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to, 185–186
Fragmentation patterns,

103–108
Fragment ions

calculating natural isotope
abundance in, 108–109

contamination by, 107–108
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Glycogenolysis, 215–216, 219,
232

Glycolysis, 219, 220
site of loss of 2H from

glucose during, 224–230
Golgi apparatus, 361
Goodness of fit, in model

validation, 66. See also
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Hepatic artery, 381
Hepatic enrichment. See also
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glycine enrichment,
341–342

Hormones
in glycogenolysis, 215–216
in lipolysis, 261
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Hydrogen (H). See also
Deuterium (d, 2H); 2H
entries; 3H entries; M –Hn

ions; Tritium (3H)
calculating natural isotope

abundance of, 108–109,
110–113

isotopes of, 2–3, 4
NMR and, 423, 424

Hydrolases, 361
Hydrolysis, in protein synthesis,

325
Hydroxylysine, 127
Hyperinsulinemia, 219
Hyperinsulinemic, euglycemic

clamp technique, 139, 222,
223

Hypermetabolic response, in
protein turnover, 302

Hypoglycemia, 219
Hypoxanthine-guanine

phosphoribosyltransferase,
353

I
125I, health risk from, 14. See

also Iodine (I)
Identifiability, determination of,

63–65
Indirect calorimetry, 134–137,

277, 278
limitations of, 139
substrate oxidation

measurement in,
137–139

Indirect estimation, of
intramuscular glycogen and
triglyceride oxidation, 279

Indocyanine green (ICG),
measuring leg blood flow
using, 414–415

Infusion rate, FBR, 372
Initial dose rate, calculation of,

14, 15–18
Injection port, of gas

chromatograph, 89
Inlet systems, isotope ratio mass

spectrometer, 85–86
Input-output analysis, of

cholesterol, 291
Instrumentation

mass spectrometry, 77–92
nuclear magnetic resonance,

428–433
Insulin, 68, 139, 219, 387–388

glucose uptake and, 221
leg model of muscle and skin

and, 400
lipolysis and, 261
in protein synthesis/

breakdown, 389–390
Insulin infusion, 158–159

glucose and, 28
Internal standard technique, 12

calculation of concentration
by, 127

International Union of Pure and
Applied Chemistry
(IUPAC), 2

Interstitial fluid
albumin in, 330
amino acid transport between

blood and, 410, 416–419
amino acid transport between

muscle and, 411,
416–419

glucose released into, 222
Intestinal fat absorption, 260
Intracellular

concentrations/enrichments,
correction of, 411–412

Intracellular enrichment, A-V
balance method and,
390–395

Intracellular pool
in leg model of muscle and

skin, 403–407
in measuring muscle protein

breakdown, 368–370,
374, 376–378

sampling of, 73–74
Intracellular proteins,

degradation of, 361–362
Intragastric (NG) tube, 319
Intrahepatic glycine enrichment,

using hippurate enrichment
to estimate, 341–342

Intralipid


, 443
Intramuscular glycogen, indirect

estimation of, 279
Intramyelocellular (IMCL) TGs,

in NMR, 442–443
In vivo assessment, of

carnitineacyltransferase
enzyme activity, 279–281

In vivo spectroscopy (ISIS), 438
Inward transport, effect on

muscle enrichment kinetics,
365–368

Iodine (I), in model validation,
67. See also 125I

Ionizing radiation, health risks
from, 13–14, 18t

Ions. See also Multiple ions
in GCMS, 100–103
in liquid chromatography,

91–92
in magnetic mass analyzer,

82–83
in mass spectrometry, 77,

78–79
molecular fragmentation and,

103–108
in quadrupole mass analyzer,

83
Ion sources, for mass

spectrometry, 77, 79–81
IRMS analysis, 95–97. See also

Isotope ratio mass
spectrometer (IRMS)

Isoleucine, in protein turnover
measurement, 314

Isotope distribution volumes, for
water fractionation,
186–187

Isotope ratio mass spectrometer
(IRMS), 79, 93–95. See
also Gas chromatogra-
phy/combustion/IRMS
(GC/C/IRMS); IRMS
analysis

inlet systems for, 85–86
Isotopes. See also Heavy

isotopes
discovery of, 2
gyromagnetic ratios of, 425t
stable, 4–6

Isotopic discrimination, of
labeled glucose, 222–223

Isotopic enrichment [E(t)],
29–31, 49. See also
Enrichment (E)

calculating using SIM,
113–115

of combusted samples,
97–100

in compartmental modeling,
53–55, 56

concentration calculation, 127
decay rate calculation for,

179–183
determination of, 93–132
expressions of, 95–97
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gas chromatography mass
spectrometry and,
100–115

gas isotope ratio mass
spectrometer and, 93–95

gluconeogenesis measurement
and, 223–224

measuring low levels of,
124–126

multiple ions in calculating
TTR, 123–124

multiple labels, 127–130
multiple mass isotopomer

mixtures, 123
occurrence of M –Hn ions,

122
overlapping spectra

correction, 117–120
skewed abundance

distribution correction,
115–117

spectra overlap implications,
120–121

standard curve versus
calculating, 122–123

TTR calculation, 121, 122
units of, 6–7, 93

Isotopic enrichment analysis,
84

Isotopic equilibrium, 51
Isotopic exchange

acetate correction factor and,
277–278

gluconeogenesis measurement
and, 223, 238–248

Isotopic labeling, of hepatic
protein synthesis precursor
pool, 343

Isotopic spectral analysis (ISA),
203

Isotopic steady state, in leg
model of muscle and skin,
407–408

Isotopic tracers, characteristics
of, 1–7. See also Tracers

Isotopomer abundances,
calculating, 131–132

Isotopomer analysis,
Haymond–Sunehag model
of, 247, 248. See also Mass
isotopomer distribution
analysis (MIDA)

