
2290 J.C.S. Perkin I 

A Potent Mutagen in Broiled Fish. Part 1. 2-Amino-3-methyl-3H- 
i m i dazo [ 4,5 - f ] q u i no I i ne 

By H iroshi Kasai, Ziro Yamaizumi, and Susumu Nishimura," Biology Division, National Cancer Center 

Keiji Wakabayashi, Minako Nagao, and Takashi Sugimura, Biochemistry Division, National Cancer 

Neil E. Spingarn and John H. Weisburger, Naylor Dana Institute for Disease Prevention, American Health 

Shigeyuki Yokoyama and Tatsuo M iyazawa, Department of Biophysics and Biochemistry, Faculty of 

Research Institute, Chuo-ku, Tokyo, Japan 

Center Research Institute, Chuo-ku, Tokyo, Japan 

Foundation, Valhalla, N.Y. 10595, U.S,A. 

Sciences, University of Tokyo, Bunkyo-ku, Tokyo, Japan 

A potent mutagen isolated from a methanol extract of sardines broiled under normal domestic conditions was 
strongly mutagenic to Salmonella typhimurium TA98. Its identity has been established as 2-amino-3-methyl-3H- 
imidazo[4,5-f]quinoline on the basis of spectral evidence and by chemical synthesis. 

MCTAGEKICITY has been demonstrated in smoke con- 
densates from broiling fish and beef-steak and in the 
charred surface of fish and beef-~teak.l-~ Further 
studies showed that the pyrol!7sis products of proteins 
and amino-acids contain strong mutagens 4,5 and active 
compounds have been isolated from pyrolysates of 
various amino-acids 6-9 and proteins.1° Among these 
compounds, 3-amino-l,4-dimet hyl-5H-pyrido[4,3-b]in- 
dole (Trp-P- 1) and 3-amino- 1-met hyl-5H-pyrido [4,3-b] - 
indole (Trp-P-2) from tryptophan,6 and 2-amino-G- 
methyldipyrido[ 1,2-n:3',2'-djimidazole (Glu-P-1) and 2- 
amino-dipyridor l ,2-n:3',2'-d]imidazole (Glu-P-2) from 
glutamic acid are very strong mutagens, especially 
towards Salmonella typhimuriunt TA98 with microsonial 
(S-9 mixture) metabolic activation. The in vitro l1,l2 

and in viao l3>l4 carcinogenicities of Trp-P-1 and Trp-P-2 
have been already demonstrated. 

For evaluation of the effects of mutagens in cooked 
foods on humans, it is important to determine the 
properties of mutagenic substances that are actually 
present in foods. Mutagenic activity has been demon- 
strated in fried hamburgers 15-17 and fried potatoes,'s 
but the compounds responsible for this activity have 
not yet been isolated and identified. These active 
components are present in cooked foods in very small 
amounts, and this has made it difficult to obtain enough 
of the pure compounds for structural characterization. 
We have previously detected Trp-P-1 and Trp-P-2 in 
broiled sardine by means of g.c.-mass spectrometry, but 
these compounds accounted for only 1.5% of the total 
mutagenicity present.lg This low value might be partly 
explained by low recoveries of these compounds, but it 
strongly suggests that most of the mutagenicity in broiled 
sardine is due to compounds other than the series of newly 
described heterocyclic amines, and in fact we recently 
found that the basic fraction of broiled sardine contained 
an unidentified mutagenic substance.20 

This paper describes a new potent mutagen isolated 
from the neutral fraction of broiled sardines. A pure, 
active component was obtained by using several frac- 
tionation procedures including high pressure liquid 

cliroinatography (h.p.1.c.). The structure was assigned 
principally by means of mass and n.m.r. spectral data. 
I t  is a novel mutagen with a six-six-five-membered ring- 
system and its structure is 2-amino-3-methyl-3H- 
imidazo~4,5-f]quinoline ( 1 ) .  Its specific mutagenicity 

(1) 

towards S.  typhiunurium TA98 was much higher than 
those of Trp-P-1, Trp-P-2, Glu-P-1, Glu-P-2, and 
aflatoxin B,. This is a first report, apart from pre- 
liminary accounts,21'22 of elucidation of the structure of 
a new mutagen isolated from ordinarily cooked food. 

