emotional
lability, cognitive

deficits and delays.

Infant to 3 years of age

Development of
executive functions in

the prefrontal cortex.

Lead (postnatal);
Alcohol (prenatal);

Cigarettes (prenatal).

Behavioral impairments,
possible increased

criminality.

4 to 17 years of age

Increase in fiber tracts
motor and speech
functions; ability to build
on previous learning;
improved sensory
function, specifically

auditory.

@rganophosphates;

Lead, PCBs;

MeHg; Lead.

Poor axonal outgrowth.

Lowered 1Q.

Impaired concentration.

3.2.1 Neurogenesis and gliogenesis

Source: Schmid & Rotenburg 2005:5

The genesis of glia cells begins at the time oroegenesis (early gestation), and the glia

continue to differentiate and proliferate long aftee migration of neural cells is complete
(Teicher et al 2002:398; Clark 2002:5). The céiieng the neural tube are known as

neural stem cells due to these cells’ capacitystdf-renewal. When a stem cell divides,

two stem cells are produced, of which one diestaedemaining one continues to divide
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again — a process that is repeated throughoutdiwidoal’s lifespan. In an adult, neural
stem cells line the ventricles to form the ventiaczone, and they also generate progenitor
(precursor) cells. These progenitor cells can alsade, but they eventually produce
nondividing neuroblasts and glioblasts that maiate neurons and glia. Neurogenesis
(production of new neurons) ceases in most bragons at birth, although stem cells
continue to generate neurons and glia into aduithewen in an aging brain, at least within
the olfactory bulb and the hippocampal dentate gywmoughout life (Eriksson, Perfilieva
& Bjork-Eriksson 1998:1313; Teicher et al 2002:39%plb & Whishaw 2003:612). This
cell division is programmed, resulting in the apprate number of cells for the future
cortex. Abnormalities in the number of prolifevati units or in the total number of
divisions can lead to disorders of the brain matd#eé by abnormal brain size and,
therefore, an unusaually small or large head cifetamce (Clark 2002:5). From birth to
five years of age, the brain triples in mass. Matkhe gain in brain size stems from the

vigorous myelination of fiber tracts (Teicher e2802:398).

3.2.2 Cell migration and differentiation

Cell migration starts shortly after the first nenscare generated. Clark (2002:7) provided
the following simplified discription of cell diffentiation and migration. At the

completion of general neurogenesis, cell diffegiin begins, the process in which
neuroblasts become specific types of neurons. hétime of neuronal differentiation the

neural tube consists of four consecutive layers) tfie innermost layer is called the
ventricular zone and gives rise to neurons andfate glia of the CNS; (b) the adjacent
more superficial layer is the subventricular zowhjch is the staging area from which

postmitotic neurons begin to differentiate and tigrate; (c) the adjacent intermediate
zone is destined to become the cortical plate aedfuture cerebral cortex; and (d) the
marginal zone, which is the outermost zone and lwisccomposed of the cytoplasmic
extensions of ventricular neuroblasts, corticopétars, and the terminal processes of
radial glia (which, at this time, are completelyasping the neural tube). Differentiation of
neuroepithelial cells begins in the subventricldger at approximately gestational day 26.
The older, larger pyramidal cells are the firsticéd be born and probably differentiate
early to act as targets in the migration of thevoas system (Clark 2002:7). Disorders

such as tuberous sclerosis, cortical dysplasiaicabmigration abnormalities, cortical
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dysgenesis and the development of giant-cell agmotas might be due to “faulty”
neuronal differentiation (Clark 2002:8).

The genesis of neuroblasts predestined to consthectcerebral cortex largely reach
completion at about 4% months of gestation, wheosdismigration to various regions
continues for a number of months, even postnatailyy some regions not completing cell
migration until about eight months after birth (Ka& Whishaw 2003:613). At the most
rostral end of the neural tube in the 40-to-41-dllyfoetus, the first mature neurons,
Cajal-Retzius cells, begin to migrate to the caftgurface. Radial glial fibers extend from
the ventricular zone to the cortical surface, aedrans migrate along the radial glial
fibers, which take them from the protomap in thetkieular zone to the corresponding
region in the cortex (Kolb & Whishaw 2003:613). €B migrating neurons accomplish
this task by attaching to and migrating along ridial in a process known asdial
migration or by somal translocationn a neuronal process (Clark 2002:7). In the pssc
of migration, the deepest layer of the corticatglmigrates and deposits before the other
layers. Therefore, the first neurons to arrivehat future cortex are layer VI neurons.
More superficial layers of cortex then are formele neurons of layer V migrate and pass
the neurons of layer VI; the same process occurdafgers IV, Il, and |. The cortex
therefore is formed in an inside-out fashion (Cl&®02:7). Although most cortical
neurons follow the radial glial fibers, a small rouen of them appear to migrate by
following some type of chemical signal (Kolb & Whaw 2003:613). Migration can stop
prematurely, leaving a group of cells that belon@n outer layer scattered among inner

layers of cells.

Disorders of migration can be identified by meah#§®&-imaging, and the most common
effect of faulty migration in humans are disordsush as dyslexia or epilepsy (Kolb &
Whishaw 2003:614). Some relatively unknown mignatidisorders are lissencephaly
spectrum disorders (smooth brain), which referthéoexternal appearance of the cerebral
cortex in which a neuronal migration aberrationdkedo a relatively smooth cortical
surface, for example classic lissencephaly, isdléitsencephaly, X-linked lissencephaly,
lissencephaly with cerebellar hypoplasia, cobblestlissencephaly, polymicrogyria, and
heterotopias (Clark 2002:8-16).
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3.2.3 Cell maturation (dendritic and axonal growth)

After neurons have migrated to their final desioed and differentiated into specific

neuron types, they begin the process of growingldis to provide the surface area for
synapses with other cells (Kolb & Whishaw 2003:61%his process is illustrated in figure

3.1(page inserted)

