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FASDs
FASDs can present through a variety of behavioral 
symptoms, including some of the most common:

- Difficulty controlling emotions and impulsivity
- Depression and anxiety
- Attention deficit/hyperactivity disorder (ADHD)

Not every individual with FASD will experience these 
symptoms and it varies between sexes. Other factors 
like dual-drug exposure, an increasingly common 
phenomenon, may also play a role. 

What biological factors lead to these behavioral 
symptoms and such variable outcomes in 
individuals with FASD? 



Endogenous Opioid 
System
Brain areas called the medial prefrontal 
cortex (mPFC) and the dorsal striatum (DS) 
are both part of a neural pathway known as 
the corticostriatal circuit. The connections 
between these two brain regions, specifically, 
are implicated in goal-directed behaviors,  
decision-making, and impulse control. 

Within these pathways, the endogenous 
opioid system, specifically the receptor and 
peptide encoded by OPRM1 and PENK, play a 
specialized role in reward-processing and 
stress response. 



Research Questions

0201 03

Does Alcohol and  
Cannabinoid Co-
Exposure Affect 

Alcohol-Seeking and 
Anxiety-Like 
Behavior? 



Prenatal Exposure Paradigm



Adult Behavioral Analysis



Behavioral Effects
Open Field Test Because of the natural tendencies of mice to avoid being exposed to predators, we 

can use this test as a measure of anxiety-like behaviors.

We observed that males with dual exposure exhibited less center time and that 
dual exposure between both sexes led to increased distance traveled compared 
to single-exposure groups. 



Behavioral Effects

Operant Conditioning

Using different training schedules, 
we were able to test various 
aspects of alcohol-seeking.

In females, we see all exposed 
offspring exhibit increased
ethanol consumption, particularly 
on the highest concentration day.

In males, only the dual-exposed 
offspring exhibited this behavior. 
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Epigenetic Effects

Significant interaction: 

Sex X CB Exposure X ALC Exposure ~ p < 0.01

Significant interaction: 

Sex X CB Exposure X ALC Exposure ~ p < 0.05

Gene Expression

A similar, but opposite pattern can 
be observed between OPRM1 and 
PENK in the mPFC. 

This is indicative of a three-way 
interaction. This means that the 
effects of prenatal exposure will 
depend on sex, alcohol exposure, 
and cannabinoid exposure.



Research Questions

0201 03

Does Alcohol and  
Cannabinoid Co-
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Does Opioidergic 
Gene Expression 

Correlate with 
Behaviors? 



Correlations

Correlation Data

In males, we see a pattern of positive
correlations between OPRM1 in the mPFC and
drinking behaviors. We also see a pattern of 
negative correlations between PENK in the DS 
with those same behaviors. 

In females, notice how many of these 
correlations with alcohol-seeking behaviors 
disappear, while a significant negative
correlation between OPRM1 in the DS and 
open field activity appears.  



In Summary
Research Questions

Does Co-Exposure 
Affect Behavior?

Yes! 
Males: 
↓Center time, ↑Activity, 
↑Alcohol seeking
Females: 
↑Alcohol seeking, ↑Activity

Does Co-Exposure 
Affect Gene 
Expression?

Yes! 
In the mPFC…
Males: ↑OPRM1,  ↓PENK
Females:  ↓OPRM1,  ↑PENK

Correlations Between 
Gene Expression and 
Behavior? 

Yes! 
Males: Drinking behaviors 
(+) OPRM1 in mPFC
(-) PENK in DS
Females: Hyperactivity
(-) OPRM1 in DS

Key findings

● Alcohol and cannabinoid prenatal co-exposure has 
distinct, sex-specific effects on adult offspring 
behavior and opioidergic gene expression. 

● The correlations between gene expression and 
behavior both differ between sexes!

Follow-Up Questions
How might prenatal co-exposure alter the 
effectiveness of pharmacological 
treatments? 

01

02
How can we advocate for FASD-informed 
care? 



How will this affect 
treatments?

Because males and females have inherently 
different gene expression - behavior 

relationships, a drug aiming to correct a 
behavior through altering gene expression, like 

many mood disorder medications, may not work 
equally between sexes. 

This suggests the need for sex-specific treatment 
options that take differences in biological-
behavioral relationships into consideration 



Policy Advocacy

Future Directions

Legislation like the FASD Respect Act can 
improve the lives of individuals with FASD, 
their caretakers, and service providers who 
frequently interact with people with FASD. 

I was honored to be able to advocate for this 
bill with some of my fellow research 

assistants as part of a research advocacy 
program.

Studies investigating the effectiveness of 
various pharmacological treatments in 
reversing negative behavioral outcomes, 
such as alcohol-seeking, in a FASD-like 
model including both sexes would pave 
the way for potential exposure-specific 

and sex-specific treatment plans.

Pharmacological Reversal
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