Isotopomers, 6. See also Heavier
weight isotopomers; Less
abundant masses; Mass

isotopomer distribution
analysis (MIDA); Multiple
mass isotopomer mixtures

spectra overlap among,
120–121

J
Jackknife technique, 182, 183

with TEE calculation,
194–196, 200

K
Kelleher’s algorithm, 212
Ketones, 263
Ketosis, 221
Kidneys, glucose production in,

215. See also Renal
gluconeogenesis

Kinetic factors, from
primed-constant infusion,
33–35, 49

Kinetics. See Amino acid
kinetics; Bicarbonate
kinetics; Cholesterol
kinetics; FFA kinetics;
Lactate kinetics; Lipid
kinetics; Muscle
enrichment kinetics;
Protein kinetics; Pyruvate
kinetics; Single amino acid
tracer kinetics; Substrate
kinetics calculation;
Triglyceride kinetics

k values, 25, 59, 61, 62–63, 68
calculation of, 179–183
in fatty acid oxidation,

273–274
in protein turnover

measurement, 311

L
Labeled bicarbonate,

determining VCO2 With,
167–169

Labeling selection, FSR,
346–347

Label loss, in the TCA cycle,
275–276

Label position, effect on
oxidation data, 153–155

Lactate, 242, 244–245, 246,
275, 276

A-V balance studies of, 253

in gluconeogenesis, 216
in glucose carbon recycling,

234–235
in glucose utilization, 236
in glycolysis, 220

Lactate kinetics, quantification
of, 248–253

Lactate metabolism, background
of, 248–253

Landau’s equation, 243, 245, 246
Larmor equation, 424, 425
Laser desorption, 81
Least-squares estimation, in

model validation, 65
Leg blood flow measurement,

using indocyanine green,
414

Leg model of muscle and skin,
395–401

assumptions underlying,
401–408

Leg muscles, FSR in, 401
Leg volume, calculating,

415–416
Less abundant masses, use in

measuring low levels of
enrichment, 124–126

Leucine, 46, 74, 75, 98–100,
119–120, 127, 144,
150–151, 158–159, 171,
319, 345, 348, 349, 351,
355, 369, 392. See also
1-13C-leucine technique;
NAP-leucine

amino acid kinetics and, 382
in flooding dose technique,

338–340
in leg model of muscle and

skin, 397, 402, 406, 407
in measuring muscle protein

breakdown, 364
in protein synthesis, 331–332,

335, 336–337
transport rates of, 412–413t,

419
Leucine infusion, examples of,

349–352
Leucine oxidation, 152

in protein turnover
measurement, 310,
312–313, 321, 419

Levulinic acid, 356, 357
Linear fit, 47–48. See also

Curve-fitting



466 INDEX

Linear regression technique,
180, 181, 182

Lipid kinetics, 259–293. See
also Fats

acetate correction factor,
276–278

carnitineacyltransferase
enzyme activity,
279–281

cholesterol kinetics, 291–293
clearance of lipid from blood,

260
de novo fatty acid synthesis,

281–284
endogenous fat mobilization,

261–262
in energy metabolism, 259
fat absorption, 289–291
fatty acid oxidation, 272–274,

281
hepatic triglyceride synthesis,

260
hepatic versus whole body

lipogenesis, 284
intestinal fat absorption, 260
intramuscular

glycogen/triglyceride
oxidation estimation, 279

loss of label in the TCA
cycle, 275–276

oxidation regulation, 262–264
Ra glycerol and, 269–271
tracer selection, 265–268, 278
tracer techniques to quantify,

264–265
triglyceride-fatty acid

recycling, 271–272
triglyceride kinetics

measurement, 284–289
VLDL-TG and, 271, 278

Lipogenesis, hepatic versus
whole body, 284

Lipolysis, 261–262
Ra glycerol and, 269–271
of triglycerides, 264

Liquid chromatography (LC),
86

Liquid chromatography mass
spectrometer (LC/MS),
91–92

Liver, 170–171, 381. See also
Hepatic entries;
Intrahepatic glycine
enrichment

glucose production in,
215–216, 217, 219

glucose utilization and, 220,
222, 223, 236–238

in muscle protein breakdown,
363–364

NMR of, 421–422
Logarithms, 180
Low-density lipoprotein (LDL),

264. See also Very low
density lipoprotein
(VLDL); VLDL entries

Lysine, 128, 129, 388, 392
in flooding dose technique,

338
in leg model of muscle and

skin, 395–399, 402, 406,
407

in protein turnover
measurement, 314–315,
315–316

transport rates of, 412–413t
Lysosomal system, 361–362
Lysosomes, 361–362

M
Magnetic field, nuclei in,

424–425
Magnetic field gradient coils,

437–439
Magnetic mass analyzer, 82–83

for isotopic enrichment
analysis, 84

Magnetic moments, 424, 434.
See also Net magnetic
moments

Magnetic resonance imaging
(MRI), 421

Magnets, in NMR
instrumentation, 428–429,
429–430

Malabsorption, of fat, 289–291
Malate, 225, 231, 233, 238,

240–242
Maldigestion, of fat, 289–291
Mamillary model structure,

58–59
validation of, 67–68

Mass analyzers
for isotopic enrichment

analysis, 84
in liquid chromatography,

91–92
for mass spectrometry, 77, 78,

79, 81–84

Mass isotopomer analysis,
242–247. See also Mass
isotopomer distribution
analysis (MIDA)