As illustrated in figure 3.1 dendritic developmentolves dendritic arborization (or
branching), and the growth of dendritic spines.bdkization commences with dendrites
that start to protrude from the cell body and tliavelop into increasingly complex
extensions that resemble the branches of a treeseldendritic branches then start to form
spines, on which most dendritic synapses take pl(&®b & Whishaw 2003:614).
Although dendritic development begins prenatalljhirmans,there is a marked expansion
of axonal and dendritic arborizations and a rap@taase in synaptic contacts during the
postnatal phase and during childhood. This proces®rs the earlier overproduction and
elimination of neurons (Teicher 2002:398). Axomvelop at the rate of a millimeter per
day, whereas dendritic growth happens at a slogy measurable in micrometers per day.
This disparate development allows the developirana® contact the target cell before the
dendrites of that cell are completely formed, thgrenabling the axon to play a role in
dendritic differentiation (Kolb & Whishaw 2003:615)The formation of these neural
pathways can be disrupted by perinatal lesionslendarly postnatal lesions can result in
the axon failing to reach its target. Axonal depehent can also be adversely affected by
neurotoxins, malnutrition, lesioned target celisgd aenetic mutations (Kolb & Whishaw
2003:615; Courchesne 2004:106; Schmid & Rotenb@dd 5).

A series of complex peptide molecules have beeaniiiied that govern the maturation
and development of specific neural systems sucheage growth factor (NGF), brain-
derived neurotrophic factor (BDNF), epidermal grbvidctors, fibroblast growth factors,
glial-derived growth factors, insulin-like growthadtors, and many others (Panksepp
1998:114). These molecules control specific gropritcesses in the brain, and they can
also protect neurons against various forms of tgxiéor example BDNF and NGF can
protect cerebellar granule cells and Purkinje céllstter, Galpern & Isacson 1995:286-
297). These are the types of neurons known todbieieint within cerebellar tissues of
many autistic children (Panksepp 1998:114; Baleyhert, Harding et al 1998:880-905).
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FIGURE 3.1
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3.2.4 Synaptogenesis, programmed cell death and synapfpcuning

Teicher and coworkers (2002:399) reported euronal modification by selective
depletion which refers to the genetically programmed owedpction of synapses.
According to these researchers programmed synaps®tfion takes place according to
distinct phases, and the final configuration of thecuitry occurs by elimination of
synapses based on cell interactions, i.e., progedrrell death and synaptic pruning, also

known as apoptosis, which process is illustratefigure 3.2(page inserted)

As illustrated in figure 3.2, synaptogenesis in Bnsstarts during early embryonic life
and this phase is characterized by the generatitowedensity synapses. The next phase
of synapse formation starts before birth, continuesl nearly two years of age, and is
characterized by a rapid growth in the number oBpges, i.e., this phase peaks at about
40 000 synapses per second. During the next phasgptogenesis initially reaches a
plateau in numbers, followed by a rapid eliminatminsynapses, i.e., synaptic pruning
(apoptosis) (Kolb & Whishaw 2003:616). Becauseehs a substantial overproduction of
synapses, receptors, dendrites and axons, sonpruared back during the transition into
adulthood without cell death (Teicher et al 2008)39 Synaptic pruning peaks during
puberty, and the number of synapses may be prureedate of 100 000 per second to 50%
of the number present at age two. The final pimsbaracterized by a plateau in synapse
number through middle age, followed by a slow big#ady decline in the density of
synapses with advancing age. There is a rapid duwopg senescence before death (Kolb
& Whishaw 2003:616).

Some of these synapses are experience dependéstigiTet al 2002:399). Schmid and
Rotenberg (2005:5) reported abnormal patterns opwsis after neurotoxic exposure.
The teratogenic effect of exposure to neurotoxensg) can lead to a shift in the balance of
neurotrophic signals, resulting in an increase ecrease in the number of cells.
Overproduction and elimination specifically affeetecitatory synapses and the density of
glutamate, dopamine, and neurotensin receptorsratbeand degree of pruning vary from

region to region (Teicher 2002:398).

88



University of Pretoria etd — Claassen, M (2006)

FIGURE 3.2
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3.2.5 Myelogenesis

Myelination begins prenatally and continues in B8NS through childhood and into
adulthood. Myelination markedly increases the dpefeinformation exchange (Teicher
2002:398). The vestibular system is primarily nmetled prenatally, whereas association
cortices continue to be myelinated into the secdedade (adolescence) (Schmid &
Rotenberg 2005:1). Myelination and axonal growth substantial throughout childhood,
and the myelination rate varies markedly betweeainlnegions, for example, frontal grey
matter volumes increase 20% between early childlzooldthe end of childhood (Carper et
al 2002:1038). Cerebral white matter volumes iasee59% between two to three and
sixteen years of age (Courchesne et al 2001:248aximum brain volumes are not
reached until about 10 to 12 years of age (Coureh@®04:109), while cerebral white
matter volume continues to increase through middke (Courchesne et al 2000:672), and
the corpus callosum continues to grow throughotltiiebod and into adulthood (Pujol,
Vendrell, Junquae, et al 1993:71). Critical mogystems myelinate at an early age,
whereas the process is quite protracted in theqll cortex, and gender also affects
myelination rate in some regions, such as the ®gallosum and the hippocampus
(Teicher 2002:398).

