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Abstract. Neural network theory indicates that inadequate expression
of nitric oxide will cause narrow cortical neural columns, predicted on
theoretical grounds and recently observed in autism. Another recent neu-
roanatomical finding in autism, early rapid growth of the cerebrum, may
also be explained by inadequate expression of nitric oxide. Another long
known neuroanatomical abnormality in autism, a reduced number of
Purkinje cells in the Cerebellum, may also be caused, or aggravated,
by inadequate expression of nitric oxide synthase. Some characteristics,
such as motor impairments, sleep problems, deficit in aggression control
and reduced nociception, which are not uncommon in autism, have been
found in animal studies when nitric oxide synthase has been suppressed.

1 Introduction

Autism is a developmental disorder characterized (DSM-IV, 1994) by qualita-
tive impairments in social interactions and in communication and by restricted,
repetitive and stereotyped patterns of behavior, activities and interests. A num-
ber of theories of autism have been proposed, among them a ‘theory of mind’
deficit (Happé, 1994 [1]), ‘executive functions’ deficit (Ozonoff et al. 1991 [2],
and Bishop, 1993 [3]) and ‘weak central coherence’ (Frith 1989 [4]). For a brief
review of these theories, see Happé and Frith 1996 [5].

Even though the diagnostic criteria are behavior-based, many neurobiological
abnormalities have been found to be associated with autism, for an introduction
see Gillberg and Coleman 2000 [6]. These abnormalities are many and diverse
and few, if any, are consistent, i.e. they are not found in all cases examined,
making it difficult to build a theory of autism based on biological abnormalities.
It is, however, the purpose of this paper to show that a number of biological
abnormalities in autism may have one, until now overlooked, common cause.
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The cause of autism proposed in this paper is an inadequate expression of nitric
oxide (NO) in CNS.

Neural network theories, or connectionist theories, (Cohen 1994 [7], Gustafs-
son 1997 [8]) attempt to model autism and combine information from psychology
and biology. Hermelin’s (Hermelin 1978 [9]) statement that children with autism
“do not tend to integrate current experience with schemas and representations
from previous sensory impressions” is understood to mean that they do not
build adequate cortical feature maps. Models of cortical feature maps which are
not adequately organized to extract features from stimuli are seen as exhibiting
autistic characteristics. The cause proposed for such inadequate cortical feature
maps is the same as the cause proposed for the biological abnormalities.

The synthesis of NO is widely spread in the central and peripheral nervous
system, and also in the immune system. In addition it plays important roles in
the cardiovascular and endocrinological systems. NO is synthesized from NOS
(Nitric Oxide Synthase) of different origins. In the CNS nitric oxide synthesized
from both nNOS (neuronal NOS), and eNOS (endothelial NOS) is widely spread.
Particularly high concentrations of NO has been found in the cerebellum but
NO is also prominent in cerebrum. NO has been found to be of importance
for both long term potentiation (LTP) and for long term depression (LTD) in
hippocampus; NO is thus important for learning. For an overview of the functions
of NO in the brain, see Mize et al. 1998 [10].

2 Columnar Organization in Cortex
and in Neural Networks

A columnar organization of neurons is common in cerebral cortex (Mount-
castle 1957, 1997 [11, 12]). Likewise in models of self-organization of feature
maps, a columnar organization emerges (Kohonen 1984 [13]). It has been argued
(Gustafsson 1997 [8]) that columnar organization consisting of narrow columns
would be inadequate for feature extraction and would therefore model autism. It
has recently been shown (Casanova et al. 2002 [14]) that the neural minicolumns
in frontal cortex are narrower in individuals with autism than in normal indi-
viduals.

In the early models of cortical maps (see Kohonen 1984 [13]) it was assumed
that these were formed by afferent inputs to a neural network with both lateral
excitatory and inhibitory connections. A balance between these different lateral
connections must be present for stable neural columns to form; if the excita-
tory connections were weak and/or inhibitory connections strong, the resulting
columns would be narrow.

It has later been shown (Gally et al. 1990 [15], Montague et al. 1991 [16],
Krekelberg and Taylor 1996, 1997 [17, 18]), both through simulations and math-
ematical analysis, that stable cortical maps can develop without the lateral exci-
tatory/inhibitory connections but with a “diffusing messenger”, NO. The width
of the excitation, i.e. the neural column, in the map was found to be depen-
dent on the rate of production of nitric oxide with narrow widths obtained if
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NO production is low. Inadequate NO levels would thus cause narrow columns,
predicted on theoretical grounds by Gustafsson and experimentally found by
Casanova et al.