RESULTS AND DISCUSSION 

Sun-dried sardines (10 kg) (Japanese name , Maru- 
boshi) were broiled in the ordinary way, as described 
previously.20 They were then ground up and extracted 
with methanol ; after solvent evaporation, the residue, 
which showed strong mutagenicity to S. typlzimurium 
TA98 in the presence of an S-9 mixture, was further 
fractionated, as described previously so (for details, see 
Experimental section). The neutral fraction thus 
obtained, which contained 40% of the original mutageni- 
city, was subjected successively t o  HP-20 column 
chromatography, chloroform-methanol-water partition- 
ing, and Sephadex LH-20 column chromatography. 
The active fraction was then chromatographed on a 
column of silica gel. The mutagens were roughly 
separated into two components by this procedure. 
Final purification of compound (1) was achieved by suc- 
cessive h.y.1.c. procedures, as described in the 1"g 4 1  ure. 
Approximately 0.2 nig of purified compound (1) was 
obtained from 10 kg of sardines. 

The proposed structure of compound (1) was based on 
its 270-MHz 'H n.m.r. spectrum, low- and high-resolution 
mass spectra, f.t.i.r. spectrum, and pK, values. The 



1981 2291 

mass spectrum of compound (1) showed a high intensity 
molecular ion (M+)  at  m/e 198 and fragment ion at  
m/e 183 ( M +  - 15), suggesting that compound (1) has a 
stable heterocyclic nucleus and a methyl group. The 
elemental composition of conipound (1) was established 
as CllH1,N, on the basis of an exact mass measurement 
(calculated mass, 198.0906 ; observed mass, 198.0900). 
The 270-MHz lH n.m.r. spectrum of naturally occurring 
compound ( 1 )  measured in CIXl, showed signals assigned 

U In N 

a 

x 

be assigned to 5-H and 4-H on the quinoline ring. Long- 
range coupling ( J  1 Hz) was observed between 5-H and 
9-H. A methyl signal found at  low field (6 3.70) can be 
assigned to the AT-methyl group. A nuclear Over- 
hauser effect (n.0.e.) was observed only for 4-H (13%) 
when methyl protons were irradiated. The broad signal 
a t  6 5.52 was assigned to protons of the amino-group 
because this signal disappeared by saturation transfer 
from the proton resonance of water in the sample solution. 

b 
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FIGURE Isolation of mutagenic compound (1) by h.p.1.c. The profiles of A,,, (upper figurc) and mutagenic activity [revertants 
(rev)/plate/min, lower figure] are shown; a, Fr. I1 by h.p.1.c.; b,  final purification of compound (1) by h.p.1.c. 

to five aromatic protons, methyl protons, and amino-pro- 
tons (broad). Three protons in the aromatic region (6H 
8-87, 8.70, and 7.46) were assigned to three protons, 7-H, 
9-H, and 8-H, respectively, based on their chemical shifts 

NH7 

SCHEME 

and coupling constants. The large difference in coupling 
constants between J,,s (4.2 Hz) and Jr,9 (8.4 Hz) can be 
accounted for by the difference of bond length in the 
quinoline ring. Another set of protons at 6 7.88 and 
7.57, which were coupled t o  each other (J 9.2 Hz), can 

The presence of a free amino-group was confirmed by the 
mass spectral analysis of the trimethylsilyl derivative 
iW+, 270) and acetyl derivative (hl+,  240). No struc- 
tures which have a six-five-five- or six-five-six-membered 
fused-ring system fit the observed chemical shifts and 
coupling constants. Therefore, we propose structure ( 1 )  
for the compound. 

Fourier-transf0rmi.r. (f.t.i.r.) and pK, data also support 
this structure. In the f.t.i.r. spectrum, pertinent absorp- 
tions were observed at  v,,, 3 400,3 350, and 3 250 (NH,, 
stretching), 3 090 (=CH, stretching), 1 670 (C=N, stretch- 
ing), 1550 ( G C ,  stretching), 1375 (Me, bending), and 
800 cm-l (=CHI out-of-plane bending) ; no C=N absorption 
was found in the region ca. 2 200 cm-l. Two pK, values, 
3.5 and 6.6, obtained from the change in the U.V. spectra 
with pH change, are accounted for by protonation at the 
guanidinium group (pK,, 6.6) and protonation at  N-6 

The proposed structure of compound (1) was finally 
confirmed by its chemical synthesis from 5,6-diamino- 
quinoline (2) by a two-step reaction, as shown in the 
Scheme. 5,6-Diaminoquinoline (2), prepared by reduc- 
tion of 6-amino-5-nitroquinoline according to the method 
of Kaufmann and Zeller,23 was treated with cyanogen 
bromide 24 to afford compound (3), which was converted 
into its 3-N-methyl derivative, compound (I) ,  by heating 
the tetramethylammonium salt of compound (3) under 

(pKa 3.5). 
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reduced pressure.25 By this method, methylation 
occurred predominantly a t  the N-3 position. The crude 
product was isolated by sublimation and was further 
purified by silica-gel column chromatography. The 
mass, n.m.r., and U.V. spectra of the synthetic compound 
(1) were identical with those of the mutagen isolated from 
broiled fish, thus confirming the structure proposed. 

