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ABSTRACT

The effects of feeding regimens on 1,2-dimethylhydrazine (DMH)-induced intestinal
carcinogenesis were investigated in male Wistar strain rats. The development of in-
testinal tumors in rats fed the semipurified powdered diet (SPD) required a longer la-
tent time than that of rats fed the basal pelleted diet (BPD) and the incidence of the
tumors, especially adenomas and well differentiated adenocarcinomas, also significant-
ly decreased in the SPD group. However, the incidence of liver cell carcinomas was
higher in the SPD group than in the BPD group.

Total bile acid levels in bile were not affected by the diet, but bile acid secretion
per hour in the SPD group significantly decreased due to the decrease of bile secre-
tion. Moreover, in the SPD group the colonic epithelial cell proliferation was depressed
and the cell cycle time was prolonged when compared to that in the BPD group. These
changes might result in a significant decreased incidence of adenomas and well differen-
tiated adnocarcinomas in the SPD group.

These results indicate that feeding regimens play an important role in the prolifera-
tion of intestinal epithelial cells and the bile secretion and that they influence not only
the development of intestinal tumors but also the organospecific carcinogenesis induced
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by DMH.

Epidemiologic studies have shown that dietary
factors play an important role in the etiology of
human colorectal cancer™*®, The results agree
with animal model studies which showed that
the incidence of chemical carcinogen-induced co-
lonic carcinomas was increased by high concen-
trations of dietary fat and protein'®*****  but
was decreased by dietary fiber'"?*®. Futher-
more, bile acid has been well known to promote
colorectal carcinogenesis®®. However, the rela-
tionship between different feeding regimens and
colonic carcinogenesis has been poorly defined,
although the influence of each nutritional factor
on colonic carcinogenesis has been well inves-
tigated.

Subcutanous injections of DMH has been
shown to induce colonic adenocarcinomas in rats

and mice with marked organ specificity*®. The
organospecific carcinogenesis of DMH and its
metabolites is altered by dosage, route, speceis
of rodent and immunosupressive
treatment™**®, However, the effect of feeding
regimen on organospecific carcinogenesis in-
duced by DMH has not been elucidated.

The present study was designed to investigate
the effect of SPD on organospecific carcinoge-
sis, proliferation and renewal of intestinal
epithelial cells, and bile secretion in rats treat-
ed with DMH.

MATERIALS AND METHODS
Animals, diets and carcinogen; 4-week-old
inbred Wistar strain male rats weighing 60-80g
were employed. They were descendants of a
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colony obtained in 1961 from the Insitute of Ex-
perimental Gerontology in Basal, Switzerland.
Animals were housed in a room maintained at
24 + 2°C and 55 = 5 % humidity with 14 hr
of light and 10 hr of darkness throughout the
experiments.

The basal pelleted diet (BPD, CE-2) was pur-
chased from Japan Clea (Osaka, Japan). The
semipurified diet (SPD), obtained from Oriental
Yeast Co. Ltd. (Tokyo, Japan), consisted of the
following ingredients: B-starch, 38 %; vitamin
free casein, 25 %; a-starch, 10 %; cellulose pow-
der, 8 %; linol-salad-oil, 6 %; sucrose, 5 %;
mineral mix (Oriental formula), 5 % and vitamin
mix (Oriental formula), 2 %. The analytical value
of major components in both diets are shown in
Table 1. Both diets contained approximately the
same amount of vitamins and minerals.

1,2-Dimethylhydrazine (DMH) dihydrochloride,
purchased from Aldrich Chemical Co. Inc. (Mil-
waukee, WI, USA), was dissolved with distilled
water containing 0.01 % EDTA and the pH was
adjusted to 6.5 with NaHCOs.

Table 1. Analytical Value of the Dietary Composition

Content (%)

Component

BPD* SPD"
Carbohydrate 52.7 53.8
Protein 23.6 22.5
Fat 44 6.1
Fiber 4.9 4.4
Ash 6.6 4.2
Water 7.8 9.0

a BPD, basal pelleted diet
b SPD, semipurified powdered diet

Treatment 1; A total of 150 rats were random-
ly distributed by weight into 4 groups. 25 rats
in Group 1 and 40 rats in Group 2 were fed with
BPD throughout the experiment, whereas 25
rats in Group 3 and 60 rats in Group 4 were
fed with SPD. 2 weeks after acclimation with
each diet, all rats in Groups 2 and 4 were given
a maximum of 20 weekly s.c. injections of DMH
at a dose of 20 mg/kg body weight and rats in
Groups 1 and 3 were injected with the vehicle
as control. 5 rats each in Groups 1 and 8, 8 rats
each in Group 2 and 12 rats each in Group 4
were sacrificed at 10, 15, 20, 25 and 30 weeks
after starting DMH injection. The main organs
including the intestinal tract were fixed in 10%

buffered formalin. The paraffin sections (4.5 ym
in thickness) were stained with hematoxylin and
eosin, and PAS, and examined histologically.