Mass isotopomer distribution
analysis (MIDA), 203–212.
See also Mass isotopomer
analysis; MIDA
computation approaches

fractional synthetic rate and,
343–345, 348

FSR calculation for, 208–209
of gluconeogenesis, 247–248
of lipogenesis, 284
mass isotopomer methods,

203
MIDA computation

approaches, 209–212
monomer number calculation,

209
precursor enrichment

calculation, 203–208
in triglyceride kinetics, 287t

Mass isotopomers, 6, 7
Mass number, 2
Mass spectrometer. See also

Mass spectrometry; Mass
spectrum

components of, 77–79
gas isotope ratio, 93–95

Mass spectrometry. See also
Gas chromatography mass
spectrometry (GCMS)

ion sources for, 77, 79–81
isotope ratio mass

spectrometer inlet
systems for, 85–86

isotopic enrichment analysis
and, 84

mass analyzers for, 77, 78,
79, 81–84

partition coefficient in, 87–92
Mass spectrometry

instrumentation, 77–92
Mass spectrum, 77

in gas chromatography, 89,
100–101

overlapping spectra correction
and, 117–120

Mass-to-charge (m/e) ratio, 78
Mean residence time (MRT ), 16,

17, 26
in compartmental analysis,

62–63
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in model validation, 66
in noncompartmental analysis,

56–57
Measurement, principles of,

6–7
Metabolic N pool, 304, 306
Metabolic processes, 137–139
Metabolic rate, 164–165
Metabolic research, tracers in, 1
Metabolic systems, validity of

single-pool models in,
35–48

Metabolism, lactate, 248–253.
See also Energy
metabolism; Glucose
metabolism

Methane gas (CH4), in GCMS,
101–103. See also M –Hn

ions
Methionine, protein synthesis

and, 325
3-Methylhistidine (3-MeH)

excretion, 316–317, 370
Methyl palmitate, 126. See also

Palmitate
M –Hn ions, 122
Microcurie (µCi), 15
MIDA computation approaches,

209–212
comparison of, 211–212

Millirad (mrad), 14, 15
Mitochondria, 225, 262–263
MLAB software, 24
Mobile phase, in gas

chromatography, 86, 87–88
Models, validation of, 65–73,

73–74. See also
Compartmental modeling;
Multiple-pool models;
Noncompartmental models;
Single-pool models

Mole percent excess (MPE ), 93,
98–100

in MIDA, 205, 206–207, 208,
209

in NMR, 446
Molecular weight, 77
Molecules

fragmentation of, 103–108
numbering of, 2–3

Monomers, incorporated into
polymers, 209

(M + q)/(M + 0) ratios
calculating, 113–115

overlapping spectra correction
and, 117–120

(M + q)sample to
(M + 0)background ratio,
measuring differences in,
113

mRNA, protein synthesis and,
325, 326

Multi-labeled tracers, 124–126,
127–130

Multiple ions, use in calculating
TTR, 123–124

Multiple labels, 127–130. See
also Multi-labeled tracers

Multiple mass isotopomer
mixtures, application of
calculations to, 123

Multiple-point method, in
doubly labeled water
technique, 183

Multiple-pool models, 51–75.
See also Four-pool model;
16-pool model; Three-pool
model; Two- pool model

actual metabolic systems as,
38–39

compartmental modeling,
58–63

determination of
identifiability for, 63–65

limitations of noncompart-
mental models, 57–58

in noncompartmental analysis,
51–57

simulations of, 74–75
single-pool models versus, 51
steady-state infusion

technique with, 73–74
validation of, 65–73, 73–74

Multiple-pool system,
calculation of oxidation in,
149–151

Multiple pulse sequences, 437
Muscle

amino acid content of, 393t
amino acid transport between

interstitial fluid and, 411,
416–419

glucose uptake by, 220–221
leg, 395–401, 401–408
NMR of, 421–422

Muscle amino acid/protein
kinetics, four-pool model
of, 409–412

Muscle-bound enrichment,
measuring muscle protein
breakdown via, 363–364

Muscle enrichment kinetics,
365–368

effect of inward transport and
protein breakdown on,
365–368

Muscle protein, 349
fractional breakdown rate of,

363–365, 367–368
synthesis of, 329, 337, 339

Muscle protein breakdown,
measurement of, 316–317.
See also Catabolism (C)

Myocytes, 355
protein enrichment in, 333,

334
Myosin, 370

N
15N, 127–130. See also N2;

