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Abstract

Carboxylic acids in plasma or serum can be conveniently determined by capillary gas chromatography (GC)
following treatment with ethyl chloroformate (ECF). The mixed organic solvent used for plasma deproteinization is
also suitable as medium for the subsequent reaction step. Thus, isolation of the compounds of interest is not
necessary. Before treatment of the supernatant with ECF, the neutral lipids and amino acids are removed easily by
hexane extraction and cation-exchange chromatography. Ketocarboxylic acids do not require a preliminary
oximation. Capillary columns with a length of 15 m and a polar silicone phase proved to be ideal for the separation
of mixtures of derivatized keto-, hydroxy-, mono- and dicarboxylic acids. The run time is less than 30 min.

1. Introduction

At present detection of organic acids as meta-
bolic products in body fluids, so called “metabol-
ic profiling”, can be performed at various medi-
cal centers and clinical laboratories [1]. As far as
the analysis is concerned, the following three
steps must be carried out: isolation, derivatiza-
tion and separation of the compounds of inter-
est.

There is no doubt that capillary GC in combi-
nation with mass spectrometry (GC-MS) is the
most efficient tool for separating complex sam-
ples and identifying the individual analytes [2-4].
Concomitantly, problems arise in the isolation
and derivatization steps. Quantification of or-
ganic acids is notoriously inaccurate, largely due
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to the inconsistent efficiency of both the solvent
and sorbent extraction [1-4]. Moreover, the
widely used derivatization procedures, silylation
(3] or methylation [5], suffer from some dis-
advantages, e.g. the need to use completely dry
samples in the former, and the occurrence of
undesired side-reactions in the latter. Both pro-
cedures require a long reaction time.

Recently, conditions for the esterification of
carboxylic acids with alkyl chloroformates have
been developed {6]. The reaction proceeds in-
stantaneously following addition of the reagent
to an aqueous medium. The successful derivati-
zation of various classes of carboxylic acids,
which also occur as acidic metabolites in body
fluids, in an aqueous environment prompted the
present application since we were interested in
the possibility to avoid the isolation step and to
treat the plasma supernatant directly. The idea
to use the same medium for deproteinization and
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subsequent derivatization seemed to be especial-
ly interesting.

The present study highlights the advantages of
this novel approach that markedly facilitates the
process of blood profile monitoring.

2. Experimental
2.1. Materials

Ethyl chloroformate (ECF), organic solvents
of the highest available grade and all other
chemicals, including the standards of carboxylic
acids (see Table 1), were obtained from Sigma-
Aldrich (Prague, Czech Republic). Both abso-
lute or 96% ethanol can be used. Equimolar
solutions of the acid standards were prepared in
water; a 50 mM solution of aqueous bicarbonate
was used for the dicarboxylic acids; and acetoni-
trile—chloroform was used for the long-chain
fatty acids) at concentrations of 10 nmol/ul for
the acids and the dicarboxylic acids, and 5 nmol/
ul for the fatty acids. Internal standard solution
was prepared by dissolving malonic acid (20
pmol/ml) in water. The sodium carbonate—bi-
carbonate solution (approx. 1 M) was prepared
weekly by dissolving 0.5 g of carbonate and 1 g
of bicarbonate in 20 ml water. The anticoagulant
solution consisted of 150 mM EDTA-Na, and 5
mM sodium bisulphite in water.

Reaction vials, 2-ml volume, with rounded
bottom (made from 10 mm O.D. glass tubes with
10/14 mm ground joints) were silanized with a
10% solution of dichlorodimethylsilane in hex-
ane (30 min at room temperature) and washed
with denatured alcohol, water and acetone be-
fore use. Silanization was repeated approximate-
ly once a month when loss of surface hydro-
phobicity during sample extraction became ap-
parent.

Cation-exchange columns were made from
1.5-ml tips of push-button pipettes by placing
glass wool together with 10-15 mg of dry AG
S0W-X8 resin (100-200 mesh) into the conus.
The exchanger was reactivated by flushing with 1

M HC1 (0.5 ml) followed by the same amount of
water and acetonitrile.

A plasma pool from blood of 5 volunteers
(aged 25-45 years) was prepared by collecting
blood samples of 5 ml into chilled tubes con-
taining 0.1 ml of the anticoagulant solution
mentioned above. After centrifugation (1000 g,
10 min) the pooled plasma was processed imme-
diately or stored at —20°C.

