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Relative Quantification of Carboxylic Acid
Metabolites by Liquid Chromatography-Mass
Spectrometry Using Isotopic Variants of
Cholamine
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Labeling reagents that differ only in their isotopic com-
position offer a powerful approach to achieve relative
quantification between samples by ESI-MS. Heavy and
light isotopic forms of cholamine, which contain a posi-
tively charged quaternary ammonium group, were syn-
thesized and tested as new labeling reagents for the
relative quantification of carboxylic acid-containing me-
tabolites, specifically fatty acids. The positive charge on
cholamine ensures that the labeled product is also posi-
tively charged under all LC-MS conditions, regardless of
mobile-phase pH. This leads to high ionization efficiency
and correspondingly high detection sensitivity, demon-
strated here for the analysis of fatty acids in positive ion
mode ESI-MS after reversed-phase separation under
acidic conditions. Good accuracy and precision were
obtained by mixing heavy- and light-labeled hydrolyzed egg
lipid extracts in different known ratios. The relative
quantification results for 10 observed fatty acids had an
average absolute error of 4.6% and an average coefficient
of variation (CV) of 2.6%. The labeling strategy yielded a
median CV of 6% when employed for fatty acid analysis
of eggs from chickens fed various dietary supplements.

Metabolomics involves identifying and quantifying the small
molecules present in biological samples. The two most common
analysis techniques are NMR and chromatography coupled to
mass spectrometry (e.g., GC-MS and LC-MS).1-4 Mass spec-
trometry offers much greater sensitivity and thereby affords the

analysis of numerous low-abundance metabolites, but its quantita-
tive precision is inherently poorer than NMR. Relative quantifica-
tion of metabolites between two or more samples helps research-
ers understand biological systems by unveiling interesting
differences and through testing hypotheses.1,5,6 Many such me-
tabolomic studies use multiple retention time standards and
sophisticated data analysis software in order to achieve reasonable
precision for the comparison of samples run separately.7-11 An
alternative strategy for quantification of metabolites employs
isotopic labeling reagents that react with compounds containing
a particular functional group.12-14 Each sample is reacted with a
reagent that differs only in its isotopic composition, thereby
creating “heavy” and “light” versions of derivatized metabolites,
which are easily distinguished by mass spectrometry (Figure 1).
Samples are mixed after completion of the labeling reaction and
then analyzed by LC-MS. Labeled metabolites coelute from the
LC column and appear in the mass spectrum as pairs of peaks
with a mass shift equal to the difference in mass of the two isotopic
labels. The ratio of peak intensities for each pair yields the relative
concentration of each metabolite between the two samples.
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This isotopic labeling strategy has a number of advantages.
First, it improves the precision of relative quantification by
minimizing or negating errors associated with run-to-run irrepro-
ducibility. Such errors can arise from variations in mass spectro-
metric detection sensitivity, such as those caused by ionization
suppression in electrospray15-18 or from retention time differences
between runs.9,19 The isotopic pair of labeled compounds, however,
coelute within a single run and therefore have identical retention
times and are electrosprayed from identical solution conditions.
A second benefit of utilizing a derivatization reagent is that it can
help identify a metabolite by indicating the presence of a certain
functional groupsthe one targeted by the reagent. Furthermore,
well-designed labeling reagents can improve the chromatographic

separation as well as enhance the detection sensitivity. In this
paper, we demonstrate relative quantification of carboxylic acid-
containing metabolites using isotopic labeling for the analysis of
fatty acids.

Fatty acids and other metabolite classes containing carboxylic
acids have been analyzed by a number of GC and LC methods.
Capillary column GC, often with MS detection, has been used
extensively for fatty acid analysis.20-23 The process usually entails
hydrolysis of lipids to release free fatty acids, which are then
derivatized to methyl, trimethylsilyl, or pentafluorobenzyl esters
to increase volatility. Then, just prior to GC-MS analysis,
isotopically labeled internal standards usually are added to the
samples. LC-MS methods are becoming more common and have
been developed for many metabolite classes that contain carboxy-
lic acids, as reviewed by Johnson.23,24 An issue in LC-MS of fatty
acids is that acidic conditions are preferable for the chromato-
graphic separation, yet basic conditions, which impart a negative
charge to the carboxylic acid functional group, yield the greatest
detection sensitivity for electrospray ionization mass spectrometry
(ESI-MS).23 Several groups have employed derivatization in order
to improve detection sensitivity for positive-ion mode ESI-MS
under acidic conditions.25-28