According to recent MRI studies, this slow and efintial maturation of the brain does
not happen in autism — there is rather a relatieigf period of overgrowth, followed by
reduced or arrested growth (Courchesne 2004:109grsized brain structures in the two-
to-three-year-old autistic brain stop growing at astelerated rate (Courchesne et al
2001:251), consequently the volume of typically eleping children eventually “catches
up” to the autistic brain (Courchesne 2004:10@), volumetric differences between the
autistic and the typically developing brain disagpalmost completely during adolescence
and adulthood. The only exception is the amygdafaich remains larger in autism
compared to a typically developing brain (Aylwaiijnshew, Field, Sparks & Singh
2002:176). Courchesne (2004) conducted MRI studies demonstrated that maximum
brain size in autism is reached by about threévio yiears of age — about six to ten years

earlier than in typically developing children.
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3.3 STRUCTURAL ABNORMALITIES OF THE BRAIN IN AUTISM

Research findings reported by Courchesne (2004pl86n and Szatmari (2003), Levitt
(2003), Sparks, Friedman, Shaw and coworkers (20&)ultz and Klin (2002), Dawson
et al (2002), and Herman (1996) all demonstratemabal developmental processes early
in the clinical course of autism, particularly ingaiting increased cerebellar volume, as
well as bilateral enlargement of amygdalae and dépmpi due to early overgrowth
followed by premature arrest of growth. Structuaéinormalities and candidate traits

underlying the autism broader phenotype are idustt in figure 3.3page inserted).

Referring to figure 3.3, certain structural anddiimnal studies have detected a variety of
brain abnormalities in autism suggesting the unelglbpment of the neocortical neural
networks, including the circuitry of the frontalstsgms (Hardan et al 2000:1033; Minshew
1996:205; Bauman & Kemper 1994:54; Zilbovicius, ®au, Samson, et al 1995:248;
Minshew, Luna & Sweeney 1999:917). Reduced mei@bwirrelations have been
reported in a group of mostly high-functioning mduals with autism involving the
frontal and parietal cortex and subcortical strresuBauman & Kemper 1994). A PET
study of blood flow in preschool autistic childregvealed evidence of delayed maturation
of the frontal lobes (Zilbovicius et al 1995:251)Recently, a study of saccadic eye
movements in high-functioning individuals with ami reported significant abnormalities
in volitional saccades subserved by the circuitfyfrontal systems (Minshew et al
1999:921).

3.3.1 Enlarged brain size in autism

In his seminal paper describing autism, Kanner 8)@#ed in Panksepp (1998:276) noted
that five of his original eleven patients appea@diave relatively large heads. Over the
past ten years, MRI studies have consistently faeladated brain volume, and estimates
suggest that up to 20% of individuals with autismyrhave head circumferences above the
97" percentile (Nicolson & Szatmari 2003:531). Eledhabrain volume and enlarged head

circumference are consequently discussed in mded.de
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FIGURE 3.3
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3.3.1.1 Elevated cerebral volumes

Children diagnosed with autism were found to haveoeerall 9.8% increase in cerebral
volumes compared to typically developing childrend aan overall 12.5% increase
compared to developmentally delayed children (Spagk al 2002:10). Piven and
coworkers (1997:546-555) reported increased brailume in 22 male subjects with
autism, compared with 20 male subjects withoutdiserder. In a follow-up study with an
overlapping sample, Piven and coworkers (1998:110H-Again reported increased brain
volume in patients with autism, with a regional aoélysis indicating that the volumetric
elevation was most pronounced in posterior bragiores and that frontal regions did not
differ between the groups. Elevated brain volumpeears to be unique to autism, as most
neurodevelopmental disorders and mental retardatierassociated with a reduced brain
volume (Nicolson & Szatmari 2003:531). Researcitifigs published by Courchesne
(2004:106-111) suggest that elevated brain volumaitism is associated with accelerated

brain growth early in development, followed by atesl brain growth.

Three different MRI studies demonstrated that hemdumference in autistic infants
beyond normal head circumference of typically dep#lg infants can be associated with
abnormally large brain volumes. In the first MRligy of brain size in autistic toddlers,
Courchesne et al (2001:245-254) reported that 9D&butistic subjects had brain volumes
exceeding typically developing average by 10%kdaping with these findings, Sparks et
al (2002:184-192) also found brain volumes of digtiree-to-four-year-olds to be about
10% larger than typically developing controls. 2004 Piven produced similar research
results in support of the previous two studies.a lrecent MRI study of two-to-five-year-
olds Courchesne et al (2004:489) found that botls gind boys with autism had
significantly enlarged whole-brain volume. At age-to-four years a 10% greater brain
volume represents a 1.5 centimeter greater headneference in children with autism as
compared to typically developing controls (CourcteeCarper & Akshoomoff 2003:337-
344; Bartholomeusz, Courchesne & Karns 2002:239-241

3.3.1.2Enlarged head circumference
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Courchesne et al (2004:489-496) reported reswts @ longitudinal study of changes in
head circumference during the first two yearsfefiln a sample of children diagnosed with
autism. As compared to the head circumference sdrom the Center for Disease
Control and Prevention (CDC), the head circumfegefcautistic children was at the'®5
percentile at birth and then increased rapidlytte 84" percentile by six to fourteen
months of age. This period of abnormally accetstabead circumference increase is
thought to be largely concluded by the end of #neoed year of life. These researchers
found that by 15 to 28 months, headcircumferencg evdy two percentile points higher
than that at 6 to 14 months. In a follow-up pa@eurchesne (2004:107) concluded that
the process of abnormally accelerated brain grasetims to be finished off during the
second year of life; however, regional differencesvergrowth in autism were reported,
based on the earlier research conducted by Courehesd coworkers (2001:245-254).
This earlier study already demonstrated overallinbenlargement due to significant
increases in cerebral white matter by 18%, in aalebgrey matter by 12%, and in
cerebellar white matter by 39%. Cerebellar greytenavas found not to be affected
significantly. Carper and coworkers (2002:10384)0%mplicated early hyperplasia
involvement in autism. According to these researstabnormalities were found within
the cerebrum, dorsolateral and medial frontal negi@mong two-to-four-year-old children
diagnosed with autism. In addition, temporal gregtter and parietal white matter
volumes were significantly enlarged. However, dieeipital lobes were not significantly
different from that of typically developing contsol Consistent with research findings
showing regional differences in overgrowth amongldcén with autism, Levitt and
coworkers (2003:728) reported MRI results that destrated anterior and superior
shifting of several sulci, with the greatest dewias seen in the superior frontal, inferior

frontal, and superior temporal sulci and the ldtBsaure.
3.3.2 Reduction in the area of the corpus callosum

