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Brain disorders, including developmental, psychiatric and neurodegenerative diseases affect 
millions of individuals worldwide. In addition to the human suffering they cause, brain disorders 
also carry significant economic costs in terms of lost earnings, direct health care costs and dis-
ability benefits. For example, autism and Autism Spectrum Disorders (ASDs) represent an enor-
mous disease burden with estimates of $3.2 million lifetime cost per case which easily translates 
to $35 billion per year in the US alone (Ganz, 2007). Obviously, better screening methods for 
ASDs might lead to substantially higher estimates of disease burden in the near future. Against 
this background, this brief essay summarizes recent attempts to understand the pathophysiol-
ogy of autism including, treatments available for this particular developmental disease and our 
current ability to properly diagnose autism.

Diagnostic Criteria for Autism
Autism and ASDs are currently estimated 

to affect 1 in 88 children in the US, with male 
children more commonly affected than female 
children at a ratio of 4 to 1, respectively (Cen-
ters for Disease Control, 2012). Although pro-
posed diagnostic criteria for the disease are 
still shrouded in controversy, the Diagnostic 
and Statistical Manual of Mental Disorders 
(DSM-5; to be released 2013) for autism ad-
vocates that autistic disorder, Asperger’s dis-
order, childhood disintegrative disorder and 
pervasive developmental disorder be grouped 
into a single diagnosis. Under these criteria, 
the aforementioned four disorders would rep-
resent a continuum from mild to severe forms 

of cognitive disability; in other words, all four 
disorder phenotypes would be considered a 
variation of autism.

Firm diagnoses for autism are currently 
made in children after the age of two and the 
clinical presentation of the disease are usually 
characterized by deficits in social interaction, 
verbal communication, motor skills and by re-
stricted and repetitive behaviors. It is thought, 
for instance, that autistic children have diffi-
culty identifying emotions and understanding 
feelings (e.g., anger, fear, happiness) in other’s 
faces, which likely contributes to the develop-
ment of inadequate social skills. Children with 
autism also have motor impairments such as 
running, throwing an object and other motor 
coordination skills (e.g., learning how to write) 
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which may be part of the clinical diagnosis 
(Hilton et al., 2012). From this point of view, 
a myriad of cognitive and motor disabilities, 
each with exceptional complexity, describes 
autistic disorder and related diseases. Thus, 
children with autism are catalogued (in most 
cases by the Autism Diagnostic Observation 
Schedule) according to their relevant symp-
toms and behaviors which may arise from dif-
ferent underlying causes.

Neurodevelopmental  
Pathogenesis

It is now well established that autism is a 

neurodevelopmental disorder with a complex 
inheritance pattern of several genes that sub-
stantially increases the probability of disease 
onset. For example, patterns of brain devel-
opment in the first two years of life appear to 
grow more rapidly in children who are later 
diagnosed with autistic disorder than their 
matched-control counterparts who do not de-
veloped ASDs. More specifically, brain white 
matter (i.e., myelin fiber tracts), the conduit that 
provides the network for chemical communica-
tion between synapses, is precociously pres-
ent in disease-prone children at 6 months of 
age (Wolff et al., 2012). However, this pattern 
of rapid brain development unexpectedly halts 

Fig. 1. Biological and environmental factors that may contribute to autism and ASDs. 
These brain pathologies are characterized by varied deficits in socialization, communi-
cation and behavior. Biological factors include mutations in the Shank2 gene (Leblond 
et al., 2012). This particular gene encodes a scaffolding protein that helps stabilize 
synapses between neurons. There is also evidence of duplications and deletions in 
autistic DNA known as copy-number variants (Leblond et al., 2012). Environmental 
factors include low birth weight which may affect neuronal spurt growth, and older 
maternal and paternal age (Rahbar et al., 2012). Prenatal infections and other insults 
during brain development could either independently or in interaction with autism risk 
genes precipitate disease onset. Environmental toxins (McCanlies et al., 2012) and, 
as of yet, unidentified teratogens could also indirectly reduce the number of synapses 
in the developing brain. These data suggest that autism has multiple biological and 
environmental underpinnings.
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by 24 months of age, leaving behind synaptic 
lags throughout the brain parenchyma (Wolff 
et al., 2012). Indeed, structural changes in 
the way neurons make long-distance connec-
tions between the two hemispheres also tend 
to be in short supply in Timothy Syndrome pa-
tients. Affected children display symptoms of 
ASDs and in addition to showing decreased 
size of the corpus callosum, Timothy Syn-
drome neurons release more dopamine and 
norepinephrine molecules than do control 
neurons (Pasca et al., 2011). These findings 
add to previous magnetic resonance imaging 
(MRI) studies showing that high-functioning 
patients with ASDs also exhibit disorganized 
axonal pathways in the corpus callosum and 
in brain sites involved in spoken language 

