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Gas chromatogmphic and gas cbromatograph spectrometric studies on 
cr-keto+methylthiobutyric acid iu urine following ingestion of optical isomers 
of methionine 4 

HIROSHI KAJIf 

Department of Environmental Medicine. Gmduate School of Environmental Science, 

Hokkaido University, Nishi-5, K&z-IO, Kita-ku, Sappom 060 (Japan) 

NARIYOSHI SAITO and MAKO!CO MURAO 

The First Department of Medicine, School of Medicine. Hokkaido University, Nishi-7, 

Kita-15. Kita-ku. Sapporo 060 (Japan) 

AUKOTO ISHlMOTO and HIROYUKI RONDO 

DePartmenf of Chemical Microbiology, Faculw of Pharmaceutical Science, Hokkaido 

University, Nishi-6, Kita-12. Kita-ku, Sapporo 060 (Japan) 

SH-INSEI GASA 

Department of Biochemistry, Cancer Institufe. School of Medicine, Hokkaido University. 
N&hi-ir.Kita-15. Kiia-ku,Sapporo 060 (JQPQ~ 

and 

KAZUO SAITO 

Department of Environmal Medicine. Graduate School of Environmental Science. Hokkaido 
University, Nishi-5, Kita-10, Kita-Au, Sapporo 060 (Japan) 

(Received April l&b, 1980) 

In currenf gas chromatographic (GC) analysis, the flame photometric 
detector (FPD) has come into frequent use in the specific detection of sulfiw 

compounds. In 19’77, Favier and Caillat [l] reported an analytical method of 
determining uriuary a-ketoy-methylthiobutyric acid by the use of a GC-FPD 
system for patients with hypermetbioninemia. In our earlier studies using this 
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analytical system, a remarkable difference in dimethyl sulfide exhalation was 
observed after the administration of optical isomers of methionine 12, 3]_ 

In the present investigation, a quinoxalinol derivative of u-keto-y-methyl- 
thiobutyric acid was analyzed using GC and gas chromatographyrmass spectro- 
mewf (GC-MS) with the view to study first the metabolic difference between 
the optical isomers of methionine and, secondly, the urinary1 excretion of 
a-keto-y-methylthiobutyric acid after the ingestion of L- or i&methionine. 

~MATERIAJLS AND METHODS 

Extraction and deriuatization 
cr-Keto-r-methylthiobutyric acid (XCMTB) was obtained from Sigma 

(St. Louis, MO, U.S.A.). A 5-ml standard solution of ACMTB or urine sam- 
ples of 5 to 25 ml were acidified by hydrochloric acid to pH 1.0 and ex- 
tracted five times with diethyl ether. The pooled ether phase was concen- 
trated to 5 ml under vacuum and was further extracted three times with 
a 5% aqueous solution of NaIIC03. The water phase was re-acidified by hydro- 
chloric acid to pH 1.0, and ACMTB was converted to the quinoxahnol 
derivative with o-phenylenediamine hydrochloride using the method of Favier 
and Caillat [l] . 

_4pparaius and analytical conditions 
A gas chromatograph (Model GC-GAPFp, Shimazu, Kyoto, Japan) equipped 

with FPD was used for the present investigation_ The glass column (3 m X 3 
mm 1-D.) was packed with 2% SP-2250 on Chromosorb W AW DMCS 100-120 
mesh- The column temperature was initially isothermal at 180% for 5 min, 
then increased to 240cC at the rate of 2OC/min with a hold at 240°C. The FPD 
with a 394~,um filter was operated at 750 V; the detector temperature was 
300°C. Nitrogen was the carrier gas at a flow-rate of 50 ml/min. 

The quinoxalinol derivative of ACMTB was identified with a gas chromato- 
graph-mass spectrometer (Hitachi RMU-GM, Hitachi, Tokyo, Japan) equipped 
with a 002B Datalyzer. Electron energy was 20 eV and 60 PA; accelerating 
potential, 3200 V; ionization source temperature, 220°C and pressure, l-2 - 
lo-’ torr_ Since the background mass spectra of SP-2250 had m/e 220, SE-30 
was used as the liquid phase for the analytical column in GC-MS analyses. 

Methionine loading test 
Both L- and D-methionine were obtained from Wako (Osaka, Japan). After 

overnight fasting, three healthy subjects (one male and two females) ingested 3 
g of L-methionine or 3 (or 1) g of D-methionine and urine samples were 
collected every hour for 4 h. After the determination of creatinine 
concentration (Technicon AA-II, Technicon, Tarrytown, NY, U.S.A.), urine 
samples, spiked with thymol, were stored at -20°C. The interval between each 
test per person was three weeks or more. 

RESIZ,TS AND DISCUSSION 

The retention time of the quinoxalinol derivative of ACIMTB by GC analysis 
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however, the increase in concentration was apparently smaller than in the case 
of D -methionine ingestion. 

In our earlier studies in healthy subjects, it was demonstrated that the 
concentration of dimethyl sulfide in expired alveolar gas (alv-DMS) increased 
markedly from the fasting level of 2.0 + 1.9 to the maximum concentration of 
66-O + 42.1 ng/dl (mean + SD.) (n = 6) following the ingestion of 1 g of D- 

methionine. In contrast, alv-DMS increased only slightly after the administra- 
tion of 2 g 

It is believed that deamination, followed by reamination to the L-isomer, is 
the method by which the body uses the so-called unnatural isomer of many 
ammo acids 143. However, an alternate pathway for methionine metabolism 
has been recently demonstrated in vitro in rat and monkey liver homogenate, 
independent of S-adenosy’imethionine formation. This pathway is thought to 
involve conversion of methionine to its keto analogue which then is oxidatively 
decarboxylated to 3-methylthiopropionic acid [ 5]_ If 3-methylthiopropionic 
acid is further methylated to dimethyl p-propiothetin, dimethyl sulfide may be 
produced via this pathway. Dimethyl sulfide will be also produced by the 
methylation of methyl mercaptan, which has been stated to arise fkom meth- 
ionine itself or from ACMTB [S, 71, or it may be formed from cr-ketor- 
methylthiobutyric acidd -dimethyl sulfonium produced beforehand by the 
methylation of ACMTB. 

In view of our results with urinary ACMTB and alv-DMS, it seems likely that 
a significant amount of D-methionine may be metabolized via the proposed 
alternative pathway and L-methionine may be metabolized via the normal 
trans-sulfuration pathway which involves formation of homocysteine. Further 
studies are in progress to investigate the metabolism of methionine isomers and 
their intermediates. 
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