Nitrogen (N)
biological effects of, 5
enzymatic effects of, 6
labeling amino acid tracers

with, 346
as metabolic tracer, 4–5
as protein tracer, 299,

302–307, 317–318
15N-alanine infusion, for protein

turnover measurement,
306–307, 321–322

15N-glycine infusion, 348
DNA synthesis and, 355
for protein turnover

measurement, 303–304,
305–306

urea enrichment and,
342–343

15N recycling, in protein
turnover measurement, 305

15N-transamination techniques,
for protein turnover
measurement, 303, 306

N2

gas isotope ratio mass
spectrometer and, 94

in GC/C/IRMS, 89
NAP-glycine, 107–108
NAP-leucine, 115–117
Nascent polypeptides, 330
Natural 13C enrichment,

157–161
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Natural 13C enrichment
(continued)

calculating substrate oxidation
using, 172–173t

use in quantifying substrate
oxidation, 162, 172

Negative chemical ionization
(NCI), 80, 81

Nernst equation, 405
Net balance (NB ), 381–383. See

also Net protein balance
methods

in leg model of muscle and
skin, 395–398

in protein turnover, 300–301,
303–304

in three-pool model, 391
Net magnetic moments,

427–428
Net protein balance methods,

comparison of, 408–413
Neutrons, 2, 3
90◦ single-pulse sequence, effect

on NMR measurement,
431–433, 433–434

Nitrogen (N). See also 15N
entries; N2

calculating natural isotope
abundance of, 108–109,
110–113

commonest isotopes of, 2, 4
as metabolic tracer, 4–5
NMR and, 424
stable isotopes of, 4t
urinary, 187, 193

Nitrogen balance technique,
302–307

Nitrogen excretion, 135, 136
NMR measurement, effect of

90◦ single-pulse sequence
on, 431–433, 433–434

NMR peaks, 425–426
Noncompartmental analysis,

51–57
Noncompartmental models, 75,

163
amalgamation of

compartmental modeling
with, 74

in bicarbonate kinetics, 166,
167, 168

limitations of, 57–58
in protein turnover

measurement, 311–312

Nonlinear (exponential)
analysis, 180–183

Nonlinear curve-fitting, 48. See
also Curve- fitting

Non-steady-state calculations,
36–43, 44

Non-steady-state situation,
enrichment changes in,
41–42, 43–46

Norepinephrine, 216
Northern blots, 326
Nuclear magnetic resonance

(NMR), 421–447. See also
NMR entries

chemical shifts and, 425–426
concentration measurement,

440–445
enrichment measurement,

445–447
instrumentation, 428–433
magnetic field gradient coils

and single voxel
localization, 437–439

magnetic moments, 427
measuring concentration and

enrichment using,
421–425

multiple pulse sequences, 437
net magnetic moments,

427–428
pulse sequences and water

suppression, 439–440
relaxation times, 433–435
spin-echo pulse sequence,

435–437
spin-spin coupling and,

426–427
Nuclear precession, 424–425
Nuclei

gyromagnetic properties of,
423–424

in magnetic field, 424–425
spin-spin coupling of,

426–427, 434
Nucleic acids, 353

O
18O. See also H2

18O dosage;
Oxygen (O)

biological effects of, 5
in doubly labeled water

technique, 177–178,
179–183, 183–187,
190–192

enzymatic effects of, 6

Octanoate, 279, 280
One-exponential fit, 53–57. See

also Curve-fitting
Ornithine, 343f
Orthophenylenediamine

(OPDA), 107
Overlapping spectra correction,

117–120. See also Spectra
overlap

Oxaloacetate (OAA), 225,
231–232, 236–237, 238,
242, 275

Oxaloacetate pool, 153, 155,
234, 236–237

Oxidation, 133–134. See also
Beta-oxidation; Fatty acid
oxidation entries; Leucine
oxidation; Protein
oxidation; Pyruvate
oxidation; Substrate
oxidation entries;
Triglyceride oxidation

carnitineacyltransferase
enzyme activity and,
279–281

fatty acid, 261–262, 272–274
glucose and fatty acid,

155–161
in measuring muscle protein

breakdown, 369
in protein

synthesis/breakdown,
394

regulation of, 262–264
Oxidation data, effect of label

position on, 153–155
Oxygen (O). See also 18O

calculating natural isotope
abundance of, 108–109,
110–113

commonest isotopes of, 4
in indirect calorimetry,

134–137
NMR and, 423, 424
stable isotopes of, 4t

Oxygen consumption (VO2 ), 162
in indirect calorimetry,

134–137

P
Palmitate, 43–44, 45, 126, 137,

139, 144–149, 155, 206,
207, 208–209, 211, 265,
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266, 273–274, 275, 276,
277, 278, 279

fat absorption and, 290
in fatty acid synthesis,

281–283
in triglyceride kinetics, 285,

286
Partition coefficient (K), 87–92
Pentaacetate derivative of

glucose, 106–107
Permanent magnets, 429
Perturbations, in

non-steady-state situation,
36–43, 44

Phenylalanine, 124–126, 319,
349, 352, 355, 369, 372,
373, 374–375

amino acid kinetics and,
382

in flooding dose technique,
337–338, 340

in leg model of muscle and
skin, 395–399, 402, 403,
404, 406, 407

in protein synthesis, 331–332,
333, 334t

in protein
synthesis/breakdown,
389–390, 390–394

in protein turnover
measurement, 314

in Ra/Rd calculations, 383,
384, 388

stable isotope enrichment
analysis with, 347

transport rates of, 412–413t,
416–419

Phenyl group, 107
Phosphatidylcholine (PC), 211
Phosphoenolpyruvate creatine

kinase (PEPCK), 155, 157,
163

Phosphoenolpyruvate (PEP)
cycle, 211, 218, 226, 227

effect on glucose isotopomers,
245–246

Phosphoribosylpyrophosphate
(PRPP), 353–354

Phosphorus (P), NMR and, 424,
441–442

Plasma, 170–171. See also
Blood

amino acid kinetics and, 382,
412–413

for doubly labeled water
technique, 198

fatty acids in, 264–265
in fatty acid synthesis, 282
glucose released into, 222
hippurate enrichment in,

