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Rats were given intrarectal instillations of N-methylnitrosourea. The experimental groups with right 
hemicolectomy and oral indomethacin had a significantly reduced rate of large bowel tumors. The inhibition 
rate of tumor development was 88% in incidence and 94% in number. This inhibition was associated with 
a decrease of fecal bile acid level and a s h o r t e d  intestinal transit time. It was hypothesized that the 
change of fecal bile acid composition after surgery and the prostaglandin synthesis inhibition by indo- 
methacin affected the promotion phase of large bowel carunogenesis. 
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HERE HAVE BEEN many Studies demonstrating a T strong association between dietary fat intake, fecal 
bile acids and neutral sterols, metabolic activity of fecal 
flora, and the risk of colon cancer.I4 The population with 
a high risk for colon cancer had an increased level of sec- 
ondary bile acids in the feces. It was postulated that bile 
acids in the large bowel play an important role in large 
bowel carcinogenesis. This hypothesis has been followed 
by a number of investigations on animal 

In experimental large bowel carcinogenesis, an impor- 
tant role of bile acids as a promoter is evident from a 
series of studies by us.'" An intrarectal application of bile 
acids, after a single or few intrarectal doses of N-methyl- 
N-nitro-N-nitrosoguanidine as initiation agent, increased 
the development of large bowel tumors. Primary bile acids 
demonstrated weak and secondary bile acids more potent 
promoting activity. Koga et a1.' demonstrated that ileal 
resection causes an increase in the amount of fecal bile 
acid excretion and in the number of 1,2-dimethylhydra- 
zine (DMH)-induced large bowel cancers in rats. On the 
other hand, it could be postulated that the removal of the 
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proximal half of the large bowel, including the cecum, 
would change the composition of fecal bile acids and in- 
testinal transit time, and thereby reduce large bowel cancer 
development. 

It was demonstrated by us9-" and by Pollard and 
L~ckert '*-'~ that the prostaglandin (PG) synthesis inhib- 
itor, indomethacin (IND), inhibits the development of 
chemically induced large bowel cancer in rats. The rats 
were given this drug in drinking water after a single or 
few doses of large bowel carcinogens such as N-methyl 
N-nitrosourea (MNU) and DMH. It seemed as if IND 
inhibited the promotion stage by blocking the activity of 
PG synthetase cycloxygenase. 

In the current study, we found that right hemicolectomy 
inhibits the development of tumors induced with a dose 
of MNU in the retained distal half of the large bowel. In 
addition, IND treatment combined with proximal hem- 
icolectomy provided a more extensive inhibition of tumor 
development. 

Materials and Methods 

Female CD-Fischer rats (Nihon Carles River Co., At- 
sugi, Kanagawa, Japan), 8-weeks old at the start of the 
experiment, were used. They had free access to CE-2 lab- 
oratory chow and drinking water, and were weighed once 
a week. A 0.4% distilled water solution of MNU (Nakarai 
Chemicals, Ltd. Co., Kyoto, Japan) was prepared im- 
mediately before use. All of the rats received an intrarectal 
instillation of 0.5 ml of this carcinogen solution three times 
a week for 5 weeks from weeks 1 to 5 by the procedure 
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FIG. 1 .  Body weight gains in each group of rats. All rats received in- 
trarectal dose of 2 mg MNU three times a week for weeks I to 5; rats in 
Ind and rCx-lnd groups had 0.001% water solution of indomethacin as 
drinking water for weeks 6 to 35; rats in rCx and rCx-lnd groups had 
right hemicolectomy operation at week 6. 

described previously.’ IND (Sigma Chemical Co., St. 
Louis, MO) was dissolved in absolute ethyl alcohol at a 
concentration of 10 mg/ml, and 0.1 ml of this solution 
was added into 100 ml of tap water. This 0.001% water 
solution of IND was given as drinking water to IND- 
treated groups of rats (IND and rCx-IND groups) during 
weeks 6 to 35. The drinking water was changed every 
other day. The right hemicolectomy ( e x )  was performed 
at week 6 on the rCx and rCx-IND groups of rats under 
intraperitoneal nembutal anesthesia after a 24-hour fast. 
The colon between the terminal ileum 2 cm proximal to 
the ileocecal valve and the hepatic flexure was removed 
through a midline laparotomy, and the end-to-end ileo- 
colic anastomosis was done with a single-layer suture using 
polyglycolic acid suture. The abdominal wound was closed 
with silk suture. The rats were fasted for 2 days, but re- 
ceived drinking water. The rats in rCx-IND group received 
both the rCx operation and oral IND. The rats in the 
untreated and rCx groups received plain tap water as 
drinking water. The consumed volume of drinking water 
was measured for 3 days during every other week to com- 
pute the ingested dosage of IND. 