and social skills (Peters et al., 2012). Further, 
children with Rett Syndrome, another disease 
with autism-like symptoms, show deficits in 
the number of dendritic spines or protrusions 
that help establish synapses in the cortex 
(Marchetto et al., 2010). Collectively, these 
data suggest that at least some phenotypes 
of ASDs arise from defects in the connectiv-
ity between developing neurons and their re-
spective synapses. These data also indicate 
that accelerated head growth (as analyzed by 
head circumference) and general abnormal 
brain enlargement appear to be specific to 
children with ASDs, particularly male children 
with regressive types of autism (Nordahl et 
al., 2012). It should be noted that the above 
neuropathologies do not appear suddenly 

Fig. 2. Current available treatments for autism and ASDs. Because the clinical mani-
festations of autism vary in severity, treatment must be tailored according to diagnosis. 
Behavioral and educational approaches (i.e., non-pharmacological therapies) are 
usually prescribed first to improve social and communication skills. Pharmacologi-
cal approaches involve the use of atypical antipsychotic and off-labeled drugs. These 
pharmacological agents are used to target specific behavioral symptoms that are 
clearly diagnosed. Example of stimulants: Methylphenidate (Ritalin). SSRIs: Selective 
serotonin re-uptake inhibitors. Melatonin: A pineal hormone used for sleep onset and 
sleep maintenance; sleep disturbances are often catalogued in children with ASDs. 
Example of mood stabilizers: Lithium which is used to treat repetitive behaviors and 
anxiety.
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in autistic children, but rather develop dur-
ing infancy raising the possibility of therapy 
intervention during the progression phase of 
the disease. Obviously, we cannot exclude 
the possibility that environmental risk factors 
might be linked to having a child with autism. 

For example, ill-timed infections during preg-
nancy, nutritional deficits during certain mile-
stones of brain development, low birth weight 
or older parental age could all contribute to dis-
ease onset and disease progression (Fig. 1).

Pharmacological and  
Non-Pharmacology  

Approaches to Autism
Because autism and ASDs have broad set 

of causes with common behavioral deficits, 
current therapeutic interventions are also mul-
tifactorial in nature (Fig. 2). It should be noted 
that pharmacological approaches to autism 
do not directly treat the core features of the 
disease, but rather its varied clinical symp-
toms. In the US, drug treatment for ASDs is 
usually implemented after educational sup-
port has failed to improve behavioral outcome 
or as adjunct therapy to behavioral interven-
tion (Weisman and Bridgemohan et al., 2012). 
Either way, only the atypical antipsychotic 
agents, risperidone and aripiprazole are cur-
rently approved by the FDA for use in autism 
and ASDs. Risperidone targets the dopamine, 
norepinephrine, serotonin and histamine sys-
tems of the brain and is commonly prescribed 
for autistic children with disruptive behaviors 
including, aggression, explosive outbursts 
and self-injury (Weisman and Bridgemohan et 
al., 2012). Aripiprazole also targets the afore-
mentioned neurochemical systems and is 
recommended for autistic children with irrita-
bility, stereotypy and hyperactivity symptoms 
(Weisman and Bridgemohan et al., 2012). Off-
labeled drugs are also used for the treatment 
of autism and often include α-2-adrenergic 
agonists (e.g., clonidine), norepinephrine and 
dopamine re-uptake inhibitors (e.g., atom-

oxetine and methylphenidate) and selective 
serotonin re-uptake inhibitors (e.g., fluoxetine 
and sertraline). Of potential interest to adults 
with ASDs, the antidepressant fluoxetine ap-
pears to diminish restricted, repetitive behav-
iors (e.g., compulsive and rigid adherence to 
routines) that interfere with overall functioning 
and considerably limit quality of life (Holland-
er et al., 2011). It is important to point out that 
drugs that target the core features of autism 
are still far off from current clinical practice 
and more research, particularly those linked 
to specific defects of the synapse and its pro-
teins are warranted before the development 
of more-effective therapeutic interventions 
become available.

