Available online at www.sciencedirect.com

SCIENCE@DIHECT° JOURNAL OF
CHROMATOGRAPHY B

I

ELSEVIER Journal of Chromatography B, 805 (2004) 113-117

www.elsevier.com/locate/chromb

Simultaneous determination of formate and acetate in whole blood and
urine from humans using gas chromatography—mass spectrometry

Shigetoshi Kag® Keiko KudaP, Hideaki Iked&P, Noriaki Ikeda*

@ Forensic Science Laboratory, Fukuoka Prefectural Police Headquarters, 7-7, Higashikoen, Hakata-ku, Fukuoka 812-8576, Japan
b Department of Forensic Pathology and Sciences, Graduate School of Medical Sciences, Kyushu University, 3-1-1,
Maidashi, Higashi-ku, Fukuoka 812-8582, Japan

Received 1 August 2003; received in revised form 10 February 2004; accepted 19 February 2004

Abstract

We devised a sensitive and simple method for simultaneous determination of formate and acetate in whole blood and urine from humans
using gas chromatography—mass spectrometry. Formate and acetate were alkylated with pentafluorobenzyl bromide in the mixture of acetone
and phosphate buffer (pH 6.8). The derivatives obtained were analyzed using gas chromatography—mass spectrometry in positive-ion electron
ionization (El) mode. The lower limit of detection for both compounds was 0.02 mM. The calibration curves for formate and acetate were
linear over the concentration range from 0.05 to 5.0 mM. Accuracy and precision of the method were evaluated and the coefficients of variation
were within 10%. With use of this method, levels of formate and acetate in whole blood can be determined in forensic cases.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction ters [17,18] However, these methods do not determine
formate and acetate in biological samples. The pentafluo-

Formate and acetate in whole blood and urine are some-robenzyl ester of formate in biological samples could not

times analyzed in forensic cases. Formate is considered to béve determined because of the instability of the efite}.

an indicator for formaldehydf—3], methanol[4-10], and We earlier developed a sensitive and simple method to

formic acid poisoning11,12]since methanol and formalde- determine sulfidg20], polysulfides[21], thiosulfate[22],

hyde are metabolized to formic acid. As ethanol is metabo- cyanide[23], thiocyanatd23], azide[24], nitrite and nitrate

lized to acetic acid, acetate is considered to be an indicator[25,26]in whole blood using pentafluorobenzyl bromide as

for oral ingestion of ethandll3,14] the alkylating agent. In this report, we derivatized formate
Short-chain fatty acids such as formate and acetate areand acetate in biological samples simultaneously for possible

also produced from blood or urine degraded during post- use in forensic cases.

mortem changes. When both formate and acetate were found

to be over the control level in blood and urine of healthy

persons, itis assumed that these acids had been produced by Experimental

degradation. Therefore, it is useful that formate and acetate

are simultaneously determined in forensic cases in order 02 1 Reagents

determine the origin of these acids.

There are reports on the simultaneous determination A sojution of internal standard (IS) was prepared by

of formate and acetate as the phenacyl esfeB, the  gissolving 1,3,5-tribromobenzene (TBB) in n-hexane to
p-bromophenacyl esterfd6] or the pentafluorobenzyl es-  yield a concentration of 0.1 mM. TBB was purchased from

Wako Pure Chemical Industries (Osaka, Japan). An alky-

* Corresponding author. Tel:81-92-642-6124; Ia‘Fing agent, pentafluoroben;yl bromide (PFBBr; Aldrich,
fax: +81-92-642-6126. Milwaukee, WI, USA), was dissolved in acetone at a con-
E-mail address: norii@forensic.med.kyushu-u.ac.jp (N. lkeda). centration of 100 mM. A stock standard solution (100 mM)
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of formate and acetate were prepared by dissolving sodium2.5. Preparation of calibration graphs
formate and sodium acetate in distilled and deionized water.

This solution was further diluted with this water to pre- Whole blood and urine samples were prepared to contain
pare 0.1-50 mM solutions. The other reagents used were offormate and acetate at concentrations of 0.02-5.0 mM. These
analytical grade. samples were extracted and derivatized in the same man-

ner as described above. Calibration graphs were obtained by
, ) plotting the peak-area ratio of the molecular peak iorg
2.2. Preparation of whole blood and urine samples [226]t or Mz [240]*, of the derivative of formate or acetate
to the base peak iomyz [314]", of TBB (IS) against the
concentration of formate or acetate, using mass chromatog-
raphy in positive-ion EI mode.