The experiment was terminated at week 35 and all the 
rats were killed. At autopsy, the large bowel was cut open 
along its length and inspected grossly. The stomach and 
small intestine were examined carefully for ulceration, 
bleeding, and perforation. Rats dead of acute pneumonia 
in the early period of the experiment and from surgery 
were excluded from the study. All tumors and grossly 
abnormal organs were examined histologically after they 
were stained with hematoxylin and eosin (H & E). 

Five rats each from untreated and rCx groups were 
transferred to individual cages at week 15, 10 weeks after 

rCx operation for fecal bile acid study. Excreted feces were 
collected daily for 3 days and stored at -40°C. The feces 
from individual rats were freeze-dried and ground in a 
homogenizer. Fecal bile acids were extracted and analyzed 
by capillary gas chromatography and mass spectrometry 
methods as described by Tanida et all5 Intestinal transit 
times were studied in eight rats each from untreated and 
rCx groups placed in individual cages at week 15. Each 
rat was administered 50 stainless-steel ball bearings 1.7 
mm in diameter into the stomach through an oral-oro- 
gastric intubation with a polyethylene cannula. Excreted 
feces were collected at 12-hour intervals for 4 days, and 
the number of ball bearings recovered in the feces from 
individual rats was counted. Transit times of ball bearings 
from the stomach to the feces were expressed in the rate 
of cumulative number of ball bearings recovered in the 
feces at each time. 

The data were statistically analyzed by the chi-square 
test and the Student’s t test. The inhibition rate on the 
development of large bowel tumors in the treated groups 
of rats was computed by following formula: percent in- 
hibition = ( 1  - [tumor incidence or mean number of 
tumors per rat in treated group/tumor incidence or mean 
number of tumors per rat in untreated group]) X 100. 

Results 

During weeks 1 to 5 when intrarectal doses of MNU 
were given, body weight gains were identical in all groups 
(Fig. 1). After rCx operation at week 6, operated rats in 
both the rCx and rCx-IND groups had a 15% loss of body 
weight in the next week, but recovered it during the fol- 
lowing 2 to 4 weeks. Subsequently, their weights increased 
in the same manner as unoperated groups, although their 
mean body weights remained lower than those of unop 
erated groups. All rats in the IND and rCx-IND groups 
tolerated the long-term IND treatment well and their body 
weight gains were identical to those of the untreated and 
rCx groups, respectively. After week 6, when IND treat- 
ment was started, the mean volume of consumed drinking 
water ranged from 23  to 17 ml per day per rat in the IND 
group and from 35 to 28 ml per day per rat in the rCx- 
IND group. The computed consumption of IND was 1.5 
to 2.0 times more in the ex-IND group than in the IND 
group throughout the experiment, as shown in Table 1.  

The incidence and number of MNU-induced large 
bowel tumors in rats examined at week 35 are shown in 
Table 2. The tumors in all groups were located within the 
distal half of the large bowel, which was bathed with MNU 
solution. The development of large bowel tumors was re- 
duced significantly in the IND and rCx groups compared 
with the untreated group. The inhibition in incidence rates 
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TABLE I .  Peroral Doses of Indomethacin in Rats With (rCx-Ind Group) or Without (Indo Group) Right Hemicolectomy 

Dose of indomethacin at weekt 

Groups* 10 16 22 28 34 

mdkg body weight/day 
Ind(n = 34) 1.14 20.10 0.98 k O . l  I 0.85 +0.07 0.92 kO.10 0.93 kO.07 
rCx-lnd (n = 23) 2.26 kO.20 1.62 +0.16 1.52 k0.31 1.65 20.15 1.76 k0.18 

* Rats received freely 0.001% water solution of indomethacin as 
drinking water for weeks 6 to 35. Consumed volume of drinking water 
was measured for 3 days in every other week to compute ingested dose 

and number of tumors in both treated groups were 41% 
or 55%, and 56% or 71%, respectively. In the rCx-IND 
group, only two rats developed tumors and each had one 
tumor, which further decreased significantly compared 
with the IND and rCx groups; inhibition rates were 88% 
or 94%. 