The various regions of the neocortex are interccienk by three types of axonal
projections, i.e., relatively short connectionsa®en one part of a lobe and another, longer
connections between one lobe and another, and hamaspheric connections
(commissures) between one hemisphere and anotlah & Whishaw 2003:67). The
different areas of the brain are illustrated inufig 3.3(page inserted) As depicted in

figure 3.3 the two interhemispheric commissurestheecorpus callosum and the anterior
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commissure. Research conducted by Bauman and Kegi@#5:1-26) provided evidence
of a brain disconnection syndrome in autism, egtlgcbetween cerebellar and limbic
zones with other higher brain areas. In keepint i brain disconnection syndrome,
neural systems that should be working in close amigppear not to have developed
normal synaptic interchange in various brain arghst control socialization,

communication, and imagination in autism (PankseQg§8:113).

All studies within the past decade have reportatlicgons in the area of the corpus
callosum in autism (reviewed by Nicholson & Szat2803:532). The corpus callosum is
topographically organized and matures throughoutdiebod into young adulthood.
Gender differences, testosterone levels, and haedsdhave been reported to affect
corpus callosum anatomy (Witelson 1989:799; Meofftmpson, Hickett, et al 1997:297).
Studies of autistic subjects with a wide rangeusictioning have documented quantitative
abnormalities of the corpus callosum and repottedtesence of an overall size reduction
(Bauman & Kemper 1994; Egaas, Courchesne & Saii#b;1Piven, Bailey, Ranson &
Arndt 1997). A smaller body and posterior subragiof the corpus callosum were also
observed in two different studies examining indiaats with autism with and without
mental retardation (Egaas et al 1995; Piven eB@lF L Higher-level cognitive functions,
such as language and linguistic processes andbiliky 0 represent the action of others,
depend upon hemispheric specialization, as theosalll pathways are involved in
integrating these processes. Autism is often @ssatwith abnormal motor and language
lateralization, including left- and mixed-handednesd an unusual pattern of cerebral
dominance for language (Kolb & Whishaw 2003:65These findings implicate cerebral
asymmetry and disrupted callosal pathway involvenmrerautism, particularly when one
considers the importance of cerebral asymmetryuirctions such as language that are

impaired in autism.

Recent neuroanatomical studies of the corpus catiohat represent an index of neural
connectivity between brain regions, provide impetusinvestigating its role in autism.
Hardan, Minshew & Keshavan (2000:1033-1036) measutee size of the seven
subregions of the corpus callosum on MRI scans fB@mon—mentally retarded autistic
subjects and 22 individually matched controls. seheesearchers reported smaller anterior
subregions in the autistic group. In a subsampleasurements were adjusted for

intracranial, total brain, and white matter volunaex the differences between groups
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remained significant. No differences were founthi& other subregions. This observation

is consistent with the frontal lobe dysfunctionogpd in autism previously.

Hardan et al (2000:1035) reported a decrease irsitee of the anterior regions of the
corpus callosum, and a strong trend toward a dsergathe overall size of the corpus
callosum. The greatest reduction in corpus caffoswea in the autistic participants was
found in the genu (region 2), involving the proiens from prefrontal cortex. This is
consistent with the cognitive, neurophysiologieald behavioural evidence of frontal lobe
dysfunction reported recently in the literature (Bean & Kemper 1994; Minshew et al
1999:920). There have been reports of deficitsxecutive function (Bauman & Kemper
1994), spatial working memory (Bauman & Kemper 1994nd the capacity for
suppressing context-inappropriate responses insrautfMinshew et al 1999:921).
Interestingly, the orbitofrontal cortex, which peojs through the rostrum (region 1), has
not been investigated in autism but is thought lay @ significant role in the ritualistic
behaviour of obsessive-compulsive disorder and make a similar contribution to such
behaviour in autism (Rosenberg, Keshavan & O’Heatnal 1997:824). Furthermore,
Hardan and coworkers’ findings of decreased siz¢éhefanterior regions of the corpus
callosum may reflect the regional enlargement ofepa, temporal, and occipital but not
the frontal regions (Piven, Arndt, Bailey & Andreas1996:530). This discrepancy may
also reflect an increase in intrahemispheric cotiviec and a decrease in the
interhemispheric one. The reduction in the totalss-sectional area of the corpus
callosum observed relative to total brain volume ymiamdicate a decrease in
interhemispheric connectivity, in keeping with Kahd Whishaw’s observations (Kolb &
Whishaw 2003:67).

3.3.3 Abnormal patterns of cerebellar development

Sparks and coworkers (2002:10) observed that ckaelwvelume in four-to-five-year-old
children diagnosed with autism was increased coegpawith typically developing
children, although some researchers reported noomakduced cerebellar volumes in
older populations (Courchesne, Townsen & SaitomiBB1-223; Piven, Saliba & Bailey
1997:546-555; Courchesne, Karns, Davis et al 2@QBE254).
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Marked decreases in the number of Purkinje celld granule cells throughout the
cerebellar hemispheres were observed (Tatter 498b:286-297; Panksepp 1998:114;
Bailey et al 1998:880-905). The most significaell decrease was found in the posterior
inferior neocerebellar cortex and adjacent archioellar cortex. Atrophy of the
neocerebellar cortex was noted in the biventradcitg, tonsillar, and inferior semilunar
lobules, as well as abnormalities in the embolifofastigial, and globose nuclei in the roof
of the cerebellum. Therefore, the normal circu@fyhe cerebellum does not develop, and
the deep cerebellar nuclei and olivary nucleus showeduction in cell size and number
(Herman 1996:5). Some changes were observed imeébeons of the deep cerebellar
nuclei of autistic subjects, with younger subjelats/ing abnormally large neurons and
older subjects having abnormally small neuronshesé nuclei (Nicholson & Szatmari
2003:533). These findings suggest that the cdegbsbdnormalities occurred at or prior to
30 weeks gestation, suggesting atypical brain deweént in children diagnosed with

autism.

