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SUMMARY

Induction of intestinal tumors by intragastric administration
of 1,2-dimethylhydrazine (DMH) was studied in rats fed a
semisynthetic diet containing either high, adequate, or low
levels of vitamin A. Sixty to 100% of the treated rats had
intestinal carcinoma 6 months after administration of the
first dose of DMH. Total doses in amounts ranging from 195
to 420 mg/kg did not affect tumor incidence; however, rats
given the largest total dose in the largest individual doses (30
mg/kg) developed more tumors in the colon than in other
sites. Tumors were polypoid or intramural adenocarcinomas,
of which a variable number produced mucus. In many cases
they caused passage of bloody stools, intestinal obstruction,
and/or intussusception. Tumor incidence and morphology
were in all ways comparable to those reported in studies in
which DMH was administered s.c. A high level of vitamin A in
the diet (sufficient to raise the vitamin content in the serum
and liver and reduce growth) did not change the incidence of
colon tumors but decreased the number of tumors per rat at
the highest DMH dose. Chronic dietary deficiency of vitamin
A increased the incidence of tumors slightly and may have
reduced induction time.

INTRODUCTION

There is need for the development of experimental animal
models for carcinoma of the colon, which is 2nd only to
carcinoma of the lung in men, and of the breast in women, as a
cause of death from cancer (1). If detected and treated
early, it has a relatively good prognosis. Specific immunologi-
cai methods for detecting primary or metastatic disease are
being studied and may lead to earlier diagnosis and to
development of immunological therapy (7, 11, 24); both
require animal models for adequate testing. Colon carcinoma
may be preventable by manipulation of the environment. The
epidemiology of the disease indicates that it occurs in
association with Western culture and diet (2, 12, 16, 21, 23).
Animal models are needed in the investigation of dietary and
other environmental factors that may cause it or affect its
induction. Since a similar geographic distribution is found for
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inflammatory diseases of the colon, it has been suggested (9,
21) that the effects of environment on colon bacteria or the
response of the body to them may be factors in the
pathogenesis of both inflammatory and neoplastic diseases of
the colon. The environmental factor of greatest interest is diet,
and the dietary components of major interest are refined
carbohydrate and fat. Also of interest is vitamin A because of
its role in the differentiation of intestinal mucosal cells (4).
Chu and Malmgren (3) found that vitamin A reduced the
induction of carcinoma of the stomach by polycyclic
hydrocarbons. We found that vitamin A-deficient rats were
more susceptible to induction of colon tumors by aflatoxin B,
than normal rats (14). Druckrey (6) and others (17-19, 22)
reported that the s.c. administration of DMH2 caused rapid

induction of carcinomas in the small and large intestine of rats
and mice. Its usefulness for dietary studies would be enhanced
if it could be administered through the gastrointestinal tract.
We report the effects of several different i.g. dosage schedules
of DMH on tumor induction. We have also investigated the
effect of both decreased and increased dietary vitamin A on
the induction of colon carcinoma by DMH.

MATERIALS AND METHODS

Male CD Sprague-Dawley rats (Charles River Laboratories,
Wilmington, Mass.) weighing 40 to 50 g were fed ad libitum a
semisynthetic diet containing 500, 30, or 0 i.u. vitamin A
(retinal palmitate) per g of diet (Diets 1, 2, and 3,
respectively). The diets were adequate for rats in all respects
other than vitamin A content. Diet 2, the control diet,
contained adequate vitamin A. Diet 1 was excessive and Diet
3 was deficient in vitamin A. Rats were fed Diet 3 for 6 to 8
weeks and then received a supplementary diet containing 1 i.u.
of vitamin A per g for periods of 1 to 3 days, as needed to
prevent weight loss and death from vitamin A deficiency. Rats
were housed individually in stainless steel, suspended cages at
70 Â±2Â°Fand were given tap water.

