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ABSTRACT

Objective: to examine the effect of fecal absence on experi-
mental colon carcinogenesis in both male and female rats.

Material and methods: a total of 138 10-week-old Sprague-
Dawley, male and female rats were divided into five groups: A) 20
rats, no treatment; B) 26 rats, colonic defunctionalization; C) 30
rats, 18 weekly doses of dimethylhydrazine (DMH), 21 mg/kg
body weight each, from the beginning of the study; D) 20 rats,
ethylen-diamine-tetraacetic acid for 18 weeks; and E) 42 rats,
same surgical procedure as rats in group B plus DMH injections at
the same doses as rats in group C. Animals were sacrificed after
25-27 weeks. Number of tumors, their location, and pathological
findings were all compared between groups.

Results: no tumors developed in the dimethylhydrazine-free
groups. No differences were obtained either in number of tumors
or tumors per rat for group C as compared to group E. Fecal ab-
sence was associated with smaller-sized tumors (p = 0.007),
greater numbers of non-mucinous tumors (p = 0.00009), better
differentiation (p = 0.0054), and lesser penetration into the wall
(p = 0.015) for group E as compared to group C. In the dimethyl-
hydrazine group, fecal absence altered the number of tumors de-
veloping in males as compared to female rats (p = 0.025). More-
over, this fecal absence showed no inhibitory effect on right
colonic tumors (p = 0.0065).

Conclusions: fecal absence alters the DMH-carcinogenic pat-
tern in the defunctionalized colon when using an experimental
model in both male and female rats.
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INTRODUCTION

Colorectal cancer (CRC) is a frequent tumor, with an
elevated mortality in Western countries (1). It is the
second cancer in the population of Asturias (Northern
Spain), representing 13% of the total number of cases
of cancer, which are diagnosed annually, and causes
3.7% of the total number of deaths and 14.1% of the
deaths due to cancer (2). In a meta-analysis made con-
cerning its possible pathogenesis it has been clearly
shown that environmental factors play a significant role
in its induction (3). In fact, the incidence rate could be
reduced in approximately 30-35%, by means of the
modification of eating habits (4). The fecal absence
could have a protector effect on the incidence of colon
cancer in experimental models (5), although the tumors
induced, both in the excluded and in the functional seg-
ments, showed no histological differences (6), the car-
cinogenesis could be different in the left and right
colon, and therefore differences could exist between
them (7).

Nevertheless, it seems that tumors which develop
in a segment in contact with feces, would be of
greater size and number, than those which develop in
a defunctionalised segment (8,9). Gender factor could
play a role on differences found in colonic carcino-
genesis.

In order to study the influence of the different etio-
logical environmental factors, on colon cancer in man,
long-term prospective studies are difficult to carry out
(10).

The induction of colorectal cancer with 1-2 dimethyl-
hydrazine (DMH) in rats, is a currently valid experimen-
tal model, transferable to humans, both in their macro-
microscopic and clinical behavior (11-13).

The aim of the present study was to investigate the ef-
fect of the absence of feces, in the colon of the rats, sub-
jected to colonic tumor induction with DMH.
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MATERIAL AND METHODS

No preoperative preparations were carried out. An
end-to-side ileorectal anastomosis was made in the rats of
groups B and E as follows:

—Weighing and preparing the anesthetic: chloral hy-
drate (Panreac®, Barcelona) —4.5% to 1 ml/100 g/body
weight, intraperitoneally (400 mg/kg/weight) (14).

—Injection of anesthetic, and shaving and placement
of animal.

—Placement of optic microscope focusing on the ab-
domen, with a 4x magnification lens.

—Application of a local antiseptic and performance of
an abdominal incision 2.5-3 cm in length. Placement of a
fenestrated sheet (15,16).

—Localization and ileal section at 5 mm from the ileo-
cecal valve (17), proximal and distal ligatures of the arte-
rial branch, and ligature with a silk 4/0 suture (18).

—Ligature using a silk 2/0 suture of the terminal
ileum, and section of the proximal end (19).

—Rectal incision —5 mm to 3 cm-— of the anus (9).

—End-to-side ileorectal anastomosis with silk 4/0
monofilament suture, and two semi-continuous sutures
with full stitches.

—Closure of the wall, with continuous monofilament
silk 2/0 suture, and also of the skin, with simple stitches.

The procedure was approximately 35 minutes long, and
the rat was then put back in the cage in a lateral position.

