
METHYGLYOXA

1. Chemical and Physical Data

1.1 Synonyms

Chem. Abstr. Services Reg. No.: 78-98-8
Chem. Ahstr. Name: 2-0xopropanal
Synon)'tS: Acetylformaldehyde; 2-ketopropionaldehyde; pyruvaldehyde

1.2 Structural and molecular formulae and molecular weight

CH3-C-C-H

Il Il
o 0

C3H402 MoL. wt: 72.06

1.3 Chemical and physical properties of the pure substance

From Windholz (1983)

(a) Description: Yellow liquid with pungent odour

(b) Boiling-point: 72°C

(c) Density: d24 1.0455

(d) Solubility Soluble in water, ethanol, diethyl ether and benzene

(e) Reactivity: Polymerizes very readily; hygroscopic

1.4 Technical products and Impurities

No data were available to the Working Group.
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2. Production, Use, Occurrence and Analysis

2.1 Production and use

Ca) Production

Methylglyoxal is not produced commercially. It can be obtained by warming
isonitrosoacetone with dilute sulfuric acid; by distiling a dilute solution of

dihydroxyacetone from calcium carbonate (Windholz, 1983); by the catalytic
dehydrogenation of glycerol (Baltes & Leupold, 1981); and by the oxidation of
acetone with selenium dioxide (Musashino Chemical Research Institute Ltd, 1981).

(b) Use

No commercial use of methylglyoxal has been reported.

2.2 Occurrence

(a) Natural occurrence

Methylglyoxal has been identified as a metabolite during glycolysis (Kas ai et

al., 1982) and as a sugar fragmentation product. It is one of the most highly reactive
compounds in a browning reaction (Hodge, 1953). It is also formed by several
bacteria of the human intestine (Baskaran et al., 1989).

(b) Occupational exsure
No data on exposure levels were available to the Working Group.

(c) Air

Methylglyoxal has been reported to be a degradation product of toluene under
simulated atmospheric conditions (Dumdei & O'Brien, 1984). It has been found in
cigarette smoke at levels ranging from 5 to 60 llg per cigarette (Moree-Testa &
Saint-Jalm, 1981).

(d) Water and sediments

Methylglyoxal has not been detected in US industrial effluents (Perry et al.,
1979) or in drinking-water (National Research Council, 1977).

(e) Food and beverages '

Methylglyoxal has been detected in a broad range of commercial food products
and beverages, including bread (Wiseblatt & Kohn, 1960; Nagao et al., 1986a), toast
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(Nagao et al., 1986a), tomatoes (SchormülIer & Grosch, 1964), boiled potatoes
(Kajita & Sen da, 1972), caramelized sucrose (Lukesch, 1956), soya sauce and soya
bean paste (Hayashi & Shibamato, 1985; Nagao et al., 1986a), roast turkey
(Hrdlicka & Kuca, 1965), alcohol from sugar cane (Matsubara & Tamura, 1970),
wine, saké, apple brandy and bourbon whiskey (Nagao et al., 1986a), apple, orange
and tomato juices, maple syrup, beer, root-beer and cola, non-fat dry milk (Hayashi
& Shibamato, 1985), instant, brewed and decaffeinated coffees (Kas ai et al., 1982;
Hayashi & Shibamato, 1985; Nagao et aL., 1986a; Shane et aL., 1988), and cocoa and
instant tea (Hayashi & Shibamato, 1985). Table 1 summarizes the amounts of
methylglyoxal determined in various foods and beverages (Nagao et al., 1986a) and
Table 2 gives the amounts in foods and the calculated intake.

Table 1. AmouDts of methylglyoxal round iD various
beverages and foodsQ

Beverage or foo Methylglyoxal (j.glml)

Bourbon whiskey

Apple brandy

Wine
Japanese saké

Instant coffeeb

Brewed coffeeC
Black te ad
Green teae
Soft drink
Bread
Toast
Soya sauce
Soya bean pas te

1.5

0.32
0.57
0.26
1.6

7.0

0.05

Trace
1.4

0.79 j.glg

2.5 j.glg

8.7

5.1 j.glg

QFrom Nagao et al. (1986a)
bPrepared by dissolving 1.5 g coffee powder in 100 ml water
cPrepared from 10 g ground coffee beans and 150 ml boiling water
dPrepared from 4 g tea leaves and 100 ml boilng water
ePrepared from 5 g tea leaves and 20 ml hot water



446 IARC MONOGRAHS VOLUME 51

Table 2. Methylglyoxal in foos and calculated amounts of methylglyoxal

intake for each food when consumeda

Beverage or foo Amount of item
per servng

Methylglyoxal

(iig/ g)

Methylglyoxal intake

per servng (iig)