Samples to be tested were prepared by adding the stan
dard solution to whole blood and urine, both of which were
collected from a healthy volunteer. The whole blood col-
lected was added to an anticoagulant (heparin) and stored at
4°C. For analysis of formate and acetate, 0.2 ml samples 0f3_ Results and discussion
whole blood and urine were directly used in the alkylation
procedure without deproteinization. 3.1. Analysis by GC-MS

When formate or acetate concentration in whole blood and
urine is over the quantitation limit of 5.0 mM, the sample

. Mass spectra of the derivative of formate and acetate using
was diluted.

positive-ion El and negative-ion Cl modes, are shown in
Figs. 1 and 2respectively. As shown iRig. 1, the molecular
2.3. Alkylation procedure ion of the derivative of formate was observednalz 226
when using positive-ion El mode, and the base peak ion was
A 1.0-ml volume of 100 mM PFBBr solution in acetone Observed atz 181 [M-HCOOJ". Using negative-ion Cl
was put into a 10-ml volume glass-stoppered test tube with Mode, the base peak ion of the derivative of formate was
0.2-ml of 0.5M phosphate buffer (pH 6.8). 0.2ml of the [HCOOQ]™ atm/z45. The mass spectral pattern indicated that
sample solution was added to the mixture and the prepa-the derivative obtained was PFB-OCOH. As showRim 2,
ration was vortexed for 1 min at room temperature, main- the molecularion of the derivative of acetate was observed at
tained at 60C in a water bath for 60 min. 2.0ml of 0.1mM 2 240 when using the positive-ion El mode, and the base
TBB solution inn-hexane was added to the preparation. The Peak ion was observed &tz 181 [M-CHCOOJ". Using
preparation was vortexed for 1 min at room temperature then €gative-ion Cl mode, the base peak ion of the derivative of
centrifuged at 140& g for 15 min. The organic phase was acetate was [CkCOO]” atnvz59. The mass spectral pattern
placed in another test tube and uDaliquot of the solution ~ Indicated that the derivative obtained was PFB-OCQCH
was injected onto the gas chromatography—mass spectrom. N& most abundant ion of TBB was observedriz 314
etry (GC-MS) apparatus. [M + 2] using positive-ion EI mode. Using negative-ion
Cl mode, the base peak ion of TBB was observeahat79
[Br] .
2.4. GC-MS conditions

Gas chromatography—mass spectrometry (GC-MS) was < 100 e Positive El
done using on a Hewlett-Packard HP 5790 A gas chromato- 2
graph (Palo Alto, CA, USA) interfaced to a JEOL AX505 A s 5 EEI%P
mass spectrometer (Tokyo, Japan). The column was a J&W =
fused-silica capillary tube of DB-225 (30 m0.32mm i.d., (_% 0 e
0.25um film thickness). A splitless injection mode was se- & " 00 200 300 400
lected with a valve off-time of 1.5 min. The initial temper- m/z
ature of the column was held at 50 for 3 min, and then
programmed to rise to 22@ at 10°C/min. The injection - a4
port, separator and ion source were kept at 220, 200, and 9; 100 Bicoo] Negative Cl
220°C, respectively. Helium was used as the carrier gas 2 ) SR
at a flow-rate of 2ml/min. Mass spectra were obtained by £ 50 F@%—O-E—H .
positive-ion electron ionization (EI) mode and negative-ion 2 . M
chemical ionization (Cl) mode, scanning every 0.5s from § 0 T T [ ]
45 to 400m/z and from 25 to 40@n/z, respectively. The ion- . 100 200 300 400
ization energy of the El condition was 70 eV. The ionization m/z

energy and reagent gas of the CI conditions were 200 €V Fig. 1. Mass spectra of the derivative of formate, using positive-ion El
and isobutane, respectively. and negative-ion Cl modes of GC-MS.
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Fig. 2. Mass spectra of the derivative of acetate, using positive-ion El
and negative-ion ClI modes of GC-MS.

3.2. Determination of formate and acetate in whole blood
and urine

Mass chromatograms of the derivatized extracts from
whole blood with added 1.0mM each of formate and
acetate, using positive-ion El mode, are showrFig. 3
Sharp and symmetrical peaks of the derivative from for-
mate, acetate, and TBB (IS) were observed, with retention
times of 9.1, 9.7, and 13.9 min, respectively. The calibra-
tion curves were linear within the concentration range from
0.05 to 5.0mM for formate and acetate in whole blood
and urine. The equations andalues for the curves were:

y = 0.133c + 0.011 ¢ = 0.998) for formate in whole
blood; y = 0.173¢ + 0.019 ¢ = 0.998) for formate in
urine; y = 0.15Qr 4+ 0.013 ¢ = 0.998) for acetate in whole
blood;y = 0.151x 4+ 0.014 ¢ = 0.999) for acetate in urine.
Recoveries of formate and acetate in the whole blood and

urine were determined by comparing the peak area ratios of

TBB(l.S.)
m/z
314 x1.0
acetate
240 *4.9
formate
226 e — .l,,,,*B.B
5 10 15
Time (min)