Compound (1) showed strong mutagenic activity 
towards the S .  tyjhnzuriztm strain when tested by the 
Ames method 2G with a modification of pre-inc~bation.~’ 
This mutagen requires metabolic activation by micro- 
soma1 enzyrnes (S-9). Specific activity of this compound 
towards TASS and TAlOO was 433 000 and 7000 
revertants,/pg, respectively. It should be noted that the 
precursor of compound (l), compound (3), possessed a 
weaker mutagenicity (200 re\Tertants/pg with TA98). 
The mutagenicity of compound (1)  towards S. 
typlzimziriwz TA98 (433 000 revertants/pg) is rnucli 
higher than that of Trp-P-2, which is the strongest 
mutagen thus far found from amino-acid pyrolysis 
products.* It is interesting that a mutagen recently 
isolated from heated beef-extract seems to be identical 
to compound (l), judging from its rnass, n.m.r., and U.V. 

spectra and chromatographic behaviour.28 Thus it is 
likely that compound (1) is widely distributed in a variety 
of broiled foods suggesting that i t  may represent a risk 
to humans. It is possible that the mutagenic com- 
ponent previously detected in the basic fraction of broiled 
sardines 2o is compound (l), its 1i.p.l.c. being similar to 
compound (1) .20 

Compound (1) has a six-six-five-membered ring- 
system and is the first mutagen oE this type to be dis- 
covered. Most mutagens isolated from amino-acid- or 
protein-pyrolysis products, such as Trp-P-1 , Trp-P-2, 
Glu-P-l , Glu-P-2, Lys-P-l , 2-amino-a-carboline, and 2- 
amino-3-methyl-a-carboline, are six-five-six-ring coni- 
pounds .6-10 

Compound (1) is a derivative of quinoline, which is 
known to be mutagenic 29930 and car~inogenic .~~ Benzo- 
[flquinoline, a derivative of quinoline isolated from non- 
fat soy-bean tar, is also mutagenic as are many other 
synthetic quinoline  derivative^.^^*^^ Their mutagenici- 
ties, however, are far weaker than that of compound 
(1) (3-4 order of magnitude lower), with the exception 
of 4-nitroquinoline l-oxide. Why compound (1)  pos- 
sesses potent mutagenicity is not known yet. The 
amino-group may be converted into a hydroxyamino- 
group in the final forms, as in the case of Trp-P-1 and 
T ~ P - P - ~ . ~ ’  Structure elucidation of the final reaction 
form of the quinoline (1) and the bound form of com- 
pound (1) with DNA components are being carried out. 
It is still uncertain whether compound (1) is carcino- 
genic, and studies on this problem are also under way. 

EXPERIMENTAL 

Isolation of Crude Mutagens from Broiled Sadine.7.- 
Ground, broiled sardines (3 kgj were extracted with methanol 
(20 1). The extract was evaporated and the residue (8 17  g) 
was dissolved in 1~ HC1 (4.8 1) and extracted 4 times with 

ether (4.8 I). This ether layer (acid-neutral fraction) con- 
tained no mutagenicity. The aqueous layer was adjusted 
to pH 10 by adding hTaHCO, and NaOH, and then extracted 
4 times with ether (5.6 1, basic fraction). The basic fraction 
contained ca. 20% of the mutagenicity of the original 
methanol extract 20 and the remaining aqueous layer con- 
tained ca. 40% of the mutagenicity (neutral fraction). This 
aqueous layer (5.5 1) was passed through a column of Dianion 
HP-20 (8.5 x 28 cm). The column was washed successively 
with water (10 1) and ethanol (6 1). No nutagenicity was 
eluted with water and the active materials were eluted with 
ethanol. The ethanol fraction was evaporated to dryness 
and the residue (54 g) was fractionated by liquid-liquid par- 
titioning using chloroform-methanol-water ( 5  : 6 : 4) as 
solvent (4  x 1 1). The active materials were collected from 
the lower layer and evaporated to dryness. This fraction 
(16.2 g) was fractionated on a column of Sephadex LH-20 
(5 x 120 cm) using methanol as solvent. After re-chrom- 
atographjr, using the same column, the active fraction 
obtained (89.4 mg) was further chromatographed on a 
column of silica gel ( 3  x 80 cm) with 10% methanol in 
chloroform as solvent. PIIutsgenic activity was roughly 
separated into two fractions (I and 11). 