Brewed coffee 3 g/180 ml
Decaffeinated brewed coffee 3 g/180 ml

Instant coffee 1 g/180 mlCoca 4 g/180 ml
Instant tea 0.3 g/180 ml
Nonfat dry milk 22.7 g/24 ml
Soya sauce A Not calculated
Soya bean paste (Miso) Not calculated

Cola 354 mllcan
Root beer 354 mllcan
Beer 355 mllcan
Wine (white) 100 mllglass
Apple juice 300 mllglass
Orange juice 354 mllcan
Tomato juice 177 mllcan
Maple syrp Not calculated
'Prom Hayashi & Shibamato (1985)

Among the various beverages, coffee contains the largest amount of
methylglyoxal (Hayashi & Shibamato, 1985; Nagao et al., 1986a), with a daily intake
resulting from the consumption of two ta three cups of coffee per day calculated as
1 mg. The content of methylglyoxal in soya sauce (8. 7 l1g/ml) was comparable ta that
ofbrewed coffee (7.0 l1g/ml), but the average daily per-caput intake of soya sauce in
J apan is 30 ml (N agao et al., 1986a). ln an examination of nine brands of coffee, the
concentration of methylglyoxal was highest in roasted instant coffees compared to
filtered and ta decaffeinated instant and filtered coffees. The me an concentration
of methylglyoxal in filtered coffees was 319 l1g/g, whereas that in instant coffees was
731 l1g/g (Shane et al., 1988). These results are at variance with those of earlier
studies in which one cup of instant coffee (1 g/100 ml) contained l00~150 J-g

methylglyoxal, whereas one cup of coffee prepared from ground coffee beans
(8 g/l00 ml) contained 470-730 l1g methylglyoxal (Kasai et al., 1982). Aeschbacher et
al. (1989) also determined the amounts of methylglyoxal in brewed coffee and
instant coffees (Table 3).

25
47
23
1.2

2.4
1.4

3-7.6
0.7
0.23
0.76
0.08
0.11
0.26
0.04
0.06
2.5

75.6
140.4

22.7
4.9

0.7
31.2

81.4
269.0
29.7
11.0

78.0
14.2

11.3



METHYLGLYOXA 447

Table 3. Contents of methylglyoxal in coffee

Reference Methylglyoxal

ln roasted coffee ln brewed coffee

Kasai et al. (1982)

Hayashi & Shibamato (1985)
Nagao et al. (1986a)

Shane et al. (1988)

Aeschbacher et al. (1989)

(58-75 J.glgJ

25 J.glg
NA
NA

(21-39 J.glgJe

470-730 J.glcupa

76 J.glcupb

7 J.g!mlc

273-341 J.glg (filtered)d

106-197 J.glgr

a ln a brew using 8 g roasted coffee per 100 ml water
b ln a brew using 3 g roasted coffee per 180 ml water
C ln a brew using 10 g roasted coffee per 150 ml water
d ln a brew containing 25 g roasted coffee per 250 ml water
e Calculated assuming extraction yield of 20% of dry soluble solids in the brew

r J.glg dried product (brew, 1 g roasted coffee per 10 ml water)

NA, not available

Methylgyoxal has been determined in bread at 0.5 ppm (mg/kg) (Borovikova &
Reuter, 1971) and in beer at 0.03- 1 1 ppm (mg/l) (Palamand et al., 1970; Wheeler et al.,
1971).

2.3 Analysis

Trace quantities of methylglyoxal have been determined by derivatization with
cysteamine to yield 2-acetylthiazolidine in a food or beverage sample at pH 6, then
extraction with dichloromethane and analysis by gas chromatography (Hayashi &
Shibamato, 1985). Methylglyoxal has been determined in coffee (Kas ai et al., 1982;
Shane et al., 1988) and in cigarette smoke (Moree-Testa & Saint-J alm, 1981) as the
2-methylquinoxaline derivative by gas chromatography (Kasai et al., 1982), gas
chromatography-mass spectrometry (Shane et al., 1988) or high-performance liquid
chromatography (Moree-Testa & Saint-Jalm, 1981) following its initial reaction with
ortho-phenylenediamine. Methylglyoxal was determined in biological tissues with
the fluorescent 2-(2-benzimidiazolyl)-3-methylquinoxaline following separation by
high-performance liquid chromatography; the detection limit was 48.4 pmol per
30-lll sample (Matsuura et al., 1985).
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3. Biological Data Relevant to the Evaluation of

Carcinogenic Risk to "umans

3.1 Carcinogenicity studies in animaIs

(a) Oral administration

Rat: ln a study rePOrted as an abstract, 40 male Fischer 34 rats were

administered 0.5% methylglyoxal in deionized water as drinking-water for life (854
days; average daily intake, 7.7 mg per rat); 40 con troIs received deionized water
alone. The average body weight of the treated rats was 15% lower than that of the
con troIs. No tumour was found that could be ascribed ta administration of
methylglyoxal (Fujita et al., 1986).