DMH (Aldrich Chemical Co., Milwaukee, Wis.) was dissolved
in 0.9% NaCl solution, 10 to 20 mg/ml, and was administered
by gastric intubation once a week. Controls were given an
equal volume of 0.9% NaCl solution. At autopsy, rats were
anesthetized with ether, bled by cardiac puncture, and

2The abbreviations used are: DMH, sym-dimethylhydrazine or
1,2-dimethylhydrazine; i.g., intragastric (ally).
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decapitated. Liver samples were taken fresh for determination
of p-nitroanisole demethylase or were frozen for determina
tion of vitamin A and total lipid content; serum was frozen for
determination of vitamin A content (8, 10, 13). The
gastrointestinal tract was examined, and standard sections of
esophagus, stomach, duodenum, jejunum, ileum, cecum,
colon, and rectum were taken, in addition to sections of all
tumors. Heart, lung, trachea, liver, kidney, pancreas, and testis
were taken also. Tissues were fixed in 10% neutral buffered
formalin, processed, cut by routine histological procedures,
and stained with hematoxylin and eosin or periodic acid-
Schiff.

Three experiments were carried out.
Experiment 1. Three groups of 10 rats were fed either (a)

Diet 2 or 3 for 8 weeks or (b) Diet 2 for 6 weeks and Diet 1
for 2 weeks. One-half of each diet group was then given 30 mg
DMH per kg once a week for 8 weeks and then 15 mg/kg once
a week for 12 weeks, for a total of 420 mg/kg in 23 weeks.
The other one-half of each group was given 0.9% NaCl
solution. DMH was not given during weeks in which one or
more groups lost weight. Surviving rats were killed 26 to 30
weeks after administration of the 1st dose of DMH.

Experiment 2. Twenty rats were fed Diet 2 and 40 were fed
Diet 3 for 3 weeks and then were given either DMH (15
mg/kg/week for 13 weeks for a total of 195 mg/kg) or 0.9%
NaCl solution. Groups of rats were killed at the end of DMH
administration, or 18 or 28 weeks after receiving the 1st dose
of DMH.

Experiment 3. Forty rats were fed Diet 1 and 60 were fed
Diet 2 for 3 weeks and then were given either DMH (15
mg/kg/week for 5 weeks, followed by 20 mg/kg/week for 10
weeks, for a total of 275 mg/kg) or 0.9% NaCl solution.
Surviving rats were killed 24 to 27 weeks after receiving the
1st dose of DMH.

RESULTS

Dietary Induction and Maintenance of Hypo- or Hyper-
vit:uni n(Â»sisA. Body weights of rats in Experiment 1 are shown

in Chart 1. The 0.9% NaCl solution-treated rats fed Diet 1
(which contained nearly 20 times the maintenance dosage of
vitamin A for rats) grew normally until 30 weeks of age; then
they were fed control Diet 2 from Week 32 until they were
killed. Rats fed Diet 3 grew much more slowly than those in
the other groups. The sensitivity of rats to the toxicity of
DMH is evident from their decreased weight gain compared
with 0.9% NaCl solution-treated controls. This was most
marked in rats fed Diet 1.

Vitamin A concentrations in liver and serum are given in
Table 1. The results from all 3 experiments are combined,
since there were no significant differences between them. The
dietary levels of vitamin A in Diets 1 and 3 were effective in
maintaining, respectively, high or low hepatic and serum
content of the vitamin over the long time period required for
carcinogenesis. The serum vitamin A concentration of rats fed
Diet 1 for 20 weeks and then Diet 2 for 6 weeks returned to
normal, although liver stores were still elevated. Administra
tion of DMH did not consistently affect vitamin A levels.

Hepatic lipid concentration is given in Table 1. Hypervita-
minosis A (Diet 1) led to a small but significant increase in
lipid which persisted in the rats fed the control diet for 6
weeks; hypovitaminosis A had no effect. DMH administration
was associated with a small but statistically insignificant
increase in hepatic lipid. There were no histological abnormali
ties in the organs examined except for a small accumulation of
lipid in hepatocytes. In rats fed Diet 1 for 3, 5, or 7 weeks,
there was no change from control levels of hepatic p-nitro
anisole demethylase.

Rats fed Diet 3 displayed clinical and histological evidence
of hypovitaminosis A. Squamous metaplasia of the trachÃ©al
and/or bronchial epithelium was found in one-third of the
vitamin A-deficient rats, and there were varying degrees of
testicular atrophy and arrest of spermatogenesis in about
one-third of these rats. Fifty % of the deficient rats had
abnormalities of one or both tissues. Neither of these changeswas found in rats fed the other die'ts. A few deficient rats

developed focal, purulent infections of the skin, usually on the
tail, which were treated by incision, drainage, and local
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Chart l. Body weights of control and DMH-tieated rats fed low, adequate, or high levels of vitamin A.
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application of antibiotic ointment (Terramycin: Pfizer Inc.,
Maywood, N. J.)

