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Fig. 1. Chemical structures of mutagenic heterocyclic amines.

Fig. 2. Mulliple colon tumors induced by IQ in a male rat.
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TABLE L.

INCIDENCES OF TUMORS IN THE LIVER, FORESTOMACH AND LUNG IN CDF, MICE GIVEN IQ DIET

Chemical Sex Ellecctive Number ol mice with tumors
““’"!"”_ Liver Forestomach Lung
ol mice
Hepato- Hepato- Papilloma Squamous Adenoma Adeno-
cellular cellular cell carcinoma
adenoma carcinoma carcinoma
1Q ‘M 39 8 ‘8 11 5 * 13 14
(0.03%) F 36 5 22 8 3 7 8
None M 33 2 0 1 0 4 3
F 38 0 0 0 0 3 4

* Number of mice surviving on day 394,

TABLE 2 . Maillard Reaction Products Found in Model Systems
and Cooked Meats (T Shibamoto, 1980, 1983)

Compounds Number of derivatives
model systems cooked meat

Furans 77 36
Thiophenes 41 29
Thiazoles, Thiazolines,
Thiazolidines 35 14
Pyrazines 60 52
Pyrroles 57 5
Imidazoles 3 0
Pyridines 8 12
Miscellaneous hetero-

cyclic compounds 44 12
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FUEE Y » kR FLEER LR » AR E > TTRRET
B Wey B GUE -

Shibamoto ( 1983 ) (7)» B RHAFEA H
SEEEE T AEANERIRESY - BRBEEEEHK
MEME 46 » F—HAESFHSETFOANTEY » M Table
275 o Hohlk EERE W2 Pyrazine( Hodge , 1967
) (8) o K& WA HHAR MEE 18 BREE I » HHD K
SfEEAE » FI1 Pyrazine $Ay tricycliopyrazine:r
nitroimidazole % A7 HE MWK - 724 HIMVE) IR

(1~7F )b o 9 RRE & 4 ST R0 B LR =tk o
TiZes AR B 6 ( =@ A ) MERAR A Bk
I o HEA I ERS 2 B PO B M R TR RE - PTRAIAR
FEETE B3 RE | R OR S X EEBEEYHRE
e R B R R AR R AR & A S KEE »
P H i fik 1 » RIEWHE &5 - HEHE 100°C » BLR
RIER:R » FME A AN REENS - EERBEEDH
HE AT BB SR A 55 BB 288 A9 B AR AN B REF P —
B oMFig 3 405 6Fim o ALRMTLIRRDF
HEBHHTHRLE R E—E SIS AR NRIE - BEETK
ey » BRI Ry AETEEY » Jagerstad (

1983 ) (0 » EHFHEENE ¥p—— Pyridines

Pyrazines ffEE& I QMiMelQ AYHIEE 4y » & el 32
HEERREEEE 1 Qe SRR - 7RE) 1Q
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Fig. 3 Dose response curves for the mutagenicity of boiled
pork extract tested with Salmonella typhimurium strains
TAIL538 (~O—)and TA98 (- O---).
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Fig. 4 The effects of different concentrations of ground
pork in the extract on the mutagenicity in Sulmonella typhi-
murium strain TA1538 of boiled pork extract after refluxing
at 102°C for 12 hr.
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Jagerstad, 1982 ) o {HfiREAYE FEMIEIE &
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Fig.d The effects of boiling time (under reflux at 102°C)
on the mutagenicity in Salmonella typhimurium strain
TA1538 of a boiled pork extract containing 5 g equivalents
of fresh ground pork in each ml of extract.
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Fig. 6 The effects of pH on the mutagenicity in Salmonella
typhimurium strain TA1538 of boiled pork extract contain-
ing 6 g equivalents of [resh ground pork in each ml extract
after refluxing at 102°C Eor 12 hr.
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TABLE 3
Effect of Adding a Pure Maillard Reaction Product (5mmol) in Experiments Listed in
Table I (Creatinine Used Instead of Creatine)

Amino Added Rerfjunol Retyplate for sample of
compound product antino acid 10 20 ul 50 ul
Glycine — 460 + 59 75+ 11 164412 350465
Glycine 2-Methylpyridine 689 + 137" 134+ 16 234444 472+ 58
Glycine 2,5-Dimethylpyridine 688 + 154" 133432 242411 452454
L-Alanine — 354 + 64 60417 105410 325417
p-Alanine  2-Methylpyridine 642 + 937 18+21 232415 460+ 30

@ p<0:001 (compared with no added Maillard product).