2.2. Apparatus

A GC 14A gas chromatograph (Shimadzu,
Austria) with a flame ionization detector and a
split/splitless  injector connected with a
Shimadzu Chromatopac CR1B integrator were
used. The injector and detector temperatures
were set at 220°C and 240°C, respectively. A
fused-silica capillary 15 m x 0.25 mm [L.D. of
DB-225 type (0.25-pum film thickness of 50%
cyanopropylmethyl-50% phenylmethyl silicone;
J and W Scientific, Folsom, CA, USA) was used.
The temperature was programmed from 60°C (2
min hold) at 8°/min to 220°C (5 min hold).
Hydrogen was used as the gas phase at a head
pressure of S0 kPa (the make-up gas was nitro-
gen at the same pressure). The splitting ratio was
1:20, and the attenuation X 32.

2.3. Procedure

See Fig. 1 for scheme of sample work-up. To
0.4 ml of acetonitrile and 0.2 ml of ethanol were
added 2 ul of L.S. solution (containing 40 nmol
of malonic acid) and 0.2 ml of plasma. The
mixture was shaken for 1 min tp precipitate the
proteins and extract the carboxylic acids. After
centrifugation at 2000 g for 10 min, the superna-
tant (0.6-0.7 ml) was transferred into another
tube, alkalinized to pH> 8 by addition of 2 M
NaOH (2-3 ul) and extracted two times with 0.5
ml of n-hexane. The hexane layer was aspirated
off and 500 w1 of the aqueous phase were pushed
slowly through the cation-exchange column till
air bubbles occurred at the exchanger bed. To
the acidified supernatant (pH <3) in the silan-
ized glass tube 20 ul ECF and 40 ul pyridine
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Fig. 1. Scheme of sample work-up.

were added and the mixture was gently shaken
for a few seconds while carbon dioxide bubbles
are formed (the course of the derivatization and
the yield are not influenced by this phenom-
enon). Following the addition of 0.25 ml of
dichloromethane and 0.5 ml of the (bi)carbonate
solution, the stoppered tube was shaken for ca.
10 s. After standing for 2-3 min to reach phase
equilibrium, the upper aqueous layer was aspi-
rated (in the silanized tubes the last water drops
can be easily aspirated by pipette-tips when
tilting the tube) and the organic phase was dried
by addition of few milligrams of sodium sul-
phate. By blowing nitrogen across the surface of
the solvent at room or slightly elevated tempera-
ture (36 to 40°C) volume reduction to approxi-
mately 60 to 100 ul can be achieved within 2-3
min. A 2-2.5 ul aliquot was then injected onto
the column in the split mode (1:20).

The same procedure was carried out for the
chromatographic standards by addition of 0.2 ml
water instead of plasma.

3. Results

Retention times and response factors of the
individual carboxylic acids on the DB-225 col-
umn were determined with respect to malonic
acid. This compound-unlike some other dicar-
boxylic acids—can be converted to diethyl ester
with a good and reproducible yield. It proved to
be a convenient I.S. for plasma profiling since on
the specified column it was eluted in a vacant
area of the chromatogram and since it was not
found in human blood.

The overall reproducibility of the procedure,
expressed as percent variation from the mean,
was determined from six independent analyses of
the standards. As can be seen from Table 1, the
CV.s were remarkably low and close to those
found for the derivatization alone. The excellent
separation power of the polar silicone phase for
this kind of derivatives is documented in Fig. 2.

A normal plasma profile of carboxylic acids is
shown in Fig. 3. The chromatogram corresponds
to 0.125 ml of plasma, to which I.S. in amount
20 nmol/100 w1 plasma was added. Identification
of the analytes was based on comparison of the
retention times with those of standard solutions.
Thus, the structure of the others peaks remains
unknown.

The within-day reproducibility of the plasma
profiling and the recovery of the acids added to
plasma are given in Table 2. Plasma samples
were spiked with chromatographic standards in
the range of 20 to 100 nmol of the particular
standard added to 0.2 ml of plasma.

