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What are the Objectives of Animal Models?

Identify 
developmental 

neurotoxicants that 
lead to ASD

Prototypes
(basic science 
mechanisms)

Trackable
exposures
(epidemiology)

No complete 
animal model of 

ASD!

Point out and group 
potential environmental 

toxicants

Identify types of 
mechanisms 

contributing to 
adverse outcomes

BUT

Animal results 
lead to human 
investigations

Human results 
lead animal 
studies to 

prove cause-
and-effect



Main Points

• Why do neuroactive agents produce permanent alterations with 
developmental exposures?

• Why is there a critical period for these effects?

• Why do apparently unrelated agents produce similar outcomes?

• Interaction of animal studies - human studies in ASD:

the example of terbutaline and beta-adrenergic receptors



Neurotransmitter Signals Control Cell FateNeurotransmitter Signals Control Cell Fate

Nerve
Terminal

Receptors

Signaling
Cascades Nucleus

∆ Gene Transcription

Replicate    Differentiate    Grow    Die    Learn

The same neurotransmitter may be used for multiple decisions



Cells Learn During a Critical PeriodCells Learn During a Critical Period

Change in Cell DifferentiationChange in Cell Differentiation

Permanent Change in the Permanent Change in the 
Response to StimulationResponse to Stimulation

Input Input AfterAfter Critical PeriodCritical Period

ShortShort--Term Response ElicitedTerm Response Elicited

ShortShort--Term, Reversible, Term, Reversible, 
Compensatory AdjustmentsCompensatory Adjustments

Input Input DuringDuring Critical PeriodCritical Period



Postsynaptic Receptor and Response RegulationPostsynaptic Receptor and Response Regulation
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Positive Feedback for Receptor Control During Development Positive Feedback for Receptor Control During Development --
Peripheral Autonomic FunctionPeripheral Autonomic Function
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Stimulation Reinforces the Response:
Lung Surfactant Synthesis

Early Interference Permanently
Blunts the Response:

Cardiac Hypertrophy Response

The same principles operate in the developing brain
The principles are universal

operate for other transmitters

operate in development of lower organisms



Neural Input Programs Response DevelopmentNeural Input Programs Response Development
•• Critical period of stimulation

• Positive feedback reinforces response

• Changes differentiation fate of the cell

• Programming of future responses to stimuli

• Corollary:  sending the “wrong” signal will produce miswiring

• Neuroactive drugs - drugs of abuse / therapeutic agents

• Environmental contaminants (organometals, insecticides)

• Stress / hormonal perturbations

• Terbutaline - an example relevant to ASD



TerbutalineTerbutaline ((Mis)useMis)use in Preterm Laborin Preterm Labor

•• Stimulates beta-adrenergic receptors - inhibit uterine contraction
• Crosses the placenta to stimulate fetal receptors
• Effective for 48 hr max but used widely for maintenance Rx

• Animal studies from our lab, 1980s-1990s
altered neural cell differentiation
receptor and signaling shifts
permanent changes in responsiveness

• Hadders-Algra 1986 - impaired school performance
• Pitzer 2001 - psychiatric, learning disorders 



Shares morphological, behavioral characteristics of autism
Excessive beta-receptor stimulation elicits oxidative stress
Evokes neuroinflammation
Critical period corresponding to 2nd trimester in human fetus
Decompensation of CVS function like that reported in autism

JPET, in press



Continuous terbutaline exposure for 2 weeks or longer was associated 
with increased concordance for autism spectrum disorders in dizygotic
twins (relative risk = 2.0), with a further increase in the risk for male twins 
with no other affected siblings (relative risk = 4.4).

A significant association was found between the presence of 16G and 
27E polymorphisms in autistic patients compared with population controls 
(P = .006).

Prenatal overstimulation of the BAR by terbutaline or by increased 
signaling of genetic polymorphisms of the BAR that have diminished 
desensitization can affect cellular responses and developmental 
programs in the fetal brain, leading to autism.



• Animal models provide mechanisms for neurodevelopmental disorders

• Databasing - systematic exploration of the animal literature for 
developmental neurotoxicants and final common pathways suspected as 
factors for ASD
– examples - terbutaline, organophosphates, agents producing oxidative stress

– results from animals can be used to trigger studies of human populations for 
exposures and outcomes

• Added value from examining outcomes where exposures can be readily 
documented and that have specific mechanisms (eg terbutaline)

CONCLUSIONS



– In vitro models to better identify and characterize developmental neurotoxicants

• siRNA to isolate specific mechanisms potentially involved in ASD

• cells humanized with polymorphisms (receptors, other?) associated with ASD

• microarray “fingerprints” for developmental neurotoxicity, focusing on ASD-
related pathways (e.g. oxidative stress, neuroinflammation)

– Lower organism models: C. elegans, zebrafish, sea urchins

– Peripheral surrogates predicted by common outcomes for autonomic and CNS 
effects -diagnostic/mechanistic applications

What tools from neurodevelopmental research will prove useful?


