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ABSTRACT

The effect of diet on the lethality of 1, 2-dimethylhydrazine (DMH) injec-
tions was investigated using Swiss mice. Mortality was highest when mice
were fed a nutrient-diluted/high-fat diet, was intermediate with a nutrient-
diluted/low-fat diet and was lowest with laboratory chow. Wheat bran was
not protective. Mice developed tolerance to DMH after receiving several
injections of progressively increasing dose.

INTRODUCTION

During recent years, considerable attention has been focused on inter-
actions between diet and xenobiotics. Thus, for example, diet greatly
affects the body’s reaction to drugs (Theur and Vitale 1977) and toxic
heavy metals (Levander et al. 1975; Muto and Omori 1977; Omori and
Muto 1977; Stoewsand et al. 1974; Suzuki and Yoshida 1978).

In this report, we describe some dietary effects on the toxicity of 1, 2-
dimethylhydrazine (DMH), a colon carcinogen, in mice. In addition, we
report on the development of tolerance to the chemical.

MATERIALS AND METHODS

The experimental diets (Table 1) were a control diet (chow/5.5% fat),
diet F6 (nutrient-diluted/5.5% fat), diet F23 (nutrient-diluted/23% fat)
and diet B (diet F23 with bran added to restore the dietary fiber content
to the level of the control diet).

Swiss mice were used from a colony maintained in our animal house.
They were randomized into diet groups at age 4-7 weeks and were fed the
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Table 1. Composition of diets (g/100 g)

Diet

Component1 Control F6 F23 B
Chow 2 100 67 81 69
Corn o0il’ - 1.9 18.5 15.8
Oleic acid* - - 0.28 0.24
Wheat starchs - 31 - -
Wheat bran - - - 14.4
Total fat® 5.5 5.5 23 21
Total fiber® 16 9.8 9.8 17.4
Nutrients’ 100 61 61 57 -92

1The diet composition is on a dry weight basis. The diets (except the control diet) were
prepared approximately once per week by mixing the ingredients with water until a soft
consistency was obtained. They were stored at 4°C.

2 Rodent Laboratory Chow from Ralston Purina Co., St. Louis, Missouri.

3 “Mazola” from Best Foods, San Juan, Puerto Rico.

4 From Fisher Scientific Co., Fair Lawn, New Jersey.

5 From United States Biochemical Corp., Cleveland, Ohio.

6 Final content of fat and dietary fiber in diet.

7Relative content of vitamins, minerals and protein per 100 cal.

specified diet for 7 weeks before being used. Food and water were pro-
vided ad libitum. The animal room was temperature-controlled and a 12-
h light/dark cycle was used.

Just before use, DMH dihydrochloride (Sigma, St. Louis, MO) was
dissolved in 1ImM EDTA and neutralized with a saturated solution of
sodium bicarbonate. Mice were injected sc with the indicated dose. Statis-
tical analyses were made using a 2x2 contingency table (Zar 1974).

RESULTS

At the time of DMH treatment, mice fed diets F6, F23 and B weighed
slightly (about 7%) less than those fed the control diet.
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Preliminary experiments indicated that nutrient-diluted diets (F6 and
F23) increased the lethality of DMH in mice. To further clarify this, the
experiment reported in Table 2 was carried out. A greater mortality
occurred in mice fed diet F23 than in those fed the control diet. This was
highly significant in both sexes. Diet F6 apparently produces an interme-
diate mortality rate.

To determine whether lack of dietary fiber is pertinent to the above
results diet B was also used. This did not reduce the mortality rate and
might even increase it (compared to diet F23).

Mice on the control diet were given weekly injections of DMH. The first
injection was at a dose roughly 50% of the lethal dose with successive
doses being increased by a factor of 1.25-1.80. In both sexes it was
observed that this induced tolerance to DMH. Consequently, the dose
required to induce a particular percent mortality rose approximately 7- to
12-fold in comparison to similar mice previously unexposed to DMH (data
not shown).

Table 2. Mortality in mice given various diets and injected with DMH

Diet Sex Dose1 Mortalityz Nm;;ze(’f
Control M 28 gbfs 53
F6 M 28 26°¢ 50
F23 M 28 418 41
B M 28 52¢f 44
Control F 34 2t 53
F6 F 34 302d 64
F23 F 34 493° 65
B F 34 574f 72

1 The dose of DMH is mg DMH dihydrochloride/kg b. wt.

2 The mortality is expressed as a %. Statistical comparisons were made only between groups
of the same sex. Groups sharing the same suffix are significantly different. a: p<0.05; b, c:
p<0.025; 4, e: p<0.005; f, g: p<0.001.



80 N.J. TEMPLE AND S.M. EL-KHATIB

DISCUSSION

The results indicate that diet can alter the toxicity of a xenobiotic.
When the same sc dose of DMH was administered to Swiss mice, a lower
mortality rate was observed when feeding a control diet (laboratory chow;
5.5% fat) than with a nutrient-diluted/high-fat diet (F23; 23% fat). An
intermediate mortality rate was generally seen when using a nutrient-
diluted/low-fat diet ('6; 5.5% fat). This was seen in both sexes. Thus there
appear to be two major factors which increase the mortality rate: (1) a
high-fat intake and (2) nutrient dilution (i.e., the 39% drop in content of
vitamins, minerals, protein, fiber and also nonnutrients per 100 cal. in
diets F6 and F23 compared to the control diet).

A modifying effect of dietary fat on DMH metabolism has been previ-
ously reported (Glauert and Bennink 1982; Wargovich and Felkner
1982). Raising the level of dietary fat appears to reduce toxicity caused by
aflatoxin in chicks and by dinitrotoluene in mice but, on the other hand,
increases toxicity (leukopenia) in rats induced by benzene (Calabrese
1981).

Lack of dietary fiber was suspected of being the factor responsible for
the nutrient dilution effect. Ershoff and others (Calabrese 1981) have
reported that fiber reduces the toxicity caused by various chemicals,
particularly food additives. Qur data show that addition of wheat bran to
diet F23 did not provide any protective effect on DMH toxicity.

After several weekly injections, using a progressively greater dosage,
the dose needed to kill a given proportion of the mice increased about 7- to
12-fold in each sex. Thus Swiss mice developed tolerance to DMH. We
considered this a most fortuitous finding. DMH-treated mice are a valu-
able model for colon cancer. The standard procedure is to avoid severe
toxic effects by dividing the total dose into 10-20 weekly injections. Our
findings indicated that if the DMH is given not as a series of identical
injections (as appears to be the universal practice) but with the weekly
dose steadily rising, the total number of injections can be cut by about
half. Preliminary studies in our laboratory indicated that such a regimen
is distinctly advantageous.
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