The average C.V. of the within-day reproduci-
bility was 5%, the CV. being higher for acids of
low abundance (at or below 5 nmol/ml plasma).
These minor components are very difficult to
detect and are not often included in previous
reports [4]. Recovery of the acids from the
spiked plasma was surprisingly good; slightly
lower values were found for some of the di-
carboxylic acids. In contrast, and rather against
expectance, the CV.s for fatty acids were higher
than those of the others analytes. Lactic acid, the
predominant compound in the profile, is always
accompanied (like other hydroxycarboxylic



40

Table 1

Chromatographic parameters of derivatized standards of carboxylic acids on DB-225 column
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Elution Carboxylic Abbrevi- t RF CV.
order acid ation (relative) (relative) (%)
1 Pyruvic PYR 0.466 0.34 4.4
2 Caproic 6:0 0.517 1.15 7.0
3 2-Ketoisovaleric KIV 0.645 0.90 2.6
4 3-Hydroxybutyric 3HB 0.730 0.87 6.8
5 2-Ketomethylvaleric KMV 0.830 1.25 4.1
6 2-Ketoisocaproic KIC 0.864 1.19 3.2
7 Caprylic 8:0 0.889 1.52 5.9
8 Malonic (1.S.) M 1.000 1.00
9 Methylmalonic MM 1.021 1.03 5.8
10 Benzoic BA 1.132 0.45 8.3
11 Ethylmalonic EM 1.146 1.21 7.8
12 2-Hydroxypropionic HP 1.287 0.83 6.0
(lactic)
13 Capric 10:0 1.309 1.89 6.3
14 Hydroxyacetic HA 1.321 0.56 7.5
15 Phenylacetic PA 1.395 1.78 2.8
16 2-Hydroxybutyric HB 1.424 1.07 5.6
17 2-Hydroxyisovaleric HIV 1.485 0.78 5.0
18 2-Hydroxyisocaproic HIC 1.648 1.40 4.7
19 Lauric 12:0 1.704 224 51
20 Adipic AD 1.718 1.14 7.7
21 Methyladipic MAD 1.757 1.09 9.2
22 Pimelic PIM 1.915 1.67 6.4
23 Myristic 14:0 2.064 2.62 6.3
24 Suberic SUB 2.103 1.82 4.9
25 Palmitic 16:0 2.389 2.98 6.0
26 Palmitooleic 16:1 2.405 2.99 6.9
27 Phenyllactic PL 2.640 2.14 5.2
28 Stearic 18:0 2.684 3.36 6.5
29 Oleic 18:1 2.706 3.35 5.7
30 Linoleic 18:2 2.766 3.33 5.9
31 Linolenic 18:3 2.829 3.32 6.1
32 Atrachic 20:0 2.967 3.70 5.8
33 Arachidonic 20:4 3.067 3.64 6.3
34 Docosahexanoic 22:6 3.546 3.91 5.4

Retention times (t;) and molar response factors (RF) relative to malonic acid (internal standard, 1.S.). Reproducibility of
derivative formation followed by coefficient of variation (CV., n =6).

acids) by side-reaction products [7,8]. These are
marked by asterisks in Fig. 3 and do not inter-
fere with other compounds under the chosen
analytical conditions.

4. Discussion

An organic solvent suitable as an effective
deproteinizing agent had to be compatible with

the optimum composition of the reaction
medium used for the treatment with chloro-
formates [6]. Although a 1:1 ratio of plasma to
organic solvent (acetonitrile—ethanol, 1:1) af-
fords a good yield for most of the analytes and
would be desirable with regard to the subsequent
volume reduction, precipitation of proteins was
proven not to be complete under such condi-
tions. Addition of dichloromethane gave a high-
er precipitation. Also other authors have used
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Fig. 2. Chromatographic standards analyzed on the DB-225
column as an equimolar mixture (fatty acids at half molari-
ty). Derivatized amount 20 nmol of each, injected amount
0.5 nmol at 1:20 split ratio. Attenuation: x 32. Peak iden-
tities: see Table 1.

organic solvents such as alcohols (methanol,
ethanol, isopropanol), acetonitrile or acetone as
precipitants [2,3,9-13] even in the ratio 1:1
[9,11], but in none of the previous reports the
supernatant was subjected to direct derivatiza-
tion.

