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Mechanisms

Activation of G-Protein Coupled receptors Epigenetic modulation



Systemic effects of SCFA on lipid and glucose metabolism

Canfora, Nat Rev Endocrinol 2015, 11:577-591



Systemic effects of SCFA: gut-brain axis

Dalile et al. Nature Rev Gastroenterol Hepatol 2019



Fraction of SCFA that reach systemic circulation in humans is largely
unknown

Dalile et al. Nature Rev Gastroenterol Hepatol 2019
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Strategy

Bioavailability

SCFA-production 
from 13C-fibre 

fractions

• Introduction of 13C-SCFA in the colon using colon delivery capsules
• Quantification of the cumulative 13C-SCFA recovery in plasma
• Calculation of bioavailability index

• Administration of 13C-labelled fibre fractions
• Quantification of the cumulative 13C-SCFA recovery in plasma

Equivalence 
of fibre and 

SCFA 

• Administration SCFA to the colon
• Effect on clinically relevant end point:

• Brain function: stress sensitivity
Impact of SCFA 

on health 



Systemic avaibility of SCFA

SCFA production of 
dietary fibres

Blood samples
[13C-SCFA]
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Boets E. et al, J Physiol 2017; 595:541-555
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• 13C-acetate or
13C-propionate or
13C-butyrate

• citric acid (9.0% w/w)

• Eudragit S100
• Diethyl phatate 25% w/w

• Tickness: 14 mg/cm²
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Systemic availability of SCFA

Figure 1. Example of 13C-Ac, -Pro and -Bu concentrations in plasma after a 13C-Ac, -Pro and -Bu 
capsule, respectively, in one subject. 
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Cross-feeding in the colon

13C-Butyrate
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Incorporation of 13C-acetate in fatty acids

n = 12
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Incorporation of 13C-SCFA in cholesterol
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Cross-feeding
24 ± 17% Ac → Bu
10 ± 7% Bu → Ac
8 ± 8%¨Pro → Ac
9 ± 4% Ac → Bu
3 ± 1% Ac → Pro
2 ± 1% Bu → Pro

SCFA
Faecal excretion
± 5% of total SCFA

Incorporation in glucose
6 ± 5% of propionate

Incorporation in cholesterol
<0,5% of acetate
<0,01% of propionate

Incorporartion in fatty acids
18 ± 12% of acetate±

CO2 in systemic circulation
60 ± 18% of acetate
86 ± 24% of propionate
33 ± 6% of butyrate

SCFA in systemic circulation
36 ± 21% of acetate
9 ± 6% of propionate
2 ± 2% of butyrate SCFA clearance

938 ± 287 L.h-1 acetate
647 ± 176 L.h-1 propionate
1237 ± 592 L.h-1 butyrate

Exhaled in breath as CO2
33 ± 10% of acetate
47 ± 13% of propionate
18 ± 36% of butyrate

CO2

Urinary excretion
<0,04% of total SCFA

SCFA

CO2

Peripheral 
tissue

SCFA

SCFA

CO2
CO2

CO2

SCFA

SCFA

CO2

SCFA



Plasma SCFA depend on type of fibre

13C-enriched wheat

13C labelled Bran

13C-arabinoxylan oligosaccharides 
(13C-AXOS)

13C-dietary fibre enriched bran
(13C-DF-B)

- Water insoluble
- Slowly fermentable

- Water soluble
- Easily fermentable

destarched

deproteinised

destarched
Xylanase treatment

Prof. T. Preston



SCFA produced after wheat derived fibre fractions
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• Hypothesis: 

• Intervention study in humans with known amounts of SCFA administered to the colon as colon delivery 
capsules 

• Outcome parameters: response to stress

Do SCFA have functional effects on the brain?

SCFA mediate the effect of the microbiota on the brain in humans



Stress response and cortisol

• Help elucidate pathophysiology

• risk factors for the development of affective 

disorders 

• predictors of treatment response 

Pituitary gland

Adrenal gland

Hypothalamus

Corticotropin releasing 
hormone

cortisol

Adrenocorticotropic
hormone



Study design

placebo

SCFA high dose (equivalent to 20g AXOS)

SCFA low dose (equivalent to 10g AXOS)

screening

randomisation

Intervention 7d

Low fiber diet 11d

T1 T2

N=66, 

Diary 3dDiary 3d

Dalile et al.Neuropsychopharmacol 2020



Testdays

12:00 13:00 14:00 15:00 16:00 17:009:00

At home

Maastricht Acute 
Stress Task

In the lab

Visit 1 Visit 2

+



Maastricht acute stress task

Physical stress Mental stress Social stress
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Serum SCFA increase after intervention
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SCFA are efficiently absorbed
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SCFA reduce cortisol response
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Changes in SCFA were associated with changes in cortisol response



• Colon delivery capsules are efficient tools to evaluate the physiological role of colonic bacterial derived metabolites in 
humans

• Dietary interventions with fermentable carbohydrates can alter systemic SCFA concentrations

• Nutritional interventions that target the microbiota might be interesting in affective and mood disorders
Furture research:

• Elucidate the mechanisms
• Evaluate the effect in patients with mood disorders

Conclusions
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