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The recently isolated paeonol (2-hydroxy-4-methoxyacetophenone), as one of the antimutagenic
compounds from Discorea japonica, was used as a lead compound for detailed structure-activity
relationship studies. Nine acetophenones (2-hydroxy-4-methoxy, 2-hydroxy-5-methoxy, 2-hydroxy-
6-methoxy, 4-hydroxy-3-methoxy, o-methoxy, m-methoxy, p-methoxy, and 2,5-dimethoxyacetophe-
none and acetophenone) were investigated for their ability of suppression of furylfuramide-induced
SOS response using Salmonella typhimurium TA1535/pSK1002 in the umu test, against the
mutagen, 2-(2-furyl)-3-(5-nitro-2-furyl)acrylamide (furylfuramide). The results showed that 2-hy-
droxy-6-methoxyacetophenone displayed the strongest activity (EC50 ) 0.6 µmol/mL), and a hydroxyl
group at C-2 is necessary feature for acetophenone derivatives to show the suppressive effects of
furylfuramide-induced SOS response.
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INTRODUCTION

Paeonol is a well-known compound of the essential
oils of Paeonia mouton (Miyazawa et al., 1983), which
is a component of prescriptions used as an analgesic, a
sedative, an anti-inflammatory agent, a homeostatic,
and a remedy for female diseases in traditional oriental
medicine. This compound was isolated as a principal
anticoagulative compound from Paeonia mouton (Ishida
et al., 1987) and as a bio-antimutagenic compound from
Paeonia suffruiticosa (Fukuhara et al., 1986). In our
search for new naturally occurring antimutagenic com-
pounds in plants that have a history of safe use as
Chinese crude drugs (Miyazawa et al., 1995a, 1995b,
1996b, 1997), we previously reported about isolation of
â-eudesmol and paeonol as antimutagenic compounds
from Dioscorea japonica (Miyazawa et al., 1996a). The
present paper deals with the structure-activity rela-
tionship of acetophenone derivatives. Paeonol (2-hy-
droxy-4-methoxyacetophenone, 1), 2-hydroxy-5-meth-
oxyacetophenone (2), 2-hydroxy-6-methoxyacetophenone
(3), 4-hydroxy-3-methoxyacetophenone (apocynin, 4),
o-methoxyacetophenone (5), m-methoxyacetophenone
(6), p-methoxyacetophenone (7), and 3,4-dimethoxyac-
etophenone (8), and acetophenone (9) were investigated
for their abilities of a wide variety of the S. typhimurium
strain TA1535 with test compounds (see Table 1). With
the development of laboratory techniques for the detec-
tion of possible environmental carcinogens and mu-
tagens (Ames et al., 1975), it has been shown that
ordinary human diets contain several mutagens and
antimutagens. In particular, the umu test system was

developed as a simple, but sensitive, tool to evaluate
the genotoxic activities of a wide variety of environmen-
tal carcinogens and mutagens (Oda et al., 1985; Naka-
mura et al., 1987). The umu test detects the induction
of the SOS response following treatment of the Salmo-
nella typhimurium strain TA1535 with test compounds.
This strain carries the plasmid pSK1002 in which the
umuC′ gene is fused inflame to the lacZ gene. The SOS-
inducing potency of test compounds would therefore be
estimated by the measurement of induction of the level
of umu operon in terms of intracellular â-galactosidase
activity. Furylfuramide was one of the nitrofuran de-
rivatives that had been widely used as a food preserva-
tive in Japan since 1965; however it was found to be
mutagenic (McCann et al., 1975; Tazima et al., 1975;
Ames, 1979). In 1974, its use was legally prohibited. The
mutational specificity of furylfuramide in the lacI gene
of Escherichia coli was investigated, and base substitu-
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Table 1. Structures of Acetophenones Presented in This
Paper

acetophenones X1 X2 X3 X4 X5

1 OH H OMe H H
2 OH H H OMe H
3 OH H H H OMe
4 H OMe OH H H
5 OMe H H H H
6 H OMe H H H
7 H H OMe H H
8 OMe H H OMe H
9 H H H H H
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tion occurred primarily (>93%) at the G:C base pair
(Lambert et al., 1991).

