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FoodMetabolome and the Metabolismof Food Compounds

Food metabolome is the part of the metabolome

derivedfrom the digestionand metabolismof food.

Themore we know aboutfood compoundsmetabolism

the better we canstudythe effectsof diet in health.

Dietary monoterpenes are a part of the food

metabolomethat remainspoorly studied
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Dietary Monoterpenes

Formed by the condensation of 2 isoprene units
Low molecular weight and relatively highophilicity

Found in the essential oil of herbs and citrus fruits
Daily intake up to 20thg

Demonstratedeffects

Antinociceptive

Antimicrobial

Hypotensive

Anti-inflammatory

Hypoglycemic (STZ diabetic mice)
Antioxidant

Antineoplasic

Modulators of the activity of ioghannels
Toxic effects
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Pharmacokinetics of Monoterpenes

V Both in humans and rats, dietary terpenes reach effective concentrations in plasma within 1 hour
V Their metabolites are detected in circulation up to 24 hours after intake

V Topic administration of terpenes is also effective to increase their concentration in plasm
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Problems

V Despiterecognizedhealth effects, the metabolismof dietary terpenoidsis poorly
known

V Differentisomersfor eachcompoundmaketerpenoidsanalysis/ery complex

Aimsof the study
V ldentify enzymatic reactions involved in the metabolisntespenoids
\
V Validate metabolism predictions \\ //
V Identify new metabolites of dietarierpenoids - \\ ¢ -
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Investigation ofMetabolism of Monoterpenes

Training Prediction in vivoexperiment Analysis
definingthe reactionsinvolved usingselectedreactionsto feedingmonoterpenedo rats non-targetedhighresolutionLG
in the the metabolismof dietary predictthe metabolitesof andcollectingmetabolitesrich MSanalysiof urine insearchof

monoterpenes monoterpenes urine predictedmetabolites




.y definingthe reactionsinvolvedin the the
@ Training metabolismof dietary monoterpenes
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definingthe reactionsinvolvedin the the

Trammg metabolismof dietary monoterpenes

Heg " H,C CH,

oxidationof primary alcohols

reductionof alde
OH (@) OH

Cuminaldehydemetabolite 5 (M6) Cuminaldehydemetabolite 1 (M7)

H,C CH, cH CHy, CH,
3
H,c—1—on H,C———OH H,C OH
. hydroxylation ofaromatic reductionof aldehydes X, oxidationof primaryalcoh
= =
o OH
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M2 M18 Cuminaldehydemetabolite 2 (M20)
OH OH
o OH OH
hydroxylation i CH, H,C
He oH HeC o methyl CHy
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o) OH o \o OH o OH

Cuminaldehydemetabolite 4 (M140) M30 M3 M31 Cuminaldehydemetabolite 3 (M34)



Training

definingthe reactionsinvolvedin the the
metabolismof dietary monoterpenes

Biotransformation Name Phase Enzyme
Compounds that undergo the specific reactions

Allylic Hydroxylation Phase | CYP450 limonene nootkatone geraniol terpinen-4-ol  perillyl alcohol linalool
Conjugation of Alkyl Carboxylic Acids with Glycine Phasell ACS, AANAT geraniol terpinen-4-ol  perillyl alcohol
Conjugation of Carboxylic Acids with Glutamine Phasell ACS, AANAT geraniol
Epoxidation of 1,1,2-Trisubstituted Alkenes Phase | CYP450 limonene geraniol terpinen-4-ol  perillyl alcohol linalool
Epoxidation of 1,1-Disubstituted Alkenes Phase | CYP450 limonene nootkatone  perillyl alcohol
Epoxidation of Monosubstituted Alkenes Phase | CYP450 linalool
Glucuronidation of Aromatic Alcohols Phase Il UGT thymol
Glucuronidation of Carboxylic Acids Phase I UGT thymol limonene nootkatone geraniol terpinen-4-ol  perillyl alcohol cuminaldehyde  linalool menthol
Glucuronidation of Primary and Secondary Aliphatic and Benzylic Alcohols Phase Ii UGT thymol limonene nootkatone geraniol terpinen-4-ol  perillyl alcohol cuminaldehyde linalool menthol
Hydroxylation of Alkyl Methine Phase | CYP450 nootkatone  terpinen-4-ol menthol
Hydroxylation of Aromatic Methine Phase | CYP450 thymol  cuminaldehyde
Hydroxylation of Methyl Carbon Adjacent to an Aliphatic Ring Phase | CYP450 nootkatone menthol
Hydroxylation of Methyl Carbon Next to an Aromatic Ring Phase | CYP450 thymol
Hydroxylation of Terminal Methyl Phase | CYP450 thymol terpinen-4-ol cuminaldehyde linalool menthol
Hydroxylation of Unfunctionalised Alicyclic Methylene Phase | CYP450 limonene nootkatone  perillyl alcohol  menthol
Oxidation of Aldehydes Phase | ALDH cuminaldehyde
Oxidation of Primary Alcohols Phase | ADH thymol limonene nootkatone geraniol terpinen-4-ol  perillyl alcohol cuminaldehyde  linalool menthol
Oxidation of Secondary (Alicyclic) Alcohols Phase | ADH limonene nootkatone geraniol terpinen-4-ol  perillyl alcohol ~ menthol
Reduction of Aldehydes Phase | ALDR cuminaldehyde
Reduction of Alicyclic Ketones Phase | ADH menthol
Reduction of alpha,beta-Unsaturated Compounds Phase | abKDBR nootkatone
Vicinal Diols from Epoxides Phase | EH limonene nootkatone geraniol perillyl alcohol linalool




Prediction
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BioTransformer
Universityof Alberta

usingselectedreactionsto predictthe
metabolites of monoterpenes
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.. : feedingrats isolated monoterpenesand
N V|voexper|ment|

collectingmetabolitesrich urine

Urine

5 dayson AIN93 supplementedwith

8 dayson AIN93 diet 0,05%terpenes(15mg /day)

washout period

2 male, 2 female 2male, 2 female
wistarrats wistarrats wistar rats wistarrats
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5 cycles; samerats were exposedto different food compounds




Analysis

non-targeted LGMS analysisin
searchof predicted metabolites
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Investigation ofMetabolism of Dietary Monoterpenes

a— O O, ® O,

Literature& .. .. I . . .
Databases Training Prediction In vivo experiment Analysis
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Knownmetabolites “ Predictedmetabolites “ Experimentaldata on ratmetabolites

Validation of thepredictions
|dentification of newmetabolites
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