(b) Subcutaneous administration

Rat: Groups of ten male and ten female Fischer 344 rats, eight weeks of age,
received subcutaneous injections of 0 or 1.3 mg methylglyoxal solution neutralized
with sodium hydroxide (purity, 65.6%; the impurity 'might have been' pyruvic acid)
in 0.2 ml saline twice a week for ten weeks. A group of 20 contraIs received saline
solution for ten weeks. After 70 weeks, subcutaneous tumours (type unspecified)
were found in two treated animaIs, but no ne were seen in contraIs (Takayama et al.,
1984). (The Working Group noted the impurity of the test solution and the limited
reporting of the experiment.)

Groups of eight male and ten female Fischer 344 rats (age unspecified)
received subcutaneous injections of2 mg methylglyoxal (unpurified) in 0.2 ml saline
twice a week for ten weeks. A control group of 21 males and 19 females received
saline only. After 20 months, four of the treated rats (three males and one female)
developed malignant tumours (fibrosarcomas) at the injection site, whereas no
tumour was seen in con troIs (Nagao et al., 1986a,b). (The Working Group noted the
impurity of the test solution).

(c) Modifying effects on the activity of known carcinogens

N-Methyl-N'-nitro-N-nitrosoguanidine: Groups of 30 male Wistar rats, seven
weeks of age, were administered 100 mg/l N-methyl-N' -nitro-N-nitrosoguanidine in
the drinking-water and were simultaneously fed a diet supplemented with 10%
sodium chloride for eight weeks; they were then returned ta basal diet and
maintained on drinking-water containing no additive (controls) or 0.25%
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methylglyoxal (purity unspecified) for 32 weeks. AnimaIs were kiled at week 40.
Methylglyoxal caused a significant increase in the incidence of hyperplasia induced
by the nitrosamine but did not enhance the incidence of gastric adenocarcinomas
(Takahashi et al., 1989).

3.2 Other relevant data

(a) Experimental systems

(i) Absorption, distribution, excretion and metabolism
No experiment on the metabolism or tissue distribution of methylglyoxal after

oral ingestion in animaIs or man has been reported (Arnaud, 1988). The
biosynthesis and degradation of methylglyoxal in animaIs has been reviewed
(Ohmori et al., 1989). There is stil uncertainty about the biochemistry of
methylglyoxal in animaIs, owing to the difficulty of determining it in biological
tissues, which is due ta the active glyoxalase system (Brandt & Siegel, 1979).

Facultative, strictly anaerobic bacteria present in the human gut were shown ta
produce (and may be one of the most important sources of) methylglyoxaL. Several
groups of bacteria from human faeces produced methylglyoxal in vitro (Baskaran et
al., 1989).

Methylglyoxal can be formed from acetoacetate and carbohydrates in

glycolysing tissues and from triose phosphates by nonenzymatic processes (Oh mari
et aL., 1989). An enzyme fraction that specifically catalyses the formation of
methylglyoxal from dihydroxyacetone phosphate has been isolated from goat liver
(Ray & Ray, 1981). Amine oxidase from goat plasma was shawn to catalyse the
oxidation of aminoacetone to methylglyoxal (Ray & Ray, 1983). Methylglyoxal has
been measured at levels of micrograms per gram in the liver and skeletal muscle of
normal and diabetic rats (Ohmori et al., 1989). Methylglyoxal was shawn to be
present in liver noncovalently bound ta protein (Fodor et al., 1978). The
biosynthetic routes of methylglyoxal are shown in Figure 1 (Ohmori et al., 1989).

Methylglyoxal can be detoxified by the glyoxalase system present in

mammalian intestinal mucosa (Baskaran & Balasubramanian, 1987), and it is
converted into D-Iactic acid (Neuberg, 1913). Hepatocytes convert methylglyoxal ta
pyruvate (Ray & Ray, 1982) and to glucose and L-Iactate (Sáez et aL., 1985).

(ii) Toxic effects

The average acute oral LDsos of methylglyoxal in rats were 531 mg/kg bw in
newborn, between 1165 and 1623 mg/kg bw in females depending on age and/or
stage of pregnancy and 1990 mg/kg bw in adult males (Peters et al., 1978).

The effects of pre- (initiation) and post-treatment (promotion) with methyl-
glyoxal (0.05 or 0.2% in drinking-water) on the induction of )'-glutamyl-



Fig. 1. Biosynthesis of methylglyoxal
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transpeptidase-positive foci in the livers were studied in Fischer 344 rats (weighing
150-200 g; five to six animaIs per group). Foci were Induced in dose-related amounts
both in the absence and presence of initiation with 0.02% 2-acetylaminofluorene in
the di et (Martelli et al., 1988). (The Working Group noted the limited number of
animaIs used.)

