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Introduction

Feeding azo dyes in purified diets leads to development of lesions

and eventually to liver cancer. Several derivatives of 4-dimethy-

laminoazobenzene have been tested for comparative carcinogenicities and

a most effective compound was found to be 3'-metliyl-4-dimethylaminoazo-

benzene (1).

Most dietary formulas used in azo dye carcinogenesis during the past

twenty years involved addition of the dyes to semi-synthetic diets con-

taining highly processed ingredients coupled with low quantities of

riboflavin (1, 2, 3, 4, 5). It has been reported that diets deficient in

riboflavin were conducive to tumor development, whereas tumors devel-

oped more slowly, or failed to appear in the experimental period, when
dietary levels of riboflavin were increased (1, 5). That analogs of

riboflavin inhibit flavoenzymes or influence riboflavin metabolism in a

variety of biological systems (6) provides reasoning along the lines that

addition of such analogs to diets containing azo dyes would modify the

course of carcinogenesis and perhaps accelerate the carcinogenic process.

The primary purpose of the experiments reported here was to deter-

mine whether 3'-methyl-4-dimethylaminoazobenzene (3'-Me-DAB) would

retain its carcinogenicity in rats fed a non-processed stock diet adequate

in all dietary components, including riboflavin. Also, since 6, 7,-dimethyl-

9- (2
,

acetoxyethyl)-isoalloxazine (U-2112) was shown to be an effective

riboflavin antagonist (7) another purpose of these studies was to deter-

mine whether this analog could change the susceptibility of rats to the

carcinogenic influence of 3'-Me-DAB.

Materials and Methods

Mature rats of the Wistar strain were fed a powdered commercial

diet prepared from pellets produced by Pilsbury's Ltd. The dietary

ingredients were natural products consisting primarily of whole grains,

dried milk, yeast, molasses, salts, cod liver oil; and meals of meat, bone,

and fish. On Friday of each week, the dried food was withdrawn and

the rats given fresh greens.

Mature rats were divided into three groups and treated as follows:

group 1 consisted of 6 male and 6 female controls fed stock diet to

which no chemical agents were added; group 2 consisted of 5 males and 6

females fed azo dye mixed in the stock diet; group 3 consisted of 5 males

and 5 females fed stock diet containing azo dye and riboflavin antagonist

(U-2112). The dye (3'-Me-DAB) comprised 0.06% of the diet for groups

2 and 3 and the riboflavin antagonist was mixed into the diet in a con-

1. The author wishes to thank Dr. H. G. Petering of the Upjohn Company
for generous supplies of the riboflavin analog used in these studies.

He is also indebted to Dr. Ceasare Biancifiore of the University of

Perugia, Italy, for reporting terminal findings on rats fed riboflavin analog.
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centration of 20 mg/kg diet and fed to rats of group 3 for 3 weeks; the

concentration was raised to 1 gm/kg and fed for another 5 weeks.

Animals were maintained on dietary regimes for periods varying

from 125 to 131 days or approximately 4 months. Rats in group 3

received riboflavin antagonist during the first two months only but they

were given 3'-Me-DAB for a 4 month period.

During the course of the experiments, rats were checked daily and

weighed periodically. At the termination of the experiment the rats

were weighed, sacrificed and bled from the juglar vein. The livers were

weighed, examined macroscopically for lesions and portions of the liver

were removed for microscopic study.

Results

As can be seen in the tables, both male and female rats on the stock

diet (group 1) gained appreciably in body weight over the 4 month
experimental period, thus indicating the adequacy of the stock diet.

Livers of these animals were normal in all respects.

Males maintained on the diet containing 3'-Me-DAB (group 2)

gained less weight than controls, whereas females lost weight on this

regime. On a body weight basis the livers of both males and females

were slightly larger than those of controls. Livers from all males had

easily detectable lesions and microscopic examination of all such lesions

revealed adenocarcinomas. Lesions were present in 4 of 6 livers from

females but such lesions contained no cancers. These lesions were

probably of a precancerous nature; histologically they consisted of

hypertrophied, inflammed, and degenerate liver cells.