MATERIALS AND METHODS

Materials. 2-Hydroxy-4-methoxy and 4-hydroxy-3-meth-
oxyacetophenone were purchased from Tokyokasei Kougyou
Co. Ltd. (Tokyo, Japan). 2-Hydroxy-5-methoxy and 2-hydroxy-
6-methoxyacetophenone were purchased from Aldrich Chemi-
cal Co. (Milwaukee, WI). The o-, m-, and p-2,5-dimethoxyac-
etophenonsweregiftsofDr.TakeoNishiyama(KinkiUniversity).
Furylfuramide was purchased from Wako Pure Chemical Co.
(Osaka, Japan).

umu Test. An overnight culture of the tester bacteria strain
(S. typhimurium TA1535/pSK1002) in Luria broth (1% Bac-
totryptone, 0.5% NaCl, and 0.5% yeast extract; supplemented
with 20 mg/mL ampicillin) was diluted 50-fold with fresh TGA
medium (1% Bactotryptone, 0.5% NaCl, and 2% glucose;
supplemented with 20 mg/mL ampicillin) and incubated at 37
°C until the optical density at 600 nm of the culture reached
0.25-0.30. The culture was then aliquoted into 2.3 mL portions
in test tubes, and the test compound (50 µL, diluted in DMSO),
0.1 m phosphate buffer (300 µL, pH 7.4), and furylfuramide
(50 µL, 1 µL/mL in DMSO) were added to each 1.20, 0.60, and
0.24 µmol/mL. As positive controls, an equivalent volume of
DMSO was added in stead of test compound, whereas with
negative controls, an equivalent volume of DMSO were added
instead of both test compound and mutagen. After 2 h of
incubation at 37 °C with shaking, the culture was centrifuged
to sediment the cells, and then the cells were resuspended in
2.5 mL of PBS. The optical density of the suspensions at 600
nm were recorded with one portion (0.25 mL), while the rest
of the cell suspensions were used to measure the level of
intracellular â-galactosidase activities using the method of
Miller (1972).

RESULTS AND DISCUSSION

As shown in Figure 1, 1 showed a suppressive effect
on umu gene expression of the SOS responses in S.
typhimurium TA1535/pSK1002 against furylfuramide.
1 suppressed 60% of the SOS-inducing activity at
concentrations less than 1.2 µmol/mL, and the EC50
(50% of effective concentration) value was 1.08 µmol/
mL. 3 suppressed 50% of the SOS-inducing activity at
concentration less than 0.60 µmol/mL, although this
compound showed toxicity at 1.20 µmol/mL. 4 sup-
pressed 23% of the SOS-inducing activity at a concen-
tration of 1.2 µmol/mL. As shown in Figure 2, 5-7 also

showed a suppressive effect of SOS-inducing activity,
and these compounds showed 20, 37, and 45% suppres-
sive effects at concentration less than 1.20 µmol/mL,
respectively. 8 suppressed 34% of the SOS-inducing
activity at similar concentration. 9 showed a weaker
suppressive effect (15%) than its derivatives in umu test
(Figure 3).

Figure 4 shows a suppressive effects on furylfura-
mide-induced SOS responses of acetophenones at a
concentration of 0.6 µmol/mL in order to explain struc-
ture-activity relationship. Acetophenones which have
2-hydroxy substitution showed more than 25% suppres-
sive effects at a concentration of 0.60 µmol/mL, and 3
(50%) is the most effective compound in this experiment.
4 showed a weak (12%) suppressive effect in comparison
with acetophenones which have 2-hydroxy in the order
o- < m- < p-acetophenone. 8 showed 11% suppressive
effect of furylfuramide-induced SOS responses. There-
fore, a 2-hydroxy substitution is important factor for this
suppressive effect in comparison with 2 and 8. 9 was
used for the basic structure of acetophenones to compare
with other compounds. This compound showed little
(3%) suppressive effect on furylfuramide-induced SOS
responses at a concentration of 0.60 µmol/mL.

For mutagenic activation of furylfuramide (cis form),
cis-trans isomerization (Kalyanaraman et al., 1979,
1981; Koga et al., 1984) and reduction of the nitro group

Figure 1. Suppression of furylfuramide-induced SOS re-
sponses by acetophenones which have hydroxy and methoxy
substitutions (1-4). Key: (b) effect of 1; (() effect of 2; (9)
effect of 3; (4) effect of 4. Furylfuramide (1 µg/mL in DMSO)
was added at 60 µL.

