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Tracers at the whole body or tissue level :

Organ balance and tissue metabolism
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Utilization of tracers to study metabolism at the whole body / tissue level

Metabolic fate of carbohydrates from milk replacer in heavy milk calves
J.J.G.C. van den Borne, G.E. Lobley, J.W. Blum, W.J.J. Gerrits

Measurement of fatty acid oxidation in swine using 13C labeled fatty acids
E. Van Heugten, J.J.G.C. van den Borne, M.W.A. Verstegen, J. van Milgen, W.J.J. Gerrits

Mathematical analysis of human [13CO2]-breath test results: Post prandial fate of amino acids
is related to their dietary form
V.V.A.M. Schreurs, J.A. Nolles, K. Krawielitzki, J. Bujko

Effect of graded dietary tryptophan levels on [1-13C]leucine oxidation and nitrogen deposition
in growing pigs
U. Hennig, P. Junghans, J. Bartelt, C. Relandeau, A. Tuchscherer, C.C. Metges

Endogenous nitrogen flows in the digestive tract of lactating dairy cows: comparison between
estimations using total 15N versus 15N-amino acid isotope dilution
D.R. Ouellet, R. Berthiaume, R. Martineau, H. Lapierre



Nutrient tracing studies

A multiple-isotope approach to studying arginine metabolism in neonatal piglets
K.L. Urschel, M. Rafii, P.B. Pencharz, R.O. Ball

Mutations in metabolic pathways, what role does genetic background play?
J. Marini, A. Erez, B. Lee

The use of glutamine and glutamate for gluconeogenesis and non-essential amino acid 
synthesis in late term chicken embryos .
N.E. Sunny, J. Adamany, S.L. Owens, B.J. Bequette

Association of various methodologies (including tracers)

Gut function of pigs in relation to weaning
P.J.A. Wijtten, H. Bouritius, P.R.T. Bonekamp, G.J. Witte, J.J. Verstijnen, TA.AT.G. van 
Kempen

Combination of two approaches to study mammary use of glucose for lactose synthesis in 
dairy cows: net mammary balance and RNA levels
M. Boutinaud, M.H. Ben Chedly, E. Delamaire, J. Guinard-Flament

Molecular markers for a delicate balance between protein and lipid metabolism in 
subcutaneous fat tissu of beef cow
A. Shabtay, H. Eitam, A. Orlov, Y. Aharoni, I. Izhaki, A. Brosh
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What are some BIG questions in Nutrient Metabolism?



What are some BIG questions in Nutrient Metabolism?

What are the metabolic networks that underlie the 
efficiency or inefficiency of protein and energy utilization?

What is metabolic efficiency or inefficiency?

What approaches can be used to measure metabolic 
efficiency or inefficiency?



Stable isotopes
and

Mass Spectrometry





Protons – 6
Neutrons - 6

Protons – 6
Neutrons - 7

What is a Stable What is a Stable vsvs RadioRadio--Isotope?Isotope?
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Measuring Isotopic abundance of Measuring Isotopic abundance of BiomoleculesBiomolecules

Isotope Ratio Mass Spectrometry
Combustion-IRMS
Gas Chromatography-C-IRMS
GC-MS
Liquid Chromatography-MS
HPLC-MS
ESI-MS
ESI-MS/MS
LC-MS/MS
Nuclear Magnetic Resonance
LC-NMR



Gas ChromatographyGas Chromatography--Mass SpectrometerMass Spectrometer
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atom #
C 11
F 6
O 3
N 1
H 13

M+1 M+2 M+3
C1 0.122100
C2 0.006777
C3 0.000226
C1N 0.000440
C1H 0.000238
C1O1 0.000136

Composition of 
Alanine-HFBA derivative

Probabilities

M+1 M+2 M+3
C 0.0111 0.000123 1.37 x 10-7

O (+1) 0.00037 1.37 x 10-6 5.07 x 10-11

O (+2) 0.00204
N 0.0036
H 0.00015 2.25 x 10-8 3.38x 10-12

Proportions of Naturally Occurring Isotopologues



Matrix Algorithms for Correction of Matrix Algorithms for Correction of 
Mass Isotopomer DistributionMass Isotopomer Distribution



Tracers at the tissue level: 
Nutrient tracing studies



Essential vs Non-essential nutrients: amino acids, 
pyrimidines, fatty acids, vitamins

Dietary Precursors
Gluconeogenic Substrates
Urea-N sources and recycling
Fatty Acid Synthesis and Lipogenesis: rates & precursors
Glycerolneogenesis
Absorption and Metabolism of Amino Acids
Glucose Metabolism and Recycling
Krebs Cycle metabolism: rates, energy substrates, 

anaplerosis and cataplerosis balances
Protein Synthesis
Flux Networks or Metabolic Profiling

Mapping of Metabolism, Nutrients and Mapping of Metabolism, Nutrients and 
Nutrient RequirementsNutrient Requirements
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M+1 M+2 M+3 M+4 M+5 M+6
0
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4

Glucose from
carbon

recycled via
TCA cycle

Glucose from
[U-13C6]Glucose

moles isotopomer
100 moles tracee

M+0: C-C-C-C-C-C = 100 (from unlabelled sources)
M+1: C-C-C-C-C-C =     0.81
M+2: C-C-C-C-C-C =     0.33
M+3: C-C-C-C-C-C =     0.20
M+4: C-C-C-C-C-C =     0.02
M+5: C-C-C-C-C-C =     0.00
M+6: C-C-C-C-C-C =     3.62

1313CC--MIDA of Plasma Glucose (Sheep)MIDA of Plasma Glucose (Sheep)
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BLOOD
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Arginine

Glutamate

Wu & Reeds, unpubl.

Piglet Intestines: Use of Glutamate and Glutamine
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