341–342
in leg model of muscle and

skin, 404–408
lipolysis and, 261–262
in measuring muscle protein

breakdown, 368
in Ra/Rd calculations, 384,

387
in whole body protein

turnover, 308, 309–310,
313, 314, 319

Plasma glycerol, VLDL-TG as a
source of, 271

Plasma proteins, synthesis of,
329, 330, 335–337, 339

Plateau enrichment approach,
24–26, 33–35, 49. See also
Enrichment (E)

hippurate in, 341
in measuring muscle protein

breakdown, 365–368,
376–378

in protein turnover
measurement, 311–312,
318

Point-resolved spectroscopy
(PRESS), 438, 442

Points of entry, into pools, 21
Polymers, number of monomers

incorporated into, 209
Polynomial curve-fitting, 48
Polypeptide chains, proteins as,

325
Polypeptides, nascent, 330
Polyribosomes, 325
Polysomes, in protein synthesis,

325, 326
“Pool fraction” (pV), 37,

39–42
Pools. See also Four-pool

model; Multiple-pool
models; Single-pool
models; 16-pool model;
Three-pool model;
Two-pool model

in catenary and mamillary
models, 58–59

defined, 21

in measuring muscle protein
breakdown, 365–368

priming, 31–33, 33–35
tracer distribution in, 15–16

Pool size (Q), 25, 30, 31
in compartmental modeling,

58–59
in model validation, 67–68
in noncompartmental analysis,

51–52
protein synthesis

measurement and, 327,
329–330

in TEE calculation errors,
192

Portal vein, 381
Positional isotopomers, 6
Positive chemical ionization

(PCI), 80, 81
Post-translational modifications,

to proteins, 326
Precession

chemical shift and nuclear,
425

of nuclei, 424–425
Precursor enrichment (Ep)

calculation of, 203–208
in fatty acid synthesis,

282–284
FSR and, 327, 328, 330–331,

332, 333, 334
in gluconeogenesis, 236–238

Precursor enrichment estimation
during continuous tracer

infusion, 341–345
minimizing error in, 335–337

Precursor-product principle, 356
in measuring muscle protein

breakdown, 365–368,
370

Primary lysosomes, 361
Primed-constant infusion

technique, 31–33
in bicarbonate kinetics, 169,

171–172
examples of, 349–352,

374–375
kinetic factor calculation

from, 33–35, 49
Priming dose, 31–33, 33–35
Proline, 349

in protein synthesis, 333, 334t
Protein-amino acid cycle, 300,

301
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Protein breakdown. See
Fractional breakdown rate
(FBR); Tissue protein
breakdown; Whole body
protein synthesis/
breakdown (S/B)

Protein kinetics. See also Whole
body protein
synthesis/breakdown (S/B)

four-pool model of, 409–412
in leg model of muscle and

skin, 395–401, 401–408
Protein oxidation, 135, 136
Proteins, 133. See also Protein

synthesis measurement;
Tissue protein breakdown

ratio of free to bound amino
acids in, 373

Protein synthesis measurement,
325–357. See also
Synthesis (S); Whole body
protein synthesis/
breakdown (S/B)

DNA fractional synthetic rate,
352–357

estimating precursor
enrichment, 341–345

flooding dose technique,
337–341

fractional synthetic rate
measurement, 345–352,
356–357

measurement of fractional
synthetic rate, 326–335

precursor enrichment
estimation error,
335–337

Protein turnover, 300–302
techniques to measure,

302–307
Proteolytic enzymes, 361–362
Proteomics, 326
Protons, 1–2, 3

NMR and, 424, 434
Pseudoplateau enrichment, in

protein turnover
measurement, 311–312

Pulse-height spectrum, 12
Pulse sequences

effect of, 439–440
multiple, 437

Pulsing-positive-ions-and-
negative-ions chemical
ionization (PPINICI), 81

p value, calculating, 373–374,
376–378

Pyruvate, 153, 154, 163, 218,
219, 226, 231, 233, 236,
237–238, 275. See also
U-13C-pyruvate

in gluconeogenesis, 156–157,
216, 217, 238, 239, 240,
242

in glycolysis, 220
Pyruvate dilution, effect of,

244–245
Pyruvate enrichment, 150
Pyruvate kinetics, quantification

of, 248–253
Pyruvate oxidation, 220

Q

QM /T ratio, 373
Quadruple mass spectrometer, 5
Quadrupole mass analyzer, 82,

83–84
in protein turnover

measurement, 317–318
Quenching, 11–13

R

R2 measure, 54–55, 61
Ra FFA

glycerol kinetics and,
270–271

variability in, 266, 267
Ra glycerol, lipolysis and,

269–271
Ra/Rd calculations, two-pool

model for, 383–389
Rabbit-ear model, 400–401
Rad, 14–15
Radiation dosages

calculations of, 13–18
risks related to, 18t

Radiation exposure, maximal
permissible levels of,
18–19

Radio frequency (RF)
components, in quadrupole
mass analyzer, 83–84. See
also RF coils

