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Goal(s)

What is a tracer?

Basic prinicples for application

Basic nomenclature

Analysis



Tracer = a substance added to the system to 
trace out a metabolic pathway (radio-active vs. 
stable isotope)

Tracee = the native substrate being traced

What is a tracer?



Isotopes = elements (i.e., same number of p+) with 
different numbers of neutrons; hence different atomic 
weight (i.e., ∑ p+ and n)

Stable isotope labeled tracers

p+

n

e-

Element Stable 
isotope

Atomic 
weight

Atom % natural 
abundance

H 1 1.008 99.985

2 2.014 0.015

C 12 12.000 98.89
13 13.003 1.11

N 14 14.003 99.63

15 15.000 0.37

O 16 15.995 99.76

18 17.999 0.204



Stable isotope labeled tracer = structurally identical 
molecule that differs in isotopomer distribution, and 
therefore molecular mass, from tracee

Stable isotope labeled tracers
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Stable isotope labeled tracers

Some examples

[6,6-2H2]glucose ⇒ 1H in position 6 of glucose exchanged for 2H

[1-13C1]palmitic acid ⇒ 12C in position 1 in palmitic acid exchanged for 13C
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Why do we like tracers?
Because we can measure metabolic flux.

For example,

Muscle mass ↓ Muscle mass ↑
Why?

Is it in/decreased breakdown, in/decreased synthesis, 
both?



FFA flux and plasma concentration 
during exercise

Muscle protein synthesis and 
breakdown with aging

Rest Exercise

FFA conc

FFA appearance in plasma ↑ but 
FFA uptake by muscle ↑ ↑

Hence, FFA conc in plasma ↓

Fasted Fed

MPS

Young
Old



Assumptions that need to be fulfilled 
when using tracers

Tracer is physically, chemically, and 
metabolically indistinguishable from tracee

Metabolic kinetics are independent of the 
tracer used

Provides a massless perturbation to the 
system to avoid counter regulatory responses



Dilution (e.g., lipolysis,
proteolysis)

Incorporation into macromolecule
(precursor product relationship
e.g., muscle protein, lipoproteins)

Tracer conversion (fatty acid → CO2)

They can be used at whole-body level, across organs, 
across body sections (limb), tissue specific (e.g., muscle, 
skin)

Basic principles for the use of tracers

Known amount of tracer Degree of tracer dilution →
rate of delivery of tracee

Degree of tracer incorporation →
rate of synthesis

t1 t2

t1 t2



Isotopic Dilution - Steady State
Rate of Appearance (Ra) & Disappearance (Rd)

Tracee output =
20 µmol/min

Tracee input =
20 µmol/min Isotopic equilibrium

Tracer output =
5 µmol/min

Tracer input =
5 µmol/min

(IR)

Ra Rd

Ra =
TTR
IR

Rd = Ra + IR

Examples: hepatic glucose production = glucose Ra;

lipolysis = glycerol Ra; proteolysis = leucine Ra

glucose uptake = glucose Rd

Time

TT
R



Time

TT
R

Ra - bolus injection

kt
t e = IEIE −•0

curvetracee:tracerunderArea
administeredtracerAmount of=Ra



Two/Three-pool steady-state model

Biolo et al., AJP 268:E75, 1995



Incorporation into macromolecule  (precursor product 
relationship)

e.g., muscle protein synthesis

Precursor Product

Add tracer
(primed
constant
infusion)

Measure the

rate of change in  
amount of tracer
in product



Incorporation into macromolecule  (precursor 
product relationship)

e.g., muscle protein synthesis
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= FSR x pool size
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Fractional synthesis rate (%/h)



VLDL
TG,

cholesterol
esters

Phospholipids,
free cholesterol,
Apo-C, Apo-E

Apo-B 100

y = -0.377x - 4.723
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[2H5]Glycerol in VLDL-TG

FCR = 0.377

Glycerol bolus and mono-exponential slope analysis for the 
determination of VLDL-TG secretion rate

y = -0. 713x - 4.455

FCR = 0.713



Substrate oxidation

CH3
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13
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[1 -13C ]p a lm ita te

Infuse

Measure

13CO2 production
(in breath, across organ/tissue etc)



Sample Ionization 
Source

Separation 
of ions

Ion 
detector

Stable isotope labeled tracer 
analysis via

Mass Spectrometry

Gas Isotope Ratio MS (for H2, N2, CO2)
Gas Chromatograph/Liquid Chromatography MS 
(very versatile, suitable for complex molecules)

GC combustion IRMS



Long chain fatty acid 
separation via GC



Selective ion monitiring (SIM) →
Ratio of two peak areas

Tracer-tracee ratio (TTR) = m+z/m+0

APE or MPE = TTR / (TTR + 1)] = 
percent of sample that is enriched