The starting of oral tolerance was permitted from the
time of wakening. The reintroduction of dietary pellets in
the dispensers was made 12 hours afterwards. Feces of soft
consistency and normal color appeared at 48 hours. DMH
injections were started 7 days after the procedure (20,21).

A minimum number of 20 rats per group was estab-
lished in order to achieve a tumoral induction of 76-90%
of the rats (22,23), for a rate of DMH-induced tumors per
rat of 1.87 and high mortality (20,24-27).

In all, 138 10-week-old “Sprague-Dawley” rats (Lab.
Letica®, Barcelona, Spain), both males and females from
the same genetic line, were distributed into five groups: A)
none of the rats received any kind of treatment; B) 26 rats
were subjected to colonic defunctionalization; C) 30 rats
were included due to the high mortality obtained in this
same group in previous studies (23-25). They received 18
subcutaneous (s.c.) weekly injections (s.c.) of 21 mg/kg.
wt. of 1-2 dimethylhydrazine (DMH; Fluka Chemica A.G.,
Sigma Co.®, St. Louis, Missouri, USA) from age 10 weeks.
The DMH solution was prepared weekly (23,28). Injections
were applied in the lumbar region; D) 20 rats received the
same volume of EDTA solution as seen in group C, mixed
with distilled water and without DMH; and E) 42 rats were
included due to the high mortality obtained in this same
group in previous studies (26). They were operated on with
the same technique as group B, and on the eighth day (20)
were treated with the same weekly subcutaneous injections
as group C. In order to compare tumors in group C and tu-
mors in group E, those located in the descending portion,
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anastomosis, and rectum of operated rats were excluded
from the study.

The feeding of all rats (ITM-R20 diet, Lab. Letica®,
Barcelona, Spain) contained 3% fat and 5% fiber. The
quantity of food consumed by rats was monitored through-
out the study —50% of animals in each group were weighed
weekly until sacrificed. Room conditions were maintained
at constant temperature and humidity, and rats were sub-
jected to a circadian 12-hour cycle of light-darkness
(15,29). The animals were separated in cages with a maxi-
mum of three per cage, in order to avoid autophagia as in
previous studies (23-25,28). Animals of different gender
were not mixed together in order to avoid aggression.

Both the recommendations by the European Ethics
Committee (E.C. Directive 1986/609) and “Real Decreto
1201/2005” regarding the treatment of experimental ani-
mals were followed throughout the study.

Surviving rats were sacrificed between weeks 25 and
27 of the study by means of the intraperitoneal instilla-
tion of a lethal dose of 4.5% chloral hydrate. A fixed and
equal number of rats from each group were sacrificed
each week (23,28).

At necropsy, the thoracic and abdominal cavities were
examined. A register was made of the number of tumors,
their localization and size. Tumor size was measured as
mean + SD (in squared millimeters, obtained from maxi-
mum diameters) (28,30). Samples of tumors were later
taken for histological study, both from the cecum and the
ascending colon (right colon), and the transverse and de-
scending colon (left colon). These samples were fixed
and prepared by means of hematoxyline-eosine staining.
The lesions in the colonic mucosa were classified accord-
ing to criteria by Grau Castro and Piqué Badia (31) and
Lev (32). The tumors observed were classified according
to parietal invasion extent, differentiation, and histologi-
cal type (defining them as mucinous carcinoma when this
component was greater than 50%), association with a
lymphoid plaque, size, and macroscopic appearance.
Other findings were also recorded.

Data obtained were analyzed using the SPSS software
program. A bivariant analysis was used to compare DMH
(C) and DMH + procedure (E) groups, and differences
found were analyzed. In cases where requirements for the
application of the chi-squared test were not met, a cor-
rected Fisher’s exact test was used. Differences between
both groups were considered significant when the p-val-
ue was less than or equal to 0.05.

Results are presented as mean + standard deviation (SD).

RESULTS

A total of 27 rats (19.6%) died before study comple-
tion, 10 (38.5%) rats in group B, 2 (6.7%) in group C, and
15 (35.7%) in group E.

Five male rats died in group B (mortality: 80%), in 2 cas-
es because of fecal peritonitis secondary to suture dehis-
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cence (within 72 h), in one due to occlusion of the blind
loop in the excluded colon, and one from occlusion and
stenosis at the anastomosis (within the first week). Within
the same group, 6 out of 21 female rats did not complete the
study (28.6%): one died in the fifth postoperative week due
to an obstruction of the small intestine as a result of adhe-
sions; another died in the seventh postoperative week with
extreme cachexia and liquid stools, with no tumor; one case
of cannibalism was seen in the ninth week; in 3 cases no
justified cause was found for death, which occurred during
the tenth, twelfth and thirteenth postoperative week.