In brief, IND treatment and rCx operation inhibited 
the development of MNU-induced large bowel tumors, 
and the combined treatment of IND and rCx was even 
more effective. 

The large bowel tumors were plaque-shaped or poly- 
poid, ranging 0.1 to 1 .O cm in diameter, but one 1.5-cm 
tumor developed in the untreated group. Each tumor- 
bearing rat had one or two tumors, but nine rats in the 
untreated group had three to five tumors. Of 89 tumors, 
8 1 were diagnosed as welldifferentiated adenocarcinomas 
involving the mucosal or submucosal layer, except one 
that invaded the muscle layer, 8 were adenomas. There 
were no distinguishable differences as to location, shape, 
size, depth of invasion, and histologic features of tumors 
among all groups. Generally, the tumors were small with 
minimal extension and had no metastases in the lymph 

of indomethacin. 
t Values represent mean f standard error of the mean. 

nodes and other organs, presumably because the experi- 
ment was terminated early at week 35. No ulceration, 
perforation, or bleeding was observed in the gastrointes- 
tinal tract. Two rats in the untreated group and one in 
the rCx-IND group had mammary adenocarcinomas, and 
two in the untreated group had kidney parenchymal tu- 
mors. 

The concentration of total bile acids in the feces at 
week 15 was about the same level in the untreated and 
rCx groups. In the rCx group the level of secondary bile 
acids, deoxycholic and lithocholic acid, was reduced sig- 
nificantly, whereas the level of primary bile acids, cholic 
and chenodeoxycholic acid, was significantly increased, 
compared with the untreated group (Table 3). A marked 
decrease in the level of lithocholic acid was striking. How- 
ever, the excreted feces from rats of rCx group weighed 
two times more in either wet or dry weights than that 
from rats of the untreated group. A total amount of bile 
acids excreted in the feces of rats in the rCx group was 2 
times as much in total bile acids, 3 times as much in 
primary bile acids, and 0.8 times as much in secondary 
bile acids as those in the untreated group. More food was 

TABLE 2. Inhibition of MNU-Induced Large Bowel Tumor Development in Rats Treated with Peroral 
lndomethacin and/or Right Hemicolectomy 

Groups* 

Large bowel tumor incidence Large bowel tumor multiplicity 

No. of rats % No. of tumors % 
with tumors inhibition$ per ratt inhibition$ 

Untreated (n = 34) 
Ind (n = 34) 
rCx (n = 24) 
rCx-lnd (n = 23) 

25 (74%) 
15 (44%)§ 
8 (33%)§ 
2 (9%)§" 

- 
41% 
55% 
88% 

1.56 k0.25 
0.68 +0.14§ 
0.46 k0.158 
0.09 +0.066" 

- 
56% 
71% 
94% 

All rats received intrarectal dose of 2 mg MNU three times a week 
for weeks 1 to 5.  Then, rats in Ind and rCx-lnd groups had 0.001% water 
solution of indomethacin as drinking water for weeks 6 to 35, and rats 
in rCx and rCx-lnd groups had right hemicolectomy operation at week 
6. All rats were autopsied at week 35. 

t Values represent mean + standard error of the mean. 

$ See formula in text. 
Significantly different from untreated group: P c 0.01. 