Tumor Induction by DMH. Eighty-five % of the treated rats
survived to be examined 18 or more weeks after receipt of the
1st dose of DMH. DMH induced carcinoma of the gastroin
testinal tract in 60 to 100% of these rats (Table 2). Tumors of
the colon predominated and frequently caused passage of
bloody stools, intestinal obstruction, and/or intussusception
(Figs. 1 and 2). They occurred throughout the colon from the
junction between the cecum and colon to the sigmoid, but
were found more frequently in the distal half. There were no
tumors in the cecum, nor, with 1 exception, in the rectum.
Seventy % of the tumors were polypoid. The remainder grew
intramurally and sometimes formed "napkin ring" carcinomas.

Tumors varied in diameter from 1 mm to 1.5 cm. Nodules of
lymphoid tissue were prominent in the colon of DMH-treated

rats (Fig. 3). Polypoid or intramural tumors were found in the
small intestine and often caused obstruction (Fig. 4). They
occurred in the duodenum within 1 cm of the gastroduodenal
junction and in the jejunum at points up to 28 cm from the
junction; none were found in the ileum.

The colon tumors were adenocarcinomas, a variable
percentage of which produced mucus (Table 3). There were
areas of mucosal abnormality in the colon characterized by
decreased mucus content, increased nuclear and cytoplasmic
basophilia, and loss of polarity of cells in DMH-treated rats
and, rarely, in controls (Fig. 5). They usually lay over
lymphoid follicles that extended into the mucosa. These early
changes, which may be precursors of cancer, have been
described by Springer et al. (19), who point out their
occasional occurrence in normal intestine. Some follicles
contained abnormal, degenerating, mucosal glands; it appeared

Table 1
Serum and hepatic concentration of vitamin A in rats fed semisynthetic diets

adequate, high, or low in vitamin A

Vitamin AconcentrationW*
Av ilu nit n f\

indietDiet
(i.u./g)2

301
5001

, 2 500,30e3

0-12

301
5003

0-1Weeksfed(10-15(24-3423-2622,6(10-14

134(12-15(23-3422-26(12-19120-29Serum(Mg/

100ml)Contro!

rats38
Â± 5b(5)38
Â±5(12)97
Â±25(5)24
Â±4(5)1.9
Â±0.7(12)

8.6 Â±1.5(5)DMH-treated
rats21

Â±4(6)52
Â±5(21)118
Â±26(11)3.8
Â±1.3(9)0

(8)Liver0

(Mg/g)64

Â± 7(8)67
Â± 10(11)683
Â±188(4)328
Â±22(5)0.01
Â± 0.01 (13)

0.41 Â± 0.28(5)67

Â± 16(6)87
Â± 10(18)585
Â±95(10)0.37
Â±0.30(10)0.19
Â± 0.09(22)Hepatic

lipid(%)6.8

Â±0.4(4)8.3
Â±0.4(9)11.3Â±

0.9(4)13.7
Â±0.9(5)6.5
Â±0.3(6)8.6

Â±1.3(5)10.4
Â±1.0(10)14.8
Â±2.5(6)6.8
Â±0.3(5)7.2
Â±0.4 (6)

" Values based on wet weight.
b Mean Â±S.E.; numbers in parentheses, number of rats.
c Rats were fed Diet 1 for 22 weeks, followed by Diet 2 for 6 weeks.