Isolation sf the Mulagenic Coiqbound ( 1 )  .--?‘he mutagenic 
fractions which were eluted more slowly (fraction 11, 1.6 mg) 
from a column of silica gel were dissolved in 0.2 ml of 40% 
methanol and injected into an h.p.1.c. column [Shimadzu 
LC-3A; pBondapak C,, (Waters, 7.9 x 300 mm); 2.0 ml 
min-l; 40-70y0 methanol as eluant ; linear gradient 
(Figure a)] .  The mutagenic fraction (0.1 3 mg) represented 
by the clotted lines in Figure a was dissolved in 60% 
methanol (0.2 ml) and injected into another 1i.p.l.c. column 
[Waters; pBondapak CIS; two columns of 4 x 300 mm 
connected in series; flow rate, 1.0 ml min-‘, 60% methanol 
as eluant (Figure b ) ] .  

Mufagenesis Assay.-The mutagenicity oi each fraction 
was assayed on strain TA98 of S. typhimurium with an S-9 
mixture by a pre-incubation method 27 which is a modific- 
ation of the method of Ames et aZ.,26 using 30 p1 of an S-9 
preparation from PCB-treated rats. 

Spectral Measurevnents.-lH N.m.r. (270 hIHz) spectra 
were recorded by using a Brucker WH 270 spectrometer a t  
23 “C. Chemical shifts were measured relative to the 
residual CHC1, signal (6 7.25).  Saturation transfer and 
n.0.e. were measured by the gated-decoupling method. 

High- and low-resolution mass spectra were measured 
using a JEOL 01SG-2 instrument. Acetylation and tri- 
niethylsilylation of the mutagens for mass spectral measure- 
ment were made as previously reported . 32  

The f.t.i.r. spectrum was recorded using a Digilab FTS- 
20 B/D instrument. A micro-disk of KBr was preparecl 
using ca. 20 tJ.g of the sample. The spectrum was obtained 
after 400 scans, by subtracting the KBr spectrum from the 
sample spectrum. 

U.V. spectra were obtained using a Shimadzu UV-300 
spectrophotometer. 

Synthesis of 2-A~nino-3H-iwzidazo[4,5-f]quinoline (3) .- 
6-Amino-5-nitroquinoline 23 (100 mg) was dissolved in con- 
centrated HC1 (1 .5  ml) and reduced by adding Fe powder 
(200 mg). The reduction was completed after 15 niin. 
The reaction mixture was filtrated and washed with water. 
The filtrate was neutralized with KOH solution, and 
aqueous BrCrCr (300 mg, 3 ml) was added during 2 h with 
stirring; the latter was continued for 2 h after the addition. 
The p€I of the solution was adjusted to pH 10 with KOH 
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solution, and the reaction mixture was extracted with ethyl 
i.cetate (5 x 100 ml). The ethyl acetate layer was evap- 
orated to dryness under reduced pressure and the residue 
ivas fractionated on a column of silica gel (1.5 x 30 cm) 
ising 20~o-methanol-chloroform as solvent to give 

(:ompound (3) (35 mg), m.p. 276 "C (deconip.); wz/e 184 
M'); Amx. (MeOH) 202 (E 25 300), 2G3 (48 300), and 352 
i m  (3 400) ; 6 (CDC1,) 8.84 (1 H, dd, J 4.2, 1.7 Hz, 7-Hj, 
3.63 (1 H, m, 9-H), 7.83 (1 H, d ,  J 9.0 Hz, 5-H), 7.66 (1 13, 
1, J9.0Hz,4-H),7.42(1H,dd,.J8.3,4.2Hz,8-H),and4.61 
:2 H, br s, NH,). 

Synthesis oJ 2-Anzino-3-mefIzyl-3H-i9nidaco[4,5-f]qz~inoline 
:I).-An aqueous solution of compound (3) (32 mg) and 
tetramethylammonium hydroxide ( 16 mg) was lyophilized 
111 a sublimation apparatus, heated in an  oil-bath, under 
reduced pressure (3 mmHg). At 200 "C evolution of tri- 
niethylamine was observed, followed by sublimation of the 
reaction product a t  205-215 "C. The crude product thus 
obtained was purified on a column of silica gel (1.5 x 30 cm) 
using 200,b methanol-chloroform as solvent. Compound (1) 
( 18 mg) was finally crystallized from aqueous methanol, 
m.p >300 "C; m/e 198 ( M + )  and 183 (Mf - Me); A,,,,,. 
(MeOH) 213 (E 27 000), 264 (51 500) ,  and 354 nm (4 000); 

J 8.3, 1.8, and 0.8 Hz, 9-H), 7.84 (1 H, dd, J 9.0, 0.8 Hz, 

132, 8-H), 4.58 (2 H, br s, NH,), and 3.70 (3-H, s ,  Me). 
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6 (CDCI,) 8.84 (1 H, dd, J 4.2, 1.8 Hz, 7-H), 8.72 (1 H, ddd, 

5-H), 7.56 (1 H, d, J '3.0 Hz, 4-H), 7.43 (1 H, dd, J 8.3, 4.2 
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