When it comes to behavioral (i.e., non-
pharmacological approaches) and environ-
mental interventions for children with autism, 
there is, as of yet, no single or best therapy. 
All behavioral therapies aim to maximize cog-
nitive functioning, and teach the patient to 
become more independent and improve the 
quality of life for both the child and his/her 
family. The TEACCH (Treatment and Edu-
cation of Autistic and Related-Handicapped 
Children) method, for instance, focuses on 
organizing the physical environment of the 
child and developing social communication 
and cognitive abilities with flexible, scheduled 
routines (Weisman and Bridgemohan et al., 
2012). Applied Behavior Analysis (ABA), on 
the other hand, aims to teach new skills and 
to reinforce those already learned by break-
ing them down to their simplest form (Weis-
man and Bridgemohan et al., 2012). Thus, 
this particular method of behavior modifica-
tion focuses on reinforcing desired behaviors 
while eliminating those behaviors that are in-
congruent with social norms or expectations. 
The DIR (Development, Individual Differenc-
es, Relationship-Based Approach; also called 
Floor-time) aims to develop feelings and re-
lationships with caregivers and to teach the 
autistic child how to deal with sights, sounds 
and smells in his/her environment. In general, 
behavioral therapies for autism have con-
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siderably improved since Leon Kanner first 
described the disease in 1943. Further, be-
havioral therapies for autism have “borrowed” 
therapies from other neurodevelopmental dis-
orders such as those currently implemented 
for children with bipolar disorder and children 
with Fragile X syndrome. Of particular interest, 
about a third of boys with Fragile X syndrome 
are also diagnosed with ASDs and both dis-
orders share some core, behavioral elements 
(Goebel-Goody and Lombroso 2012). In fact, 
a number of additional pathologies go hand-
in-hand with autism: Endogenous depression 
and attention deficit hyperactive disorder, for 
instance. This suggests that disparate disease 
genotypes could lead to the same ASDs diag-
nosis. Hopefully, research on the commonali-
ties of these brain diseases will help identify 
causes and treatments for autism in general.
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Editor’s  
Column
This issue, the 74th, of 
the Kopf Carrier intro-
duces a new feature, 
Neuroscience Reviews. 
This new feature will be 
published regularly in 

the newsletter and is authored by Brian Hal-
las, Ph.D. and German Torres, Ph.D. along 
with guest authors. Both scientists are at the 
New York College of Osteopathic Medicine of 
the New York Institute of Technology in Old 
Westbury, NY. Dr. Hallas is Chair and Profes-
sor of the Department of Neuroscience and 
Histology while Dr. Torres is Associate Pro-
fessor in the same department. They have 
authored several previous Carrier articles and 
will bring their expertise to bear on numerous 
areas of interest to the neuroscience commu-
nity in the future. Both are active members of 
the Society for Neuroscience and have exten-
sive publication histories.

On a personal note, I have known both 
Brian and German for many years and re-
spect the wide range of interests both have. 
Brian is an avid fisherman and outdoorsman, 
while German is an avid reader. I know that 
their reviews will be both informative and en-
lightening as they appear.

Here in Florida, it is summer and the rainy 
season began early this year. In fact, northern 
Florida was recently inundated with about 19 
inches of rain is a couple days. Fortunately, 
we missed that deluge, but the rains have 
completely reversed the drought conditions 
that had been in effect here. That is good 
news, although it also means that the humid-
ity is high and the mosquitoes are multiplying. 
We have already had one tropical storm that 
developed even before the hurricane sea-
son began on June 1, but it just dumped a 

lot of rain on the northeastern part of Florida 
and Georgia before blowing out to sea from 
whence it came. We hope this does not mean 
that the hurricane season will be much more 
active than usual. So far, so good.

While the next Society for Neuroscience 
meeting is almost 4 months away, it is not too 
early to begin planning for it. Since it will be 
held in New Orleans, it will be an unusually 
fun and productive time. As many recall, the 
last time the Society was slated to go to New 
Orleans, the meeting had to be moved due to 
the devastation of Katrina and the destruction 
of much of New Orleans. I for one, am look-
ing forward to going back to this wonderful 
city and seeing how it has recovered. Please 
make plans to stop by the Kopf Instruments 
booth #2313 when you are there to chat with 
us and look at the superb instruments that will 
be on display in the booth.

If you have any suggestions for reviews 
by Drs. Hallas and Torres, or want to write an 
article for the Carrier, please do not hesitate 
to contact me. As always, all back Carrier is-
sues are available free at the Kopf website 
(www.kopfinstruments.com), along with other 
helpful information such as lists of stereotaxic 
manuals and author instructions.I
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