Intraperitoneal treatment of mice with methylglyoxal at 600 mg/kg bw
enhanced aminopyrine N-demethylase and para-nitroanisole-O-demethylase
activities, while ethoxycoumarin-O-deethylase activity and total cytochrome P450
content was only weakly increased (Bronzetti et al., 1987). Administration of
300-600 mg/kg bw by gastric intubation to male Fisher 344 rats induced a 100-fold
increase in ornithinedecarboxylase activity within 7 h, a 26-fold increase in DNA
synthesis within 16 h and a 16-fold increase in the labelling index of S-phase cells
within 16 h in the glandular stomach mucosa (Furihata et aL., 1985).

(iii) Effects on reproduction and prenatal toxicity

While no data on reproductive or developmental toxicity were available to the
Working Group, available information on acute toxicity suggests that neonates are
more sensitive to methylglyoxal than adult male rats (Peters et al., 1978).

(iv) Genetic and related effects
The results described below are listed in Table 4 on p. 453, with the evaluation

of the Working Group, as positive, negative or inconc1usive, as defined in the
footnotes. The results are tabulated separately for the presence and absence of an
exogenous metabolic system. The lowest effective dose (LED), in the case of
positive results, or the highest ineffective dose (HID), in the case of negative results,
are shown, together with the appropriate reference. The studies are summarized
briefly below.

Methylglyoxal induced mutations in Salmonella typhimurium strains
containing the pKMI0l plasmid and in Escherichia coli WP2 uvrA and WP2 uvrA
(pKMI01). Mutagenicity in S. typhimurium was partially dependent upon the
pKMI01 plasmid and uvrB deletion, as shown by comparing the responses between
TAI04 and TA259 and between TAI04 and TA2638, respectively (Marnett et al.,
1985). Methylglyoxal was also active in the forward mutation araR test in S.
tyhimurium. Mutagenicity in S. typhimurium reversion tests was suppressed by
sulfite, glutathione, dithiothreitol (Nagao et al., 1984, 1986b) and cysteine, but not by
catalase (Fujita et al., 1985). There is no evidence for the formation of a stable
conjugate of methylglyoxal with cysteine, the most active of the thiol inhibitors of
mutagenic activity (Nagao et al., 1986b).

ln Saccharomyces cerevisiae (strain D7), methylglyoxal induced gene

conversions and reverse mutations. An exogenous metabolic system reduced the
effects (Bronzetti et al., 1987).
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ln cultured mammalian cells, methylglyoxal induced mutations, sis ter
chromatid exchange and (on the basis of alkaline elution and sensitivity ta
proteinase K) reparable DNA-protein cross-links (Brambila et al., 1985).

ln cultured human lymphocytes, methylglyoxal induced sister chromatid
exchange, chromosomal aberrations and micronuclei.

Unscheduled DNA synthesis appeared to be induced in the pyloric mucosa of
rats, but only a small proportion of the tritiated thymidine incorporation was not
inhibited by hydroxyurea during simultaneous S-phase stimulation by

methylglyoxal, making interpretation difficult (Furihata et al., 1985).
A single oral administration of methylgloxal induced neither sister chromatid

exchange nor chromosomal aberrations in the ileum of mice.
Combined with hydrogen peroxide in the quantities typically found in a

solution of 15 mg instant coffee, methylglyoxal was significantly mutagenic, whereas
the individual components (5 J.g hydrogen peroxide, 1.5 J.g methylglyoxal) had only
minor effects (Nagao et al., 1986a). Synergism with hydrogen peroxide was also
demonstrated in the araR test (Ariza et al., 1988), which the au th ors suggested was
due to inefficient detoxification of methylglyoxal in cells depleted of reduced
glutathione (Meister & Anderson, 1983; Alonso-Moraga et al., 1987) by hydrogen
peroxide (Smith et al., 1984). This explanation is in agreement with the fact that the
addition of glyoxalase 1 and II together with reduced glutathione abolished the
mutagenic activity of methylglyoxal and reduced the mutagenicity of instant coffee

(20 mg/plate) by approximately 80% in the Ames test (Friederich et aL., 1985).
Antimutagenic activity of methylglyoxal was seen against heterocyclic amines, such
as Trp-P-l, Trp-P-2, Glu-P-l, Glu-P-2 and IQ, in S. tyhimurium TA98 (Kim et al.,
1987).

ln E. coli, methylglyoxal inhibited protein synthesis and interfered with cell
population growth (Fraval & McBrien, 1980). Interaction of methylglyoxal with
guanosine triphosphate (Krmkiewicz et al., 1971) and with DNA and RNA has
been reported (Krmkiewicz, 1973). An N2-alkylguanine has been identified from
the reaction of methylglyoxal with guanine; glyoxal undergoes a similar reaction
(Shapiro et aL., 1969).

