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What are Ketones?
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How are ketones made?

FAO



4

When are ketones made?

FASTING
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When are ketones made?

Moderate 
intensity 
exercise
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When are ketones made?

Ketogenic Diet

NOT FOR People with a FAOD
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People with FAODs are hypoketotic

No liver FAOD – 
No ketogenesis

Ketones- end 
product of FAO
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Supplemental Ketones
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D, L forms of ketones

• Enantiomers or optical isomers are the 
exact same molecule but with 
different 3D structure around a chiral 
or central carbon atom

• B-hydroxybutyrate has 2 enantiomers 
– D b-hydroxybutyrate

– L b-hydroxybutyrate
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D, L forms of ketones
• Endogenously produced ketones from the liver are only D beta hydroxybutyrate

• Commercial salt products are a mix of 50% D and 50% L beta hydroxybutyrate

• We call this a Racemic mix or both enantiomers in the mixture

• Ketone esters like delta G are D beta hydroxybutyrate on a glycerol backbone

• The salt ketone product by Nestle Health Science is D beta hydroxybutyrate 
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Is there a difference in D,L BHB metabolism? 



12

Oral D, L racemic mix of BHB

• Measured D, L BHB in blood 
after oral dose in 2 patients 
with MADD

• L-BHB higher than D-BHB in 
blood

• Peaked within 30-60 min

• Returned toward baseline at 
3 hours

Absolute Amount Log fold change
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Oral D, L racemic mix of BHB
• Fed control salt load or D,L 

BHB to rats; measured blood 
concentrations

• L BHB higher than D BHB

• Peaked at 60 min

• Returning to baseline at 6 
hours
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Tissue concentrations of D, L BHB

• Looked at tissue concentrations in the rats

• L BHB higher in the brain; muscle

• D BHB high in heart
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What does high blood L BHB mean?

• High L BHB – slower uptake into tissue or slower metabolism? 

• L BHB predominately used to make cholesterol/fatty acids in the brain?

• D BHB for energy tissues like the heart; L BHB for brain symptoms like leukodystrophy
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D,L racemic mix vs D only in controls
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Compare MCT, D,L BHB salt and D BHB salt

• Healthy volunteers

• Consumed 3 different meals
– MCT

– D,L BHB racemic mix

– D BHB only
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D BHB raised plasma ketones most

• Plasma D BHB peaked at 1 hour; highest with D BHB only

• L BHB only observed with D,L mix as expected
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D BHB oxidized for energy in heart, kidney

• Participant consumed tracer D-
BHB

• Used PET imaging; pink indicates 
presence of tracer

• Uptake visible in heart and 
kidney



van Rijt et al Genetics in Medicine 2020



Clinical improvement

van Rijt et al Genetics in Medicine 2020

Improvement: cardiomyopathy, brain leukodystrophy, liver, muscle symptoms 



Adverse Effects

van Rijt et al Genetics in Medicine 2020

Adverse effects: mostly GI related; can include dehydration 



Bleeker et al JIMD 2019

Ketone Ester
GI upset

Similar exercise
outcomes



Bleeker et al JIMD 2019

Ketone Ester 

Raised ketones and acetyl-carnitine 
Lowered free fatty acids and long-chain acylcarnitines
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D BHB salt 
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Ketones suppressed FAO with exercise
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What we know

• D BHB endogenously synthesized

• D BHB used for energy; particularly in the heart and muscle

• D BHB suppresses adipose release of fatty acids and lowers acylcarnitines

• L BHB high in blood after D, L BHB consumption

• L BHB not used for energy

• L BHB high in the brain tissue
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What we do not know

• Does L BHB have other benefits? Particularly in the brain? 

• Should we focus on D BHB only or is there an advantage of a D, L mix?
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