In group C one male rat and one female rat died early,
but the cause of death could not be identified —no tumor
was identified at autopsy.

In group E 12 out of 21 male rats died (57.1%): 4 from
suture dehiscence and secondary fecal peritonitis within the
first 72 hours; 3 from occlusion of the small intestine
(7 days after the procedure); 2 males at the twentieth and
twenty second weeks of life, their study not being possible
due to cannibalism; a further 2 died from colon tumors, their
study not being possible due to considerable tissue deterio-
ration (tissues were fixed in paraffin, but the structures were
not identifiable under the microscope); another male died
from an occlusive tumor at the anastomosis. In female rats 3
early deaths were seen (14.3%): 1 due to an occlusion of the
defunctionalized colon within the first 7 days after the pro-
cedure; another (at 14 weeks) showed an ischemic appear-
ance of the small intestine due to adhesions; the third rat (at
14 weeks) died with a necrotic ulcer at the anastomosis.

In groups B and E, 80 and 57.1% -respectively— of
males were lost, as were 28.6 and 14.3% of females, re-
spectively (Fisher’s exact test, p = 0.31).

The postoperative mortality of operated rats was
17.6% (12 of 68); for males this was 42.3% (11 out of
26), for females 2.4% (1 out of 42) (p < 0.00001).

No significant differences were found between the
weight of the animals in group C and group E (Table I). In
group E tumors were located as follows: 2 in the ascending
colon, 4 in the transverse colon, 4 in the defunctionalized
descending colon, 10 in the anastomosis area, and 13 in the
rectum. For rats in group E, the excluded segments had a
significantly smaller length when compared with those in
group C, both in males and females (Table I).

In groups A, B and D no tumors were found. There
were 25 tumors in the DMH group (28 rats), and 10 in
group E (27 rats) (Table II).

We found a smaller number of tumor-free male rats as
compared to tumor-free females, both in the rats of group
C (14.3 vs. 78.6%; p = 0.0006) and group E (0 vs. 50%; p
=0.011) (Table II). In the presence of carcinogen, the nat-
ural predominance of males over females regarding the
development of a greater number of colonic cancers was
altered by the effect of fecal absence —the proportion of
tumors in females was 12% in group C and 50% in group
E (p =0.025) (Table II).

With respect to the macroscopic characteristics stud-
ied, tumors of the excluded segments in group E were
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Table I. Morphological description of sample

DMH group (C) DMH + Sl group (E)
Weight in g. (mean + SD)
Males 505.47 + 62.62 521.67 + 108.89
Females 322.01 £27.36 314.44 £ 49.67
Length of colon in males in cm (mean + SD)
Cecum 4.80 +0.68 2.78 £0.76
(p <0.001)
Ascending 322064 222+044
(p < 0.001)
Transverse 3.26 £ 0.59 272 £0.44
(p=0.016)
Length of colon in females in cm (mean + SD)
Cecum 4.60 +0.55 2.44 +0.62
(p < 0.001)
Ascending 3.22 £0.65 2.25+£0.71
(p < 0.001)
Transverse 3.57 £0.62 2.39+0.63
(p < 0.001)

SD: standard deviation; DMH: dimethylhydrazine; SI: surgical intervention.

Table Il. Tumor incidence and distribution
DMH group (C)  DMH + Si group (E)

Number of rats sacrificed, n (%) 28(93.3%) 27 (64.3%)
Male/Female, n 1414 9/18

Number of tumor-free rats, n (%) 13 (46.4%) 9(33.3%)
Males, n (%) 2114 (14.3%) 0/9 (0%)
Females, n (%) 1114 (78.6%)* 9/18 (50%)**

Total number of tumors, n 25 10
Males/Females, n 2213 5/5

(p=0.025)

Mean number of tumors/rat (mean + SD)  1.67 +1.23 0.37+0.99
Males 1.83+1.34 0.40+0.83
Females 1.00 £0.00 035+£1.17

Females vs. males: *Within the DMH group, p = 0.0006; **Within the DMH + S|
group, p = 0.011; SD: standard deviation; DMH: dimethylhydrazine; SI: surgical
intervention; n: number of tumors.

smaller in size versus those in group C (p = 0.007). How-
ever, no significant differences were found regarding
their appearance or localization (Table III).