Radio frequency receiver, in
NMR instrumentation, 429,
430, 431

Radio frequency transmitter, in
NMR instrumentation, 429,
430–431, 431–432

Radioactive decay, energy in, 3.
See also Decay entries

Radioactive iodine, in model
validation, 67. See also 125I

Radioactive isotopes, 1. See also
Radioactive nuclides

Radioactive nuclides, measuring
presence of, 6–7. See also
Radionuclides

Radioactive tracer, versus stable
isotope tracer, 26–33

Radioactivity, conventional units
for, 14

Radionuclides, 3–4. See also
Radioactive nuclides

Rate of appearance (Ra), 21, 49.
See also Ra entries

in compartmental analysis, 62
measurement with

13C-labeled glucose, 234
measurement with

2H-/3H-labeled glucose,
224, 226, 227–230, 234

in model validation, 72–73
in noncompartmental analysis,

55–56, 57–58
in non-steady-state situation,

36–43, 43–46
of single amino acid tracers,

308
in single-pool models, 21–24,

26, 27–29
in tracer studies, 222, 224

Rate of disappearance (Rd), 21.
See also Ra/Rd calculations

of single amino acid tracers,
308

in single-pool models,
25–26

Regional protein breakdown.
See Tissue protein
breakdown

Regression techniques, in
doubly labeled water
technique, 179–183

Relaxation, 432
Relaxation times, 433–435
Release factor, in protein

synthesis, 325
Renal gluconeogenesis, 217
Residual errors, in model

validation, 66
Resting energy expenditure

(REE ), 189, 200
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RF coils, 430–431. See also
Radio frequency (RF)
components

Ribosomes, in protein synthesis,
325–326

Risks, from radioactive tracers,
13–14, 18t

Rough endoplasmic reticulum,
361

S
SAAM software, 24
Safety, of stable isotope tracers,

5–6
Saliva, for doubly labeled water

technique, 198
Sample collection, for doubly

labeled water technique,
198–199

Sampling interval, calculation
of, 197–198

Sampling protocol, FSR,
348–349

Scintillant fluid, 6
Scintillation counters, 6, 223

counting efficiency of, 11–12
dual-isotope counting with,

9–11
Screening constant (σ ), 425
Scrubbers, 162
Secondary ion mass

spectrometry (SIMS), 81
Secondary lysosomes, 361
Selected ion chromatogram, 102
Selective ion monitoring (SIM),

89, 92, 101, 102. See also
SIM quantification

calculating isotopic
enrichment using,
113–115

Selenium (Se), isotopes of, 4
Shim coils, 429, 431
Silicon (Si)

calculating natural isotope
abundance of, 110–113

stable isotopes of, 4t
SIM quantification, 107
Simulations, of multiple-pool

models, 74–75
Single amino acid tracer

kinetics, 308–315
Single-inlet configuration, in

GC/C/IRMS, 90
Single-pool models, 17–18,

21–35, 48–49

in doubly labeled water
technique, 178

inadequacy of, 38–39
multiple-pool models versus,

51, 52–53
in noncompartmental analysis,

55–57
in protein turnover

measurement, 312–314
schematic representation of,

21–22
validity of, 35–48

Single voxel localization,
437–439

16-pool model, in protein
turnover measurement,
310–311, 312t

Skew correction factor, 94, 112,
147

overlapping spectra correction
and, 119–120

Skewed abundance distribution
correction, 115–117

Skin, 395–401, 401–408
Skin wounds, leg model of

muscle and skin and,
400–401, 401–402. See
also Burn victims

Smooth endoplasmic reticulum,
361

Sodium bicarbonate (NaHCO2),
152, 160, 163–165, 166,
167. See also Bicarbonate
entries

Software. See Computer
programs

Specific activity (SA), 7, 9, 13,
22–23, 27, 59, 93, 338. See
also Activity

of tRNA, 331–332
Spectra overlap, implications of,

120–121. See also
Overlapping spectra
correction

Spin, 424
Spin-echo pulse sequence,

435–437
Spin-lattice relaxation,

433–434
Spin-spin coupling, 426–427
Spin-spin relaxation, 434–435
Splanchnic arteriovenous

balance, 285, 287, 381. See
also A-V balance technique

Splanchnic uptake, of amino
acids, 318–320

Spline fitting, 48. See also
Curve-fitting

Spontaneous decay, of
radionuclides, 3–4

Stable isotope enrichment,
analysis of, 347

Stable isotopes, 1, 4–5
advantages of, 5–6
calculating natural abundance

of, 108–109
in mass spectrometry, 77

Stable isotope tracer, versus
radioactive tracer, 26–33

Stable isotope tracer
calculations, modification
of, 143–149

Standard curve, versus
enrichment calculation,
122–123

Standard deviation (SD),
54–55

in model validation, 65–66
with TEE calculation,

194–196
Standard error, with TEE

calculation, 194–196
Stationary phase, in gas

chromatography, 86,
87–88

Steady state, in leg model of
muscle and skin, 407–408

Steady-state infusion technique,
validity of, 73–74

Steady-state values, FBR
calculation and, 370

Stearate, 208–209
Steele equation, 36–43, 44–46,

49
minimizing errors in, 46–48

Sterol balance, 291
Stimulated echo acquisition

mode (STEAM), 438
Substrate

concentration/enrichment,
measuring using NMR,
421–425

Substrate cycles, 218–219,
226

Substrate kinetics calculation
in multiple-pool models,

51–75
single-pool model, 21–35
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Substrate oxidation. See also
Substrate oxidation
measurement; Substrate
oxidation studies

