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Experimental colonic carcinogenesis

Colorectal cancer (CRC) is a relevant health concern because of its incidence
and mortality rates, as well as the expenditure it gives rise to. It is the most common
gastrointestinal cancer in Western Europe and the United States, and the second
leading cause of death in the Western world (1). It is the third most incident neo-
plasm (after prostate and lung cancer in males, and breast and lung cancer in fe-
males), with an incidence of 147,000 new cases and a mortality of 57,000 patients in
the United States in 2004, according to data from the American Cancer Society (2).
In our country colorectal cancer has an incidence of 20-30 cases/100,000
people/year with slight regional differences, and is responsible for 20% of malig-
nancy-related deaths (3,4).

Regarding socio-economic relevance, it should be highlighted that most studies
referring to CRC-related costs have been performed in the United states and Cana-
da, and primarily focus on direct costs from hospital resource utilization. CRC man-
agement in Canada is considered to amount to 4% of all economic resources devot-
ed to the treatment of major chronic health problems, which represents some 332
million dollars per year (5). In France, with a heathcare system more similar to ours,
direct costs derived from CRC diagnosis and therapy amounted to 470 million euros
in 1999; when indirect costs from sick leaves, disability benefits, and loss of pro-
ductivity are considered, total costs went up to 997 million euros (6).

Current strategies to improve integral treatment for CRC are based on three pil-
lars: disease prevention, early diagnosis, and therapy optimization. Along these
three major lines basic-science or experimental research and clinical investigation
become intermixed, and CRC is a clear instance where translational research plays a
key role in the advancement of knowledge on this disease.

Primary and secondary CRC prevention make up the field where most resources
are being invested. Chemoprevention currently remains a target for both basic and
applied studies in the search for drugs and optimal dosages for effective prevention;
the promising role of selective COX-2 inhibitors has shrunk in the face of unexpect-
ed cardiovascular toxicity, and further searches for effective drugs in this area are
needed (7). Screening protocols for CRC based on fecal occult blood testing and
flexible sigmoidoscopy are shyly approached by care units, as they represent a high
cost for public healthcare; hence, they are currently restricted to the population with
a high risk for disease with any individual or familial origin (8).

Basic research in animal colon cancer models has been for decades a major
source of knowledge for the development of disease prevention and therapy opti-
mization. As regards prevention, all studies of chemopreventive drugs and modified
diets have been previously tried in animal models. Regarding the management of
CRC, animal experiments have allowed us to deepen our insight into the carcino-
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genetic process in colonic tissue and into the modulation of this process by various
experimental manipulations in animal models.

In order to advance in the understanding of experimental colonic carcinogenesis
a prior step was the design of an experimental animal model that would allow re-
sults to be translated into the process of CRC development in humans. A drug-in-
duced colon cancer model was developed during the 1980s, where animals most
commonly used included rats and mice, and where most commonly used carcino-
genetic drugs were 1-2-dimethylhydrazine dichloride and azoxymethane. When ex-
perimental variables include surgical manipulation rats are most commonly em-
ployed, as they lend themselves better to surgical procedures with smaller
complication rates. The species most commonly used in the American continent is
Rattus norvegicus, Sprague-Dawley variety, whereas the Wistar variety is most fre-
quent in Europe, a fact seemingly resulting from tradition rather than better charac-
teristics for experimentation. Regarding carcinogens, 1-2-dimethylhydrazine dihy-
drochloride is usual in Europe, whereas azoxymethane is more frequent in North
America. No major difference is seemingly found between both compounds, albeit
the latter is more selective for the rat's colon and is more expensive. Differences be-
tween the two continents relate to ease of acquisition from providers.

The experimental model was refined during the 1990s: carcinogen exposure
times were eventually shortened, and insight into anesthesia and experimental
surgery progressed, which led to a decreased postoperative mortality and a reduc-
tion in the number of animals used in experimentation. Improved overall manage-
ment of experimental animals and increased understanding of statistics applied to
basic biomedical research by investigators, as well as a rising interest in bioethics
have all represented major advances in animal experimentation using colonic car-
cinogenesis models for the past two decades.