(b) Humans

No data were avaIlable to the Working Group.

3.3 Case reports and epidemiological studies of carcinogenicity to humans

No data were available to the Working Group.



Table 4. Genetic and related effects of methylglyoxal

Test system Results

Wi thout

exogenous
metabolic
acti vation

SAF, Salmonella typhimurium BA3, forward mutation (araR)
SAD, Salmonella typhimurium TAlOO, reverse mutation
SAD, Salmonella typhimurium TAlOO, reverse mutation
SAD, Salmonella typhimurium TAlOO, reverse mutation
SAD, Salmonella typhimurium TAlOO, reverse mutation
SA2, Salmonella typhimurium TAl02, reverse mutation
SA2, Salmonella typhimurium TAl02, reverse mutation
SA2, Salmonella typhimurium TAl02, reverse mutation
SA4, Salmonella typhimurium TAl04, reverse mutation
SA4, Salmonella typhimurium TAl04, reverse mutation
SA4, Salmonella typhimurium TAl04, reverse mutation
SAS, Salmonella typhimurium TA1535 , reverse mutation

SA8, Salmonella typhimurium TAl538 , reverse mutation

SA9, Salmonella typhimurium TA98, reverse mutation
SAS, Salmonella typhimurium TA2638, reverse mutation
SAS, Salmonella typhimurium TA2659, reverse mutation
SAS, Salmonella typhimurium TA97, reverse mutation
ECW, Escherichia coli WP2 uvrA, reverse mutation
ECR, Escherichia coli WP2 üVA pKM0l, reverse mutation
SCG, saccharomyces cerevisTã, mitotic gene conversion
SCG, Saccharomyces cerevisiae, mitotic gene conversion
SCR, Saccharomyces cerevisiae, reverse mutation
GCL, Gene mutation, Chinese hamster lung (CHL) cells, OTr
G9a, Gane mutation, Chinese hamster V79 cells, 6-thioguanine resistance
sic, sister chrorntid exchange, Chinese hamster ovary cells
SaL, sister chromatid ex change , human lymphocytes in vitro

MIa, Micronucleus test, humn lymphocytes in vitro
caL, Chromosomal aberrations, humn lymhocytes in vitro
SVA, Sister chrorntid ex change , Swiss mouse ileum
CVA, Chromosornl aberrations, Swiss mouse ileum
DIA, DN cross-links, Chinese hamster ovary cells

+
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+
+
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+
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o
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Dose
LED/IUD

140.0000
5.0000
5.0000
5.0000

40.0000
0.0000

30.0000
2.2500
5.0000
0.0000
L 2500

0.0000
0.0000
0.0000

25.0000
25.0000

115.0000
0.0000
0.0000

1000.0000
1100.0000
1100.0000

30.0000
36.0000
7.0000

110.0000
110.0000
110.0000
600.0000 oral
600.0000 oral
100.0000

Reference

Ariza et al. (1988)
Kasai et al. (1982)
Yamaguchi (1982)
Fujita et al. (1985)
Kim et ~1987)
Naga~ al. (1986b)
Bronzetti et al. (1987)
Migliore et al. (1990)
Marnett et al. (1985)
Nagao et~ (1986b)
Migliore et al. (1990)
Nagao et ~1986a)
Nagao et aL. (1986a)
Nagao et al. (1986b)
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Bronzetti et al. (1987)
Kasai et a~982)
Kasai et al. (1982)
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4. Summary of Data Reported and Evaluation

4.1 Exposure data

Methylglyoxal is present in many foods and drinks, including coffee, and is
produced during glycolysis and sugar fermentation. It is produced by many strains
of bacteria present in the intestinal tract. It is also present in tobacco smoke.

4.2 Experimental carcinogenicity data

No adequate study was available for the evaluation of methylglyoxal.

4.3 "uman carcinogenicity data

No data were available to the Working Group.

4.4 Other relevant data

Methylglyoxal induced sister chromatid exchange, chromosomal aberrations
and micronuclei in cultured human cells. It induced sister chromatid exchange and
gene mutations in cultured mammalian cells. ln yeast, it increased the frequencies
of reverse mutations and of mitotIc gene conversion. ln prokaryotes, methylglyoxal
was mutagenic in the absence of an exogenous metabolic system. Methylglyoxal

forms adducts with guanine bases and nucleic acids.

4.5 Evaluation 1

There are no data on the carcinogenicity in humans of methylglyoxaL.

There is inadequate evidence in experimental animaIs for the carcinogenicity of
methylglyoxal.

Overall evaluation

Methylglyoxal is not classifiable as to its carcinogenicity to humans (Group 3).