In group 3, the males fed azo dye and riboflavin analog in the diet

gained as much weight as control rats, and females on the same regime

showed a weight gain, but somewhat less than that observed in controls.

Livers from either sex showed no signs of enlargement, being about

the same weight as livers from controls. In examining the livers in this

group, 4 of 5 livers from males showed lesions but none of the female

livers appeared abnormal. Lesions in the male livers consisted of

whitish blotchy areas on the surface with little indication of nodule

formation. They were less distinctive than lesions observed in livers

from males of group 2 (azo dye but no riboflavin analog). Although

none of the livers in this group exhibited carcinomas there were histologi-

cal signs of degeneration in most of the livers of both sexes. Cellular

hypertrophy was lacking, but increased in connective tissue and fatty

infiltration was obvious in the livers from 3 males and 4 females.

Discussion

Results of these experiments show clearly that azo dye carcino-

genesis will take place in male rats fed a stock diet containing 3'-methyl-

4-dimethylaminoazobenzene. Liver enlargement, after 4 months of azo

dye feeding, is not as great as that seen when the dye is fed in a semi-

synthetic diet low in riboflavin (8) and the degree of neoplastic involve-

ment is less. Tumor development took place more slowly in animals fed

stock diets and azo dye, but extension of the experimental period probably

would have resulted in increased size and number of carcinomatous areas.
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The finding that most females on this dietary regime showed lesions but

factor, especially in view of the fact that females lost weight during

the experimental period, is that they voluntarily reduced food intake

and hence consumed less azo dye than males. Difference in susceptibility

of the two sexes to azo dye carcinogenesis has been reported by others

(9), and on the basis of their findings it appears likely that had the

females been allowed to continue eating the diet for a longer period of

time they would have eventually developed adenocarcinomas. This

point could be readily verified by further experimentation.

Addition of riboflavin analog (6, 7,-dimethyl-9 (2'-acetoxyethyl )-

isoalloxazine) to the diet did not enhance the carcinogenicity of 3'-Me-

DAB. It is possible that this analog did not act, under these conditions,

as a riboflavin antagonist because it is fairly well established that

riboflavin deficiency increases the carcinogenicity of azo dyes (1, 5). It

is just as reasonable to assume that it acted as a supplement to riboflavin,

since all animals receiving the analog had normal size livers free of

tumors. Also, livers of females in this group were free of lesions, and

livers from males deviated from normal to a much less extent than

those in group 2 where 3'-Me-DAB alone was added to the diet. Thus,

it would appear that 6, 7,-dimethyl-9 (2'-acetoxyethyl) -isoalloxazine

exerted an anticarcinogenic effect under the conditions of these experi-

ments. The mechanism of how it could act as an antagonist to 3'-Me-

DAB remains to be elucidated, but it could be involved in the synthesis of

enzyme systems that degrade azo dye. Regardless of such considera-

tions, its apparent anticarcinogenicity here is in line with the findings of

others who reported it to cause regression of established tumors in rats

(7).

Summary

These studies showed that azo dye carcinogenesis can occur in rats

fed a complete diet containing 3'-methyl-4-dimethylaminoazobenzene.

Males were more susceptible than females. It probably would require

a longer experimental period to get massive tumors with this regime

compared to the procedure where azo dye is added to a semisynthetic

diet low in riboflavin.

Addition of the riboflavin analog 6, 7,-dimethyl-9- (2'acetoxyethyl)-

isoalloxazine to a stock diet containing 3'-Me-DAB did not enhance azo

dye carcinogenesis but apparently inhibited such a process. Thus it

would appear that this riboflavin analog was anticarcinogenic under the

condition of these experiments. It would be interesting to test other

riboflavin analogs and antagonists for their anticarcinogenicity in azo

dye feeding.
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