1978 ) - RLEEHRET » FARARTRHERTH
AR EN E BB R RO SRR - MATHaY Ja-
gerstad PTEtFEHAOBIRH - WHIE ~ B BRI A
1~ 2% KREFABNTRE » RELFATHIZRR
HERR 001 % AIKWERFAEE 1 #mole B H
B o B b o 7ETAA B AR 400 R R ETE S / A4
A o SEERERF IR 4 A BT B A B BB A AT A o
HE—-AERBAREEYRR DB R EYHEREER
M o F35°T Ee—H T R 2 B ST T B % 8 SRR 3 K 2 3
WA  ZHSPENZ o Table 4 §§ £ 7
HIVE ~ BRI R M A S EFIH -

=. REENZE

Yoshida 1 Okamoto ( 1980 ) (13 » Bt48 & %
Ak PN % B 09 2 A 0 243 100 °CRTE AN » BN
I B EEL, NaOH 35 pH fEZ11.0° §H CH,Cl, ZE W
Z o W Ames 5 iRl E B - B 18
HRfR 2 B P 75 FE R ~ MERR AL TAO8+ S, A
BRI M TA 100 A A BRVERE B B8t o ILFE
RilTable 5 FisR o

Jagerstad ( 1983 ) 1) » B —BEEARMKF -
2R TS P R e S 35 2 A T R B9 B S W T ot P R AN
diethylene glycol ( 1 : 6 )EYISHEIAIAMS Mk
B2~ BRI &0 - REINBELE 130 'C Z/NF » LR FEEE
WE LD ARREE 0 KRB0 » 20 » 50 ¢l HFK%EE
HEHRTE » #5811 Table 6 fiy » £ T—@EEMBE
RR B a5 et K MER B BRIK MR A0 H IR ER » KR
BTPRYERE - L LA RS R TE
BTGB 3 [ o 57 AER W LR R A BAK »

TABLE 4. Naturally Oceurring Concentrations of Glucose,
Creatin(in)e and Free Amino Acids in Fresh Muscle

Precursors % Refr
(wet weight)
Glucose 0.12 1
Glucose-6-P 0.30 1
Glucose-1-P 0.008 1
Fructose-6-P 0.06 1
Creatine-P 0 1
Creatine 0.4 2
Creatinine 0.01 3
Free amino acids, total 0.1-0.3 4
Alanine 0.01-0.05 4

1: Fabiansson and Reutersward, (1985)
2: Jdgerstad et al., (1983a)

3: A. Laser Reuterswird, unpublished
4: Sulser, (1978)

EEREREWAER » BER THRERTEEEZNAES
LR » BRI EL B 2R MR EE Y W] REAIAD & AR - B — B’
SABTRE ~ FMBEE » E=ERKHHEAREFR
KOS > PFTLL A 68 B i 2 9T B AR R R - B
7o B TR Tt B9 TR cb A3 FLER VT AR TR Bl e A
FYEE 22 HijRE 4 o

Jagerstad @R SAEMOERRKF » TRNK
Hoh EE AR B B IN02E B HE AV A T ATRE BB AN AT R
HEFH Pyridine §1 Pyrazine 8988 ) T RIMERK °
Wang #1 Odell ( 1973 ) (4 » B H§& ML FEERIN
F 180 °C MU/ » 5 BH ERILBEE £ K Y Pyrazi-
nes o [t o+ I HER7E B MY /& @ _E 7] SRS
M AP o EE 1 B 2Rl o B RSB 4 ©

1984 fEBALE » Jhgerstad A9 EREE (15 ~ 16 » BEGH
B4 45 BiEY 14 % K A9 diethylene glycol F¥sHls # H
T o BRI g B 7S AR A 7 4 B B LR B LR B (R
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TaBLE 5 MUTAGENICITY OF REFLUXED PRODUCTS OF AMINO ACIDS AND SOME NITROGENOUS
COMPOUNDS WITH THE ADDITION OF GLUCOSE