Table 2
Tumor incidence in rats Â¡8weeks or more after DMH treatment

i of rats with

Diet2

(control)1

(high vitaminA)3

(low vitamin A)DMHÂ°(mg/kg)420275195420275420275195No.

of
rats52755204155Carcinoma

of
gastrointestinal

tract60758060751008780Carcinoma
of

colon60566060601007760Other
carcinoma
or sarcoma0370202504020

Â°Administered i.g. once a week.
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Table 3
Characteristics of gastrointestinal tumors induced by DMH

Diet2

(control)DMHÂ°(mg/kg)420

275
195No.

of GIb tumors per
tumor-bearingrat6.3

1.9
1.5Colon

tumors
(% of all GItumors)89

55
50Mucus-producing

tumors
(%of allGItumors)570

17

1 (high vitamin A)

3(lowvitaminA)

420
275

420
275
195

1.3
1.6

3.2
1.9
2.0

100
67

85
72
75

(I
42

20
29
50

" Administered i.g. once a week.
b GI, gastrointestinal.

in some cases that such areas were the site of origin of
carcinoma. Malignant changes also occurred superficially in the
mucosa and could not always be shown to arise from the
crypts whey they were examined in serial sections (Fig. 6).
Polypoid adenocarcinomas varied in differentiation and extent
of invasion (Figs. 7 to 8).

In contrast to the tumors described above, which arose in
the mucosa, some carcinomas apparently arose within lymph-
oid follicles, possibly from the degenerating glands mentioned
earlier. They were primarily composed of mucous cells with
poor gland formation and invaded both muscle and mucosa.
Small bowel tumors were adenocarcinomas with or without
mucous production. Tumor histology bore no discernible
relationship to vitamin A status or DMH dosage (Table 3).

MÃ©tastasesto abdominal lymph nodes occurred in 2 cases
and occurred, in 1 case, to lung. There were hemangioendo-
theliosarcomas in 3 of the 86 rats studied (18 or more weeks
after the 1st DMH administration) which had apparently arisen
in the wall of the jejunum or in liver and had invaded widely
into the mesentery, pancreas, liver, and spleen. We also found
squamous carcinomas of the ear canal, 2 hepatocarcinomas,
and 1 embryonal nephroma. Ear tumors were found in 33% of
rats given 275 mg of DMH per kg and fed Diet 2 or 3, in 20%
of rats given 275 mg/kg and fed Diet 1, and in 20% of rats
given 195 mg/kg and fed Diet 3. There were none in rats given
420 mg of DMH per kg.

The highest dose of DMH produced more tumors of the
large than of the small bowel and produced more tumors per
tumor-bearing animal than did the lower doses (Table 3). The
dose had no significant effect on the percentage of rats in
which gastrointestinal tumors were induced, but fewer tumors
of other types were found in rats given the highest dose.

Vitamin A and DMH-induced Tumors. High levels of
vitamin A in the diet had no effect on the number of rats in
which tumors developed, but there were fewer tumors per rat in
the groups given the highest dose of DMH (Tables 2 and 3).
There was greater histolÃ³gica! evidence of hepatic damage by
DMH in the hypervitaminotic rats than in normal or deficient
rats. To determine whether this damage was caused by altered
hepatic drug metabolism, we assayed hepatic p-nitroanisole

demethylase in rats fed Diet 1 or 2 for 3, 5, or 7 weeks; it
remained at the control level in the hypervitaminotic rats.

Rats deficient in vitamin A and given 420 or 275 mg DMH
per kg had a slightly higher incidence of gastrointestinal
tumors than did normal or hypervitaminotic rats, despite their
poor weight gain. In rats given the lowest dose of DMH, there
was no difference. In Experiment 2, 5 rats per diet were killed
immediately after the end of DMH administration (13 weeks
after the 1st dose), and none had tumors. However, 1 rat fed
Diet 3 died at 13 weeks with an intussusception of the colon
behind a 1-cm polypoid adenocarcinoma and had a 2nd 5-mm
adenocarcinoma in the colon. If one considers all of the rats in
the 3 experiments that died or were killed between the 10th
and the last doses of DMH, none of the 10 rats fed control diet
had tumors and 2 of the 12 fed vitamin A-deficient diet had
tumors.

DISCUSSION

DMH, administered either s.c. or i.g., is an effective
carcinogen for the intestine (5). In a study of dietary effects
on chemical carcinogenesis in the intestine, gastrointestinal
administration of the chemical is probably the method of
choice. In studies of DMH-induced colon carcinogenesis in
other laboratories, s.c. administration has been used almost
exclusively. In our experiments, DMH induced gastrointestinal
carcinoma in 60 to 100% of i.g. treated rats within 6 months
of the 1st treatment. Three different dosage schedules induced
essentially the same incidence of tumors. This is in accord with
the experience of others who administered DMH s.c. to both
mice and rats (6, 18, 19, 22). Mice and hamsters given DMH in
drinking water developed primarily vascular tumors and few
gastrointestinal carcinomas, whereas both species developed
gastrointestinal or liver carcinomas when given DMH s.c. (17,
20, 22).