In relation to the microscopic characteristic of tumors
(Table IV), in the excluded segments (group E) a greater
number of adenocarcinomas was seen versus mucinous
carcinomas (p = 0.00009), as well as a greater degree of
tumor differentiation (p = 0.0054), and a smaller degree
of parietal invasion (p = 0.015) when compared to the tu-
mors of the defunctionalized segments of group C. No
differences were found between both groups in the asso-
ciation of tumors with lymphoid tissue.

The rats in group C had a greater number of mucinous
carcinomas in the right colon (75%) when compared to
the left colon (17.6%) (p = 0.006). Significant differences
were observed with respect to group E (p = 0.0065), in
which the adenocarcinoma type predominated both in tu-
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Table Ill. Macroscopic characteristics of tumors
DMH group (C)  DMH + Sl group (E)

(n=25) (n=10)

Tumor area in mm? (mean + SD)

Global 55.40 £ 157.29 0.82 +0.40

(p=0.007)

Males 59.45 + 167.40 1.0+0.00

Females 25.67 + 33.65 20.33 + 14.01
Macroscopic aspect

Polypoid, n (%) 20 (80%) 1(10%)

Flat, n (%) 2 (8%) 4 (40%)

Infiltrating, n (%) 3(12%) 5 (50%)
Distribution

Right colon, n (%) 8(32%) 6 (60%)

Left colon, n (%) 17 (68%) 4 (40%)

SD: standard deviation; DMH: dimethylhydrazine; SI: surgical intervention; n:
number of tumors.

Table IV. Microscopic characteristics of tumors
DMH Group (C) DMH + Sl Group (E)

(n=25) (n=10)
Adenocarcinomas, n (%) 16 (64%) 10 (100%)
Mucinous type, n (%) 9(36%) 0(0%)
(p = 0.00009)
Degree of differentiation
Good, n (%) 5(20%) 10 (100%)
(p = 0.0054)
Moderate, n (%) 8(32%) 0(0%)
Poor, n (%) 12 (48%) 0(0%)
Degree of invasion
In situ, n (%) 5(20%) 8 (80%)
(p=0.015)
Spread to the peritoneum, n (%) 1 (4%) 1(10%)
Other, n (%) 19 (76%) 1(10%)
Associated lymphoid tissue, n (%) 7(28%) 4 (40%)

DMH: dimethylhydrazine; SI: surgical intervention; n: number of tumors.

mors located in the right (100%) and the left colon
(100%) (Table V).

A tumor of the small intestine was found in a rat of
group C, as was an ear tumor in a rat of this same group.
In group E a male rat developed peritoneal carcinomato-
sis, and a female rat had multiple liver and spleen metas-
tases, these being confirmed microscopically.

DISCUSSION

Overall mortality is high for experimental studies in
rats including surgical procedures (28); for this reason
their performance is low (16,33,34). In our study we lost
19.6% of rats, including those groups undergoing no pro-
cedure. Our postoperative mortality was low (17.6%),
which also represents appropriate performance (7,18,35).
Furthermore, we obtained better results in female versus
male rats.
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Table V. Tumor characteristics according to localization
DMH group (C)  DMH + Sl group (E)

(n=25) (n=10)

Right colon, n 8 6

Tumor size in mm? (mean + SD) 12.95+27.29 2.50+3.39

Adenocarcinomas, n (%) 2 (25%) 6(100%)

(p =0.0065)

Mucinous carcinomas, n (%) 6 (75%)* 0(0%)
Left colon, n 17 4

Tumor size in mm? (mean + SD) 20.53+21.62 15.75 + 14.66

Adenocarcinomas, n (%) 14 (82.4%) 4(100%)

Mucinous carcinomas, n (%) 3(17.6%) 0(0%)

*p = 0,006, adenocarcinomas vs. mucinous carcinomas in left colon within this
group ; SD: standard deviation; DMH: dimethylhydrazine; SlI: surgical interven-
tion; n: number of tumors.

In our study, defunctionalized colonic segments were
significantly smaller in length when compared to the
DMH control group both in males and females. This find-
ing has been described as secondary to atrophy, both
macroscopically and microscopically (7,36).

An incidence of spontaneous experimental colonic
carcinogenesis of less than 2-3/100.000 rats observed is
reported (37). In the absence of carcinogen (DMH) rats
developed no tumors, as expected.