Mutagenicity (His* revertants/10 m mol nitrogenous compound*)

Nitrogenous compounds
refluxed for 8 hr TA 98 TA 100

+8-9 Mix —8-9 Mix +8-9 Mix —85-9 Mix

Glycine
1-Alanine
1-Valine

I-Leucine
1-Serine
1-Threonine

1-Phenylalanine
|-Tyrosine**
1-Tryptophan
1-Methionine
1-Cystine**
1-Aspartic acid

| o o] o oo ocoo

o o|lo o| o oo coo
=)

1-Glutamic acid
1-Arginine 3740
i-Lysine 1529
1-Histidine 0
I-Proline 0
Creatine 5712

Adenine 0
Albumin*** 0

coo oo coo ©| © o| o coo coo
oo o0 coco0 ©| © o| o coo coo

For details of sample preparation see text.
* Each value is an average of 2 experiments and spontaneous revertant colonies (TA 98, +5-9:39; TA 98, —§-
9:29; TA 100, +5-9:171; TA 100, —S-9: 184) have been subtracted.
**  Refluxing was difficult by the forming of precipitate.
per 5g ol albumin.

TABLE 6
Mutagenic Activities in Ames Test towards TA98 in the Presence of S9 Mix after
Refluxing a Solution of Creatine (10 mmol), np-Glucose (5-0 mmol) and an Amino Acid
(10mmol) or Albumin (1-0 ) in Water (10 ml) and Diethylene Glycol (50 ml) for 2h

Antine Temperature  Final  Revfpmol Reviplare for sample of
compound o Pl amino acid 10pl 20 pl 50 ud
-L-Threonine 132 69 1068+ 281 140+26 422+ 66 —
Glycine 129 66 410459 T14+11 131413 —
L-Lysine 130 01 246+ 108 45415 75442 —
L-Alanine 130 69 199 + 32 R 64 +4 —_
L-Serine 130 (] 197 4 85 35417 63+2) —
L-Leucine 131 72 161 + 22 2644 55+5 —
L-Histidine 130 70 126 + 33 2147 41 +7 —
L-Arginine! 130 62 101+29 I8+5 32410 -
L-Valine 130 69 91 +2y 14+5 33+9  59+8
L-Isoleucine 130 68 75426 14+ 4 22+8 —
1-Asparagine 127 67 63423 - 22%5 64+ 13
L-Tyrosine 126 58 56+ 23 - 1949 45417
L-Aspartic acid 129 66 355+ 17 — 19+8 40+ 15
L-Phenylalinine 131 67 50 + 26 1746 23+ 8 26+ 4
L-Tryptophan 132 o8 50 +27 12410 1749 19+ 10
1-Cysteine” 128 67 40+ 13 - 12+7 20413
L-Methionine 128 74 M+17 - 14+ 5 1445
L-Glutamine 133 56 33+12 — 13+4 2743
L-Proline 131 S =22 - 9+6 18+3
L-Glutamic acid 128 71 0+13 - 10+7 2743
1-Cystine 124 04 1948 = 7+3 13+2
Albumin 124 6:5 0 0 0 0

* Mean of four observations at 30-min intervals.

! After cooling: mean of two experiments,

* Mean and SD of twelve observations after subtraction of spontancous revertants (20).
¢ As monohydrochloride.
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Maillard reaction
RCHL e?

C +
6 Hi2 0s \COQG

hexose amino acid

aldol i
condensation

HN = N2
2 HOOC
Amadori N_
rearrangement CH3
@ crealine
Strecker - RCH/NHa
degradation \002@
NH,
N¢<
Y. Z )\/N--. e
]@ + OHC\R a0
X N
creatinine
Pyridine aldehyde
(7-C)
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Figure 7. Suggested pathway for the formation of the geno-
toxic methyl derivatives of imidazoquinolines and imidazo-
quinoxalines (Jagerstad et al., 1983a).
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Fiz 8. HPLC analysis of PhIP in a basic fraction obtained
from a heated mixture of creatinine, phcny!nl:li\inc and glucose
on an ODS column, by monitoring (A) UV absorbance and (B}
luorescence.
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Fig 9 1PLC proliles of PhIP on (A) SP-2SW and (B) ODS
columns, by detecting [luorescence. A peak fraction corre-
sponding to PhIP on the first ODS column (Fig. IB) was
analyzed on an SP-25W column, and the fraction correspond-
ing to PhIP on the SP-2SW column collected and rechroma-
tographed on the second ODS column,
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IFig.10 UV-visible absorption spectra of (A) the PhIP fraction
on the second ODS column and (B) authentic PhIP measured
with a photodiodo-array detector.