5. References

Aeschbacher, H.U., Wolleb, U., Löliger, J., Spadone, J.C. & Liardon, R. (1989) Contribution
of coffee aroma constituents to the mutagenicity of coffee. Food chem. Toxicol.,27,

227-232

lPor definition of the italicized tenns, see Preamble, pp. 27-31.



ME1HYLGLYOXA 455

AIonso-Moraga, A., Bocnegra, A., Torres, J.M., López-Barea, J. & Pueyo, C. (1987)
Glutathione status and sensitivity to GSH-reacting compounds of Eschenchia coli
strains deficient in glutathione metabolism and/or catalase activity. Mol. cell. Biochem.,
73, 61-68

Ar, R.R., Dorado, G., Barbancho, M. & Pueyo, C. (1988) Study of the causes of

direct-acting mutagenicity in coffee and tea using the Ara test in Salmonella

typhimunum. Mutat. Res., 201, 89-96
Araud, M.J. (1988) The metabolism of coffee constituents. ln Clarke, R.J. & Macrae, R.,

eds, Coffee, VoL. 3, Physiology, London, Elsevier Applied Science, pp. 33-55
Baltes, H. & Leupold, E.L (1981) Methylglyoxal, German Patent 2,927,524 (Hoechst A.-G.)

(Chem. Abstr., 94, 139222h)
Baskaran, S. & Balasubramanian, K.A. (1987) Puriication and active site modification

studies on glyoxalase-I from monkey intestinal mucosa. Biochim. biophys. Acta, 913,
377-385

Baskaran, S., Prasanna Rajan, D. & Balasubramanian, K.A. (1989) Formation of
methylglyoxal by bacteria isolated from human faeces. J. med. Microbiol., 28, 211-215

Borovikova, L.A. & Reuter, LM. (1971) Influence of duration of cooking on content of
carbonic compounds in bread (Russ.). Chlebopekamaja Konditersk. Prom., 15, 5-7

Brambila, G., Sciabà, L., Faggin, P., Finollo, R., Bassi, A.M., Ferro, M. & Marinari, D.M.
(1985) Methylglyoxal-induced DNA-protein cross-links and cytotoxicity in Chinese
hamster ovary cells. Carcinogenesis, 5, 683-686

Brandt, R.B. & Siegel, S.A. (1979) Methylglyoxal production in human blood. Ciba Found.
Symp., 67, 211-223

Bronzetti, G., Corsi, c., Del Chiaro, D., Bocrdo, P., Vellosi, R., Rossi, F., Paolini, M. &
Cantell Forti, G. (1987) Methylglyoxal: genotoxicity studies and its effect in vivo on the
hepatic microsomal mono-oxygenase system of the mouse. Mutagenesis, 2,275-277

Cajell, E., Canonero, R., Martell, A. & Brambila, G. (1987) Methylglyoxal-induced

mutation to 6-thioguanine resistance in V79 cells. Mutat. Res., 190, 47-50
Dumdei, B.E. & O'Brien, R.J. (1984) Toluene degradation products in simulated

atmospheric conditions. Nature, 311,248-250
Faggin, P., Bassi, A.M., Finollo, R. & Brambila, G. (1985) Induction of sister-chromatid

exchanges in Chinese hamster ovary cells by the biotic ketoaldehyde methylglyoxal.
Mutat. Res., 144, 189-191

Fodor, G., Mujumdar, R. & Szent-Gyorgy, A. (1978) Isolation of methylglyoxal from liver.
Proc. natl Acad. Sei USA, 75,4317-4319

Fraval, H.N.A. & McBrien, D.C.H. (1980) The effect of methylglyoxal on cell division and
the sythesis of protein and DNA in synchronous and asynchronous cultures of

EschenchIa coli B/r. J. gen. Microbiol., 117, 127-134
Friederich, U., Hann, D., AIbertini, S., Schlatter, C. & Würgler, F.E. (1985) Mutagenicity

studies on coffee. The influence of different factors on the mutagenic activity in the
Salmonella/mammalian microsome assay. Mutal. Res., 156, 39-52

Fujita, Y., Wakabayashi, K., Nagao, M. & Sugimura, 1: (1985) Characteristics of major
mutagenicity of instant coffee. Mutat. Res., 142, 145-148



456 IARC MONOGRAHS VOLUME 51

Fujita, Y., Wakabayashi, K., Ohgaki, H., Nagao, M. & Sugimura, 1: (1986) Absence of
carcinogenicity of methylglyoxal in F344 rats by oral administration (Abstract). Proc.
an. Mtg Jpn. Cancer Assoc., 45, 64

Furiata, C., Sato, Y., Matsushima, 1: & 1àtematsu, M. (1985) Induction of ornithine
decarboxylase and DNA sythesis in rat stomach mucosa by methylglyoxaL.