The 3:1 ratio of the present study is closer to
the ratio used in a recent report [10] where a
4-fold excess of ethanol over plasma was em-
ployed. Furthermore, the authors found that
such a mixture could be extracted with hexane
without mixing of the phases taking place. Since

7 LHJ i

—— 50 140 220 ——— %

2 12 24 min

Fig. 3. Organic acid profile corresponding to 0.125 ml of
plasma. 1.S. added to a concentration of 20 nmol/0.1 ml of
plasma. Processed under the same conditions as in Fig. 1.
Asterisks (*) indicates side-products of lactic acid. Peak
identities: see Table 1.

acetonitrile is also immiscible with hexane, our
system was also able to remove the neutral lipids
without any negative influence on the derivatiza-
tion yields.

The chosen ratio with 50% of acetonitrile in
the solvent is a compromise, providing optimum
yields for both hydroxycarboxylic and dicarbox-
ylic acids. To obtain maximum yields the former
require a slightly higher concentration of ace-
tonitrile in the medium [7], whereas the latter
require a lower concentration as they tend to
form alkoxycarbonyl esters (mixed anhydrides)
in its presence [14]. This is also the reason for
the failure to detect succinic acid [6] and for the
lower response of the higher homologs (diC,—
C;). The mixed anhydrides decompose when
shaken with (bi)carbonate and the corresponding
parent acids remain as salts in the aqueous
phase. As far as lactic acid is concerned, the
addition of ECF prior to pyridine contributes
more to the suppression of side-product forma-
tion than changing of the acetonitrile content [7].

The highest dependence on the amount of
acetonitrile in the medium was observed in the
case of keto acids. Any lowering of the 3:1 ratio
results in a decline of their response to ca. one
third at a 1:1 ratio. In contrast, a higher ratio
does not result in a higher yield. Determination
of acetoacetic acid (3-ketobutyric) was not pos-
sible since the compound decomposes in the
injector. Acetonitrile is the best reaction
medium even for fatty acids [15], and increasing
the water content results only in minor decrease
of their yield [16]. Any unreacted fatty acids are
removed by the (bi)carbonate solution. The
same is true for sugars and sugar-related car-
boxylic acids: they remain “hydrophilic” as the
alcoholic hydroxyl groups (except the one adja-
cent to the carboxyl group) do not react with
chloroformates under the described reaction
conditions [17].

Exposure of the supernatant to the hexane
phase and subsequent cation-exchange chroma-
tography did not alter the reaction yields. Neu-
tralization of the supernatant acidified in the
exchange column to pH 1-2 requires ca. 4 ul of
pyridine. However, this step can be omitted as
the added amount of pyridine is more than
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Table 2
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Within-day reproducibility of plasma organic acid profiling and analytical recovery of organic acids added to plasma

Acid Plasma Spiked plasma
Concentration CV. Recovery CV.
(nmol/ml) (n=6)(%) (%) (n=6) (%)
PYR 86.8 4.1 92 6.3
6:0 1.9 14.2 109 10.1
KIvV 12.2 4.3 96 8.6
3HB 75.7 32 105 7.4
KMV 24.6 4.9 99 8.1
KIC 38.3 3.9 104 6.2
8:0 22 13.6 102 10.2
MM 0 100 4.5
BA 0 108 5.9
EM 0 96 8.3
HP 1755.1 7.4 97 8.7
10:0 + HA 3.8 13.0 101 11.2
PA 1.2 9.2 105 9.6
HB 325 5.7 93 8.4
HIV 13.4 6.2 104 6.6
HIC 0 100 6.7
12:0 4.3 13.2 98 7.5
AD 1.2 20.7 91 8.1
MAD 0 84 13.7
PIM 1.6 23.5 89 6.4
14:0 17.4 10.8 97 8.8
SUB 0 88 9.4
16:0 112.7 8.2 102 9.7
16:1 14.5 7.9 100 7.3
PL 0 102 5.5
18:0 52.1 5.8 99 8.0
18:1 106.2 5.9 103 7.2
18:2 62.7 4.7 105 8.7
18:3 4.4 11.4 97 9.0
20:0 0 106 10.4
20:4 141 5.8 101 7.8
22:6 4.7 12.3 97 7.7

sufficient to give a satisfactory reaction. Even the
amount of cation exchanger (10 to 12 mg) was
sufficient to remove amino acids and salts com-
pletely. The pH of the ecluate after passage
though the column should always be <3.
Dichloromethane proved to be a good substi-
tute for the previously used chloroform [6].
Reduction of the volume of the dichloromethane
extract to approximately 60-80 ul (the remain-
ing solvent then consists mostly of acetonitrile
and pyridine) should be carefully monitored to
prevent evaporation to dryness, since in that case

loss of the most volatile analytes will occur. In
such a condensed medium a progressive decrease
of the amount of keto acids in time at room
temperature takes place. To prevent this, the
sample should be stored refrigerated at —20°C
when the analysis is to be done at a later stage.