Only a small number of rats were given the highest dose of
DMH; larger numbers were treated with lower doses in an
attempt to avoid the toxicity of the highest dose. The highest
dose, however (30 mg/kg/week), is probably most satisfactory
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for studies of colon carcinoma, since it induced the most colon
tumors and the fewest tumors of other organs.

The tumors are morphologically good models for human
colon carcinoma. They reproduce the clinical presentation
with passage of bloody or black stools, intestinal obstruction,
and/or intussusception, but they do not metastasize as early or
as extensively as human tumors. The small bowel of the rat is
somewhat more resistant to DMH carcinogenesis than the large
bowel, but the difference is much less than the difference in
tumor incidence in humans. Other experimental carcinogens,
such as methylazoxymethanol and 2',3-dimethyl-4-amino-

biphenyl, induce tumors in both the small and large bowel of
rats (21). In untreated rats, as in people of non-Western
cultures, tumors of either the large or small intestine are rare.
Environmental factor(s) in Western culture may either
decrease the resistance of the large bowel to carcinogenesis or
may produce carcinogen(s) locally in the colon while allowing
the small bowel to retain its resistance. Recent reviews discuss
diet, alteration of transit time, bacterial populations, and bile
salt metabolites as possible etiologjcal or contributing agents
for colon cancer (2,5,9, 21).

We postulated that vitamin A is an effective dietary factor
because of its role in the differentiation of intestinal mucosa
and its inhibition of gastrointestinal carcinogenesis by poly-
cyclic hydrocarbons and aflatoxin EÂ¡(3, 4, 15). We found
little evidence, however, that vitamin A affects DMH induction
of colon carcinoma. Except in Experiment 1, there were no
differences in tumor development between control rats and
those fed a level of vitamin A sufficient to raise serum and
liver vitamin content and reduce body weight gain. In
Experiment 1, in which the largest dose of DMH was given,
rats fed high levels of vitamin A developed fewer tumors per
animal than rats fed the control diet. A slightly greater number
of vitamin A-deficient rats developed tumors at 2 of the 3 dose
levels, and tumors were found earlier than in control rats.
Further studies with the highest dose of DMH in a larger
number of rats may demonstrate a more convincing effect of
vitamin A.

The DMH model may be useful in both pathogenic and
immunological studies of carcinogenesis. Interesting to note is
the apparent spatial relationship between possible preneoplas-
tic changes or frank tumors and lymphoid follicles in the
colon. Lymphoid tissue is extensively distributed in the
normal rat intestine; the apparent association may, of course,
be a question of chance.
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Fig. 1. Intussusception of left colon into sigmoid in a vitamin A-deficient rat that was given DMH (420 mg/kg) and killed (24 weeks after the 1st
DMH dose) after passing bloody stools (Experiment 1).

Fig. 2. Hemorrhagic, polypoid adenocarcinoma which was the leading point of intussusception shown in Fig. 1.
Fig. 3. Lymphoid nodules in the sigmoid colon of a vitamin A-deficient rat that was given DMH (30 mg/kg, 6 times) and killed because of

diarrhea, weight loss, and dyspnea (Experiment 1).
Fig. 4. Adenocarcinoma in jejunum of a rat that was fed control Diet 2, given DMH (195 mg/kg), and killed 28 weeks after the 1st DMH dose

(Experiment 2).
Figs. 5 to 8. Photomicrographs of hematoxylin and eosin-stained sections of colon from DMH-treated rats.
Fig. 5. Atypia of glands lying over lymphoid nodule. Glands at right are normal; glands on left contain less mucus and have increased basophilia

of nuclei and cytoplasm. X 130.
Fig. 6. Superficial, malignant transformation of mucosa. In serial sections, there were no abnormalities in the crypts. X 110.
Fig. 7. Polypoid adenocarcinoma invading submucosa. Junction with normal mucosa at top. X 32.
Fig. 8. Detail of tumor shown in Fig. 7. X 325.
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