Manipulations undergone by experimental animals in experimental colonic car-
cinogenesis models have pursued two opposing phenomena: an increase or a de-
crease in the colonic carcinogenesis process. The global, common goal of all basic
experimentation in this field has been and currently is the finding of a formula to
modulate and interfere in the evolutionary process of colonic carcinogenesis. Re-
search with drugs, substances or manipulated diets in animal studies requires pro-
longed exposure to the study substance, and usually that animals be placed in meta-
bolic cages, which render these studies labor-intensive. Surgical procedures on the
gastrointestinal tract of experimental animals have been often used to speed up the
carcinogenesis process, and to optimize times in previous studies, albeit the surgical
manipulation of the colon has been particularly used to investigate effects on the de-
velopment of drug-induced colonic cancer.

Several studies have looked at the promoting effect of suture materials in colonic
anastomoses. In the 1960s attention was drawn by reverted and everted anasto-
moses, as well as monoplane or biplane sutures. In 1970 Hermann (9) reported his
experimental results with a new absorbable material, namely polyglycolic acid, and
concluded that it had characteristics equivalent to those of non-absorbable materi-
als, but was degraded by enzymatic mechanisms and induced milder tissue reac-
tions. In the decade from 1980 to 1990 a special interest arises from digestive anas-
tomoses, their materials and various modalities, and their relation to carcinogenesis
in an attempt to explain anastomotic tumor recurrence. According to Rubio (10),
cell proliferation as a repair mechanism in the perianastomotic area may be altered
by carcinogenetic substances inducing epithelial aberrations and thus conditioning
the development of malignant transformations. Williamson (11) demonstrated in
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1982 that anastomoses are prone to cancer development. In 1986 Philips and Cook
(12) found a greater number of colonic tumors when anastomoses are established
using steel versus reabsorbable suture. Roe (13) published a study in 1987 where
anastomoses are shown to have a much higher risk for tumor development when
compared to the remaining colonic mucosa, and suggested the potential chronic irri-
tation effect of sutures as a cause. McGregor (1991) (14) reported his studies of ro-
dents with induced carcinogenesis, and concluded that colostomy areas and surgical
anastomoses are to be preferred for experimental carcinogenesis, suggesting that su-
ture materials may act as chronic irritants exerting a co-carcinogenetic effect.

On the other hand many investigations base experimental manipulations on the
need of reducing induced carcinogenesis. In 1990 Appleton (15) managed to modi-
fy carcinogenesis by using colonic defunctionalization. Studies that have modified
diets by introducing supplementation or deficiencies in various substances (particu-
lary antioxidizing vitamins and trace elements) in order to inhibit tumor develop-
ment are many (16,17). During the last decade most studies of this sort employed
drugs in an attempt to inhibit or slow down selected enzymes that may contribute to
neoangiogenesis processes, thus delaying growth from contact inhibition or apopto-
sis itself (18,19). In this issue of Revista Espaiiola de Enfermedades Digestivas
Pérez-Holanda (20) and colleagues report the results of an experimental study that
clearly documents how colonic defunctionalization may alter induced carcinogene-
sis. The absence of feces within the colonic frame of rats undergoing an ileorectal
bypass resulted in the development of induced colonic tumors that were smaller,
better differentiated, and less invasive.

Finally, it should be highlighted that the gates to new experimental models are
wide open. These new models will have to comply as much as possible with bioeth-
ical principles regarding animal experimentation, and particularly with Russell and
Burch 3Rs principle: a) replacement by in vitro models; b) reduced numbers of ani-
mals used; and c) refinement of both surgical techniques and undesirable effects of
drugs under study. All this within the new legal framework on animal experimenta-
tion (Royal Decree 1201/2005, October 10; BOE No. 252, October 21, 2005),
which clearly states that all experiments should be under the tutelage of bioethical
committees in research sites, and establishes minimal training requirements for
those conducting or performing such experiments.
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