We report here a fast and robust derivatization strategy that
incorporates both a positively charged functional group and an
isotopic label for improved relative quantification of fatty acids.
The carboxylic acid group is converted into an amide by coupling
it to cholamine (Scheme 1). The quaternary ammonium group
gives the labeled compound a net positive charge, which greatly
enhances ionization in positive-ion mode ESI-MS.13,25,27,29 Incor-
poration of deuterium into the methyl groups provides isotopic
variants of the labeling reagent. Separation of the various labeled
fatty acids is accomplished with reversed-phase HPLC under acidic
conditions. We observe coelution of the isotopic pairs, as reported
by Regnier and co-workers for deuterium labeling on the methyl
groups of a quaternary ammonium functional group.30 This
coelution simplifies data analysis and provides precise relative
quantification of fatty acids, as demonstrated with egg lipid
samples obtained from chickens that were fed diets differing in
lipid composition.

EXPERIMENTAL SECTION
Synthesis of Isotopic Forms of (2-Aminoethyl)trimethy-

lammonium Chloride Hydrochloride (Cholamine-d0 and
-d9). Both cholamine isotopic derivatives were prepared in a
similar fashion (Scheme 2) starting from commercially available
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Figure 1. Relative quantification by isotopic labeling. Metabolites
containing a certain functional group are derivatized with light- and
heavy-isotopic tags prior to mixing the two samples and LC-MS
analysis. The ratio of mass spectral peak intensities for each
metabolite (e.g., M1L/M1H) provides relative quantification between
samples A and B. Note that the two adjacent (large and small) peaks
for each compound (e.g., M1L) reflect the natural isotopic distributions
of these small molecules.
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Boc-protected ethylenediamine (AK Scientific, Inc.) and then
reacting with either methyl iodide-d0 or -d3. (The notation dx is
used to indicate that the compound contains x deuterium atoms.)
The Boc-protected ethylenediamine (164.9 mg, 1.029 mmol) was
added to a stirring solution of methanol (Fisher, 20 mL) and
KHCO3 (1.0463 g, 12.454 mmol) at room temperature. After
moving the reaction to the dark, methyl iodide-d3 (Cambridge
Isotope Labs, 2.275 g, 15.69 mmol) was added. After 18 h, the
reaction solution was concentrated, resuspended in CHCl3 (Ald-
rich, 50 mL), and stirred for 1 h before filtering and concentrating
it to a viscous oil (∼10 mL). The Boc-protected-cholamine-d9 was
precipitated by the addition of Et2O (CCI, 70 mL). The supernatant
was decanted, and the resulting salts were washed again with Et2O
(40 mL) before drying in vacuo to give 194.6 mg (56%) of Boc-
protected cholamine-d9 intermediate as the iodide salt. Rf ) 0.28
(10:2:0.5, DCM/MeOH/NH4OH); 1H NMR (MeOD-d4, 300 MHz)
δ 3.63 (m, 2H), 3.56 (m, 2H), 3.40 (s (broad), 1H), 1.54 (s, 9H);
13C NMR (MeOD-d4, 75 MHz) δ 158.11, 80.95, 66.03, 35.85, 28.64
(3C); MS (HRESI-MS) calcd for [C10H14D9N2O2]+ 212.2316, found
212.2319. The Boc-protected cholamine-d0 intermediate was pre-
pared in a similar manner using methyl iodide-d0. Yield, 74%.
Rf ) 0.28 (10:2:0.5, DCM/MeOH/NH4OH); 1H NMR (MeOD-d4,
300 MHz) δ 3.61 (m, 2H), 3.58 (m, 2H), 3.40 (s (broad), 1H),
3.22 (s, 9H) 1.54 (s, 9H); 13C NMR (MeOD-d4, 75 MHz) δ 158.17,
80.93, 66.30, 54.15 (3C), 35.89, 28.64 (3C); MS (HRESI-MS) calcd
for [C10H23N2O2]+ 203.1760, found 203.1765.