Treatment 2; 40 rats were randomly divided
into 2 groups of 20 rats each, and fed with BPD
or SPD throughout the experiment. After 10
weeks of acclimation with each diet, all rats
were given 10 weekly s.c. injections of DMH at
a dose of 20 mg/kg body weight.

1 week after the last DMH injection, 6 rats
in each group were anesthetized with urethane
and the polyethylene tube was canulated into the
bile duct. The volume of bile secreted for 2 hr
was measured. Total bile acid was determined
by enzyme-fluorometoric assay using Neo
Sterogrnost-3 kit (Daiichi Chemical Co. Ltd.,
Tokyo, Japan).

The remaining rats in both groups were inject-
ed ip. with 1 mCi of [*H]thymidine
(Amersham, England) per kg body weight and
were sacrificed at 1 hr, 2 day and 5 day inter-
vals, respectively. The intestinal tract was re-
moved and fixed with 10 % buffered formalin.
After fixation representative specimens of
duodenum, jejunum, ileum, cecum, proximal co-
lon and distal colon were taken and half of them
were employed to determine the incorporation
of [*Hlthymidine into DNA in the mucosa.
DNA was extracted from each scraped mucosa
by the method of E.R. Burns et al®. The re-
mains were embedded in paraffin and sections
were prepared for microautoradiography con-
ducted by the method using NR-M2 emulsion
(Konishiroku Co., Japan). The remaining intes-
tinal tract and other organs were examined
histologically.

The data obtained were evaluated by Student’s
t test or X? test.

RESULTS
Time course of DMH-induced tumor incidences

The body weights of animals fed the two diets
and treated with DMH are shown in Fig. 1. The
body weight of animals in the SPD group was
no different from that of the BPD group.
However, DMH-treated animals gained less
weight than did the vehicle treated animals in
both diet groups.

Fig. 2 shows the DMH-induced intestinal
tumor incidences in animals fed with each diet.
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Fig. 1. Average body weights of rats fed BPD
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arrows show the time of sacrifice
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Fig. 2. Time course of DMH-induced intestinal

tumor incidences. Animals were fed with BPD

(O) or SPD (@) throughout the experiment and

given a maximum of 20 weekly s.c. injections of

DMH at a dose of 20 mg/kg. Bars, S.E.

No tumor were detected in vehicle-treated
groups. Incidences of intestinal tumors in both
groups of rats which were treated with DMH
increased as the experiment progressed. In the
BPD group, an intestinal tumor was detected in
1 of the 8 rats on the 15th week after starting
the DMH-treatment, whereas rats without any
intestinal tumors were observed in the SPD
group. On the 20th week, intestinal tumors de-
veloped in all rats fed BPD, but 3 of the 12 rats
in the SPD group had intestinal tumors. On the
25th and 30th week, intestinal tumors were ob-

served in all rats in the BPD group and in most
of the rats in the SPD group. On the 20th, 25th
and 30th week, the number of tumors per rat
was significantly higher in the BPD group than
in the SPD group (P<0.05).

The histologic type and localization of tumors
in rats sacrificed on the 25th and 30th week are
summarized in Table 2. The incidence of adeno-
mas and differentiated adenocarcinomas was sig-
nificantly lower in the SPD group than in the
BPD group (P<0.05). The incidence of poorly
differentiated adenocarcinoma including signet
ring cell carcinoma, however, was not signifi-
cantly different between the two diet groups.
The localization of tumors in both groups was
the same.

The other DMH-induced tumor incidences are
shown in Table 3. Both vehicle-treated groups
were observed to be tumor free. All liver tumors
were liver cell carcinomas. In comparison with
the BPD group, liver tumors were observed
more frequently in the SPD group. Tumors of
the ear cannal were squamous cell carcinomas
and its incidence did not differ between the two
diet groups.

The effect of interactions between DMH-
treatment and feeding regimens on intestinal
mucosa and bile secretion.

Body weights of animals fed the two diets did
not differ. However, the length of the colon in
the SPD group was shorter than that of the
BPD group, and the height of the crypts also
markedly decreased in the SPD group (Table 4).

The effect of SPD on bile secretion is shown
in Table 5. Bile secretion of rats fed SPD sig-
nificantly decreased in comparison with that of
the BPD group (P<0.01). Bile acid levels were
not affected by the diet, but in the SPD group
its secretion per hr decreased due to the depres-
sion of bile secretion.