The model of colonic carcinogenesis with 1,2-di-
methylhydrazine (DMH) in rats is a valid model with
similar results in human pathology (11-13), with muta-
genic properties (38) and an additive effect both via the
blood and luminal routes (11). The existence of spread
via the hematogenous route may explain that no remis-
sion of carcinogenesis occurred in the excluded colon of
operated DMH-induced rats.

In Spain the incidence of colorectal cancer (CRC) in-
creased from around 10 cases/100.000 inhabitants/year in
1990 (39,40) to 32 cases in 1998 (41). When stratified ac-
cording to gender, this is higher for males than for fe-
males (42). The epidemiological experience of finding a
lower incidence of CRC in females was also reproducible
in our model.

In this experimental study of carcinogenesis with
DMH we found a significantly smaller number of tumor-
free male rats versus female rats in both groups C and E.
Different authors show a smaller risk of CRC associated
with the use of oral contraceptives or early age at first
pregnancy (43); it has also been suggested (44) that hor-
mone replacement therapy may reduce the risk of adeno-
matous polyps in the colon. The remission of male pre-
dominance regarding proportion of tumors in group E
seems to be a contradictory result as regards the hypothe-
sis of a hormonal protective factor for CRC. In an impor-
tant study by Group for the Prevention of Polyps (45) it is
postulated that the humoral protective effect, as com-
pared to CRC in females, depends on the intraluminal
route of carcinogenesis, fecal concentration of secondary
bile acids, and modulation of the calcium absorption by
colonic tumor cells. In our rats subjected to defunctional-
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ization no protective effect of the intraluminal route was
found.

Epidemiological studies show that the incidence of
CRC increases with age. In our study, the control group
initiated tumor induction with DMH at week 10, while
the group operated on did so at week 11. This may sug-
gest a mistake in the design of the study. An experimental
study comparing tumor induction according to age
(young vs. old animals) (46) has shown an equal risk of
CRC in both cases. Other authors have observed a greater
risk of CRC in animals with tumor induction at a later
age, associated with various both coenzyme (47) and en-
zyme (48) deficiencies. Thus, it does not seem that the
difference in one week at tumor induction onset in our
rats may have influenced our results, with the least tumor
induction corresponding to the group of older age, and
not the other way around.

The size of tumors induced in defunctionalized seg-
ments was significantly smaller when compared to the
DMH control group. This effect, already commented on
by various authors (49) over several decades, appears to
be explained on the basis of a slower progression of the
adenoma-carcinoma sequence (8). Different authors
show that the smaller size of these tumors is due on the
one hand to the absence of an intraluminal administration
of DMH, and on the other hand to the absence of the co-
carcinogenic effect of feces (1,32,50-53).

The greater incidence of tumors in the left colon by
DMH can be explained by the greater susceptibility of
the mucosa, a higher concentration of carcinogen after
fecal dehydration, and a reduction of intestinal transit
in this colonic segment (54). In paired experimental
studies (54,55) the index of aberrant crypts induced by
DMH in the left colon is high —this effect was not seen
in the right colon of the same animals, and this is in fa-
vor of a higher adenoma-carcinoma sequence in the left
colon and de novo carcinogenesis in the right colon (7).
In our rats no significant differences were found in tu-
mor number or size in the right colon of rats in the con-
trol group versus the group with a defunctionalized
right colon. These findings suggest that fecal absence
in the right colon does not play an important role in
carcinogenesis in this segment, which is in agreement
with the aforementioned authors. Our results disagree
with other studies (6) that suggest that colonic tumors
induced both in the excluded and functional segments
do not show histological differences amongst them-
selves, since, while the left colon showed this behavior,
the right colon in our animals did not.

Different studies associate the right-side localization
of tumors with a different histological differentiation
(28,51). In our study a significantly greater number of
mucinous carcinomas was found in the right colon of the
rats within the control group, versus the left colon of
these same animals. Such behavior was not significant in
rats within the DMH + procedure group, where the pre-
dominance of tumors in the right colon corresponded to
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well-differentiated forms of the adenocarcinoma type, an
effect comparable to the behavior of this disease in hu-
mans (54).

Based on our experimental findings we can conclude
that:

—The microscopic characteristics of colon tumors in
excluded segments were significantly less aggressive
versus the control group.

—The absence of fecal contact in the right colon has a
modifying effect on colonic carcinogenesis in this seg-
ment —in our model induced by DMH- regarding the his-
tological types found.

—In female versus male rats we found a significantly
greater resistance against external aggression (proce-
dures) and carcinogenic chemical agents (DMH).
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