The Boc-protected cholamine-d9 intermediate (146.2 mg, 0.4309
mmol) was dissolved in 2 mL of methanol cooled to 0 °C, and
then acetyl chloride (Aldrich, 173 µL, 2.43 mmol) was added
dropwise. After stirring for 3 h, the reaction was diluted with
50 mL of Et2O causing precipitation of an off-white solid. The Et2O
was decanted and the salts were washed iteratively with Et2O
(3 × 30 mL) before concentrating in vacuo. Minimal anhydrous
acetone was added to dissolve the salts before the addition of
40 mL of Et2O, which again caused the salts to precipitate. The
colored mother liquor was decanted, and the resulting salts were
dried in vacuo to give 66.5 mg (84%) of cholamine methyl iodide-
d9 as a white chloride salt. Rf ) 0.21 (10:4:1, DCM/MeOH/NH4-
OH); 1H NMR (MeOD-d4, 300 MHz) δ 3.73 (m, 2H), 3.50 (m, 2H),
3.30 (s (broad), 1H); 13C NMR (MeOD-d4, 75 MHz) δ 62.44, 34.21;
MS (HRESI-MS) calcd for [C5H6D9N2]+ 112.1800, found 112.1817.
Cholamine-d0 was prepared in a similar manner. Yield, 91%. Rf )
0.21 (10:4:1, DCM/MeOH/NH4OH); 1H NMR (MeOD-d4, 300
MHz) δ 3.76 (m, 2H), 3.51 (m, 2H), 3.29 (s (broad), 9H); 13C NMR

(MeOD-d4, 75 MHz) δ 62.71, 54.30 (3C), 34.27; MS (HRESI-MS)
calcd for [C5H15N2]+ 103.1235, found 103.1244.

Animal Protocol and Lipid Extraction from Egg Yolk.
Single-comb white Leghorn individually housed hens each were
assigned to one of five dietary regimens: a supplement of 3.5%
olive oil (OO), a supplement of 3.5% safflower oil (SO), each of
these with 0.5% conjugated linoleic acid (OO-CLA and SO-CLA,
respectively), or a standard table diet as a control. Following
established protocols, egg lipids were extracted and hydrolyzed
to free fatty acids.31 Twelve milliliters of 2:1 chloroform/methanol
was used to extract lipids from 3 g of egg lipid. A 1-mL aliquot of
egg lipid was placed into a 20-mL vial followed by addition of 5
mL of 9:1 acetonitrile/5 M HCl. The solution was refluxed until
hydrolysis was complete, as visualized by the complete dissolution
of the oil layer. Samples were then taken to near dryness on a
rotary evaporator, followed by complete drying with a vacuum
pump.

Labeling of Chicken Egg Fatty Acid Metabolites with
Cholamine. Chicken egg fatty acid extracts were dissolved in
5 mL of dimethyl sulfoxide (DMSO, Sigma). Aliquots (50 µL each)
were treated sequentially with the following: 125 µL of 20 mM
1-hydroxybenzotriazole (HOBt; Aldrich) in DMSO; 50 µL of 100
mM cholamine-d0 or -d9 in DMSO containing 200 mM triethy-
lamine (TEA; Aldrich); and 125 µL of 20 mM 2-(1H-benzotriazole-
1-yl)-1,1,3,3-tetramethylaminium hexafluorophosphate (HBTU;
Novabiochem) in DMSO. The samples were then left to react
overnight before being dissolved (1:100) in 75:25 water/acetoni-
trile with 0.1% formic acid. Heavy- and light-labeled samples were
mixed 1:1 unless otherwise stated. Injection volumes of 2 µL from
each mixture were then analyzed by LC-MS as described below.

Labeling Fatty Acid Standards with Cholamine. Myristic
acid, oleic acid, and arachidonic acid were purchased from Sigma-
Aldrich. A mixture of 0.2 µmol of each of the three acids was
treated sequentially with 30 µL of 200 mM HOBt in DMSO,
600 µL of 100 mM cholamine-d0 in DMSO containing 200 mM
TEA, and 30 µL of 200 mM HBTU in DMSO. The samples were
left to react overnight before being dissolved in 75:25 water/
acetonitrile with 0.1% formic acid. A solution of these labeled fatty
acids (15 µM each) was analyzed by direct infusion ESI-MS. In
addition, these three labeled fatty acids were mixed with the three
unlabeled fatty acids (15 µM each) and then a 10-µL injection was
analyzed by LC-MS.

(31) Folch, J.; Lees, M.; Sloane Stanley, G. H. J. Biol. Chem. 1957, 497-509.

