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The Safety of Carcinogenic Heterocyclic Aromatic Amines from
the Cooked Foods

Hyang-Sook Chun’ and Joo-Youn, Kim
Food Chemistry and Biotechnology Division, Korea Food Research nstitute, Seongnam 463-420, Korea

ABSTRACT - Commonly eaten fish, meat and other protein-containing foods show some level
of mutagenic activity following normal cooking such as broiling, frying, grilling, roasting ete. The

main food mutagens found in cooked products are “heterocyclic aromatic amines”.

Several of them

have been shown to be carcinogenic in rodent and suggested to be relevant for human cancer eti-
ology. This review summarizes the chemistry, formation, occurrence and toxicity of food-borne
heterocyclic aromatic amines. Factors that influence the formation of them are also discussed
with special emphasis on dietary factors. From a health safety point of view, it is desirable to
estimate the intake of heterocyclic amines via foods, and reduce or prevent the formation of food

mutagens.
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Fig. 1. Suggested pathway for the formation of imidazoguinolines and quinoxalines.” IQ=2-amino-3-methylimidazo[4,5-
flquinoline; MelQ=2-amino-3,4-dimethylimidazo-[4,5-f]-quinoline; MeIQx=2-amino-3,8-dimethylimidazo[4,5-flquino-
xaline; 7,8-DiMelQx=2-amino-3,7,8-trimethyl-imidazo[4,5-f|quinoxaline; 4,8-DiMeIQx=2-amino-3,4,8-trimethylimidazo[4,5-

flquinoxaline
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Chemical structures and common names for heterocyclic aromatic amines found in cooked foods or model systems; I,
Pyrido-imidazoles or indoles-(Glu-P-1=2-amino-6-methyldipyrido[1,2-a:3',2'-d]imidazole; Glu-P-2=2-aminodipyrido[1,2-
a:3',2'-d]imidazole; Trp-P-1=3-amino-1,4-dimethyl-SH-pyrido[4,3-blindole; Trp-P-2=3-amino-1-methyl-5H-pyrido[4,
3-b] indole; AaC=2-amino-9H-pyrido[2,3-blindole; MeA0.C=2-amino-3-methyl-9H-pyrido[2,3-blindole); II, Quino-
lines(IQ=2-amino-3-methylimidazo[4,5-flquinoline; MelQ=2-amino-3,4-dimethylimidazo[4,5-f]-quinoline); III, Furo-
pyridines (MeIFP=methylimidazofuropyridine); IV, Quinoxalines(IQx=2-amino-3-methylimidazo[4,5-flquinoxaline;
4-MelQx=2-amino-3,4-dimethylimidazo[4,5-f]quinoxaline; MeIQx=2-amino-3,8-dimethylimidazo{4,5-f]-quinoxaline; 7,
8-DiMelQx=2-amino-3,7,8-trimethyl-imidazo[4,5-f]lquinoxaline; 4,8-DiMelQx=2-amino-3,4,8-trimethylimidazo[4,5-

fl-quinoxaline); V, Pyridines(PhIP=2-amino-1-methyl-6-phenylimidazo[4,5-b]pyridine; DMIP=2-amino-1,6-dimethy-
limidazo-pyridine; TMIP=2-amino-n,n,n-trimethylimidazopyridine). *Suggested structure.
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Table 1. Content of heterocyclic amines in cooked foods™
Cooked food Het.erocyclic amine (ng/g=ppb)
1IQ MelQ MelQ 4,8-DiMelQ PhIP Trp-P-1  Tip-P-2 AoC MeAoC
Broiled beef 0.19 2.11 15.7 0.21 0.25 1.20
Fried ground beef 0.64 0.12 0.56 0.19 0.21
Broiled chicken 2.33 0.81 38.1 0.12 0.18 0.21
Broiled mutton 1.01 0.67 42.5 0.15 2.50 0.19
Food-grade beef extract 3.10 3.62
Fried cod fish 0.16 0.03 6.44 0.10 69.2
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Fig. 3. Proposed pathway for metabolic activation of he-
terocyclic aromatic amines from protein pyro-
lysates in mammalian cell.”®

Table 2. Carcinogenicity and target organs of heterocyclic amines in rats and mice

Substance  Species Concn(%) Target organs TD,, (mg/kg/day)
IQ Rats 0.03 Liver, small and large intestine, Zymbal gland, clitoral gland, skin 0.7
Mice 0.03 Liver, forestomach, lung 14.7
MelQ Rats 0.03 Large intestine, Zymbal gland, skin, oral cavity, mammary gland 0.1
Mice 0.04,0.01 Liver, forestomach 8.4
MelQx Rats 0.04 Liver, Zymbal gland, clitoral gland, skin 0.7
Mice 0.06 Liver, lung, hematopoietic system 11.0
PhIP Rats 0.04 Large intestine, mammary gland
Mice 0.04 Lymphoid tissue 313
Trp-P-1 Rats 0.015 Liver 0.1
Mice 0.02 Liver 8.8
Trp-P-2 Mice 0.02 Liver 2.7
Glu-P-1 Rats 0.05 Liver, small and large intestine, Zymbal gland, clitoral gland 0.8
Mice 0.05 Liver, blood vessels 27
Glu-P-2 Rats 0.05 Liver, small and large intestine, Zymbal gland, clitoral gland 5.7
Mice 0.05 Liver, blood vessels 49
AoC Mice 0.08 Liver, bood vessels 15.8
MeAoC Mice 0.08 Liver, blood vessels 58
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