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Study on the combined effect of various environmental carcinogens
and their risk for humans
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Dose-response of induction of tumor by MelQx was studied by feeding mate CDFI mice with
diets containing MeIQx at 0.002, 0.006, 0.02, and 0.06% concentration and liver tumors developed
at incidences of 0%, 0%, 3% and 829%, respectively. Liver tumor induction was significantly
higher in only in the group fed 0.06% MelQx, DNA modification detected by *P-postlabeling
method was studied. The level of DNA adducts was linear to the concentration of the compound
from 0.0625 to 0.006%. The combination effect of five heterocyclic amines was studied. The result
of liver tumor induction clearly showed additive or synergistic effects of those chemicals. The
effects of combination of 40 known chemical carcinogens were also studied. The results showed
some additive and some possible synergistic effects. Combination effects of IQ and quercetin were
studied by simuitaneous oral administration, The result showed that although gquercetin itself did
not show any carcinogenic effect but accelerate tumor formation induced by IQ in large and small
intestine. But quercetin inhibit liver tumor induction by IQ. Those data indicate that the effect
of combinations of chemical carcinogens are quite complicated. A method for quantification of
heterocyclic amines was established. By using this method, various foods were analysed for their
contents of heterocyclic amines. Among heterocyclic amines, PhIP was the largest and MelQx was
the second in their content in terms of mass weight. Their contents ranged in the order of 100
ng/g to 100 pg/g of heated food. A system for detecting DNA adducts formation by heterocyclic
amines in vivo was developed essentially based on ¥p.postlabeling method. By using this method,
12 heterocyclic amines were tested for their DNA adducts formation at the dose of 100 mg/kg.
Total aducts formation in the liver were 0.5 to 250 nucleotide per 10 miilion nucleotides. The
highest was obtained by Trp-P-1 and the lowest was PhIP. The same method was applied
successfully to human DNA adducts caused by Mitomycin C administation just before operation
of hepatic tumors.
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Table 1. Numbers of Rats with Tumors after Administrati

on of a Diet Containing Five Heterocyclic
Amines and a Control Diet

Effective Number of rats with tumors
Group Sex number
) : Small Zymbal : Preputial Clitoral .
of rats Liver intestine Colon gland Skin gEgnd land Others

gi\{e e M 51 4200 4 14 7 21 6 - 357
eterocyclic - d

ammines F 51 33 1 9 9 2 20 23
Control M 50 2 0 0 0 0 2 - 3¢
F 50 0 0 Q 0 O - 0 12%

* Right rats had metastasis in the lung.

" Four rats had peritoneal dissemination with hemorrhagic ascites.

@ Twenty-seven interstitial cell tumors of the testis, one squamous cell carcinoma of the forestomach, one
papilloma of the forestomach, one transitional cell tumor of the urinary bladder, one leukemia, two
pheochromocytomas, one osteosarcoma of the leg with lung metastasis and one adenocarcinoma of the
thyroid with lung metastasis.

4 Eight endometrial polyps, one endometrial sarcoma, four leukemias, one adenocarcinoma of the breast,
one fibroadenoma, three adenocarcinomas of the lung, one squamous cell carcinoma of the forestomach,
one papilloma of the forestomach, two transitional cell carcinomas of the urinary bladder and one
osteosarcoma of the leg with lung metastasis.

® Two adenomas of the liver, thirty-five interstitial cell tumors of the testis and two pheochromocytomas.

" Four endometrial polyps, three fibroadenomas of the breast, two pituitary adenomas, two leukemias
and one adenoma of the lung.

Table 2. Comparison of Observed and Expected Incidences of Induced Tumors in F344 Rats Given a
Diet Containing Five Heterocyclic Amines

Incidence® (25)

Sex - .
: Small Zymbal . Preputial Clitoral
Liver intestine Colon gland Skin gland gland
Observed M 78% 8 27 14 41* 12 -
F 65* 2 18 18 4 - 35%
Expected M 35 14 18 18 g 8 -
F 34 7 10 18 2 - 18

¥ In each experiment and organ, the tumor incidence in the control group was subtracted from that in the
experimental group and the incidence of induced tumors is shown. The expected tumor incidence for
each organ was calculated as the sum of one-fifth of each of those observed with individual chemicals
in previous experiments.

* p<0.01 and ** p< 0,05, compared with the corresponding expected incidences.
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Table 3.

No. of rats with tumeor

Treatment No. of
rats Zgl?r?c? i Liver inligsr.ﬁ(rele inSt?sEtlii:le Skin
I 0.03% 1Q 26 19 25 3 2 9
T 0.03% 1Q-+0.5% Quercetin 24 13 20 6 2 10
I 0.032 IQ+5% Quercetin 24 23 12 7 11 12
IV 0.5% Quercetin 20 0 0 0 0 0
V 59 Quercetin 20 ] 0 0 0 0
VI Control 20 0] 0 0 0 0
Table 4. Amounts of Hetrocyclic Amines in Coolked Foods and Cigarette Smoke Condensate®
Amount (ng/g cocked food or cigarette)
Sample
Q MelQx  4,8-DiMelQx  Trp-P-1 Trp-P-2 AaC MeAaC
Broiled beef 0.19 211 0.21 0.25 1.2
Fried ground beef 0.64 0.12 0.19 0.21
Broiled chicken 233 0.81 012 0.18 0.21
Broiled mution 1. 0.67 0.15 250 0.19
Food-grade beef 3.10%
extract
Bacteriological-grade 41.6% 58.7Y 10.0%
beef extract
Cigarette smoke 0.26% 0.32 0.23 10.5 1.60

" Unless otherwise indicated, data represent unpublished results obtained in this laboratory.

Y M, Takahashi et al.
9 M. Takahashi et al.
M. Yamashita et al.
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