Scheme 1. Reaction of a Carboxylic Acid Metabolite with Cholamine To Form a Product with a
Quaternary Ammonium Group, Thereby Enhancing Mass Spectrometric Analysis in Positive-Ion Mode

Scheme 2. Synthesis of Light (d0)- and Heavy (d9)-Cholamine
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LC-MS Analysis. The HPLC system consisted of an LC
Packings Famos autosampler and UltiMate solvent pump (Dionex
Corp., Sunnyvale, CA). A 150 × 0.300 mm, C18 PepMap 100
capillary column (Dionex Corp.) with 3-µm particle size and 100-Å
pore size was used for separation of the analytes. The 38-min
binary gradient elution profile was as follows: t ) 0, 25% B; t )
5, 25% B; t ) 17, 100% B; t ) 27, 100% B; t ) 28, 25% B; and t )
38, 25% B. Mobile phase A was 0.1% formic acid (EM, Gibbstown,
NJ) in HPLC grade water (Burdick & Jackson, Morristown, NJ),
and mobile phase B was 0.1% formic acid in HPLC grade
acetonitrile (Burdick & Jackson, Morristown, NJ). The flow rate
was 4 µL/min, and the LC effluent was directed to the capillary
electrospray ionization source of a MicrOTOF time-of-flight mass
spectrometer (Bruker Daltonics, Billerica, MA). Positive-ion mode
or negative-ion mode electrospray was performed with a potential
difference of 4500 V between the spray tip and the inlet using
0.4 bar N2 as a nebulizer gas and 4.0 L/min N2 drying gas at
150 °C.

RESULTS AND DISCUSSION
Simulated Relative Quantification of Fatty Acids. Two

identical samples of fatty acids from hydrolyzed egg lipid extract
were reacted with either the heavy or the light form of cholamine
as described in the Experimental Section. The two product

solutions were subsequently mixed in ratios of 1:4 and 4:1 to
simulate relative quantification. These mixtures were separated
by reversed-phase HPLC followed by ESI-MS, and data from the
1:4 mixture are displayed in Figure 2. Extracted ion chromato-
grams (EICs) were obtained for the masses corresponding to the
heavy- and light-labeled versions of 10 fatty acids. Chromato-
graphic coelution of the heavy- and light-labeled fatty acids is
clearly demonstrated by the EICs. Example mass spectra are
shown for two fatty acids, one with high abundance and the other
with low abundance, and these spectra illustrate the 9-Da mass
shift between the heavy and light forms. The ratios of peak
intensities were calculated for each pair of heavy- and light-labeled
fatty acids from four runs (2 runs each of the 1:4 and 4:1 mixtures);
the average ratios are displayed in Table 1. The average experi-
mental ratio for the 10 fatty acids was 4.07 compared with an
expected ratio of 4.00. The accuracy and precision were very good
for this simulated relative quantification experiment: average
absolute error was 4.6% and the average coefficient of variation
(CV) was 2.6%.

Attributes of Cholamine as an Isotopic Labeling Reagent.
Cholamine has a number of advantages as a labeling reagent. First,
the product of the reaction between cholamine and a carboxylic
acid contains a permanently ionized quaternary ammonium group

Figure 2. Extracted ion chromatograms (left) and representative mass spectra (right) of light- and heavy-cholamine labeled fatty acids. For
clarity, the EICs are divided between two panels: the upper one shows five more abundant fatty acids and the lower one shows five less
abundant fatty acids. Perfect coelution is observed for the isotopic pairs of peaks (dotted and solid lines for light and heavy labels, respectively).
The expected 1:4 intensity ratio and the 9-Da shift are also evident. Note that each compound yields two or three peaks in the mass spectra due
to the natural isotopic distribution, but only the tallest (monoisotopic) peak was employed for quantification.
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(Scheme 1). Not only is the ionizability of the acid not destroyed
during the coupling reaction but the mode of ionization switches
from negative to positive mode, which facilitates the use of acidic
buffers during the LC separation. Second, the reaction conditions
are such that no sample cleanup is required. The product-
containing solution is simply diluted with LC loading buffer,
separated into its components by chromatography, and then mass
analyzed. Third, the size and mass of the label is smaller than
the targeted analytes; the added masses for the light and heavy
labels are 85 and 94 Da, respectively. Thus, the chemical
structures of the original analytes still contribute significantly to
the chromatographic separation, as observed in Figure 2. In other
words, the label does not dominate the separation and cause all
labeled compounds to elute at the same time, which could increase
detection limits because of ion suppression effects,15 and thereby
impair observation of some minor constituents. Fourth, the
placement of the deuterium on the methyl groups of the
quaternary ammonium group, rather than at some more hydro-
phobic position, ensures coelution of light- and heavy-isotope
derivatives of equivalent metabolites from two different samples,
as observed in Figure 2 and reported in the literature.30 In contrast,
some deuterium isotope derivatives that are used in relative
quantification of peptides produce an undesirable chromatographic
shift, which introduces a source of error in calculation of relative
abundances.13,19 Finally, the relatively large 9-Da shift between the
light- and heavy-labeled compounds prevents the natural isotope
peaks of the light-labeled compound from overlapping with the
monoisotopic peak of the heavy-labeled compound.