Allen and Courchesne (2003:272-273) used fMRI tol@e cerebellar function in autism
at hand of eight autistic patients and eight cdrsubjects. Relative to controls, the autism
patients demonstrated increased cerebellar activatiuring a motor task and less
cerebellar activation during an attentional taskggesting that abnormal cerebellar

development might have different implications faptor and attentional functioning.

The results of several autism studies reviewed d&ynBan and Kemper (1994) suggest that
various brain abnormalities, particularly tempoeaid cerebellar abnormalities, might
correlate with the degree of impairment displayedutism. Temporal lobe abnormalities
are implicated in compromised explicit memories.(i.memories for daily events),
whereas cerebellar abnormalities are implicatedimplicit memory (i.e., skills and
conditioned responses) (Kolb & Whishaw 2003:658).

Roder (2000:56-63) found that an area of the biinsn the caudal part of the pons is
small in autistic subjects and that several nudehis area, including the facial nucleus,
which controls facial musculature, are small orgimg. In addition, many children with

autism have subtle facial abnormalities that magie to abnormalities of the facial nerve
(Kolb & Whishaw 2003:658). The preceding findirgigggest a strong biological basis in

the pathogenesis of autism.
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3.3.4 Abnormalities of the medial temporal lobe structures

Bauman and Kemper (1994:119-145) examined neurofoafy among patients ranging in
age from 9 to 29 years and diagnosed with autiisorder. These researchers reported
subtle alterations in the size of neurons and tbmpdexity of their processes were
confined to the limbic system and cerebellum. Ha timbic system, the hippocampal
complex, subiculum, entorhinal cortex, amygdala,mmtlary body, anterior cingulate
gyrus, and septal area are connected by neuranaitsi In comparison with the brains of
control subjects, the autistic brains showed reduwuronal cell size and increased cell-

packing density in these areas.

Bailey et al (1998:885) reported that neurons intspaf the limbic system of autistic
patients, particularly in the hippocampus and arajgdvere unusually small and densely
packed, pointing to deficient maturation in theseaa. Sparks and coworkers (2002)
confirmed bilateral enlargement both of the amyaedahnd hippocampi in four-to-five-
year-old children with autism compared with typigadeveloping children. This notion
was also observed among adults diagnosed withnaytigward, Cowell, Boucher et al
2000:2931-2935). Bauman and Kemper (1994:125) alserved that CA1 and CA4
pyramidal cells in the hippocampus showed decreasatplexity and extent of dendritic
arbors, characteristic of an immature brain, sutyggsonstraint of normal development in

these structures in autism.

Howard et al (2000) hypothesized that bilaterabeggment of the amygdala reflected
incomplete neuronal pruning in early developmenPRertinent to this observation,
postmortem findings from adults with autism revdalecreased cell packing density of the
amygdala (Bauman & Kemper 1994:119). Other ingestirs reported normal or reduced
size of these structures in samples of children ahdlts with autism (Pierce, Muller,
Ambrose et al 2001:2059; Haznedar, Buchsbaum, Wi 2001:157; Aylward, Minshew,
Goldstein et al 1999:2145; Piven, Bailey, Ransoa 40698:105).
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These observed differences might be ascribed taldfgeences among subjects included
in different samples. Sparks and coworkers (200@hcleded that observed size
differences of amygdalae and hippocampi in foufite-year-old children with autism
(compared to adolescent or adult size) might beilsst to arrested development or
increased apoptosis of these structures over tmsylting in a reduction of size.
Functional studies using fMRI consistently foundnabmalities in activation of the
amygdala and the fusiform gyrus, which containsfidséorm face areaso called because
of its involvement in facial processing and soctalgnition. These fMRI studies
demonstrated limited or no activation of the amygdend the related fusiform gyrus in
autism, and it appeared that autistic patientduam regions not typically associated with
facial processing. It was suggested that aufisttents were performing the task of facial
processing, but that they were using alternateidindyncratic regions to do so, including
regions more typically used for object perceptiNic¢lson & Szatmari 2003:533). These
fMRI studies demonstrated that patients with autéonnot use brain regions typically
involved in social cognition in the same way thaittol subjects do (Nicolson & Szatmari
2003:533).

Individuals diagnosed with autism consistently th#ory-of-mind tasks, and Baron-Cohen
(1995) theorized that the extreme abnormalitiesoitial cognition in autism result from an
abnormality in an amygdaloid-prefrontal circuithel prefrontal cortex, the amygdala, the
superior temporal sulcus and the insular cortemnfpart of the neural network underlying
social cognition (Kolb & Whishaw 2003:602). Panie€1998:272) theorizes that specific
regions such as the cingulate gyrus, septal aeshnbcleus of the stria terminalis, preoptic
area, dorsomedial thalamus and the periaquedueia BAG) all play an important role in

social cognition and social bonding.

The limbic system, particularly the amygdala, playsrucial role in behavioural responses
to emotional stimuli and in emotional learning (Pueez, Naudé & Pretorius 2004:27;
Naudé, Pretorius, Van Schoor & Becker 2005:47 tdPites, Naudé & Pretorius 2005:310).
Autistic children have too many densely packed malirons within parts of the limbic

system (Bauman & Kemper 1994:119), suggesting dakective cell death (or apoptosis)
has not progressed normally (Margolis, Chuand & R894:946). This also means that
neurons do not interconnect with the rest of tharbas well as in typically developing

children, which suggest that a biochemical progran neuronal development has
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malfunctioned (Panksepp 1998:276). Amygdalar danagairs recognition of emotional

faces (Adolphs, Tranel, Damasio et al 1994:669) lzasl been implicated in an impaired
ability to link visual perception of emotionallylesant stimuli among individuals with

autism (Adolphs, Sears & Piven 2001:232).