I' Significantly different from Ind and rCx groups: P c 0.05. 
MNU: N-methyl-N-nitrosourea; Ind: indomethacin; rCx: right hemi- 

colectom y. 
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TABLE 3. Levels of Fecal Bile Acids in Rats With (rCx Group) or 
Without (Untreated Group) Right Hemicolectomy 

Groups* 

Untreated rCX 
(n = 5) (n = 5 )  

Primary bile acidst 
Cholic acid 
Chenodeoxycholic acid 
@-Muricholic acid 
Others 

Secqndary bile acids 
Deoxycholic acid 
Lithocholic acid 
Others 

pmollg dry feces 

1.91 k0.37 
1.44 k0.33 
0.11 k0.06 
0.16 k0.07 
0.28 k0.32 
2.29 k0.39 
0.92 k0.14 
0.54 k0.22 
0.85 k0.46 

3.00 k 1.094 
2.24 k0.76 
0.27 k0.20 
0.47 k0.21 
0.02 k0.03 
0.83 k0.40$ 
0.36 k0.15 
0.05 k0.02 
0.43 k0.30 

Total bile acids 4.21 k0.62 3.83 k 1.39 

Feces from individual rats were collected daily for 3 days in week 

t Values represent mean ?standard error of the mean. + Significantly different from untreated group: P < 0.01. 
rCx: right hemicolectomy. 

15, 10 weeks after right hemicolectomy. 

consumed by the rCx group than in the untreated group; 
12.8 g per day per rat versus 10.6 g per day  per rat. 

Table 4 shows that the mean number of stainless-steel 
ball bearings recovered in the feces at hours 12 and 24 
after an intragastric administration was significantly 
greater in the rCx group than in the untreated group. The 
time for excretion of 90% of ball bearings was 18 hours 
in the rCx group and 33 hours in the untreated group, 
and that of 95% excretion was 30 hours and 45 hours, 
respectively. Thus, the rCx operation shortened markedly 
the transit time of ball bearings from the stomach to feces. 
Thus, in the rats with colon resection, the contact oftumor 
“promoters” with the large bowel mucosa was much less 
because of the lower concentration of fecal secondary bile 
acids and the shorter intestinal transit time. 

Discussion 

A promoting effect of certain bile acids in large bowel 
carcinogenesis has been postulated. Although the mech- 
anisms have not been elucidated completely, secondary 
bile acids, deoxycholic acid and lithocholic acid, have a 
potent promoting activity. In the current study, right 
hemicolectomy with ileocolostomy after the administra- 
tion of intrarectal doses of MNU affected the composition 
of bile acids in the feces and the intestinal transit time 
and reduced the tumor development in the remaining 
distal large bowel. The level of total bile acids in the feces 
was not different between operated and unoperated rats, 
but the level of secondary bile acids was lower and the 
level of primary bile acids was higher in operated rats. 
This change in fecal bile acid composition is expected, 
because a large part of primary bile acids are metabolized 
to secondary bile acids by bacterial 7a-dehydroxylation 
in the cecum and subsequently partially reabsorbed from 
the large bowel. Furthermore, the shortened intestinal 
transit time in operated rats reduced the interaction be- 
tween secondary bile acids and the large bowel mucosa; 
that is, the promoting activity was reduced and the tumor 
development decreased. Watne ef observed that the 
level of secondary bile acids in the feces from six patients 
with polyposis coli was significantly decreased after total 
colectomy with ileorectostomy, whereas primary bile acid 
levels increased. The changes in intestinal microflora and 
the shortened intestinal transit time resulted in the de- 
crease of degradation of cholesterol to coprostanol and 
7adehydroxylation of bile acids in the feces. On the other 
hand, it has been noted in many reports that after total 
colectomy and ileo-rectostomy for patients with polyposis 
coli the remaining adenomatous polyps in the rectal stump 
disappeared spontaneously and new polyps rarely devel- 

This phenomenon might be associated with a 
change of bile acid and neutral sterol metabolism in the 
intestinal tract, as demonstrated in the current study. 

TABLE 4. Transit Times of Ball Bearings from Stomach to Feces in Rats With (rCx Group) or Without (Untreated Group) Right Hemicolectomy 

% Cumulative number of ball bearings in feces at houri 

Groups. I 2  24 36 48 60 72 

% 
Untreated (n = 8) 51.0 k6.1 80.8 k3.8 91.5 k 1.7 96.3 f 1.3 97.0 ? 1.0 97.0 2 1.0 
rCx (n  = 8) 86.0 k3.44 93.5 k2.14 96.0 k 1.3 96.0 k 1.3 96.8 + 1.1 97.0 k 1.0 