Figure 2. Suppression of furylfuramide-induced SOS re-
sponses by acetophenones which have methoxy substitution
(5-8). Key: (O) effect of 5; (±) effect of 6; (0) effect of 7; (3)
effect of 8. Furylfuramide (1 µg/mL in DMSO) was added at
60 µL.

Figure 3. Suppression of furylfuramide-induced SOS re-
sponse by acetophenone which has no substitution (9). Furyl-
furamide (1 µg/mL in DMSO) was added at 60 µL.
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of 5-nitrofuran (Vroomen et al., 1988; Bertenyi et al.,
1996) are important in the metabolic pathway. The cis-
trans isomerization is based on the formation of nitro
anion radicals. The cis-furylfuramide receives a single
electron derived from an enzyme system to form the
anion radical. Spin density on the olefinic double bond
results in free rotation between the olefinic carbons
followed by conversion to its thermodynamically more
stable trans isomer. The nitro group of 5-nitrofuran is
activated by the reductive metabolism associated with
nitroreductases in bacteria. The main pathway for
nitrofuran activation would be via reduction to a hy-
droxylamine intermediate which could react with DNA
though a nitrenium ion. An alternative reactive inter-
mediate, the ring-opened acrylonitrile derivative, could
form through rearrangement of the hydroxylamine
intermediate. It has been shown that the acrylonitrile
derivative readily forms conjugates with glutathione,
nercaptoethanol, and thiol groups of proteins. These
conjugates increase the mutation frequency in S. typh-
imurium TA100, suggesting that the acrylonitryle de-
rivative is also capable of interacting with DNA. There-
fore, acetophenones may protect these reactive metabolic
pathway. Apocynin showed the inhibition of NADPH
oxidase activation (Suzuki et al., 1992; Stolk et al.,
1994). Paeonol showed the inhibition of xanthine oxi-
dase activity (Chang et al., 1994). These reports may
support a part of this hypothesis. In addition, the low-
molecular-weight phenolic compounds induced genetic
evidence, the vir genes of one Agrobacterium tumefa-
ciens are induced by several acetophenones, benzalde-
hydes, benzoic acids, cinnamic acids, and phenols (Lee
et al., 1995). Therefore, it is a possibility that acetophe-
nones may potently influence genetic repair system
against mutagenesis. Indeed, the antimutagenic effect
of vanillin was explained to cause enhancement of a
recA-dependent, error-free pathway of post-replication
repair (Ohta et al., 1998).

Antimutagenic properties of low-molecular-weight
phenolic compounds have been explored through the use
of several mutagens and assay systems. Anisaldehyde
(p-methoxybynzaldehyde), ethyl vanillin (4-hydroxy-3-
ethoxybenzaldehyde), and vanillin (4-hydroxyy-3-meth-
oxybenzaldehyde) showed antimutagenic effects on mu-
tagenesis induced by 4-nitroquinoline 1-oxide (4NQO),
furylfuramide, acaptan, and methylglyoxal in E. coli

WP2s, though they were not effective against mutations
by 3-amino-1-methy-5H pyrido[4,3-b]indole (Trp-P-2) or
2-amino-3-methyl-imidazo[4,5-f]quinoline (IQ) in S. ty-
phimurium TA98 (Ohta et al., 1986, 1988). In the case
of benzaldehydes, 4-hydroxy-3-methoxy substitution
showed more suppressive effects than p-methoxy sub-
stitution against furylfuramide-induced mutagenicity.

o-Vanillin suppressed furylfuramide- and 4NQO-
induced mutagenicity in E. coli WP2s, but it increased
MNNG (N-methyl-N′-nitro-N-nitrosoguanidine)- and
MNU (N-methyl-N-nitrosourea)-induced mutagenesis in
the same strain (WP2s) (Watanabe et al., 1989). Re-
cently, cinnamic acid derivatives were isolated as the
suppressive compounds for furylfuramide-induced SOS
responses in S. typhimurium TA1535/pSK1002 in our
laboratory, and trans-cinnamic acid, p-methoxy cin-
namic acid were isolated (Miyazawa et al., 1998). In this
case, all of them showed similar suppressive effects
slightly more suppressive than those of others. From
these observations, the relationship between substitu-
tions of the benzene ring and acetophenone, benzalde-
hyde, and cinnamic acid for their suppressive effects
against furylfuramide could not clearly be explained.
The structure-activity relationship in acetophenones
were confirmed from our experiment. The structural
requirements for the suppressive effect on furylfura-
mide-induced SOS responses were explained in that
hydroxy and methoxy substitutions were required for
their suppressive effects and 2-hydroxyacetophenones
which have methoxy substitution showed effective sup-
pression for furylfuramide SOS responses.