From the preceding discussion it is clear that hurbaain development follows a
programmed continuum, and programmed developmeghtniie disrupted at any stage
along this developmental continuum. Considerabdgmess has been made in unravelling
the nature of the stress response and in undensganihe neurobiological and
neuroendocrine underpinnings of prenatal and ptatséress on programmed cortical

development.

The impact of prenatal stress on cortical develogmagll be discussed in the following

paragraphs.

3.4 THE IMPACT OF PRENATAL STRESS ON CORTICAL DEVELOPME NT
AND AGENESIS

The conceptgenesigefers to developmental failure in certain cottiegions (Kolb &
Whishaw 2003:Glossary). Age is an important deteamt of the effects of early lesions
and general cortical development. Three criticgé aivisions have been identified:
gestational period up until before one year of dg#ween one and five years, and older
than five years (Kolb & Whishaw 2003:626). KatBsirnette, Eliez et al (2004:539-546)
postulated that agenesis might occur due to prernegenatal or postnatal environmental
events, which might include prenatal trauma inftren of reduced blood flow or oxygen
and exposure to toxins and elevated levels of glodizoids due to prenatal and postnatal
stress. In psychobiology the concspessis anything that activates the pituitary-adrenal
system (the ACTH-cortisol axis). Everything thatypically considered to be a stressor in

humans generates this brain response (SucheclkipiNeDers & Levine 1995:169).

Teicher and coworkers (2002:399) have postulatedissade model for explaining the
neurobiological effects of prenatal stress on mogned cortical development. Their
cascade model is built on five fundamental premidésst, exposure to stress early in life

activates stress-response systems and fundamealtaity their molecular organization to
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modify their sensitivity and response bias. Secangbosure of the developing brain to
stress hormones affects myelination, neural monmywl neurogenesis, and
synaptogenesis. Third, different brain regiongediin their sensitivity, which depends, in
part, upon genetics, gender, timing, rate of dgualent, and desity of glucocorticoid
receptors. Fourth, there are enduring functiooaisequences that include attenuated left
hemisphere development, decreased right/left hdmaispintegration, increased electrical
irritability within limbic system circuits, and dimshed functional activity of the
cerebellar vermis. Fifth, there are associatedrapmychological consequences and
vulnerabilities, which lead to enhanced risk fbe tpathogenesis of autism. In the
following paragraphs the hipotalamic-pituitary-atakstress response (also known as the

HPA-axis) will be discussed.

3.4.1 The Hipotalamic-Pituitary-Adrenal Stress Regonse

A variety of neuroemotional influences convergeoetis of the paraventricular nucleus
(PVN) of the hypothalamus, which contain corticptim releasing factor (CRF)

(Suchecki et al 1995:172). The stress responsg tbasists of an alarm phase (the
pituitary-adrenal stress response system), as vesll a resistance phase (the

sympathoadrenal stress response system), depictigdiie 3.4(page inserted)

As illustrated in figure 3.4, the piruitary-adremalkponse is instigated by CRF from the
PVN of the hypothalamus, which via axons descendowgard the pituitary, can trigger
ACTH release from the pituitary (Panksepp 1998:118LTH, which is released into the
bloodstream, seeks out target tissue in the adoemédx, where it triggers the release of
cortisol. Cortisol helps promote energy untilipatiin the body, and obviously more
bodily resources need to be used in all stresstuatoons. This perpheral system is
aroused in response to essentially all emotiona&ssors. The central CRF pathways

within the brain help organize and coordinate u#sioegative emotional responses.

Cortisol also feeds back onto brain tissue, wheeeetare specific receptors for the steroid
hormone, especially in the hippocampus (which @istcognitive processing), as well as
on the CRF neurons of the PVN. Cortisol normallgrés an inhibitory effect on the PVN

cells and thereby reulates the intensity of thesstresponse. This HPA axis may be

permanently altered, resulting in this self-reguigt negative feedback mechanism to no
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FIGURE 3.4
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longer operate properly, consequently stress regsodo not diminish normally once a

stressful episode is over.

The feedback of cortisol onto hippocampal tussules anodifies cognitive abilities
relevant to stress. It is postulated that cortie@ht help promote cognitive strategies to
cope with stressors (Panksepp 1998:118). Thisbtesgdmechanism is also subject to
imbalances. The neurons that contain the cortisoéptors can tolerate only so much
stimulation. If cortisol secretion is sustaineagdatessive levels, the metabolic resources of
hippocampal neurons become depleted and die preghat{McCubbin, Kaufmann &
Nemeroff 1991; Sprott, Huber, Warner & Williams B3%riedman, Charney & Deutch
1995). Since brain cells are not replaced, thishmrism might impact on programmed

foetal cortical development (Panksepp 1998:119).

A second major limb of the stress response is vigearal pathway arising from the
hypthalamus and descending to the spinal cord,hwie sympathetic efferents, activates
the release of adrenaline (epinephrine) and nomatire (norepinephrine) from the

adrenal medulla, as depicted in figure 3.1 below.