Fig. 3. Mass chromatograms of the derivatized extract obtained from

blood with added 1 mM each of formate and acetate, using positive-ion

El mode of GC-MS. The numbers to the right of the chromatograms

indicate the degree of enlargement used to obtain similar-sized peaks in
the chromatograms.
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Table 1
Accuracy and precision of formate and acetate determination in human
whole blood

Compound Added (mM) n  Detected (mM) R.S.D. (%)
Mean S.D.

HCOOH 0 5 0.07 0.007 9.4

1.0 5 1.02 0.089 8.7

2.0 5 2.06 0.087 4.3
CH3;COOH 0 5 0.08 0.007 9.6

1.0 5 1.06 0.066 6.3

2.0 5 211 0.086 4.1

a S.D.: standard deviation; R.S.D.: relative standard deviation.

m/z 226 of formate derivative, an/z 240 of acetate deriva-
tive, to m'z 314 of TBB in samples with those in water
samples, using mass chromatography. The gross recoveries
of formate in the whole blood and urine were 65 and 85%,
respectively, while those of acetate in both samples were
70%.

The lower limit of detection for formate and acetate in
whole blood and urine, based on a concentration giving a
signal three times stronger than the average noise intensity,
was approximately 0.02 mM, the same level as in reported
methods. The lower limits of detection of formate in re-
ported GC methods were 0.05 mJd7], 0.02mM[28,29],
and 0.03 mM30]. The lower limits of detection of acetate in
reported GC and GC-MS methods were 0.05 i34 and
0.01 mM[32], respectively. Within-day precisions were ob-
tained using two different concentrations (1.0 and 2.0 mM)
by adding formate and acetate to blank whole blood and
urine. The coefficients of variation (CV) ranged from 3.4 to
9.6% (Tables 1 and R

Derivatization of formate and/or acetate followed by
GC-MS analysis is a superior technique which can be used
to identify these compounds. The pentafluorobenzylation
of formate and acetate has been repoftet|18] Ohmori
et al. [19] attempted to determine formate and acetate in
biological samples as the pentafluorobenzyl ester using the
method reported by Chauhan and Darfiré]. Though ac-
etate could be determined, they could not identify formate
as the ester was unstable. As acidity of formic acid is ap-
proximately as potent as that of hydrofluoric acid, the ester

Table 2
Accuracy and precision of formate and acetate determination in4rine
Compound Added (mM) n  Detected (mM) R.S.D. (%)
Mean S.D.

HCOOH 0 5 0.09 0.007 8.1

1.0 5 1.06 0.060 5.7

2.0 5 207 0.077 3.7
CH3COOH 0 5 0.10 0.009 9.4

1.0 5 1.02 0.048 4.7

2.0 5 2.10 0.071 3.4

2 S.D.: standard deviation; R.S.D.: relative standard deviation.



116 S Kage et al. / J. Chromatogr. B 805 (2004) 113-117

of formate appear to be easily hydrolyzE®]. Jacobsson 57

et al.[18] reported the study of extractive pentafluoroben- ?E A

zylation of formate and acetate with tetrahexylammmonium Té’ ¢

as the counter ion. As the reagent for extractive alkylation 23t

must be in excess to proceed the reaction at a sufficient rate, g .

the concentration of the counter ion has to be high. They % 2l .

found it impossible to determine formate and acetate in the g, 0. .

low range concentration without further purification of the 3 . e *

counter ion of tetrahexylammonium hydrogen sulfate. < 0 s s s s |
To overcome such problems, further investigation was 0 ! 2 3 4 >

performed based on conditions used for our derivatization Ethanol concentration (mg/ml)

[22]. We could derivatize formate and acetate simultane- Fig. 4. Correlation of acetate concentrations vs. ethanol concentrations in
ously without using the counter ion. Chauhan and Darbre 20 blood samples from which ethanol was detected.

[17] used NaHC@as a base, whereas in the present method

alkylation was performed at pH 6.8 with use of a phosphate increased acetate level in the blood might be used as an in-
buffer and this explains why no apparent degradation of the dicator of ethanol consumptidn3,14]

ester of formate was observed. The satisfactory derivatiza-

tion yield of formate was obtained under weak acid to neu-

tral conditions. On the other hand, derivatization yield of Acknowledgements

acetate was obtained under neutral to weak base conditions.
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