A pilot study revealed that the values found
for the plasma and serum metabolic profiles were
comparable. Further studies should be per-
formed in this respect. EDTA as a coagulant
does not have an adverse effect on the analysis,
as its amount in the sample before derivatization
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is less than 1 uwmol. Heparinized blood was less
suitable as some extraneous peaks, coeluting
with some fatty acids, appeared at the end of the
chromatogram.

The abundance of the carboxylic acids in
control human plasma, as shown in Table 2, is
comparable with that reported in some earlier
reports using different approaches [4,9,10]. The
agreement with literature values is especially
valuable for keto acids, which had to be double-
derivatized before GC analysis [18] or which
were analyzed by HPLC [19,20]. The abundance
of the fatty acids in blood fully fits the generally
known range.

ECF was preferred over methyl chioroformate
(MCEF) [6] because it is able to separate pyruvic
acid ethyl ester from the solvent peak. The use
of a polar silicone phase is perfectly suited to the
analysis of the least volatile members of the acid
pattern.

A procedure is currently being developed to
allow even amino acids to be included in the
profile. However, a column with a phase having
a higher temperature stability will be required.

5. Conclusion

The novel approach using chioroformates for
the instantaneous esterification of carboxylic
acids in aqueous media [6] was adapted for the
direct treatment of deproteinized plasma super-
natants. The within-day reproducibility and the
acid recovery from spiked plasma samples dem-
onstrate the usefulness and suitability of this
markedly facilitated approach. The procedure

uses simpler sample handling and gives results
comparable to those of the more tedious meth-
ods currently employed. An organic acid blood
profile can be obtained within 1 h (including
sample pretreatment) with lower costs.

6. References

[1] V.E. Shih, Clin. Biochem., 24 (1991) 301.
[2} P. Verner, J. Pharmacol. Biomed. Anal., 6 (1988) 131.
[3] T. Niva, J. Chromatogr., 379 (1986) 313.
[4] G. Hoffmann, S. Aramaki, E. Blum-Hoffmann, W.L.
Nyhan and L. Sweetman, Clin. Chem., 35 (1989) 587.
[5} H.M. Liebich and C. Forst, J. Chromatogr., 525 (1990)
1.
[6] P. Husek, LC-GC/Inil., 5 (1992) No. 9: 43.
[7] P. Husek, J. Chromatogr., 630 (1993) 429.
[8] H.M. Liebich, E. Gesele, H.G. Wahli, C. Wirth, J. Woll
and P. Husek, J. Chromatogr., 626 (1992) 289.
[9] C. Aussel, L. Cynober and J. Giboudeau, J. Chroma-
togr., 423 (1987) 270.
[10] B. Schatowitz and G. Gercken, J. Chromatogr., 425
(1988) 257.
[11] T.K. McGhie, J. Chromatogr., 566 (1991) 215.
[12] G.A. Qureshi and A.R. Qureshi, J. Chromatogr., 491
(1989) 281.
[13] M.C. Aristoy and F. Toldra, J. Agric. Food Chem., 39
(1991) 1792.
[14] P. Husek, unpublished results.
[15] P. Husek, J. Chromatogr., 615 (1993) 334.
[16] P. Husek, J.A. Rijks, P.A. Leclercq and C.A. Cramers,
J. High Resol. Chromatogr., 13 (1990) 633.
[17] P. Husek, J. Chromatogr., 547 (1991) 307.
[18] G. Hoffmann and L. Sweetman, Clin. Chim. Acta, 199
(1991) 237.
[19] K. Koike and M. Koike, Anal. Biochem., 141 (1984)
481.
[20] T. Nakahara, J. Ishida, M. Yamaguchi and M. Naka-
mura, Anal. Biochem., 190 (1990) 309.