Adrenaline (epinephrine) and noradrenaline (noeggmmine) from the adrenal medulla
help to break down liver glycogen rapidly and makendant blood sugar available for the
stressed individual. Practically all visceral argaand many other brain and immune
responses are recruited during stress (Friedmat #995). These visceral, or enteric,
nervous system is critical for elaborating orgaspomses during stress (McCubbin et al
1991) and consists of an endogenous plexus of si¢heat line the gastrointetinal system
and other organs; they are rich in various neurtiggeg, which have some influence back
into the brain via afferent neural and humoral esut The brain itself contains many
similar neural systems spread throughout the lingystem and related brain areas that
govern the central integration of emotional respotys and autism might arise from

overtaxed emotional responses prenatally (Panks@9®:119).
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Figure 3.1
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3.4.2 The link between glucocorticoids and the pathogenissof autism

There appears to be a link between the pathogeoésistism and prenatal endogenous

and exogenous glucocorticoids as well as endogenpiases (Panksepp 1998). Research
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findings implicate elevated levels of cortisol hetpathogenesis of autism (Beversdorf et
al 2004), resulting in disrupted neural developnueming the second trimester of gestation
when the foetal brain stem, cerebellum and limlaithwwvays must be generated (Bauman &
Kemper 1995:1-26). In keeping with these findinBgeyversdorf in 2004 pointed out a
significant relation between prenatal stress amd dévelopment of autism (Beversdorf
2004). The neurobiological impact of stress ptmrthe 28' week of gestation might
produce structural neural changes, specificallyargigg the cerebellum, the brain stem
and limbic pathways, including the hippocampal g&apolsky 2000:925-935). Sapolsky
(2000) found that programmed apoptosis is affedigel to the neurobiological impact of
stress on foetal development, which concept reletesely to the pathogenesis of autism.
Sapolsky (2000:925-935) established that incredsedls of cortisol in response to
chronic stress (maternal or foetal) might kill reereells in the hippocampus. If
hippocampal activity is thus compromised, excesswisol is secreted and, over time,
the ability to turn off the stress response de@gawhich leads to further atrophy of the
hippocampus. These findings indicate that chraetress leading to chronic secretion of
cortisol may have long-lasting effects on physittaictioning, including brain damage.
Programmed apoptosis may be grossly interfered, wipecially within the areas of the
hippocampus and the cerebellum. MR-imaging comd@nstructural differences of the
cerebellum, the brain stem and limbic system aasedtiwith autism (Beversdorf 2004),
and these structural differences were further aatst with elevated levels of
glucocorticoids and endogenous opiates during gestéBertram & Hanson 2002:459—
467). Elevated glucocorticoids inhibit foetal gtbwand are associated with altered

programmed foetal cortical development (Bertram&bbn 2002:460).

In addition, fMRI studies demonstrated differentttpans of limbic and paralimbic

structure activation due to an excess of glucommids. Of theoretical importance are
findings of failure to activate the anterior cingtd, as well as amygdala activation during
symptom provocation studies, in keeping with simikdoservations that were made in
autistic disorder (Panksepp 1998). Villarreatl d&ing (2001) suggested that anterior
cingulate dysfunction produces failure to inhibmygdala activation and/or an intrinsic
lower threshold of amygdala response to fearfaisli These observations are in keeping
with research findings implicating disrupted neudgvelopment, i.e., brain stem,
cerebellum, hippocampal and limbic pathway abnoitreal among individuals with

autistic disorder (Bauman & Kemper 1995:1-26; Ssipl2000:925-935). In addition,
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Sapolsky (2000:925-935) found that programmed amiptis affected due to the
neurobiology of stress, which concept relates ¢josethe pathogenesis of autism (Kalat
2001:346).

The preceding review of research findings demotestreat various factors may contribute
to disrupted programmed neurogenesis, and bechisseesearch focuses on the role that
prenatal stress plays in the pathogenesis of autidoilows that the critical age at which

developmental failure occurs due to prenatal streiisdetermine the effects thereof.

Exposure to excessive levels of glucocorticoidsataly results in arrested programmed
development in certain cortical regions, as sunaedriin table 3.3 at the end of this
discussion. These regions are particularly impédan the pathogenesis of autism, and
abnormalities are closely linked to expression wiistic behaviour, as discussed in the

following paragraphs.

3.4.3 Autistic expression in handwriting

Lesions to the lateral parts of the cerebellumugisrarm, hand and finger movements,
because of cerebellar involvement in the timing anduracy of movements, which are
also implicated in autistic disorder (APA 2000:7%)ccording to Thatch and co-workers
(1992:429) the primary role of the cerebellum ih&dp make fine adjustments needed to
keep movements accurate. In addition to an irnglidi maintain movement accuracy, the
child’s error restoration might also be impairedraditionally these types of difficulties
were ascribed to inadequate fine motor control.wéieer, writing and drawing partially
depend on movement-to-movement learning and adgmsnthat are made by the
cerebellum (Kolb & Whishaw 2003:218). These authekplain error detection and
restoration involved in handwriting as follows: gpose a child performs a specific hand
skill involved in letter formation, but finds thdte shape is entirely incorrect. The child’s
next attempt is aimed at correcting the originaberresulting in two different versions of
the same manoeuvre, i.e., the movement that thd chended to make, and the actual
movement as recorded by sensory receptors in tigers, arm and shoulder. If the first
attempt at letter formation is successful, thecctldes not need to correct the next attempt;
however, if the first attempt is incorrect, an atijment is required. “One way in which the
adjustment might be accomplished is through thellfaek circuit that allows the

cerebellum to correct movements. The cerebellugeives information about the
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instructions sent to the motor neurons by the iofeplivary nucleus. It receives

information about the actual movement through thieccerebellar tract. By comparing
the message for the intended movement with the mewethat was actually performed,
the cerebellum can send an error message to thexcor improve the accuracy of the
subsequent movement” (Kolb & Whishaw 2003:219). kéeping with this explanation,

the cerebellum uses information about the intendextement as well as the actual
movement to calculate the error and projects toctiitex how to correct the movement.
Information about this correction is incorporatedoi the child’'s next attempt at letter

formation. The rhythm involved in handwriting migdiso be disrupted.