The sensitivity enhancement produced by cholamine labeling
was determined by comparing ESI-MS intensities of labeled and
unlabeled fatty acids of various lengths and degrees of unsatura-
tion. Myristic acid (14:0), oleic acid (18:1), and arachidonic acid
(20:4) were labeled with cholamine and then diluted to 15 µM in
75:25 water/acetonitrile with 0.1% formic acid. Direct infusion
positive-mode ESI-MS of this unpurified mixture, which contained
excess labeling reagents, gave signal intensities that were 1.5-3
times higher than the three unlabeled acids infused under their
optimal conditions (negative-mode ESI-MS at 15 µM in 75:25
water/acetonitrile with 1% ammonium hydroxide). These sensitiv-

ity enhancement values represent lower limits and would likely
be even greater following LC purification that would remove
compounds likely to cause ion suppression (e.g., the excess
cholamine and triethylamine). The sample of unlabeled acids did
not contain any interfering compounds, but even so, it yielded
lower signal intensities than the sample of labeled fatty acids.

The improvement offered by labeling fatty acids was further
explored by estimating the limits of detection for the labeled fatty
acids and for the unlabeled ones under typical acidic LC-MS
conditions. An equimolar mixture was prepared of the three
cholamine-labeled fatty acids and the three unlabeled fatty acids,
where each of the six compounds was 15 µM in a solution of 75:
25 water/acetonitrile with 0.1% formic acid. These mixtures were
separated by reversed-phase HPLC followed by positive-mode ESI-
MS as well as negative-mode ESI-MS (in separate LC runs). The
limits of detection (LODs) for the labeled fatty acids in positive
mode were 15 ( 5, 23 ( 4, and 30 ( 8 fmol for myristic, oleic,
and archidonic acids, respectively. The LODs for the unlabeled
fatty acids in negative mode were in the picomole range and as
such were 110×, 300×, and 30× higher than for their labeled
counterparts in positive mode. The poor LOD values for the
unlabeled fatty acids were caused predominantly by the acidic
buffer, which limits deprotonation of the carboxylic acid groups.
The acidic buffer was employed because it is highly preferred
for RPLC of fatty acids,23 which makes the above experiment a
fair comparison between cholamine-labeled and unlabeled
fatty acids when considering the entire LC-MS analysis
method.

Relative Quantification of Fatty Acids from Hydrolyzed
Egg Lipid. Dietary lipid composition can have significant effects
on the growth and composition of chickens and their eggs. For
example, animals fed CLA exhibit improved growth, efficiency of
food use, and resistance to certain diseases;32-36 but it also leads
to dramatic decreases in egg hatchability. Aydin et al. have shown
that combining other fatty acids with CLA eliminates the hatch-
ability problem.37 These fatty acids in the diet impact the fatty
acid composition of the eggs, which affects hatchability. The
following experiment used cholamine labeling for relative quan-
tification of fatty acids in egg lipids in order to examine the
incorporation of dietary fat into egg yolks.

Results are shown in Figure 3 for the fatty acid analysis of
egg lipids after supplementing the standard table diet with OO
and SO, with and without CLA. The various supplemented diets
are all compared to the standard table diet, and a ratio of 1 in
Figure 3a indicates that the supplement had no effect on the
amount of that particular fatty acid. Many substantial changes in
the fatty acid composition are observed. The error bars in Figure
3 represent the standard deviations obtained from two LC-MS

(32) Cook, M. E.; DeVoney, D.; Drake, B.; Pariza, M. W.; Whigham, L.; Yang,
M. In Advances in Conjugated Linoleic Acid Research; Yurawecz, M. P.,
Mossaba, M. M., Kramer, J. K. G., Pariza, M. W., Nelson, G. J., Eds.; AOCS
Press: Champaign, IL, 1999; Vol. 1, pp 226-237.