bicarbonate kinetics, 165–167
bicarbonate priming dose

calculations and, 152
calculating in a multiple-pool

system, 149–151
calculating using natural

enrichment, 171,
172–173

CO2 retention, 163–165
effect of label position in,

153–155
glucose and fatty acid

oxidation, 155–161
isotopic determination of,

140–143
natural 13C enrichment in

quantifying, 162
regional determination of,

169–171, 172
stable isotope tracer

calculation modification,
143–149

VCO2 determination, 167–169
Substrate oxidation

measurement, 134–173
indirect calorimetry, 134–137
influence of metabolic

processes on, 137–139
interpretation of indirect

calorimetry, 139
Substrate oxidation studies,

priming the bicarbonate
pool for, 151, 152

Sulfur (S), stable isotopes of, 4t
Superconducting magnets, 429
Synthesis (S), in protein

turnover, 300–301,
303–304, 315–316. See
also Protein synthesis
measurement; Whole body
protein synthesis/
breakdown (S/B)

Synthesis rate, three-pool model
and, 390–394

T
Tachyphylaxis, 261
Tayek-Katz method, 242, 243,

244–245, 245–246
Haymond–Sunehag model

versus, 247

TBDMS derivative of
phenylalanine, 124–126

Testosterone, 387–388
Three- and six-carbon

molecules, conversion
between, 242–244

Three-exponential fit, 53–57
in model validation, 67–70

Three-pool model, 409–410,
416–419

assumptions underlying,
394–395

of bicarbonate kinetics,
70–72, 165–167

four-pool model versus,
412–413

total synthesis rate and
breakdown measurement
using, 390–394

validation of, 67–70
Threonine

in flooding dose technique,
338

in leg model of muscle and
skin, 403, 404

Thymidine, 354
Time-of-flight (TOF) mass

analyzers, 91–92
Tissue injury, radiation energy

and, 13–14
Tissue protein breakdown,

361–378
biopsies required to calculate

FBR, 373–374
cytosolic proteases, 362
effect on muscle enrichment

kinetics, 365–368
FBR measurement, 371–373
fractional breakdown rate

equation, 368–370
fractional breakdown rate of

muscle, 363–365,
367–368

lysosomal system, 361–362
mechanisms of, 361
muscle enrichment kinetics,

365–368
ubiquitin proteosome

pathway, 362–363
Total body activity approach, in

model validation, 66–67
Total body water (TBW ), 178,

186, 187, 188, 191, 192,
197, 199

estimating gluconeogenesis
rates using, 238–242

Total body water turnover, 35.
See also Water turnover

Total energy expenditure (TEE )
calculation, 177, 179, 183,
187–188, 200. See also
Doubly labeled water
technique

determination of variation in,
194–196

in gluconeogenesis, 235–236
in indirect calorimetry, 136
method validation in, 194
sources of errors in, 190–194

Total ion chromatogram (TIC),
100, 101, 102

Total radiation dose, calculation
of, 15–18

Total synthesis rate, three-pool
model and, 390–394

Tracer decay, FBR calculation
during, 373–374

“Tracer dilution” technique, 1
Tracer dosage (µCi), 15
Tracer incorporation method,

356–357
Tracer infusion. See also

Acetate infusion; Constant
infusion-isotope dilution
technique; Glucose
infusion; Insulin infusion;
Primed-constant infusion
technique; Steady-state
infusion technique

constant, 21–26
estimating precursor

enrichment during,
341–345

in measuring substrate
oxidation, 164

Tracer infusion rate, FSR, 348
Tracer methodology,

determining glucose and
fatty acid oxidation by,
155–161

Tracer molecules, numbering of,
2–3

Tracer recycling, 223–224
Tracers. See also Bolus tracer

injection entries; Isotopic
tracers

in compartmental analysis,
58–63
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defined, 1
fatty acid oxidation

determination via,
272–274, 278

glucose kinetics quantitation
via, 222–234

in measuring muscle protein
breakdown, 369

multi-labeled, 124–126,
127–130

in NMR, 422–423
in protein synthesis, 327–330
in Ra/Rd calculations,

383–389
stable versus radioactive,

26–33
in substrate oxidation

determination, 140–143,
143–149

types of, 1–2
uses of, 1

Tracer selection
FBR, 371–372
FSR, 345–346
in lipid kinetics, 265–268
for measuring muscle protein