3.4.4 Autistic expression in auditory and spatigunctioning

Excessive exposure to glucocorticoids during gestatay also result in auditory and
spatial deficits, because vestibular-temporal systabnormalities are implicated
(Hendrickx & Hummler 1992; Emmanouil-Nikoloussi &t 2000). The receptors in the
inner ear detect differences in air pressure aagg®win pitch, loudness, and timbre, and
these differences in pressure are conveyed fromirther ear to the brain as action
potentials. These action potentials are interpréteareas of the cortex in the temporal
lobe as sounds, language, and music. The audiystgm is composed of tonotopic maps,
and it locates sound in space by comparing the timehe sound’s arrival at each ear,
which is subject to the perception of the spaceuraothe body (Kolb & Whishaw
2003:187). In autism this perception of space adaine body seems to be compromised.
In addition, when perception of timing and lengtran auditory stimulus is compromised,
post-natal sound location might be compromised el which is especially significant in
autism. The inner ear also contains the recepysies that mediates static and dynamic
balance, and once again, these functions seem torbpromised in autism. Apart from
cerebellar involvement in eye movement control,gathways projecting from the balance
receptors to nuclei in the brainstem also aid imtrdling eye movements (Kolb &

Whishaw 2003:188), and therefore eye muscle contrght also be impaired.

In addition, a child who suffers from disorderstbé cerebellum might suffer a loss of
timing, both in movement and in perception (finggeping, judging rhythm and the length
of an auditory stimulus) (Kolb & Whishaw 2003:217)his might manifest as poor time

perception, e.g., embedded rhythm associated \wiech sounds involved in language
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acquisition, awareness of syllables in words, dlify memorizing songs and poems, and
these might easily be mistaken for temporal los®tes. Timing, rhythm and length of an
auditory stimulus are closely linked to accurateegption of speech. Language is spoken
at a rate of up to 12 phonemes per second, andasnenderstand speech at a rate of 50 to
60 sounds per second (Werker & Tees 1992:377).erefs(2001:243) asserts, “speech
typically consists of a continuously changing pattef sound with few periods of silence.”
When the perception of the length of sounds arehsdés are disrupted, the child might
find it difficult to decide how the continuous sire of sound should be divided up into
words, in keeping with Eysenck’s proposed “segmtemigroblem” (Eysenck 2001:243).
In addition, the child might have difficulty detew the prosodic patterns of speech
necessary for working out syntactic or grammatstaictures. It is further suggested that
synchronisation of visual and auditory informatisrclosely related to the perception of
timing, rhythm and length of auditory stimuli meidid by the cerebellum, and lip-reading
might thus be compromised. Eysenck (2001:246yts8&t even individuals with normal
hearing make use of visual information from lip raments to make sense of speech
sounds. However, when perception of timing, rhythnad length of auditory stimuli is
impaired, this might lead to the so-called McGurte&@ (McGurk & MacDonald
1976:746-748). This McGurk effect might easily bmisdiagnosed as auditory

discrimination difficulties.

3.4.5 Autistic expression in attentional and emainal processes

The cerebellum was long believed to simply contrator coordination, but it is now
known to contribute to attentional and emotionalgesses as well (Panksepp 1998:204;
Heath, Llewellyn & Rouchell 1980:254-256). Alongthvthe ganglion cells that play a
part in vision, there are some other specializedhglijan cells that form the
retinohypothalamic tract to the suprachiasmaticleus; which play a role in regulating
circadian rhythms (Barlow & Durand 2002:203), incplied in sleep rhythm disturbances.
The suprachiasmatic nucleus (SCN) might be viewedha “major pacemaker for the
daily clock” (Panksepp 1998:130), and is situatedhie hypothalamus above the optic
chiasm. The multiple output pathways from the S@Nactically control all behavioural
rhythms, from feeding and sleep to arousal andicadrtenergy balance regulation
(Panksepp 1998:174). In addition, circadian rhyfare thought to have some relationship

to mood and emotional processes (Barlow & Duran@22fD3). It thus follows that
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lesions to the cerebellum and the SCN might resultlefective arousal regulation,

circadian rhythms, and mood irregularities, whicé all implicated in autistic disorder.

Table 3.2 Possible sensorimotor learning deficits u# to excess glucocorticoids
during gestation (Naudé, Marx, Pretorius & Hislop-Esterhuyzen 2006 (

press)

Affected area Sensorimotor deficits

Cerebellum All forms of motor learning and vestibular
functioning;
Compromised movement-to-movement learning

such as handwriting.

Flocculonodular lobe Poor static and dynamic balanc

Eye movement deficits.

11

Midline areas of the cerebellum Disrupted balancesye movements, upright postur

and walking.

Lateral parts of the cerebellum Disrupted arm, hahand finger movements;
Compromised timing and accuracy of movements;

Inability to detect and restore errors of movement.

Ganglion cell layer Deficits in encoding of visuiadormation;
Faulty saccades and fixations;
Compromised reading fluency and comprehensian;
Segmentation problems;

Difficulty detecting the prosodic patterns of sggeq
Difficulty detecting syntactic or grammatical
structures of speech;

Faulty lip-reading;

McGurk effect.

Suprachiasmatic nucleus (SCN) Cortical energy balare dysregulation;
Disturbed circadian rhythms;
Altered mood and emotional processes;

Defective arousal regulation;

Altered attentional processes.

It is thus concluded that the supply of glucocaitis should be carefully monitored during
gestation to ensure that the developing fetus m®ed to neither too little nor too much,

because either condition can disrupt programmedl|dpinent.
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3.5 SYNOPSIS

Considering the preceding literature on the adveslects of glucocorticoids during
gestation, as well as the structural and functidmaln alterations that result from over-
exposure, it is suggested that prenatal stress tnptgy a significant role in the
pathogenesis of autism. The various impairmergsaated with autism also suggest that
excess levels of glucocorticoids might be implidatee., speech deviations such as pitch,
intonation, rate, rhythm, odd hand movements ardy lpwsture, high threshold for pain,
emotionality, abnormalities in sleep, deviant feesponse, and so forth (APA 2000:75-
77), because many of these behaviours are medigitdte brain stem, the cerebellum, the

hippocampus, the limbic system and its relays.

In the following chapter the data of the empiricaestigation will be discussed and

analysed.
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