(33) Banni, S.; Heys, S. D.; Wahle, K. W. J. In Advances in Conjugated Linoleic
Acid Research; Sebedio, J.-L., Christie, W. W., Adlof, R., Eds.; AOCS Press:
Champaign, IL, 2003; Vol. 2, pp 267-282.

(34) Chin, S. F.; Storkson, J. M.; Albright, K. J.; Pariza, M. W. J. Nutr. 1994,
124, 694-701.

(35) Pariza, M. W.; Y., P.; M. E., C. Prog. Lipid Res. 2001, 40, 283-298.
(36) Ostrowska, E.; Muralitharan, M.; Cross, R. F.; Bauman, D. E.; Dunshea, F.

R. J. Nutr. 1999, 129, 2037-2042.
(37) Aydin, R.; Pariza, M. W.; Cook, M. E. J. Nutr. 2001, 131, 800-806.

Table 1. Experimental Isotope Ratios for 10 Fatty
Acids in a Simulated Relative Quantification
Experiment where the Expected Ratio was 4.00.

fatty
acida

experimental
ratiob

precision
CV (%)

accuracy
(% error)

16:0 4.21 3.1 5.4
16:1 4.04 0.8 1.1
18:0 4.30 2.3 7.5
18:1 4.22 2.6 5.5
18:2 4.29 1.4 7.4
18:3 3.98 6.3 0.6
20:3 3.50 4.8 12.5
20:4 4.15 1.8 3.7
22:5 4.04 1.7 1.0
22:6 3.94 1.3 1.4

average 4.07 2.6 4.6

a Fatty acids are referred to by their number of carbons and degree
of unsaturation. b A 1:1 mixture was used to normalize ratios for minor
variations in reactivity between heavy and light cholamine
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runs for each of two cholamine labeling experiments (i.e., four
technical replicates). The median CV across the 12 different fatty
acids was 6% (range of 2-20%) for this relative quantification
experiment using isotope labels. This precision is quite similar
to the 8% value reported for GC/MS of a few metabolites that
were quantified by comparison to added isotopic internal stan-
dards.38 The labeling approach, however, allows for a more
comprehensive metabolite analysis than a targeted approach
wherein each isotopic standard has to be purchased, weighed,
dissolved, diluted, and added to the sample extracts.

Quantification by LC-MS without labels or isotopic standards
typically involves a simple comparison of peak intensity/area
between runs. However, this method is generally less precise due
to variations in run-to-run retention times and ionization ef-
ficiency.9,15,19 This effect is demonstrated by an alternate analysis
of the intensity data (Figure 3b). Ratios of peak intensities for

each compound between different LC-MS runs were calculated,
and the median CV in that case was 12% (range of 2-36%). This
variability is similar to the values reported for other metabolite
profiling of complex samples that employed either GC/MS (CV
) 13.8%)38 or LC-MS (CV ) 13.5%)11 without the benefit of an
isotopic variant. In contrast, taking the ratio of isotopic peak
intensities within a single run using the isotopic labeling approach
described herein significantly improves the precision of relative
quantification (median CV of only 6%). This example illustrates
the improvement that can be expected when employing isotopic
labels in a global relative quantification experiment.

CONCLUSIONS
Chemical derivatization with cholamine facilitates LC-MS

analysis of fatty acids by greatly enhancing positive mode
electrospray ionization after reversed-phase separation under
acidic conditions. Metabolite identification did not present
a problem for the 12 fatty acids of interest in these egg lipid
samples, but metabolite database searching for other types of

(38) Gullberg, J.; Jonsson, P.; Nordstrom, A.; Sjostrom, M.; Moritz, T. Anal.
Biochem. 2004, 331, 283-295.

Figure 3. Quantification of fatty acids in hydrolyzed egg lipid extracts from chickens on various diets. (a) The relative quantification results
from heavy- and light-isotopic labeling with cholamine are displayed as ratios. (b) This log plot of absolute intensities of labeled fatty acids
shows a dynamic range of 3 orders of magnitude.
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samples could be improved by pairing the knowledge of a
carboxylic acid functional group with a metabolite mass. The
strategy of isotopic labeling with cholamine assures precise
relative quantification without the possibility that matrix effects
or run-to-run variations might adversely and unknowingly affect
the results. Cholamine labeling is suitable for other carboxylic
acid-containing metabolites, such as small polar analytes and
peptides, as well as othertypes of samples, such as lysates from
cultured cells. These types of analyses are currently underway in
our laboratory.
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