Careinogenesis, 6, 91-94

Hayashi, 1: & Shibamato, 1: (1985) Analysis of methylglyoxal in foos and beverages. J agric.

Food Chem., 33, 109-1093
Hodge, J .E. (1953) Dehydrated foos. Chemistry of browning reactions in model systems. J.

agnc. Food Chem., 1, 928-943

Hrdlicka, J. & Kuca, J. (1965) The changes of carbnyl compounds in the heat-processing of
meat. 2. Thrkey meat. Poult. Sei., 44, 27-31

Kajita, 1: & Senda, M. (1972) Simultaneous determination of L-ascrbic acid, triose
reductone and their related compounds in foos by polarographic method (J pn.).
Mppon Nogei Kagaku Kashi, 972, 137-145

Kasai, H., Kumeno, K., Yamaizumi, Z., Nishimura, S., Nagao, M., Fujita, Y., Sugimura, L,
Nukaya, H. & Kosuge, L (1982) Mutagenicity of methylglyoxal in coffee. Gann, 73,
681-683

Kim, S.B., Hayase, F. & Kato, H. (1987) Desmutagenic effects of alpha-dicarbonyl and
alpha-hydroxycarbonyl compounds against mutagenic heterocyclic amines. Mutat. Res.,
177, 9-15

Kikiewicz, N. (1973) Reactions of methylglyoxal with nucleic acids. FEBS Leu., 29, 51-54
Kiykiewicz, N., Diéguez, E., Rekarte, U.D. & Zwaig, N. (1971) Properties and mode of

action of a bactericidal compound (= methylglyoxal) produced by a mutant of
Escherichia coli. J. Bacteriol., 108, 1338-1347

Lukesch, H. (1956) Decomposition products of caramelized saccharose (Ger.).
Naturwissenschaften, 43, 108-109

Mamett, L.J., Hurd, H.K., Hollstein, M.C., Levin, D.E., Esterbauer, H. & Ames, B.N.
(1985) Naturally occurrng carbonyl compounds are mutagens in Salmonella tester
strain TAI04. Mutat. Res., 148,25-34

Martell, A., Ghia, M., Mereto, E., Marinari, U.M. & Brambila, G. (1988) Induction and
promotion of -y-glutamyltranspeptidase-positive foci in the rat liver by methylglyoxaL.
Jpn.l Cancer Res. (Gann), 79,66-669

Matsubara, 1. & 1àmura, K. (1970) Trace constituents in alcohoL. III. Identification of lOW
boiling point carbnyl compounds (Jpn.). Hakko Kyokaishi, 28, 89-94

Matsuura, 1:, Yoshino, K., Ooki, E., Saito, S., Ooishi, E. & Tomita, 1. (1985) Studies on
methylglyoxaL. 1. Fluorometric determination of methylglyoxal using high-pedor-
mance liquid chromatography. Chem. pharm. Bull., 33, 3567-3570

Meister, A. & Anderson, M.E. (1983) Glutathione. Ann. Rev. Biochem., 52, 711-760

Migliori, L., Barale, R., Basco, E., Giorgell, F., Minunni, M., Scarpato, R. & Loprieno, N.
(199) Genotoxicity of methylglyoxal: cyogenetic damage in human lymphoctes in
vitro and in intestinal cells of mice. Carcinogenesis, 11, 1503-1507



METHYLGLYOXA 457

Moree-Testay "p. & Saint-Jalm, Y. (1981) Determination of o:-dicarbonyl compounds in

cigarette smoke.l Chromatou., 217, 197-208
Musashino Chemical Research Institute Ud (1981) Methylgloxal, Japanese Patent 8140632,

16 Apri 1981, AppL. 79/116,065

Nagao, M., Suwa, Y., Yoshizumi, H. & Sugimura, 'l (1984) Mutagens in coffee. ln:
MacMahon, B. & Sugimura, 'l, eds, Coffee and Health (Banbuiy Report 17), Cold
Spring Harbor, NY, CSH Press, pp. 69-77

Nagao, M., Fujita, Y., Wakabayashi, K., Nukaya, H., Kosuge, 'l & Sugimura, 1: (1986a)
Mutagens in coffee and other beverages. Environ. Health Perspect., 67, 89-91

Nagao, M., Fujita, Y., Sugimura, 'l & Kosuge, 'l (1986b) Methylglyoxal in beverages and

foos: its mutagenicity and carcinogenicity. ln: Singer, B. & Bartsch, H., eds, The Raie

of Cyclic Nucleic Acid Adducts in Carcinogenesis and Mutagenesis (IARC Scientifc
Publications No. 70), Lyon, IARC, pp. 283-291