ACKNOWLEDGMENT

We thank Mr. Hiroshi Kosaka for skillful technical
assistance.

LITERATURE CITED

Ames, B. N.; McCann, J.; Yamasaki, E. Methods for detecting
carcinogens and mutagens with the Salmonella/mamalian-
microsome mutagenicity test. Mutat. Res. 1975, 31, 347-
363.

Ames, B. N. Identifying environmental chemicals causing
mutations and cancer. Science 1979, 204 (4393), 587-593.

Bertenyi, K. K. A.; Lambert, I. B. The mutational specificity
of furazolidone in the lacI gene of Escherichia coli. Mutat.
Res. 1996, 357 (1-2), 199-208.

Chang, W.-S.; Chang, Y.-H.; Lu, F.-J.; Chiang, H.-C. Inhibitory
effects of phenolics on xanthine oxidase. Anticancer Res.
1994, 14 (2A), 501-506.

Fukuhara, Y.; Yoshida, D. A bio-antimutagen isolated from a
crude drug, Moutan cortex. Agric. Biol. Chem. 1986, 50 (8),
1971.

Ishida, H.; Takamatsu, M.; Tsuji, K.; Kosuge, T. Studies on
active substances in harbes used for oketsu (stagnant bood)
in chinese medicine. V. On the anticoagulative principle in
Moutan cortex. Chem. Pharm. Bull. 1987, 51 (5), 1441-1442.

Kalyanaraman, B.; Perez-Peyes, E.; Mason, R. P.; Peterson,
F. J.; Holitzman, J. L. Electron spin resonance evidence for
a free radical intermediate in the cis-trans isomerization
of furylfuramide by oxygen-sensitive nitroreductase. Mol.
Pharmacol. 1979, 16 (3), 1059-1064.

Kalyanaraman, B.; Mason, R. P.; Rowlett, R.; Kispert, L. D.
An electron spin resonance investigation and molecular
orbital calculation of the anion radical intermediate in the
enzymatic cis-trans isomerization of furylfuramide, a ni-
trofuran derivative of ethylene. Biochim. Biochim. Biophys.
Acta 1981, 660 (1), 102-109.

Figure 4. Suppression of furylfuramide-induced SOS re-
sponses by 1-8. Concentration of compounds was 0.6 µmol/
mL.

Suppressive Effects of Acetophenones J. Agric. Food Chem., Vol. 48, No. 9, 2000 4379



Koga, N.; Kitamura, S.; Tatsumi, K.; Yoshimura, H. Cis-trans
isomerization of a nitrofuran AF-2 by rat liver microsomal
preparations. Chem. Pharm. Bull. 1984, 32 (8), 3309-3312.

Lambert, I. B.; Chin, T. A.; Bryant, D. W.; Gordon, A. J. E.;
Glickman, B. W.; McCalla, D. R. The mutational specificity
of 2-(2-furyl)-3-(5-nitro-2-furyl)-acrylamide (AF2) in the lacI
gene of Escherichia coli. Carcinogenesis 1991, 12 (1), 29-34.

Lee, Y.-W.; Jin, S.; Shim, W.-S.; Nester, E. W. Genetic evidence
for direct sensing of phenolic compounds by the VirA protein
of Agrobacterium tumefaciens. Proc. Natl. Acad. Sci. U.S.A.
1995, 92 (26), 12245-12249.

McCann, J.; Spingarn, N. E.; Kobori, J.; Ames, B. N. Detection
of carcinogens as mutagens: bacterial tester strains with
R. factor plasmids. Proc. Natl. Acad. Sci. U.S.A. 1975, 72
(3), 979-983.

Miller, J. H. Experiments in Molecular Genetics; Cold Spring
Harbor Laboratory Press: Cold Spring Harbor, NY, 1972;
pp 352-355.

