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Choline: 
Essential Nutrient & Promising Intervention



Choline Supplementation as Treatment for FASD

= Reduced Ethanol-
Induced Alterations

Ethanol-Induced Alterations in 
• Spatial Learning & Memory
• Working Memory
• Hyperactivity
• Anxiety
• Immune Function
• Sleep

How does 
Choline 

Supplementation 
Reduce the 

Severity of FASD 
Symptoms 
Long-Term?

Choline 
Supplementation



Choline Metabolic Pathways:
● Folate Cycle ● Methylation ● Transsulfuration 



Choline Mechanism of Action?

Does Prenatal Ethanol Exposure 
Lead to Changes in 
Choline Metabolism 

= Mitigates Ethanol-Induced Alterations in 
Choline Metabolism

FASD Symptoms?

Choline 
Supplementation

Reduced FASD Symptoms?



Experimental Timeline



Specific Interest in 
Choline Metabolite Changes 

After Choline Supplementation 
as Mitigation of Ethanol-Induced 

Behavior is Long-Lasting

PD35

• Hippocampus Dissected & Plasma 

Collected
• LC-MS/MS Analysis using SCIX 

5500 Qtrap
• 3-way ANOVA: EtOH, Choline 

Supplementation, & Sex



Does Alcohol Exposure During Development 
Alter Choline Levels in the Hippocampus or Plasma?

Choline 
Deficiency 



Developmental Ethanol Exposure 
Does NOT Lead to Choline Deficiency
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Does Alcohol Exposure During Development 
Alter Choline Metabolites in the Hippocampus or Plasma?



What We Found…
Sex-Specific Effects of Prenatal Alcohol 

and Choline Supplementation



Sex-Specific Differences in Hippocampal 
Choline Metabolites



Female-Specific EtOH-Induced Decreases in 
Betaine, But No Downstream Effects
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EtOH-Induced 
↓ Betaine

But no effects 
downstream 

towards other  
pathways

Another Betaine 
Pathway 
Altered?* p < 0.05, n = 10-12 per group



Hippocampal Choline Metabolites in Males

No Effects of 
EtOH or Choline on 

Hippocampal Metabolites 
in Males



Sex-Specific Differences in Plasma 
Choline Metabolites



Female-Specific Decrease in Plasma 
Betaine:Choline Ratio, But Not Betaine or Choline
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* p < 0.05, ^p < 0.09, n = 11-12 per group



Sham EtOH
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Female-Specific Choline-Induced Increase in 
Plasma Homocysteine  

*

* p < 0.01, n = 11-12 per group

↑ Homocysteine 
= 

Changes in 
Downstream 

Methylation or 
Anti-Oxidative/ 

Anti-Inflammation 
Pathways?



Female-Specific Choline-Induced Increase in 
Plasma SAM & SAH, but not SAM:SAH Ratio  

^ p < 0.06, n = 11-12 per group
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Female-Specific EtOH+Choline-Induced 
Increase in Plasma Cystathionine 
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* p < 0.01, n = 11-12 per group

EtOH+Choline
↑ Cystathionine 

= 
↓ Oxidative 

Stress & 
Inflammation?



Male-Specific EtOH+Choline-Induced Increase 
in Plasma SAM:SAH Ratio, But Not SAM or SAH
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* p < 0.01, n = 11-13 per group



Summary of Sex-Differences



&

Transsulfuration 
Pathway 

Methylation 
Pathway 

Reduce 
Inflammation & 
Oxidative Stress
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Questions?
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No Effects in Plasma Methionine or 
Methionine:tHcy Ratio



No Effects in Hippocampal Methionine 
Note: tHcy Not Examined in Hippocampus
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No Effect of Hippocampal Betaine:Choline Ratio
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