Nakasato, F., Nakayasu, M., Fujita, Y., Nagao, M., Terada, M. & Sugimura, L (1984)
Mutagenicity of instant coffee on cultured Chinese hamster lung cells. Mutat. Res., 141,
109-112

National Research Council (1977) Drinking Water and Health, Washington DC, National
Academy of Sciences

~.fuberg, C. (1913) New studies on biochemical transformation of methylglyoxal in lactic
acid as well as observations on the formation of various lactic acids in nature (Ger.).
Biochem. z., 51, 484-508

Ohmori, S., Mori, M., Shiraha, K. & Kawase, M. (1989) Biosynthesis and degradation of
methylglyoxal in animaIs. Progr clin. biol. Res., 290, 397-412

Palamand, S.R., Nelson, G.D. & Hardwich, W.A. (1970) Sorne vicinal dicarbonyl compounds
in beer and their influence on beer flavor. Tech. Q. Master Brew. Assoc. Am., 7, 111-115

Perr, D.L., Chuang, C.C., Jungclaus, G.A. & Wamer, J.S. (1979) Identification of Organic
Compounds in Industrial Effuent Discharges (EPA-600/4-79-016), Athens, GA, US
Environmental Protection Agency, Environmental Research Laboratoiy

Peters, M.A., Hudson, P.M. & Jurgelske, W., Jr (1978) The acute toxicity of methylglyoxal in
rats: the influence of age, sex, and pregnancy. Ecotoxico!. environ. Saf, 2, 369-374

Ray, S. & Ray, M. (1981) Isolation of methylglyoxal synthase from goat liver.l bio!. Chem.,
256, 6230-6233

Ray, S. & Ray, M. (1982) Puriication and characterition of NAD and NADP-lInked
o:-ketoaldehyde dehydrogenases involved in catalyzing the oxidation of methylglyoxal
to pyruvate. 1 biol. Chem., 257, 10566-10570

Ray, S. & Ray, M. (1983) Formation of methylglyoxal from aminoacetone by amine oxidase
from goat plasma. 1 biol. Chem., 258, 3461-3462

Sáez, G.'l, Blay, P., Viña, J.R. & Viña, J. (1985) Glucose formation from methylglyoxal in rat
hepatoces. Biochem. Soc. Trans., 13,945-946

Schormüller, J. & Grosch, W. (1964) Study of aromatic compounds in foodstuffs. II.
Occurrence of new carbonyl compounds in tomatoes (Ger.). Lebensmittel.
Untersuch-Forsch., 126, 38-49

kajo
Pencil



458 IARC MONOGRAHS VOLUME 51

Shane, B.S., Troxclair, A.M., McMilin, D.J. & Heniy, C.B. (1988) Comparative
mutagenicity of nine brands of coffee to Salmonella typhimurium TA100, TA102 and
TA104. Environ. mol. Mutagenesis, Il, 195-20 (corngendum, p. 553)

Shapiro, R., Cohen, B.I., Shiuey, S. & Maurer, H. (1969) On the reaction of guanine with
glyoxal, pyrvaldehyde, and kethoxal, and the structure of acylguanines. A new
sythesis of N2-alkylguanines. Biochemistry, 8, 238-245

Smith, I.K., Kendall, A.C., Keys, A.J., Thmer, J.C. & Lea, EJ. (1984) Increased level of
glutathione in a catalase-deficient mutant of barley (Hordeum vulgare L.). Plant Sei
Lett., 37, 29-33

1àkahashi, M., Okamiya, H., Furukawa, F., Toyoda, K., Sato, H., Imaida, K. & Hayashi, Y.
(1989) Effects of glyoxal and methylglyoxal administration on gastric carcinogenesis in
Wistar rats after initiation with N-methyl-N' -nitro-N-nitrosoguanidine. Carcinogenesis,
10, 1925-1927

1àkayama, S., Nagao, M., Suwa, Y. & Sugimura, 1: (1984) Long-term carcinogenicity studies

on cafeine, instant coffee, and methylglyoxal in rats. ln: MacMahon, B. & Sugimura,
1:, eds, Coffee an Health (Banbuiy Report 17), Cold Sprig Harbr, NY, CSH Press,
pp. 99-106

Wheeler, R.E., Pragnell, M.J. & Pierce, J.S. (1971) The identification of factors affecting
flavour stabilty in beer. EuT. Brew Conv., 13,423-436

Windholz, M., ed. (1983) The Merck Index, lOth ed., Rahway, NJ, Merck & Co., pp. 1157
Wiseblatt, L. & Kohn, F.E. (196) Sorne volatile aromatic compounds in fresh bread. Cereal

Chem., 37, 55-66
Yamaguchi, 1: (1982) Mutagenicity of trioses and methylglyoxal on Salmonella typhimurium.

Age. biol. Chem., 46, 849-851