The incorporation of [*H]thymidine into DNA
in intestinal mucosa at the first hr after its in-
jection was as follows; the highest was in cecum,
the second in ileum, the third in proximal and
distal colon, respectively (Table 6). The
[*H]thymidine incorporation in cecum and colon
was lower in the SPD group than those in the
BPD group. Also, the number of labeled
epithelial cells per crypt in cecum and colon
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Table 2. Histologic Type and Localization of DMH-induced Intestinal Tumors in Rats Sacrificed at 25 and 30 weeks

Group Histologic type Localization of tumors® No. of tumors/rat
Small intestine Colon Total 25 weeks 30 weeks
BPD Adenoma 10 9 19 0.75 % 0.31b(8)° 1.63+0.32(8)
Adenocarcinoma
well® 9 14 23 0.75%£0.25 2.13+0.40
por® 7 12 19 1.00£0.32 1.38+0.32
total 16 26 42 1.75+0.37 3.50+0.75
SPD Adenoma 3 4 7 0.17+0.11(12)°  0.42+0.19(12)"
Adenocarcinoma
well 3 6 9 0.33£0.14° 0.42£0.19"
por 9 10 19 0.67%0.19 0.91+0.31
total 12 16 28 1.00+0.21° 1.330.47°

a Data are presented the amount of tumors in rats sacrificed at 25 and 30 weeks.

b Mean+S.E.

¢ Value in parentheses, the number of rats sacrificed.

d well, well differentiated adenocarcinoma including moderately differentiated adenocarcinoma.
e por, poorly differentiated adenocarcinoma including signet ring cell carcinoma.

f Significantly different from the BPD group (P<0.05).

Table 3. The Incidence of Liver and Ear Canal Tumors Induced by DMH?*

10, 15 and 20 weeks® 25 weeks 30 weeks
Group Organ
No. of No. of rats with No. of No. of rats with No. of No. of rats with
rats tumor rats tumor rats tumor
BPD Liver 0 1 (12.5 %) 0
24 8 8
Ear canal 0 1 (12.5 %) 2 (25 %)
SPD Liver 0 6 (50 %) 6 (50 %)
36 12 12
Ear canal 0 0 3 (25 %)

a Animals were given a maximum of 20 weekly s.c. injections of DMH at a dose of 20 mg/kg and were sacrificed
at 10, 15, 20, 25 and 30 weeks after the start of DMH injection.
b 8 rats each in the BPD group and 12 rats each in the SPD group were sacrificed at 10, 15 and 20 weeks.

Table 4. Effect of Feeding Regimen on Length and Crypt Height of the Colon®

Group  No. of rats Body weight (g) Length of colon (mm) . Height of crypt (um)
Cecum  Proximal colon Distal colon
BPD 20 345424 287+10 304£21 287+15 250 +38
SPD 20 394+34 240 T° 233 +29° 168+15° 193 +37°
a After 10 weeks of acclimation with each diet, animals were given 10 weekly s.c. injections of DMH at a dose
of 20 mg/kg.
b Mean+S.D.

c Significantly different from the BPD group (P<0.01).
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Table 5. Effect of Feeding Regimen on Bile Secretion®

Group No. of rats Body weight (g) Bile secretion (ul/hr) Bile acid
nmole/ml nmole/hr
BPD 6 348 +34° 1051 +218 29.9+2.4 31.3+5.8
SPD 6 351+37 530+112° 31.4%5.1 16.6+3.6°

a After 10 weeks of acclimation with each diet, animals were given 10 weekly s.c. injections of DMH at a dose
of 20 mg/kg.

_b Mean+S.D.

¢ Significantly different from the BPD group (P<0.01).

Table 6. Effect of Feeding Regimen on [*H]Thymidine Incorporation in the Intestinal Mucosa®

[*H]thymidine incorporation (cpm/mg wet weight)

Proximal Distal colon
colon

Group Sacrificed at No. of rats

Duodenum  Jejunum Ileum Cecum

BPD 1sthr 5 1142+140° 1812+198 1820+190 2710+238 1530+184 1716245
2nd day 4 1066+£155 20924334 1885+136 2803+255 15824231 1804184
5th day 5 165+ 21 218+ 52 370 35 445+ 40 670+ 79 637+ 89
(144 %)° (120 %) (203 %) (164 %) (438 %)  (37.1 %)
SPD 1sthr 5 1090+245 1208+158 1862+296 2405+308 1268183 1484252
2nd day 4 1002+187 1109+266 1836+337 2354+214 12084378 1491173
5th day 5 262+ 75 253+ 33 594+154 991+201 851186 905+193
239 %) (209 %) (319 %) (412 %) (67.1 %) (61 %)

a After 10 weeks of acclimation with each diet, animals were given 10 weekly s.c. injections of DMH at a dose
of 20 mg/kg. 1 week after the last DMH injection, animals were i.p. injected 1 mCi of [?H] thymidine per
kg body weight and were sacrified at 1 hr, 2 day and 5 day intervals.