breakdown, 363–364
Tracer studies, assumptions

underlying, 222–224
Tracer techniques, to quantify

lipid kinetics, 264–265
Tracer/tracee ratio (TTR),

27–28, 54, 59, 93, 95, 96,
113, 147, 149

calculation when > 1.0, 121,
122

internal standard technique
and, 127

in leg model of muscle and
skin, 396, 397–398

in MIDA, 205
multi-labeled tracers and,

124–126
of NAP-leucine, 117
in NMR, 445–447
overlapping spectra correction

and, 117–120
for protein precursor

enrichment, 334t
in Ra/Rd calculations,

384–389
in three-pool model, 391
use of multiple ions in

calculating, 123–124
Transcription, 325

Transfer RNA (tRNA), protein
synthesis and, 325, 330,
331–332, 335

Translation, 325
Transport. See also Inward

transport
of amino acids between blood

and interstitial fluid, 410
of amino acids between

interstitial fluid and
muscle, 411

in measuring muscle protein
breakdown, 365–368,
368–370

Tricarboxylic acid (TCA) cycle,
153–155, 157, 163, 203,
211, 219, 220, 232,
237–238, 242

acetate correction factor and,
276–278

effect on glucose isotopomers,
245–246

in fatty acid catabolism, 263
lactate metabolism and, 252
loss of label in, 275–276

Triglyceride–fatty acid
recycling, 271–272

Triglyceride kinetics,
measurement of, 284–289

Triglyceride oxidation, indirect
estimation of, 279

Triglycerides (TGs), 269–270.
See also VLDL-TG

conversion of glucose into,
137–138

fat absorption and, 289–291
in fatty acid oxidation,

273–274
glycerol flux and, 267–268
glycerol release from, 217
in indirect calorimetry,

134–137
in lipid kinetics and fat

storage, 259, 260,
261–262

lipolysis of, 264
in NMR, 439–440, 442–443

Triglyceride synthesis, hepatic,
260, 261–262

Trimethylsilyl derivative of
glycerol, 109–113

Trimethylsilyl (TMS) group, 107
Trioctanoin, 290
Triolein, 290
Tripalmitin, 290

Tritium (3H), 2–3
in cholesterol studies, 292
enzymatic effects of, 5–6
half-life of, 3
health risk from, 13–14
initial dose rate calculation

for, 15–16
properties of, 13, 14t
quantifying decays per minute

for, 9–11, 13
radioactive decay of, 9, 10f

Turnover rate, 189. See also
Water turnover

Turnover time, 25–26
Two-exponential fit, 53–57, 61
Two-point method, in doubly

labeled water technique,
179

Two-pool model, 16–17. See
also Multiple-pool models

in compartmental modeling,
58–59

in identifiability
determination, 63–65

for measuring amino acid
kinetics, 381, 383–389,
416–419

for Ra/Rd calculations,
383–389, 389–390

Tylenol, 227
Tyrosine

in leg model of muscle and
skin, 403, 404

in protein turnover
measurement, 314

U
Ubiquitin (Ub) proteosome

pathway, 362–363
U-13C-glucose infusion,

233–234, 235, 242–243
DNA synthesis and, 355

U-13C-pyruvate, 242–243, 244,
245

U-14C-glucose infusion, 233
UDP-glucuronate, 228, 229
Uniformly labeled molecules, 2
Unit conversions, 14
Units of enrichment, 27–29, 93.

See also Enrichment (E)
Urea, 127

in bicarbonate kinetics, 70, 71
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Urea (continued)
in protein turnover

measurement, 303, 304,
305–306, 307–308,
315–316, 317–318

Urea enrichment, 342–343
Urinary nitrogen (UN ), 187,

193
Urine

for doubly labeled water
technique, 198

hippurate enrichment in, 341,
342

3-MeH excretion via, 317

V
Vacuoles, 361
Valine

in flooding dose technique,
339

in leg model of muscle and
skin, 402

in protein turnover
measurement, 314

Vasopressin, 216
Venous blood, 170–171, 172
Ventilators, 162
Very low density lipoprotein

(VLDL), 260. See also
VLDL entries

Vesicles, 361
VLDL-apolipoprotein B-100,

343, 344t, 345

VLDL-bound stearate,
208–209

VLDL metabolism, 264
VLDL-TG

acetate correction factor and,
278

in fatty acid synthesis, 282
as a source of plasma glycerol

and FFA, 271
in triglyceride kinetics,

286–289
VLDL-TG kinetic parameters,

287–288t
VO /Vh ratio, changes in, 187.

See also Isotope
distribution volumes

Voxels, 437–439

W
Washout curve, 29–31, 49
Water. See also 2H2O entries;

Total body water entries
deuterium-labeled, 292–293
doubly labeled, 6, 177–200
in leg model of muscle and

skin, 404–406r
in NMR, 421–422, 434,

439–440
Water enrichment, in MIDA,

344
Water suppression, 439–440
Water turnover, calculating,

189–190

Whole body lipogenesis, 284
Whole body protein

synthesis/breakdown (S/B),
299–322. See also Amino
acid kinetics; Catabolism
(C); Protein kinetics;
Synthesis (S)

A-V balance technique and,
382–383

measurement of, 302–317
physiological importance of,

389–390
practical considerations for,

317–318
protein turnover, 300–302
Ra/Rd calculations for,

383–389
splanchnic uptake of amino

acids, 318–320
three-pool model

measurement of,
390–395, 416–419

Whole body protein turnover,
calculating via single
amino acid tracer kinetics,
308–315

Whole body Ra lactate, lactate
metabolism and, 250–251

Whole body techniques,
133–134

Whole body tracer methods, 134
Windows, in dual-isotope

counting, 9–11