* Rats received 50 stainless-steel ball bearings 1.7 mm in diameter 
into stomach through orogastic intubation at week 15, 10 weeks after 
right hemicolectomy. Feces from individual rats were collected at 12- 
hour intervals for 4 days. 

t Values represent mean k standard error of the mean. 

rCx: right hemicolectomy. 
Significantly different from untreated group: P < 0.02. 
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Indomethacin may abolish promotion in large bowel 
carcinogenesis induced with various large bowel carcin- 
ogens such as MNU?-l I methyl(acetoxymethy1)nitro- 
samine,I3 DMH, and methylazo~ymethanol,'~~~~ as ex- 
hibited in the current study. It has been reported that this 
drug prevents the development of chemically induced 
cancers in various organs, rat mammary gland,I9 and 
mouse skin2' and esophagus,2' when it is given during the 
promotion stage. Thus, the anticarcinogenic activity of 
IND seems nonspecific for promoting stimuli and in var- 
ious organs. A role of PG, particularly the E series, has 
been studied on mouse skin carcinogenesis.20*22 The in- 
hibition of the promotion stage of large bowel carcino- 
genesis as found in the current study may reflect the 
suppression of PG synthesis in the large bowel wall 
by IND. 

In brief, the combined use of right hemicolectomy and 
peroral administration of IND was more effective in pre- 
venting tumor development, compared with single treat- 
ment with either surgery or IND. The dosage of IND con- 
sumed in operated rats was twice that of unoperated rats. 
In our previous study, however, it was confirmed that 
these different levels of IND do not influence the extent 
of inhibition of the large bowel tumor development, since 
the percentage inhibition of MNU-induced large bowel 
tumors by IND was identical in groups of rats given 
0.002% and 0.001% drinking water solution of IND." 
However, the significantly reduced body weight gain in 
operated rats after surgery could in part have contributed 
to the suppression or delay in large bowel tumor devel- 
opment. Dietary or nutritional restriction reduced meth- 
ylazoxymethanol-induced large bowel tumors in rats, as 
well as spontaneously and chemically induced tumors in 
other  organ^.^^.^^ 

The ideal treatment for patients with polyposis coli 
would be total proctocolectomy, but this would entail the 
establishment of a permanent ileostomy or ileoanal anas- 
tomosis. A less drastic procedure of subtotal colectomy 
with preservation of the rectum and ileorectal anastomosis 
has been favored by many surgeons. The polyps in the 
retained rectum are destroyed before or after the operation 
by fulguration applied through sigmoidoscopy. The pa- 
tients are followed by repeated sigmoidoscopic exami- 
nations for the recurrence of polyps and the development 
of cancer in the hypothetical course of polypcancer se- 
quence. 17.25-27 DeCosse er al. reported the regression of 
adenomas in the rectal stumps of five of eight patients 
with polyposis coli after prolonged oral administration of 
slow-release capsules of ascorbic acid.2s Recently, Waddell 
and Loughrey reported that in three patients who had 
subtotal colectomy and ileoproctostomy the residual pol- 
yps almost completely disappeared when sulindac, a non- 

steroid anti-inflammatory drug with the same indole acetic 
acid group as IND was given.29 In one patient with diffuse 
polyposis in the intact large bowel, the polyps disappeared 
after sulindac therapy for 1 year. These observations sug- 
gest that PG synthesis inhibitors may slow the growth of 
adenomatous polyps in man. Thus, right hemicolectomy 
followed by the treatment with those drugs would prevent 
tumorigenesis in a much longer retained segment of the 
distal large bowel in patients with polyposis coli. Also, 
this kind of drug might prevent the cancer development 
in people with a high risk of large bowel cancer. 

The dosage of IND used in the current study, I to 2 
mg/kg body weight per day, is an accepted therapeutic 
dose. Studies of the minimum effective dosage to inhibit 
tumorigenesis and wcinogenesis are needed. More ef- 
fective drugs with less toxicity, including sulindac, should 
be investigated. 
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Abstracts of papers relevant to all aspects of terminal care and bereavement 
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comed in English or in French. For further information contact: Dr. Balfour 
M. Mount, Director, Palliative Care Service, Royal Victoria Hospital, 687 
Pine Avenue West, Montrial, Quibec, Canada, H3A 1 A 1, Telephone: (5  14) 
842-0863. 