3 Recent Findings Regarding Cerebral Growth

Recent investigations of cerebral development (Carper et al. 2002 [19], Ak-
shoomoff et al. 2002 [20], Courchesne 2002 [21], Courchesne et al. 2002 [22]) show
that there is an early more rapid growth of most of cerebrum in children with
autism than in normal children. The rapid growth is particularly pronounced in
the frontal lobe but also in the temporal and parietal lobes, however absent in
the occipital lobe. Since functions which are subserved by the frontal lobe such as
social functioning are known to be impaired in autism while visual functioning,
subserved by the occipital lobe is relatively spared, this early hyperplasia can
arguably be related to functional impairments in autism. Carper et al. suggest
that elevated levels of neurotrophins may affect neural development, e.g. axonal
branching, such that an early rapid growth follows.

An equally valid explanation is that an arresting factor is absent or inade-
quate. Several animal studies (Peunova and Enikolopov 1993 [23], Ernst et al.
2000 [24]) show that NO acts as such an arresting factor. But could the effects of
NO be limited so that the occipital lobe is not affected? The work by Csillik et al.
(Csillik et al. 1998 [25]) shed some light on this question. They found that NO is
important in the columnar organization of neurons in prefrontal cortex but not
in area 17 in the occipital lobe. The work by Tobin et al. 1995 [26] point in the
same direction. They have shown that inhibition of NOS does not impair visual
or spatial discrimination. The effect of NO in cortical organization is important
only in areas that were shown to grow rapidly in the recent investigations of
cerebral growth. Inadequate NO could both impair organization and also not
arrest neural growth in a normal way in the frontal lobe but leave the occipital
lobe unaffected.

4 Cerebellar Abnormalities in Autism

The existence of cerebellar abnormalities in autism has long been known, with
a reduced number of Purkinje cells (Ritvo et al. 1986) being a very common
finding. NO is expressed in Purkinje cells and therefore a decreased level of NO
could be expected to affect the functioning of those cells. It has also recently been
hypothesized (Courchesne 2002 [21]) that Purkinje cells are under excitotoxic
stress in children with autism at the age when the rapid growth of the cerebrum
occurs.

NO has been shown to have both a neuroprotective and a neurodegenerative
role (Snyder 1993 [27]). In this context it is relevant to point to the results
by Ciani et al. 2001 [28] that long-lasting inhibition of NOS can aggravate the
damage in excitotoxic brain injuries.
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5 Other Common Impairments in Autism
Where NO Is of Importance

Although not part of the diagnostic criteria, motor impairments are common or
even universal in autism (Minshew et al. 2002 [29]). Motor functioning involves
both cerebrum and cerebellum and in this context it is relevant to point to the
work by Yanigihara and Kondo 1996 [30] who find that “NO in the cerebellum
plays a key role in motor learning”.

Sleep problems, particularly in early childhood, has long been known to be
common in autism (see Gillberg and Coleman 2000 [6]). A number of investi-
gations indicate that NO plays a role in the regulation of sleep-wake activity.
Inhibition of NO synthesis inhibits sleep in rats (Kapás et al. 1994 [31]).

Temper tantrums in children with autism is often encountered and is some-
times aggravated at onset of puberty (see Gillberg and Coleman 2000 [6]). NO
has been proven to be important for the regulation of mood. Aggressive and ab-
normal sexual behavior has been reported in mice with suppressed NOS (Nelson
et al. 1995 [32], Demas et al. 1997 [33]).

It has been observed that some individuals with autism have reduced noci-
ception, they are less sensitive to pain from mechanical and thermal abuse (see
Gillberg and Coleman 2000 [6]). NO facilitates induction of nociception (for a
review see Millan 1999 [34]). NO also facilitates the maintenance of nociception,
see, e.g. Yoon et al. 1998 [35]. It has been established that selective inhibitors of
nNOS reduce the sensitivity to nociceptive stimuli, both mechanical and ther-
mal, in rats, (see Handy and Coleman 1992 [36]).

6 Conclusion

It is claimed that the indications that deficient NO expression in the CNS will
cause autism are sufficient to warrant neurophysiological investigations. If the
relevant NOS activity can be upregulated then this could offer a therapeutic
approach to autism in very early development.
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