Miyazawa, M.; Maruyama, H.; Kameoka, H. Essential oil
contents of “MOUNTAN RADICIS CORTEX” Paeonia mou-
tan SIMS. ()P. suffruticosa ANDREWS) Agric. Biol. Chem.
1983, 47 (12), 2925-2927.

Miyazawa, M.; Shimamura, H.; Nakamura, S.; Kameoka, H.
Antimutagenic activity of isofraxinellone from Dictamnus
dasycarpus. J. Agric. Food Chem. 1995a, 43 (6), 1428-1431.

Miyazawa, M.; Shimamura, H.; Nakamura, S.; Kameoka, H.
Antimutagenic acitivity of (+)-polyalthic acid from Vitex
rotundiforia. J. Agric. Food Chem. 1995b, 43 (12), 3012-
3015.

Miyazawa, M.; Shimamura, H.; Nakamura, S.; Kameoka, H.
Antimutagenic acitvity of â-eudesmol and paeonol from Dio-
scorea japonica. J. Agric. Food Chem. 1996a, 44 (7), 1647.

Miyazawa, M.; Shimamura, H.; Bhuva, R. C.; Nakamura, S.;
Kameoka, H. Antimutagenic activity of falcarindiol from
Peucedanum praeruptorum. J. Agric. Food Chem. 1996b,
44 (11), 3444-3448.

Miyazawa, M.; Shimamura, H.; Nakamura, S.; Kameoka, H.
Antimutagenic activity of gigantol from Dendrobium nobile.
J. Agric. Food Chem. 1997, 45 (8), 2849-2853.

Miyazawa, M.; Okuno, Y.; Nakamura, S.; Kameoka, H. Sup-
pression of SOS-inducing activity of chemical mutagens by
cinnamic acid derivatives from Scrophulia ningpoensis in
the Salmonella typhimurium TA1535/pSK1002 umu test.
J. Agric. Food Chem. 1998, 46 (3), 904-910.

Nakamura, S.; Oda, Y.; Shimada, T. SOS-inducing activity of
chemical carcinogens and mutagens in Salmonella typh-
imurium TA1535/pSK1002: examination with 151 chemi-
cals. Mutat. Res. 1987, 192, 239-246.

Oda, Y.; Nakamura, S.; Oki, I. Evaluation of the new system
(umu-test) for the detection of environment mutagens and
carcinogens. Mutat. Res. 1985, 147 (5), 219-229.

Ohta, T.; Wataname, M.; Watanabe, K.; Shirasu, Y. Inhibitory
effects of flavorings on mutagenesis induced by chemicals
in bacteria. Food Chem. Toxicol. 1986, 24 (1), 51-54.

Ohta, T.; Watanabe, M.; Shirasu, Y.; Tadashi, I. Post-replica-
tion repair and recombination in uvrA umuC strains of
Escherichia coli are enhanced by vanillin, an antimutagenic
compound. Mutat. Res, 1988, 201 (1), 107-112.

Stolk, J.; Hiltermann, T. J. N.; Dijikiman, J. H.; Verhoven, A.
J. Characteristics of the substituted catechol. Am. J. Respir.
Cell. Mol. Biol. 1994, 11 (1), 55-80.

Suzuki, Y.; Wang, W.; Vu, T. H.; Raffin, T. A. Effect of NADPH
oxidase inhibition on endothelial cell ELAM-1 mRNA ex-
pression. Biochim. Biophis. Res. Commun. 1992, 184 (3),
1339-1343.

Vroomen, L. H. M.; Berghmans, M. C. J.; Groten, J. P.;
Koeman, J. H.; van Bladeren, P. J. Reversible interaction
of a reactive intermediate derived from furazolidone with
glutathione and protein. Toxicol. Appl. Pharmacol. 1988, 95
(1), 53-60.

Watanabe, K.; Ohta, T.; Shirasu, Y. Enhancement and inhibi-
tion of mutation by o-vanillin in Escherichia coli. Mutat. Res.
1989, 218 (2), 105-109.

Received for review June 14, 1999. Accepted June 30, 2000.

JF990631G

4380 J. Agric. Food Chem., Vol. 48, No. 9, 2000 Miyazawa et al.