BN =
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Table 7.

TABLE 8. Cnﬁcentrations of Identified Mutagens in Meat Pro-
ducts

Model system
(amino acid)

Isolated compounds

Glycine
(Jdgerstad et al,, 1984;
Negishi et al., 1984)

Threonine
(Negishi et al., unpublished)

Glycine1
{grivas et al., unpublished)

Alanine’

(Grivas et al., 1985)

MeIQx (80%)
7,8-DiMel0x (20%)

MeIQx (25%)
4,8-DiMeIQx (75)

MelQx
1q

4,8-DiMeIQx
(MelQ)

1 Fructose was used instead of glucose

(Hargraves and Pariza, 1983)

Source IQ MelQx
ppb ppb

Fried beef 0.6 2.4

(Nagao et al., 1983)

Ground beef patties ND 0.45

(Hergraves and Pariza, 1983)

Fried ground beef 1) 0.002 1

(Felton et al., 1984)

Beef extract 20-30 200-300

(Hayatsu et al., 1983)

Beef extract ND 28

not detectable

ND =
1) 1.5 ppb additional mutagens
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Fig. 11 Mutagenic activity of CH,Cl; extracts of heated model systems conlaining various
amounts of creatine. TA 98 was used as lester strain. A: Glycine-glucose, pii 9. B:

Threonine-glucose, pH 10-5.
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Formation of mutagens in an amino acid-glucose model system
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Fig. 12, a, HPLC analysis of CH,Cl; extract and mutagenic activity [rom heated
glucose-threonine (pH 105, 150-fold concentrated) on Salmonella typhimurium TA 98.b, As

3a, except creatine (0-5m) was included in the heating mixture.
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TasLE @ MUTAGENICITY OF HEATED
PrODUCTS OF AMINO. ACIDS WITH
OR WITHOUT ADDITION OF
CREATINE AT 200°C

One mmol of each of amino acids was heated with or
without one mmol of creatine and the mutagenic activity
of the basic fraction of the products was examined on TA
98 in the presence of $-9 Mix. For mutagenicity assay, 1/5
of the sample solution for the heating product of amino
acid alone, and 1/10 to 1/100 of the sample solution for
the ones of amino acid with creatine were added per
plate. After subtructing the spontaneous revertant col-
onies (30), the results are shown as revertant colonies per
I mmol of amino acid.

Mutagenicity
(His* revertants/mmol of amino
acid)
Amino acids
Heated without ~ Heated with

creatine creatine
1-Cystine 0 65.5 x10*
1-Threonine 0 13.5 x10*
1-Phenylalanine 0 11.2 x10*
{-Methionine 0 10.7 x10*
1-Tryptophan 0.11x10* 9.5 x10*
1-Valine 0 49 x10*
1-Proline 0 4.7 x10*
I-Serine 0 2.1 x10*
1-Lysine 0.10x 10 0.77 % 10*
1-Glutamic acid 0 0.52% 10*
1-Alanine 0 0.34% 10*
1-Arginine 0.10x 10* 0.12x10*
1-Aspartic acid 0 0.11 x 10*
Glycine 0 0.10x 10*
1-Histidine V] 0.10x 10*
1-Leucine 0 0.08 % 10*
1-Tyrosine 0 0.08 x 10*
Creatine — 0.02x10*

=N

B EEMIE TA 100 BB R ERHRE - m &
TA 98+S, H BAREe0B R o 8L BB A
B ~ = SRR ~ IUE R AR - R AR
3 ey iy TR B Pyrazine (B K RE —F 1T B
& » HH TR IR TR » RO AR B R TR B SRR
B EE WA -
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« B\ R Sk po R ok R P MIGREE I 48 —DiMe 1Qx
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