Mean+S.E.
Values in parentheses, the percent-ratio of [(*H]thymidine incorporation on the fifth day/first hour.

Table 7. Effect of Feeding Regimen on DNA Synthesis in the Colon®

No. of labeled cells/crypt

Group No. of rats

Cecum Proximal colon Distal colon
BPD 5 36.6+4.1° 19.7+3.1 19.9+5.2
SPD 5 25.8+2.4° 8.8+2.7° 12.3%2.2°

After 10 weeks of acclimation with each diet, animals were given 10 weekly s.c. injections of DMH at a dose
of 20 mg/kg. 1 week after the last DMH injection, animals were i.p. injected with 1 mCi of [*H]thymidine
per kg body weight and were sacrified 1 hr after its injection.

Mean+8.D.

Significantly different from the BPD group (P <0.05).

clearly decreased in the SPD group (Table 7).
On day 2 the incorporation of [*H]thymidine in
all segments of intestine was approximately
equivalent to that at the first hr in both groups.
Most of the incorporated [*H]thymidine in the
BPD group was eliminated from the intestinal
mucosa on day 5, but in the SPD group it was
eliminated more slowly and the ratio of
[*H]thymidine incorporation on fifth day/first hr

was two fold of the ratio of the BPD group (Ta-
ble 6).

Furthermore, in this treatment no tumor was
observed in the SPD group, but signet ring cell
carcinoma in proximal colon was detected in one
of the 20 rats in the BPD group.

DISCUSSION
The colonic mucosal atrophy and the decrease
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in colonic epithelial cell proliferation are known
to occur in rats fed a liquid diet or a synthetic
diet®**#® On the one hand, administration of
DMH to rats has been shown to produce colon-
ic mucosal hyperplasia, an increase in the size
of the proliferation zone, an increase in colonic
crypt cell production and a shortness of cell cy-
cle time®®. However, D. W. Heitman et al”
reported that an increase in colonic epitherial
cell proliferation induced by DMH was not ob-
served in rats which were maintained on a
parenteral nutrition. In the present study, the
incidence of intestinal tumors induced by DMH
was significantly lower in the SPD group than
in the BPD group. Moreover, in rats fed SPD
and treated with DMH the proliferation of co-
lonic epithelial cells was supressed and the co-
lonic epithelial cell cycle time was prolonged.
These mucosal changes which occurred in the
SPD group might result in a decreased incidence
of DMH-induced intestinal tumors, especially
adenomas and well differentiated adenocarcino-
mas. W. M. Castleden® also demonstrated the
prolonged survival and decrease in intestinal
tumors in DMH-treated rats fed a liquid diet.

Bile acids are well known to promote the de-
velopment of intestinal tumors induced by N-
methyl-N’-nitro-N-nitrosoguanidine or DMH in
rats®®. In the present study, the bile acid
secretion of rats in the SPD group decreased
due to the decrease in bile secretion, while the
bile acid level was not affected by the diet. The
decrease in bile acid secretion could possibly sup-
press the development of intestinal tumors in
the SPD group.

E. S. Fiala® reported that DMH was metabo-
lized in the liver through the hydroxylation of
azoxymethane to methylazoxymethanol (MAM).
The exclusive production of colorectal tumors by
DMH or azoxymethane is suggested to be at-
tributable to tissue-specific enzymes which
release methylating radical from MAM, to recep-
tors to MAM, or to an absence of detoxifying
enzymes®®”, Furthermore, the organospecific
carcinogenesis induced by DMH and azox-
ymethane have been shown to be altered by
dosage, route and speceis of rodent™**, In the
present study, 20 weekly s.c. injections of DMH
(20 mg/kg) specifically induced the intestinal
tumors in rats fed BPD, but in rats fed SPD
intestinal tumors decreased and liver cell carci-

nomas increased. Why liver cell carcinomas oc-
curred in the SPD group is unknown. The fol-
lowing possibilites, however, are considered; 1)
the excretion of MAM from liver cells might be
inhibited, 2) detoxifying enzymes of MAM might
be reduced in rats fed SPD, because of the liver
hypofunctions, and 3) MAM might break down
into the ultimate carcinogen in liver cells as well
as in vitro',

These results suggest that the development of
intestinal tumors is influenced by not only each
nutritional element such as fat, protein and fiber
but also feeding regimen. Furthermore, the or-
ganospecific carcinogenesis induced by DMH
could be altered by feeding regimen.
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